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SYMPOSIA AND ORAL SESSIONS

 Keynote Symposium: Tomorrow’s Poultry: Sustainability and Safety

1   Introduction: Tomorrow’s Poultry: Sustainability and Safety.  
G. Cherian,* Oregon State University.

The poultry industry in the United States faces numerous challenges 
that both directly and indirectly impact the sustainability of the nation’s 
poultry production systems. The intensive selection for fast growth 
and high feed efficiency in modern-day birds has been accompanied 
by a weakened immune system, increased disease susceptibility and 
dependence on in-feed antibiotics. Consumers have voiced a con-
cern about the ways in which birds are fed and the widespread use 
of in-feed antimicrobials. Such concerns have led to the tremendous 
increase in organic poultry production in recent years. However, 
such antibiotic-free production systems also face bacterial disease 
challenges such as necrotic enteritis resulting in reduced growth rate, 
poor feed efficiency and increased contamination. It is imperative 
that today’s poultry industries be proactive in improving the safety 
of poultry foods. Addressing these challenges requires an increased 
input of knowledge about production systems and expertise to develop 
integrative systems that maximize animal health and product safety 
in a sustainable manner. Such measures include improvement of diet, 
utilization of biocontrol measures to enhance bird health, and novel 
processing and packaging strategies to enhance safety of food products. 
These measures must also be cost-effective for the continued viability 
of the industry. It is essential to understand these different strategies to 
successfully plan for the future of poultry production and food security 
in the US The objectives of this symposium are to provide a direct 
interaction and collaboration among food/feed scientists, nutritional 
immunologists, microbiologists, and veterinarians who are working 
in the areas of bird health, feed, and food safety. Such a dialog will 
foster cross-fertilization of ideas, stimulate the development of inno-
vative strategies to enhance food safety and the sustainability of US 
poultry food systems.

Key Words: poultry, sustainability, safety

2   Role of dietary phytochemicals in modulating local innate 
immunity and as alternatives to growth promoting antibiotics to 
reduce inflammation.  H. Lillehoj,* D. Kim, and S. Lee, USDA, ARS, 
BARC, Beltsville, MD.

The global animal industry needs to address the increasing regulatory 
restrictions on the use of antibiotic growth promoters (AGPs) in animal 
production. Many AGPs have already been restricted by animal farms 

in the EU and soon other countries are expected to be under increas-
ing scrutiny as consumers’ concerns about drug resistant superbugs 
increase. Accordingly, scientific evidence-based publications are sup-
porting the possibility of sustaining intensive modern farming without 
the use of AGPs, especially in the area of disease control. There has 
been a great deal of information on new biocontrol approaches for 
preventing and/or treating bacterial, viral and parasitic pathogens in 
food animal production. Multiple alternatives, including prebiotics, 
probiotics, phytonutrients, hyperimmune antibodies, antimicrobial 
peptides, and toll-like receptor agonists, have already been used by 
the animal industry for various claims, but it is generally accepted 
that none of these alternatives are known to be as effective as AGPs 
in field application. However, a combination of additives or novel feed 
additives have shown some efficacy to compensate for production loss, 
in the absence of AGPs, with economic returns. “Phytonutrients” are 
plant- or fruit-derived chemical compounds possessing health benefits 
including promoting tumor killing and increased resistance to infec-
tious diseases. While numerous studies have shown disease preven-
tion or immune enhancing effects of phytonutrients, very few reports 
have examined the underlying mechanisms for their specific immune 
modulating effects in animal disease models. Many phytochemicals 
are known for their anti-inflammatory properties and an increasing 
number of studies have indicated that diets rich in anti-inflammatory 
phytochemicals may have beneficial effects in ameliorating tissue 
damages caused by pathogens. This presentation will highlight recent 
progress in understanding immunomodulatory properties of phytonu-
trients and developing dietary immune enhancing strategies to mitigate 
the use of antibiotics.

Key Words: necrotic enteritis, immunomodulation, phytonutrients

3   Use of plant-derived antimicrobials for improving the 
safety of poultry products.  K. Venkitanarayanan,* University of 
Connecticut, Storrs.

Salmonella Enteritidis and Campylobacter jejuni are major foodborne 
pathogens transmitted through poultry products. Chickens are the reser-
voir host of S. Enteritidis and C. jejuni, with their intestinal colonization 
being the most significant factor causing contamination of meat and eggs. 
Effective pre-harvest strategies for reducing the colonization of birds 
with these pathogens are critical to improve the microbiological safety of 
poultry products. An antimicrobial treatment that can be applied through 
feed represents the most practical and economically viable method for 
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adoption on farms. Additionally, a natural and safe antimicrobial will 
be better accepted by the producers without concerns for toxicity. This 
symposium talk will discuss the potential use of several plant-derived, 
GRAS-status molecules as a feed supplement for reducing cecal popula-
tions of S. Enteritidis and C. jejuni in chickens. Additionally, the effect 
of plant molecules on Salmonella virulence genes critical for cecal 
colonization in chickens will be discussed.

Key Words: Salmonella Enteritidis, Campylobacter jejuni, chicken, 
cecum, plant-derived molecules

4   Development of novel strategies for controlling Salmonella 
in poultry production.  S. C. Ricke,* University of Arkansas, 
Fayetteville.

Salmonellosis in the United States is one of the more costly foodborne 
diseases. Given that Salmonella can originate from a wide variety of 
environments, reduction of this organism at all stages of poultry produc-
tion is critical. During its life cycle Salmonella species can encounter var-
ious environmental stress conditions which can dramatically influence 
their survival and virulence. Research continues to focus on Salmonella 
metabolism and genetic regulation of stress responses during a variety 
of growth conditions and how these overlap with expression of viru-
lence when foodborne Salmonella become pathogenic. Although there 
is considerable evidence on Salmonella infection, little is known about 
the mechanism(s) involved when Salmonella are successfully repulsed 
as well as when they are able to surmount these unknown mechanism(s) 
and successively colonize the gut. Knowledge of Salmonella species 
metabolism and physiology is traditionally based on studies conducted 
primarily with tissue culture and animal infection models. Consequently, 
while there is some information about environmental signals that con-
trol growth and pathogenesis during and after invasion of the intestinal 
tract much less is known about the biology of Salmonella species in the 
gastrointestinal tract before attachment and invasion. With new genetic 
tools and information now available, more is known on how growth and 
survival conditions influence virulence and pathogenic characteristics of 
Salmonella in the chicken gastrointestinal tract. This has led to develop-
ment of novel approaches for limiting Salmonella establishment in all 
phases of poultry production.

Key Words: Salmonella, control, food safety, poultry, gastrointestinal 
tract

5   Characterization of bacteriophages virulent for Clostridium 
perfringens and identification of phage lytic enzymes as alterna-
tives to antibiotics for potential control of the bacterium.  B. S. 
Seal,* Poultry Microbiological Safety Research Unit, ARS, USDA, 
Athens, GA.

There has been a resurgent interest in the use of bacteriophages or their 
gene products to control bacterial pathogens as alternatives to currently 
utilized antibiotics. Clostridium perfringens is a gram-positive, spore-
forming anaerobic bacterium that plays a significant role in human food-
borne disease as well as non-food-borne human, animal and poultry 
diseases. Countries that have complied with the ban on antimicrobial 
growth promoters (AGP) in feeds have reported increased incidences 
of C. perfringens-associated necrotic enteritis in poultry. To address 
these issues, new antimicrobial agents, putative lysins encoded by 

the genomes of bacteriophages, are being identified in our laboratory. 
Poultry intestinal material, soil, sewage and poultry processing drain-
age water were screened for virulent bacteriophages that could lyse 
the bacterium C. perfringens and produce clear plaques in spot assays. 
Bacteriophages were isolated that had long non-contractile tails, mem-
bers of the family Siphoviridae, and with short non-contractile tails, 
members of the family Podoviridae. Several phage genes were identi-
fied that encoded N-acetylmuramoyl-l-alanine amidases, lysozyme-
endopeptidases and a zinc carboxypeptidase domain that has not been 
previously reported in viral genomes. Two putative phage lysin genes 
(ply) were cloned and expressed in Escherichia coli, and the resultant 
proteins were purified to near homogeneity. The recombinant lysins 
were amidases capable of lysing both parental phage host strains of C. 
perfringens as well as other strains of the bacterium in spot and turbid-
ity reduction assays, but did not lyse any clostridia beyond the species. 
Consequently, bacteriophage gene products may eventually be utilized 
to target specific bacterial pathogens to control animal and human 
diseases without having deleterious effects on beneficial bacteria.

Key Words: antibiotic alternative, enzybiotic, bacterial virus, poultry 
health, food safety

6   Irradiation and additive combinations on the pathogen reduc-
tion and quality of poultry meat.  D. U. Ahn*1 and E. J. Lee2, 1Iowa 
State University, Ames, 2University of Wisconsin-Stout, Menomonie.

Reduction of food-borne illnesses and deaths by improving the safety of 
poultry products is one of the priority areas in the US, and developing 
and implementing effective food processing technologies can be very 
effective to accomplish the goal. Irradiation is an effective process-
ing technology for eliminating pathogens in poultry meat. Addition 
of antimicrobial agents during processing can be another approach 
to control pathogens in poultry products. However, the adoption of 
irradiation technology by meat industry is limited because of qual-
ity and health concerns about irradiated meat products. Irradiation 
produces a characteristic aroma as well as alters meat flavor and color 
that significantly impact upon consumer acceptance. The generation 
of a pink color in cooked poultry and off-odor in poultry by irradiation 
is a critical issue because consumers associate the presence of a pink 
color in cooked poultry breast meat as contaminated or undercooked, 
and off-odor in raw meat and off-flavor in cooked meat with undesir-
able chemical reactions. As a result, meat industry has difficulties in 
using irradiation to achieve its food safety benefits. Antimicrobials 
such as sodium lactate, sodium diacetate, and potassium benzoate are 
extensively used to extend the shelf-life and ensure the safety of meat 
products. However, the use of these antimicrobial agents alone cannot 
guarantee the safety of poultry products. It is known that some of the 
herbs, spices, and antimicrobials commonly used in meat processing 
can have synergistic effects with irradiation in controlling pathogens in 
meat. Also, addition of spices or herbs in irradiated meat improved the 
quality of irradiated poultry by reducing lipid oxidation and production 
of off-odor volatiles or masking off-flavor. Therefore, combinations of 
irradiation with these additives can accomplish better pathogen reduc-
tion in meat products than using them alone even at lower levels of 
antimicrobials/herbs and irradiation doses. Effects of irradiation and 
additive combinations on the pathogen reduction and quality of poultry 
meat will be discussed in detail.

Key Words: food-borne illnesses, safety and quality, poultry products, 
irradiation, additives
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7   Organic poultry farming and health challenges.  H. 
Shivaprasad,* University of California-Davis, Tulare.

Organic poultry farming is one of the fastest growing segments of animal 
agriculture since the past decade in USA. This is due to a combination of 
increased consumer demand, environmental awareness among produc-
ers, increased antibiotic resistance of human pathogens and regulations. 
National organic program is being administered by USDA and poultry 
raised organically should meet animal health and welfare standards, 
do not use hormones, not use antibiotics unless in an emergency, use 
organic feed and provide birds with access to the outdoors. In spite of 
the growing popularity of organic farming, there are limited numbers 
of scientific papers published related to poultry health especially from 
USA. This is further hampered by lack of scientific research on raising 
poultry organically. Health of organically raised poultry are influenced 
by various factors such as breed, flock size, feed composition, rear-
ing environment, external parasites, predators, free flying and wild 
birds, insects, rodents, vaccination, biosecurity, disease detection and 
prevention and lack of basic knowledge. Most common noninfectious 

disease problems reported with organic farming is increased incidence 
of feather picking and cannibalism that can lead to increased mortality. 
Integumentary problems such as foot pad dermatitis, breast blisters, 
external parasites such as mite infestation have been reported to increase 
in poultry raised organically. Among the infectious agents the greatest 
threat to poultry raised outdoors is probably exposure to Avian Influenza 
by free flying birds. Insects, rodents, and wild birds as well as predators 
cannot only be a source of diseases but also transmit infectious diseases 
to poultry. Internal parasites such as Ascaridia sp., Heterakis gallina-
rum, Capillaria sp. and tape worms and protozoa such as coccidia and 
Histomonas meleagridis have been reported to be increased in organi-
cally raised poultry resulting in increased mortality. Among bacteria 
Salmonella sp. E. coli, P. multocida, Erysipelas, Campylobacter spp, 
Clostridium perfringens, etc., have also been known to cause disease 
in poultry raised organically but some of them can also of great public 
health significance.

Key Words: organic, farming, health, diseases
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2012 Extension Workshop: Change and Challenge:  
What Lies Ahead for the Poultry Industry?

8   Land issues: Navigating through obstacles against farming on 
a scarce farmscape.  G. P. Martin,* Penn State University Extension, 
Lancaster.

Many farms in the US are facing pressures of encroachment from neigh-
bors in areas of traditionally high animal production. Because of this, 
new farm construction is scrutinized more closely for environmental 
and infrastructure criterion from a community level. More often, these 
impacts are debated before the permitting for construction. Due to this 
level of scrutiny, the costs of construction are higher and ultimately the 
return to profitability is challenged in these areas. State governments can 
oversee to ensure that local ordinances are appropriate for agricultural 
zoning. Sound zoning by local governments and proper preparation 
and communication by the farming community is needed to ensure 
the continuance of building and upgrading the US animal agriculture 
infrastructure.

Key Words: construction, extension, land use, water, environment

9   Concerns: Farm gate to table.  R. Smith,* Feedstuffs Newspaper, 
Minneapolis, MN.

In recent years–especially since 2009–farmers and food producers have 
been confounded by regulation-touting federal government officials, and 
the consequence has been policies with the potential to drag progress, 
harming not only food producers and food production but consumers. 
Across almost every agency, there has been a kind of pent-up desire 
to regulate–an attitude that industry, including agriculture, has gotten 
away with too much for too long and must be reeled back in. There 
is a disconnect between agencies in Washington and agriculture and 
food production. Modern production systems have been hung out by 
government activism–including USDA activism–as well as “industrial 
activism” and internal industry activism. There are anxious concerns 
from the farm gate to table, centering on the kind of gate and the kind 
of table that the government envisions.

Key Words: regulations, disconnect, activism, anxiousness, envisions

10   The ever-changing landscape of animal production prac-
tices.  K. E. Anderson,* North Carolina State University, Raleigh.

The production of animal based foods continues to be scrutinized 
and the associated husbandry practices influence on the quality of the 
products and their safety. Alternative production systems of cage-free 
or range egg production are increasing in number due to outside influ-
ences. The outside constituents forcing this growth are creating great 
changes to come about and with this change an uncertainty in relation 
to the future for intensive egg production. Concerns still exist about the 
impact on the use of the cage environment on laying hen well-being, 
but along with this are the concerns related to the cage free and range 
systems. As a result the commercial egg production sector is looking 
at the outcome of H.B. 3798. While large producers are dealing with 
the cage vs enriched systems small producers with flocks ranging in 
size from 100 to 3000 hens, using commercial and heritage strains of 

chickens are increasing egg production in both cage free and range 
settings. However, they are concerned about the FDA Egg Safety Plan. 
Still, one of the current issues is that our knowledge base is small as to 
how these alternative production methods influence egg performance, 
quality, and nutritional characteristics of the products. Current informa-
tion was collected with specific pure breeds, and modern lines of poultry 
selected for very high rates of egg production and meat. Despite the 
degree of environmental protection and economic feasibility offered 
by traditional poultry houses, the practice of housing laying hens in 
cages has the public perception of providing poor welfare for laying 
hens with little or no perspective of the impact on birds in cage free or 
range settings. As a result of increasing public interest in bird welfare, 
alternative management systems including cage-free, free-range, and 
organic production systems have been developed. Poultry production 
is progressing through a changing environment faster within the last 
decade than in the past half century. The questions we face are many, 
and one of the biggest is how are we going to feed the earth’s population 
as we revert back to some less efficient systems.

Key Words: poultry, husbandry, welfare

11   2011 Update of the AVMA Guidelines on Euthanasia.  G. 
Golab,* American Veterinary Medical Association, Schaumburg, IL.

Since 1963 the AVMA has convened a Panel on Euthanasia to evalu-
ate methods and potential methods of euthanasia for the purpose of 
creating guidelines for veterinarians who carry out or oversee the 
euthanasia of animals. More than 70 individuals, including veterinar-
ians and non-veterinarians with expertise across a range of disciplines 
and species, were engaged to research and create the 2011 update to 
the Panel’s report (its eighth edition) titled the “AVMA Guidelines on 
Euthanasia.” Euthanasia techniques should result in rapid loss of con-
sciousness followed by cardiac or respiratory arrest and the ultimate 
loss of brain function. In evaluating methods of euthanasia, the Panel 
used the following criteria: (1) ability to induce loss of consciousness 
and death with a minimum of pain distress, anxiety or apprehension; 
(2) time required to induce loss of consciousness; (3) reliability; (4) 
safety of personnel; (5) irreversibility; (6) compatibility with require-
ment and purpose; (7) emotional effect on observers or operators; (8) 
compatibility with subsequent evaluation, examination, or use of tissue; 
(9) drug availability and human abuse potential; (10) compatibility with 
species, age, and health status; (11) ability to maintain equipment in 
proper working order; (12) safety for predators/scavengers should the 
carcass be consumed; (13) legal requirements; and (14) environmental 
impacts of methods or carcass disposition. The various sections of 
the Guidelines address particular euthanasia techniques (e.g., inhalant 
agents, non-inhalant pharmaceutical agents, and physical methods) and 
the application of those techniques to various animal types, species, 
and uses (e.g., companion animals, food animals, laboratory animals, 
wildlife, aquatics). This edition of the Guidelines has been expanded 
and includes more detail about the techniques, covers more species, and 
more comprehensively considers the special needs and challenges posed 
by the range of environments and conditions under which euthanasia is 
conducted. This presentation will summarize the creation and content 
of the revised guidelines with particular attention paid to euthanasia 
methods for poultry.
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12   The future of religious slaughter.  J. M. Regenstein,* Cornell 
University, Ithaca, NY.

There are several different ways to make an animal unconscious as 
part of the slaughter process. These include the use of a penetrating 
stunner going through the skull to cause unconsciousness; the use of a 
non-penetrating stunner to crack the skull; the use of gases; the use of 
an electrical current to the head; and the use of a razor sharp knife to 
cut the neck. How well each of these techniques prevent pain remains 
a controversial issue. Interestingly, very little work has been done to 
distinguish the benefits or challenges with the first 4 methods: clearly 
one of those methods (for any particular animal) is better than the others 
and thus which form should be used ought to be regulated and the 
consumer deserves to know which of these 4 methods are used(!) Yet, 
the fifth method is the only one being subjected to these comparisons 
and for which there seems to be a labeling issue. However, the data for 

religious slaughter is a mess. In most cases not enough information is 
presented to determine how the religious slaughter was done, and this 
author has even had senior animal welfare scientists when asked about 
the slaughter say: I do not know. The term unstunned slaughter is often 
equated with religious slaughter, while ignoring the unique razor-sharp 
knife with a careful elimination of nicks that is used while the definitive 
research used a machine sharpened knife that is much shorter than the 
knife used or recommended by Dr. Temple Grandin, who remains a 
supporter of religious slaughter when done right. For poultry, the issue 
of whether the stunning bath is working properly for 100 percent of the 
animals going through it remains a concern. In a world where local, 
natural etc. is in, might: traditional hand slaughtered with respect for 
the animal be a better way to slaughter animals?

Key Words: kosher, halal, religious slaughter, razor-sharp knife, 
unconsciousness
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Issues Concerning Food Safety in Poultry and Egg Production:  
Issues Concerning Salmonella and Campylobacter in Poultry Symposium

13   Salmonella and Campylobacter in poultry: Past, present and 
future.  N. A. Cox,* USDA, ARS, PMSRU, Russell Research Center, 
Athens, GA.

Four or 5 decades ago one of the main concerns was to extend the 
shelf life of refrigerated processed poultry. Some Salmonella analyses 
were done but primarily indicator organisms were used. At that time 
Campylobacter were not yet recognized as a foodborne (poultryborne) 
enteropathogen. At present, both of these microorganisms are routinely 
tested for both by cultural and rapid, high tech methods. It is fairly well 
established as to how Salmonella gets into a broiler flock, but many 
points of cultural methodology are not yet fully understood. Even for a 
relatively well-understood sample type such as a chilled poultry carcass, 
there is no internationally recognized standard method for Salmonella 
detection; for sample size, laboratory methods, number of colonies to 
pick etc. For example, Salmonella prevalence rates on chicken carcasses 
can be increased or decreased depending on the sampling methods 
used, such as changing the portion cultured after whole carcass rinsing 
or changing the sample weight in neck skin. Also many studies have 
demonstrated that cultural techniques can influence the serotypes that 
are recovered from samples and certainly that along with binomial 
and multinomial probabilities of picking serotypes at various ratios 
within a medium may explain the changing serotype patterns reported 
during rearing and processing of poultry. Therefore, along with a better 
understanding of the weaknesses of our lab methods, internationally 
agreed upon and reliable culture methods for both Salmonella and 
Campylobacter in poultry from the farm to retail are sorely needed. The 
situation is more complex with Campylobacter because it is more dif-
ficult to develop reliable culture methods, particularly from dry samples 
because this microorganism rapidly converts to a noncultural state. Plus 
there is still a great deal of controversy as to exactly how Campylobacter 
gets into the commercial poultry flocks. For a young poultry research 
scientist, the future is very bright. Much more research is needed on 
both of these organisms in many different areas.

14   Epidemiology of Salmonella on raw poultry at the retail 
level: An international perspective.  W. Q. Alali*1, B. Yang2, J. 
Meng2,3, P. Donado4, I. Walls5, R. Gaydashov6, T. Yen7, D. L. F. Wong8, 
and M. P. Doyle1, 1University of Georgia, Center for Food Safety, 
Griffin, GA, 2Northwest A&F University, College of Food Science and 

Engineering, China, 3University of Maryland, Joint Institute for Food 
Safety and Applied Nutrition, College Park, 4Colombian Corporation 
of Agricultural Research, Biotechnology and Bioindustry Center, 
Columbia, 5USDA, National Institution of Food and Agriculture, 
Washington, DC, 6Cosumer Rights Protection Society, Moscow, 
Russia, 7National Institute for Food Control, Hanoi, Vietnam, 8World 
Health Organization, Food Safety and Zoonoses, Geneva, Switzerland.

Poultry meat continues to be a significant source for human salmonel-
losis worldwide. Retail establishments serve as an end point sale for 
raw and processed poultry products. Food safety surveillance systems 
for raw poultry have been carried out mainly at the processing plants. 
That being said, it is important to monitor the status of pathogens 
(e.g., Salmonella) on raw poultry at the retail level. There are many 
factors (e.g., temperature abuse, cross-contamination) that could affect 
the prevalence and population of Salmonella at retail. While data on 
Salmonella on raw poultry is available in several developed countries 
such as US-National Antimicrobial Resistance Monitoring System-
NARMS; such information is not available in many developing countries 
which limit the ability for international organizations such as WHO and 
FAO to perform risk assessments that are representative for poultry 
production worldwide. Due to lack of internationally agreed standards 
on acceptable Salmonella levels in raw poultry and methods of testing 
poultry products for the presence of Salmonella, various countries are 
formulating policies that lack a scientific basis. We conducted studies 
in China, Colombia, Russia and Vietnam to determine the prevalence, 
loads, serotypes, and antibiotic susceptibility of Salmonella on raw poul-
try at retail level. The overall Salmonella prevalence on broiler chicken 
in China, Colombia, Russia, and Vietnam were 52.2% (n = 1,152), 26.7% 
(n = 1,003), 31.5% (n = 698), and 45.9% (n = 1,000), respectively. In 
general, Salmonella prevalence was not significantly associated with 
one retail market type. Frozen chicken had lower Salmonella prevalence 
compared with chilled in China and Colombia, but not in Vietnam and 
Russia. The average concentration of Salmonella found was 1.7 and 
2.75 logMPN / carcass in China and Colombia, respectively. Most 
common serotypes were Enteritidis, Indiana, and Typhimurium in China; 
whereas Paratyphi B, Enteritidis, and Heidelberg were most common in 
Colombia. Moderate-to-high levels of multi-drug resistant Salmonella 
were detected in both countries.
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15   Effects of silver nanoparticles on hemato-biochemical blood 
parameters and immune system indices of broilers during 21-42 
days of age.  F. Ahmadi,* A. Hafsy Kurdistani, and O. Khosravifar, 
Sanandaj Branch, Islamic Azad University, Sanandaj, Kurdistan, Iran.

An experiment was carried out to investigate the effects of silver 
nanoparticles (Ag-NPs) on hemato-biochemical blood parameters 
and immune system indices of broiler chicks in the growth of stage 
(21–42d). Three hundred one-d-old male broilers (Ross 308) divided 
into 5 treatment groups each of which included 4 replicates of 15 birds 
per pen. Experimental treatments including 1) negative control (only 
basal diet), 2) positive control (basal diet plus 15 ppm Virginiamycin), 
3) basal diet plus 4ppm, 4) basal diet plus 8ppm, and 5) basal diet plus 
12 ppm of Ag-NPs/kg of diet respectively. At the 42 d, 5 birds per 
treatment (one bird per pen) as randomly selected. The blood samples 
collected from the bronchial vein and divided 2 portions with and without 
EDTA. Sera removed by centrifuge, stored in −20°C, also the samples 
of blood without EDTA (plasma) stored in +4°C until analysis. After 
sampling blood, birds slaughtered. The bursa of Fabricious and spleen 
removed and relative organs weight expressed as a percentage of live 
body weight (LBW). The results showed increased relative weight of 
liver, small intestine, and abdominal fat (P ≤ 0.05), and decreased the 
bursa of Fabricious and spleen in birds that fed diet supplemented with 8 
and 12 ppm Ag-NPs in comparison with others. Total Protein, albumin, 
globulin, and A/G had significantly decreased in treatments that consist 
of 8 and 12 ppm nanosilver other treatments (P ≤ 0.01). The levels of 
8 and 12 ppm Ag-NPs had significantly decreased WBC count, RBC 
and Hb, Hct value (P ≤ 0.05), and increased (P ≤ 0.05) TG, LDL and 
cholesterol of sera. Ag-NPs had not significant affected on the calcium 
and Phosphorous serum of concentration compared with control treat-
ment (P ≥ 0.05). Based on the results this research we think that Ag-NPs 
may be no useful in poultry nutrition as additive to improve performance 
traits, because was observed negative effects on the indices that play 
important roles in the healthy and immune system response of broilers.

Key Words: silver nanoparticles, blood parameters, broiler, immune system

16   In ovo regulatory T cell depletion using anti-chicken CD25 
monoclonal antibody.  R. Selvaraj* and R. Shanmugasundaram, 
Ohio Agricultural Research and Development Center The Ohio State 
University, Wooster.

CD4+CD25+ cells in chickens have regulatory T cells (Tregs) proper-
ties. This study examined the effects of injecting anti-chicken CD25 
monoclonal antibody at d 16 of developing embryo on depletion of 
Tregs and the proliferation efficiency and cytokine mRNA profile of 
CD4+CD25- cells in chickens depleted of Tregs. Anti-chicken CD25 
antibody (0.5 mg) or PBS (control) was injected into 16-d-old fertile 
chicken eggs through the amniotic route. Peripheral blood was analyzed 
for CD4+CD25+, CD4+, and CD8+ cells at 0, 8, 12, 16, 20, 28 and 32 
d post-hatch. Anti-chicken CD25 antibody injection, but not the PBS 

injection, depleted CD4+CD25+ cells in the blood. CD4+CD25+ cells were 
not detected in the peripheral blood until d 20 post-hatch in the anti-
chicken CD25 antibody injected groups. At 32 d post-hatch, CD4+CD25+ 
cells were comparable in the peripheral blood of birds hatched from 
eggs injected with anti-chicken CD25 antibody or PBS. A second 
experiment was conducted to confirm whether the CD4+CD25+ cell 
depletion observed in the peripheral blood occurred in internal organs. 
In birds hatched from eggs injected with anti-chicken CD25 antibody, 
CD4+CD25+ cells were detectable only in the thymus, but not in the 
spleen, cecal tonsils or bone marrow at 12 d post-hatch. CD4+CD25- 
cells from spleen of birds hatched from anti-chicken CD25 antibody 
had higher proliferation, IL-2 mRNA and IFNγ mRNA than the control 
group at 12 d post-hatch. It could be concluded that in ovo injection 
of anti-chicken CD25 antibody temporarily depleted Treg population 
and increased IL-2 and IFNγ mRNA amounts in CD4+CD25- cells at 
12 d post-injection.

Key Words: Treg, CD25, IL-2, IFN

17   Impact of feeding programs on the colonization rates of 
Salmonella Enteritidis in broiler breeder pullets.  E. R. Montiel*1,2, 
R. J. Buhr3, N. A. Cox3, C. L. Hofacre1, A. C. Davis1, and J. L. Wilson1, 
1University of Georgia, Athens, 2Merial Select Inc., Gainesville, 
GA, 3USDA-ARS-RRC Athens, GA, USDA-ARS-RRC Athens, GA.

The impact of feeding programs in the colonization rate after chal-
lenge with Salmonella enteritidis was investigated. Broiler breeder 
pullets from were vaccinated at 19 d of incubation with herpesvirus of 
turkeys (HVT) + chicken herpesvirus (SB1), or a vector HVT (vHVT) 
+ Infectious bursal disease (IBD) vaccine. The chicks were placed in 
an experimental pullet facility at the University of Georgia. The pul-
lets vaccinated with HVT +SB1 were fed skip a day (SAD). The pul-
lets vaccinated with vHVT+IBD were divided into 3 feeding groups 
of approximately 200 birds each as follows: 1) skip a day (SAD); 2) 
every day in the trough feeder (EDT); 3) every day on the litter (EDL). 
All groups were fed daily after light stimulation at 22 wk of age. At 
22, 35, and 65 wk of age, groups of 10 birds were moved to a level 2 
biosecurity facility and challenged orally with 107 cfu/mL of a Nalidixic 
acid-resistant Salmonella Enteritidis strain. All birds were maintained 
on litter using individual pens for each feeding treatment. Spleen and 
ceca were collected 12 d after challenge and used to determine S. 
Enteritidis colonization. There was a decrease in the colonization rate 
of S. Enteritidis in spleen and ceca ranging between 10 and 68% at 
22 and 65 wk of age in the birds fed EDL as compared with the SAD 
and EDT fed groups. Within the SAD groups, colonization rate was 
10–50% lower in the birds that received the vHVT+IBD vaccine as 
compared with the group receiving HVT+SB1 vaccination. There were 
no significant differences in colonization rates among groups at 35 wk 
of age. The results obtained suggest that feeding broiler breeder pul-
lets on the litter may contribute to decrease the rates of S. Enteritidis 
colonization after challenge. The use of a vHVT+IBD vaccine in ovo 
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decreased S. Enteritidis colonization in the spleen in pullets fed using 
the SAD feeding program.

Key Words: feeding programs, broiler breeder vaccination, Salmonella 
Enteritidis colonization

18   Clearance of Escherichia coli after intravenous inoculation 
in broiler breeder pullets fed skip a day, every day in the feeder 
and every day on the litter.  E. R. Montiel*1,2, R. J. Buhr3, N. A. 
Cox3, C. L. Hofacre2, A. J. Davis2, and J. L. Wilson2, 1University of 
Georgia, Athens, 2Merial Select Inc., Gainesville, GA, 3USDA-ARS-
RRC, USDA-ARS-RRC, Athens GA.

The effect of feeding programs on the time of clearance of Escherichia 
coli in broiler breeder pullets was investigated. Broiler breeder pullets 
from a single grandparent flock were in ovo-vaccinated at 19 d of incuba-
tion with a vector HVT (vHVT) vector HVT + Infectious bursal disease 
(IBD) vaccine. The chicks were placed in an experimental pullet rearing 
facility at the University of Georgia or in a commercial pullet farm. The 
pullets were divided into 4 feeding program groups of approximately 
200 birds each as follows: 1) skip a day (SAD) in 2 groups, one in the 
experimental facility and one in a commercial pullet farm; 2) every day 
in the trough feeder (EDT); 3) every day on the litter (EDL). All groups 
were fed daily after light stimulation at 22 wk and all birds received a 
conventional commercial broiler breeder pullet vaccination program. 
At 19, 22, 29, and 39 wk of age, groups of 5 birds were removed from 
the pens and inoculated intravenously with a 1 mL bacterial suspension 
containing 108cfu/mL of a pathogenic Escherichia coli strain. Blood 
samples were collected at 10, 20 and 60 min after inoculation and 
diluted 1:10, 1:100 and 1:1,000 using tryptose phosphate broth. Samples 
were spread plated onto McConkey agar and incubated at 37°C for 24 
h. The typical pink colonies were counted and colony forming units 
calculated per 1 mL of blood. The pullets fed EDF cleared Escherichia 
coli faster than the EDT and SAD groups at 19 wk of age and cfu counts 
decreased between 1,500 and 65,000, respectively. At 22 and 29 wk of 
age, there was no significant difference in the time of clearance among 
the groups fed SAD in the experimental facilities, those housed with 
the commercial flock, or the pullets fed EDL. However, the pullets fed 
EDT had consistently higher Escherichia coli counts than the rest of 
the groups at all of the blood sample times. These results suggest that 
feeding broiler breeder pullets on the litter may positively impact their 
ability to clear Escherichia coli from the vascular system.

Key Words: skip a day feeding, every day feeding, broiler breeders, 
Escherichia coli clearance

19   Cyanophil: A novel granulocyte in peripheral blood of 
caged hens.  P. F. Cotter*1, D. M. Karcher2, and C. Robison2, 1Cotter 
Laboratory, Arlington, MA, 2Michigan State University, East Lansing.

Circulating granulocytes of chickens include 3 cell classes: heterophils, 
basophils, and eosinophils. Immature forms may also be present. The 
designation of basophil or eosinophil depends on cytoplasmic staining. 
In Romanowsky methods, basophil granules are red-purple having affin-
ity for basic dyes. Eosinophil granules are circular and red because of 
acidic dye affinity. Heterophil granules are spindle shaped; stain bright 
red, with a central body. Thin-films of peripheral blood stained by 

Wright method came from 56 wk hens housed in conventional cages 
(CC, n = 46), in aviaries (AV, n = 46), or in enriched cages (EN, n = 
48). This study is a part of the Coalition for a Sustainable Egg Supply 
(CSES) project. Differentials of 200 cells per slide were counted using 
40x magnification. Photomicrography was made using 100x magnifica-
tion. Images were captured with an Infinity-2 1.4 Megapixel CCD USB 
2.0 Camera. A novel cell was detected in some slides that appears to be 
distinct from other granulocytes. Novels are typically larger than other 
granulocytes, and many can be located using 10x magnification. Size 
is not an absolute criterion however. They are usually isolated but can 
be paired. While typically, they are the scarcest granulocyte, in 2 EN 
housed hens they were numerous, 75 found in one hen and 35 in the 
other. Novel granules stain intensely blue, rather than magenta or bright 
red. They occur in pairs, and can be distinctly annular; others vary in 
shape. They are fewer in number per cell than in other granulocytes. 
The cytoplasm of larger novels is often distinctly vacuolated, but is 
not in smaller versions. Novels are usually round but may be oval or 
have irregular edges. Novels were found in 22 CC hens (48%), 19 AV 
hens (41%), and 19 (40%) EN housed hens. The average per slide was: 
CC = 2, AV and EN = 1.7. The name “cyanophil” is proposed. A light 
microscope study of cyanophils, basophils, eosinophils and lymphocytes 
is the subject of the presentation.

Key Words: granulocyte, cyanophil, hen, housing, CSES

20   The application of two natural antibody systems to the 
study of threonine nutrition in commercial ducks.  P. F. Cotter*1, 
T. J. Applegate2, and Technical Staff3, 1Cotter Laboratory, Arlington, 
MA, 2Purdue University, Lafayette, IN, 3Maple Leaf Farms, Leesburg, 
IN.

Simple methods allowing integration of immunity with nutrition without 
artificial immunizations or disease challenges offer logistical advantage. 
Natural antibody systems should be considered as candidates. Those 
natural antibodies (NAbs) that activate complement provide information 
on innate and acquired arms. Our purpose is to show how this concept 
was applied to a threonine study. Serum was obtained on d 35 from 
commercial drakes on 5 threonine (Thr) diets. It was tested for aggluti-
nation and lytic properties against rabbit (Rb) and human erythrocytes 
(HuO). Two diets were below the standard, and 2 diets were above. 
Antibody was measured by agglutination; using HA1, HA2, and HA45 
parameters, each indicating reaction strength, and isotype. Complement 
activation was measured by lysis of the same erythrocytes; L100 and L50 
indicating complete and partial reactions. Rb HA2, a measure of IgG, 
was linearly increased by Thr (R2 = 0.98); but neither HA1 (IgM) or the 
lytic parameters were so affected. HuO activity was also Thr dependent, 
but the relationship was complicated. HuO HA45, the weakest measure 
of agglutination was quadratic (R2 = 0.63) the standard below either 
the lower or higher diets. In contrast, HuO L50, a combined measure 
of innate and acquired immunity, was more nearly linear (R2 = 0.67). 
Linear effects of Thr on immunity probably reflect its prominence as 
a structural component of antibody, and its presence at the active site 
of complement enzymes. Perhaps the complicated HuO affects relate 
to how ducks are sensitized to HuO. This may depend on mucin, a Thr 
protein that acts as an intestinal barrier. These observations indicate 
that natural antibody systems are useful as adjuvants in nutrition study.

Key Words: threonine, natural antibody, complement, ducks, nutrition

Poult. Sci. 91(Suppl. 1)8



21   Evaluation of oral administration of chitosan-based adju-
vants with inactivated antigens.  O. B. Faulkner,* N. R. Pumford, M. 
J. Morgan, A. D. Wolfenden, L. R. Bielke, G. Tellez, and B. M. Hargis, 
JKS Poultry Health Laboratory, University of Arkansas, Fayetteville.

Generation of robust mucosal (IgA) immune responses generally 
requires mucosal delivery of live attenuated or recombinant-vectored 
vaccines. We have evaluated the use of several modifications of chi-
tosan, a food-grade polysaccharide derivative from the exoskeleton 
of arthropods, for both parenteral and oral delivery with inactivated 
antigens. Initial studies demonstrated that oral delivery of appropriately 
modified chitosan was capable of generating significant (P ≤ 0.05) IgG 
responses against either sheep RBC (SRBC) or β-galactosidase. When 
a selected modification of chitosan was combined with inactivated 
Bordetella avium, Salmonella Enteriditis, or with inactivated influenza 
antigens, marked increases in specific mucosal IgA antibody produc-
tion was induced when administered in the drinking water of chicks or 
poults. Interestingly, influenza-specific IgA antibody titers recovered 
from the trachea in chickens following drinking water administration 
with a modified chitosan and inactivated influenza were significantly 
higher than IgA recovered from chickens that were only vaccinated with 
a parenteral inactivated influenza vaccine (P ≤ 0.05). Influenza specific 
IgG antibody titers in chickens that received orally-administered modi-
fied chitosan with inactivated influenza were elevated above controls 
(P ≤ 0.001), but less so than when parenteral administration was used. 
Modified-chitosan facilitates mucosal attachment of associated antigen 
and ultimate uptake and presentation by macrophage-lineage cells. We 
propose that using modified chitosan could be a highly effective and 
convenient method for protecting commercial poultry without the need 
for individual injection. Furthermore, the improved IgA responses fol-
lowing vaccination by this route, may suggest that actual protection 
of flocks from infection may actually prove to be greater than with 
parenteral administration for pathogens with a mucosal portal of entry.

Key Words: chitosan, inactivated vaccines, mucosal immunity, IgA

22   Supplementation of phytonutrients improves immune 
system and increases resistance to necrotic enteritis in young 
broiler chickens.  S.-H. Lee*1, H. Lillehoj1, S.-I. Jang1, D.-K. Kim1, 
E. Lillehoj2, and D. Bravo3, 1Animal and Natural Resources Institute, 
USDA-ARS, Beltsville, MD, 2University of Maryland, School of 
Medicine, Baltimore, 3Pancosma S.A, Geneva, Switzerland.

The Clostridium-related poultry disease, necrotic enteritis (NE), causes 
substantial economic losses on a global scale. In this study, a mixture 
of 2 plant-derived phytonutrients, Capsicum oleoresin and turmeric 
oleoresin (XT), was evaluated for its effects on local and systemic 
immune responses using a co-infection model of experimental NE. 
Chickens were fed from hatch with a diet supplemented with XT, or with 
a non-supplemented control diet, and orally challenged with virulent 

Eimeria maxima oocyts at 18 d and Clostridium perfringens at 20 d of 
age. Parameters of protective immunity were (a) body weight gain, (b) 
gut lesions, (c) serum levels of C. perfringens α-toxin and NetB toxin, 
and (d) intestinal levels of proinflammatory cytokine/chemokine gene 
transcripts. Chickens fed the XT-supplemented diet had increased body 
weight gains and reduced gut lesion scores compared with birds given 
the non-supplemented diet. The XT-fed group also displayed decreased 
serum α-toxin and NetB toxin levels and reduced intestinal IL-8 and 
LITAF mRNA levels, but increased TNFSF15 mRNA levels, compared 
with non-supplemented controls. In conclusion, this study documents 
the molecular and cellular immune changes following phytonutrient 
dietary supplementation that are relevant to protective immunity against 
avian NE.

Key Words: phytonutrients, necrotic enteritis, broiler, immunology, 
cytokine

23   Effect of various sources of dietary n-3 polyunsaturated fatty 
acids on natural killer cell activity in broilers.  H. S. AlKhalifa,* 
Kuwait Institute for Scientific Research, Kuwait city, Kuwait.

There is interest in the enrichment of poultry meat with long chain 
n-3 polyunsaturated fatty acids (PUFA) so as to increase consumption 
of these fatty acids by humans. However, there is concern that high 
levels of n-3 PUFA may have detrimental effects on immune function 
in chickens. The purpose of this study was to investigate the effects of 
various dietary sources of n-3 PUFA on natural killer (NK) cell activity 
in broiler chickens. One day old male Ross 308 broilers (n = 20) were 
fed on one of 4 sources of n-3 PUFA: linseed oil-, echium oil-, fish 
oil (FO)- or algal biomass-enriched diets until slaughter. At slaughter, 
samples of blood and spleen were collected from each bird. Linseed oil 
was the least effective at increasing EPA in plasma and tissues followed 
by echium oil and then algal biomass, with FO increasing EPA levels 
the most. Plasma and cells from broilers fed linseed or echium oil had 
the highest content of n-6 PUFA and the lowest of n-3 PUFA, whereas 
those fed algal biomass and FO had the lowest n-6:n-3 ratios. NK activ-
ity was highest in splenocytes and PBMCs from broilers fed linseed 
oil, followed by those fed algal biomass or echium oil, and lowest for 
those from broilers fed FO. There was a significant positive relationship 
between NK activity and splenocyte/PBMC linoleic acid, AA and total 
n-6 PUFA, and a negative relationship between NK activity and EPA/
total n-3 PUFA. However, there was no relationship between NK activity 
and DHA content. These results suggest that the immunosuppressive 
effects of FO are primarily dependent on the EPA content of the oil, and 
that a DHA-rich algal product may enrich chicken meat with n-3 PUFA 
without significant detrimental effects on chicken immunity.

Key Words: n-3 fatty acids, NK cell activity, eicosapentaenoic acid 
(EPA), docosahexaenoic acid (DHA)
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Environment and Management I

24   DNA barcoding and qPCR for identification and enumera-
tion of Eimeria species of chickens based on mitochondrial cyto-
chrome c oxidase subunit I sequences.  M. E. Ogedengbe*1, A. 
Naaum2, R. Hanner2, and J. R. Barta1, 1Department of Pathobiology, 
University of Guelph, Guelph, ON, Canada, 2Department of Integrated 
Biology, University of Guelph, Guelph, ON, Canada.

Eimeria species are responsible for causing coccidiosis, a globally 
important disease found wherever chickens are reared commercially. 
Analysis of more than 100 partial and 6 whole mt genome sequences 
from the 7 closely related Eimeria species that can infect chickens have 
suggested that the mitochondrial cytochrome c oxidase subunit I (mt 
COI) sequences could be used as species-specific barcode markers. In 
addition, there appears to be sufficient sequence variation among these 
species for the development of a quantitative PCR assay for diagnosis 
and perhaps enumeration of Eimeria species of chicken. We have devel-
oped a pair of Eimeria-specific primers that amplify a 206 bp fragment 
of the mt COI gene. This primer pair was successful in amplifying all 
of the Eimeria species that infect chickens; in addition, the sequence 
variation within the amplified region was sufficient to differentiate 
pure lines of parasites solely using melting curve analysis at the end 
of a qPCR reaction. Using a fixed quantity of parasite DNA per qPCR 
reaction, mean melting peaks identify single-species isolates of the 
various Eimeria species of chickens. The detection limit of this qPCR 
assay is approximately 1–5 oocysts worth of DNA. This is a rapid means 
of confirming the identity and quantity of parasites in single-species 
samples; however, mixed parasite samples cannot be analyzed in this 
manner (although the total number of genome copies of the combined 
parasite species found in the sample can be approximated using this 
qPCR method). Sequence variation within the mt COI sequences of 
Eimeria species infecting chickens is now being exploited to gener-
ate a multiplexed, probe-based qPCR assay for the identification and 
enumeration of up to 4 Eimeria species simultaneously within a single 
qPCR reaction.

Key Words: parasitology, DNA barcoding, Eimeria, coccidiosis, 
molecular diagnostics

25   User-friendly method to enhance live Eimeria vaccine efficacy 
for pullets.  K. R. Price*1, M. Petrik2, M. T. Guerin1, L. Newman3, and 
J. R. Barta1, 1University of Guelph, Guelph, ON, Canada, 2McKinley 
Hatchery, St. Marys, ON, Canada, 3Merck Animal Health, Summit, NJ.

Consumption of poultry products are on the rise and to meet consumer 
demand, yet remain profitable, commercial production must be intensive 
and cost-effective; balancing performance and health with environment 
and management. Coccidiosis, a disease caused by Eimeria parasites, 
continues to be an economic burden on the poultry industry. With 
increased prophylactic drug-use concerns, alternate methods of coc-
cidiosis control have been developed, yet innovation to enhance these 
techniques has been limited. Live Eimeria vaccines stimulate immunity 
from the first small dose of vaccinal oocysts and are improved through 
fecal-oral cycling of the parasites. This immune response exhibits as no 
pathogenesis with minimal parasite reproduction. Only limited immunity 
may be acquired without cycling, thus birds risk coccidiosis when chal-
lenged. Poultry management can influence Eimeria cycling. Pullets are 
often reared in tiered cages with mesh floors to allow feces to fall away. 
Some producers have used paper to cover the mesh floor for the first 

10 d; but coccidiosis occurred in the layer barn (suggests inadequate 
cycling). To improve cycling, we tested durable fiber trays (lasting ~5 
weeks) to cover part of the cage floor. Birds were gavaged orally with 
live vaccine and reared with 0, 20, 40 or 60% tray coverage from hatch 
to 6 weeks, then challenged with Eimeria species. A significant dif-
ference was found between the oocyst output of birds housed with or 
without coverage. Pullets on 40% coverage had significantly reduced 
output compared with the other birds (>99% lower than birds with no 
coverage). No difference was found between 20 and 60% coverage. 
At 6 d post challenge infection, lesion scores mirrored oocyst output 
results. Increased access to oocysts using 40% cage floor coverage with 
fiber trays over 5 weeks allowed for enhanced vaccine efficacy in live 
Eimeria vaccinated caged pullets.

Key Words: coccidiosis, replacement layer pullets, caged-rearing, 
antimicrobial free, Eimeria

26   Breeder feeding restriction programs and incubation tem-
peratures may affect progeny footpad development.  M. J. Da 
Costa*1, E. O. Oviedo-Rondón1, M. J. Wineland1, K. Claassen1, J. 
L. Wilson2, and E. R. Montiel3, 1North Carolina State University, 
Raleigh, 2University of Georgia, Athens, GA, 3Merial Select, 
Gainesville, GA.

Footpad dermatitis initiates days after placement and there is evidence of 
individual susceptibility. Breeder feed restriction programs and incuba-
tion may affect tissue development in broiler progeny. Two experiments 
were conducted to evaluate the carryover effects of feed restriction 
programs and incubation temperatures (T) on progeny footpad develop-
ment at hatch and 22 d of age. Cobb 500 fast feathering breeders were 
subjected to 2 dietary feed restriction programs during rearing, skip a 
day (SAD) and every day feeding (EDF). Eggs from each group were 
collected at 54 and 60 wk, randomly divided and incubated according 
to 2 incubation temperature profiles, standard (S) eggshell T 38.1°C and 
early-low late-high (LH). This second profile had low (36.9°C) eggshell 
T for the first 3 d, and standard T until the last 3 d when eggs endured 
elevated (38.9°C) eggshell T. At hatch 15 chicks from each treatment 
combination were sampled to obtain footpad samples with a biopsy 
punch. Seventy 2 chicks per treatments were randomly selected, placed 
in 48 Petersime cages (6/cage), and raised to 22 d. BW were collected 
and 2 chickens per cage were sampled for footpads. Histological analysis 
assessed thickness and total area of stratus corneum (SC), epidermis, 
dermis, and total papillae height in footpad skin. Data were analyzed 
as a 2 × 2 factorial design with breeder feed restriction program and T 
profile as main factors. Results indicated an interaction effect (P < 0.05) 
on SC area and papillae height at hatch. Additionally SAD treatment 
increased thickness and area of footpad dermis. At 22 d, interaction 
effects (P < 0.05) were observed in thickness and area of SC and epi-
dermis. Incubation T affected (P < 0.05) thickness and area of dermis; 
footpads coming from chickens incubated under S treatment showed 
higher values. It was concluded that breeder feed restriction programs 
and incubation T profiles may have carryover effects on histomorpho-
logical traits of footpads. It will be important to investigate these factors 
as possible contributors to footpad dermatitis susceptibility.

Key Words: footpad development, broilers, incubation, breeder, feed 
restriction
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27   Effect of perinatal eggshell temperature on embryonic mor-
tality, growth efficiency, and incidence of ascites.  R. M. Hulet* and 
T. E. Cravener, Pennsylvania State University, University Park.

Previous studies have shown that egg shell temperatures (EST) exceed-
ing 102 F can cause decreased hatchability and post-hatch growth per-
formance. A project to determine the optimum temperature for single 
and multi-stage incubation was conducted to minimize embryonic and 
grow-out mortality, and improve growth performance and carcass yield. 
Three phases were investigated: Pre-incubation (2 h (P) and 12 h (S) to 
incubation temperature), Incubation (EST from 7 to 18 d at 100F (7C) 
or 102F (7H)), and Hatcher (EST from 18 to 21 d at 100F (18C) or 102F 
(18H)). Twelve cases of Ross × Cobb eggs were randomized into these 6 
incubation patterns by using 3 different incubators (Chickmaster – single 
stage). After hatch, embryonic mortality (EM) patterns were assessed by 
evaluating hatch residue. Fifty chicks per treatment were evaluated for 
yolk-sac mass (YSM) and heart size (HS), and 864 chicks were random-
ized into 48 pens and reared to 35 d of age (6 pens per treatment). Feed 
conversion, growth, EM and ascites incidence was analyzed by incuba-
tion treatment. Carcass yield was determined for 20 broilers/treatment 
(10 males and females). Late dead EM was 1.5% lower when eggs took 
12 h. to obtain an EST of 100 F (S) compared with 2 h. treatment (P). 
EST was more critical for late dead EM (2%) and hatchability (4%) for 
7C eggs than for 7H eggs. The 7C treatment resulted in significantly 
greater (SG) YSM (4.1 vs. 3.8 g), HS (0.3 vs. 0.2 g) and YSM and HS 
as a % of chick weight than 7H chicks. Carcass weight of 7C birds was 
SG than 7H (1559 vs. 1479 g). Hatcher EST showed that 18C chicks 
had SG YSM (4.2 vs. 3.7 g), HS (0.29 vs. 0.27 g), and YSM and HS 
as a % of chick weight than 18H chicks. BW of 18C chicks was SG at 
hatch (39.8 vs. 38.2 g) and 21 d (0.864 vs. 0.850 kg). The combination 
of S pre-incubation warming, 7C incubation treatment of 100F EST and 
18C hatcher treatment of 100F EST appears to give the best results for 
reducing EM and promoting bird growth.

Key Words: egg shell temperature, incubation, pre-heating

28   Improving broiler live performance and carcass yield. 1. 
Thermal treatments before and up to 5 days of incubation improve 
performance of Cobb 500 broilers to 35 days of age.  Y. Piestun1, S. 
Druyan1, J. Brake2, and S. Yahav*1, 1Institute of Animal Science, ARO 
the Volcani Center, Bet Dagan, Israel, 2Department of Poultry Science, 
North Carolina State University, Raleigh.

Embryo development during pre-incubation storage and incubation largely 
depends upon temperature. The potential beneficial impact of manipulat-
ing temperature in a programmed manner during the pre-incubation and 
incubation periods of broiler chickens has been realized during the past 
several decades. Furthermore, convincing evidence that temperature 
could influence the sex ratio of avian offspring has recently become 
available. This study was designed to elucidate the effect of temperature 
that was elevated above standard conditions before and/or during the sex 
determination period of incubation on hatchability, sex ratio, growth and 
development post-hatching, and secondary sexual phenotypic character-
istics. Two experiments were conducted using Cobb 500 broiler hatching 
eggs that had been stored for 4 and 9 d, respectively. Four treatments were 
applied: Control maintained at standard conditions of no pre-heating and 
37.5 C throughout incubation; pre-heating (Pre) for 12 h before incubation; 
heating the embryos to 38.5 C between E0 and E5 (M) of incubation; and 
a combination of both (Pre+M). All 3 thermal treatments increased early 
embryonic deaths, but significantly improved hatchability. The point of 

50% hatchability was achieved earlier in the thermal treatments. The BW 
of males and females at 35 d of age in both experiments was greater from 
the thermal treatments. This was coincident with increased relative breast 
muscle weight. The secondary sexual phenotypic characteristics of comb 
and wattles were also affected by the thermal treatments, being heavier 
in most cases. The testes were larger in thermal treated males, which 
may be associated with increased plasma testosterone concentration in 
both genders and experiments. It was concluded that thermal treatments 
pre-incubation and/or during the sex determination period of incubation 
had, in general, positive effects on hatchability, growth, carcass yield, and 
secondary sexual characteristics of broilers.

Key Words: broilers, embryo, pre-heating, sex determination, broiler 
live performance

29   Improving broiler live performance and carcass yield. 2. 
Thermal treatments before and up to 5 days of incubation alter devel-
opment of Ross 708 embryos and increase hatched chick length.  Y. M. 
Lin*1, S. Yahav2, and J. Brake1, 1Department of Poultry Science, North 
Carolina State University, Raleigh, 2Institute of Animal Science, ARO 
the Volcani Center, Bet Dagan, Israel.

Elevated temperature during the pre-incubation period and up to E5 of 
incubation has been shown to improve broiler live performance and 
carcass yield. This study delineated the changed observed at E15 of 
incubation and in hatched chicks in a 2 × 2 factorial design involving 
pre-incubation temperatures of 23.9C and 29.4C followed by incuba-
tion temperatures of 37.5C and 38.1C to E5 of incubation. Incubation 
temperature was thereafter 37.5C or slightly reduced beyond E12. The 
relative humidity was maintained at 53% at all times during incubation. 
From a 41-wk-old Ross 708 breeder flock, 90 weight-matched pairs of 
eggs were produced by individually weighing a large number of eggs 
laid the same day. These eggs were then subjected to the above detailed 
treatments in Natureform I-14 incubators. A total of 2880 eggs were set 
to balance the air flow in the machines. Eggs were weighed and embryos 
necropsied at E15 to determine egg weight loss, embryo weight, yolk 
sac weight, embryo length. Embryo weight and length were increased 
by 29.4C and 38.1C temperatures while only the 38.1C temperature 
increased egg weight loss. At hatching, chick BW was decreased by the 
29.4C and 38.1C temperatures, probably due to slightly earlier hatching, 
while yolk sac weight was decreased and chick length increased by the 
38.1C temperature. The longest chicks were produced by the 29.4C and 
38.1C temperature combination. Greater chick length has been associ-
ated with increased carcass yield, which may explain increased carcass 
yield due to these thermal treatments.

Key Words: broilers, embryo, pre-heating, sex determination, broiler 
live performance

30   Improving broiler live performance and carcass yield. 3. 
Thermal treatments before and up to 5 days of incubation affect Ross 
708 carcass yield at 36 and 50 days of age.  Y. M. Lin*1, S. Yahav2, 
and J. Brake1, 1Department of Poultry Science, North Carolina State 
University, Raleigh, 2Institute of Animal Science, ARO the Volcani 
Center, Bet Dagan, Israel.

Elevated temperatures during pre-incubation and up to E5 of incubation 
have improved BW and breast muscle of Cobb 500 broilers at 35 d of 
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age in previous work. This study investigated the effects of early thermal 
manipulations on the carcass yield of Ross 708 broilers at 36 and 50 d of 
age. A total of 2880 broiler hatching eggs from 41-wk-old breeders were 
subjected a 2 × 2 factorial design involving pre-incubation temperatures of 
23.9C and 29.4C for 12 h followed by incubation temperatures of 37.5C 
and 38.1C to E5 of incubation. Incubation temperature was thereafter 
37.5C or slightly reduced beyond E12. The relative humidity was main-
tained at 53% at all times during incubation. The chicks were placed in 
a 64-pen facility with 12–18 birds per pen as determined by hatchability 
and sex ratio. At 36 and 50 d of age 2 broilers from each replicate pen 
that were within 250 g of the average male and female broiler BW at each 
respective age were selected for processing and carcass deboning. At 36 
d of age the weight of the Pectoralis minor of the male was increased by 
the 38.1C temperature while at 50 d of age the weight of the Pectoralis 
minor of the female was increased and the Pectoralis major weight of the 
male was increased by the 38.1C temperature. The experimental design 
of this experiment differed from previous experiments in that there was 
no treatment that involved moving eggs directly from an egg cooler to 
the incubator without going through a pre-incubation period. This was 
concluded to be the reason for the less evident, but still apparent, effects 
of thermal treatments on breast meat yield.

Key Words: broilers, embryo, pre-heating, sex determination, broiler 
live performance

31   Improving broiler live performance and carcass yield. 4. 
Thermal treatments from 7 to 16 days of incubation improve perfor-
mance of Cobb 500 broilers to 70 days of age.  Y. Piestun1, S. Druyan1, 
J. Brake2, and S. Yahav*1, 1Department of Poultry Science, North 
Carolina State University, Raleigh, 2Institute of Animal Science, ARO 
the Volcani Center, Bet Dagan, Israel.

Genetic selection of broilers for rapid growth rate has coincided with 
inferior development of visceral systems, which has contributed to 
difficulties coping with environmental stressors, especially at higher 
BW. In many countries the average marketing age is 5 to 6 wk, but the 
US, French, and other markets demand heavier broilers (greater than 4 
kg). In previous studies we had shown that elevating incubation tem-
perature by 1.7 C for 12 h/d from E7 to E16 improved post-hatching 
thermotolerance as well as feed conversion (FCR) and carcass yield at 
35 d of age. The objective of the present research was to elucidate the 
effect of a similar elevation of incubation temperature on BW, FCR, 
body temperature (Tb) and carcass yield of broilers raised to 70 d of 
age. Two treatments were applied to Cobb 500 hatching eggs: Control 
of 37.5C; and thermal manipulation (TM) where incubation temperature 
was elevated to 39.5C from E7 to E16 for 12 h/d. After hatching, males 
and females were reared to 70 d of age while monitoring BW, feed intake, 
FCR, and Tb. Relative breast muscle and abdominal fat pad were then 
measured on 160 birds. TM did not affect hatchability or male BW, but 
female BW was reduced at hatching. This trend was maintained to 70 
d of age. Broiler Tb was significantly reduced throughout the growth 
period by TM, which was evidence of a reduced metabolic rate that 
was responsible for an improved FCR of males and females of 8 and 10 
points, respectively, and improved relative breast muscle weight by 1.0 
and 0.7%, respectively. A reduced abdominal fat pad was also observed 
in females. It can be concluded that TM during embryogenesis had a 
long-lasting effect on performance of broiler chickens.

Key Words: broilers, embryo, thermal manipulation, broiler live 
performance, breast muscle

32   Improving broiler live performance and carcass yield. 5. 
Beneficial effect of thermal manipulations before and up to 5 days of 
incubation on Ross 708 carcass yield at 36 and 50 days of age may 
be modified by turning frequency due to altered vascular develop-
ment and weight loss during incubation.  J. Brake*1, Y. M. Lin1, and 
S. Yahav2, 1Department of Poultry Science, North Carolina State 
University, Raleigh, 2Institute of Animal Science, ARO the Volcani 
Center, Bet Dagan, Israel.

Elevated temperatures during pre-incubation and up to E5 of incubation 
has improved breast muscle yield of broilers. This study investigated the 
effects of early thermal manipulation (TM) in combination with turning 
frequencies of 24 or 96 times (96X) daily on the carcass yield of Ross 
708 broilers at 36 and 50 d of age. A total of 2880 broiler hatching eggs 
from 41-wk-old breeders were subjected to a 2 × 2 x 2 factorial design 
involving pre-incubation temperatures of 23.9C and 29.4C for 12 h 
followed by incubation at 37.5C or 38.1C to E5 of incubation with 24X 
or 96X turning from E0 to E18. Incubation was at 37.5C from E6 and 
slightly reduced beyond E12. The RH was 53%. Both 96X and 38.1C 
increased egg weight loss at E15 but while 38.1C increased embryo 
weight and length 96X decreased embryo weight and length. Hatched 
chick length mirrored the effects at E15. Longer chicks as in the 38.1C 
treatment have been associated with greater breast meat yield. Yolk 
sac weight (YSW) at hatching was decreased by 38.1C while 96X 
increased YSW. The yolk sac membrane vasculature was decreased 
by 96X at E6 and E7, which may explain greater hatching YSW. The 
CAM vasculature was increased by 38.1C at E8 but decreased by 96X 
at E8 and E9. The inhibition of vascular development may have been 
associated with greater egg weight loss to E15 in the 96X treatment. 
The chicks were placed in a 64-pen facility with 12–18 birds per pen as 
dictated by hatchability and sex ratio. At 36 and 50 d of age, 2 broilers 
from each replicate pen that were within 250 g of the average male and 
female broiler BW at each respective age were selected for processing 
and carcass deboning. The 96X males exhibited reduced Pectoralis 
minor at 36 d of age while the Pectoralis major of males that had been 
exposed to the 29.4C treatment was reduced when combined with the 
96X treatment.

Key Words: broilers, embryo, pre-heating, sex determination, broiler 
live performance

33   Effects of breeder feed restriction programs and tempera-
ture incubation profiles on progeny bone development.  E. O. 
Oviedo-Rondón*1, M. J. Wineland1, M. J. Da Costa1, K. Claassen1, 
J. L. Wilson2, and E. R. Montiel3, 1North Carolina State University, 
Raleigh, 2University of Georgia, Athens, 3Merial Select, Gainesville, 
GA.

Breeder feed restriction programs influence lipid metabolism with car-
ryover effects on progeny. Incubation temperature profiles (TEM) have 
been reported to affect broiler bone development. Two experiments 
were conducted to evaluate the carryover effects of skip a day (SAD) 
and every day feed (EDF) restriction programs and 2 incubation TEM 
profiles on progeny bone development. Eggs of Cobb 500 fast feather-
ing breeders subjected to either SAD or EDF programs during rearing, 
were collected at 54 and 60 wk of age. Eggs from each treatment were 
incubated following 2 TEM profiles to either maintain eggshell TEM at 
38.1°C (standard) or have eggshell TEM similar to the ones observed 
in multistage machines. This second profile had low (36.9°C) eggshell 
TEM for the first 3 d, and standard TEM until the last 3 d when eggs 
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endured elevated (38.9°C) eggshell TEM. In both experiments, 15 
chicks per treatment combination were sacrificed at hatch. Relative 
weights (RW), length and relative asymmetry (RA) of leg bones were 
calculated. In experiment 2, 72 chicks per treatment were identified 
at hatch and placed in 12 battery cages with 6 chicks per cage. Bone 
parameters were evaluated on one chick per cage at 7 and 21d of age. 
Data were analyzed as a 2x2 factorial design with breeder feed restriction 
program and TEM as main factors. No significant interaction effects 
were observed at hatch in both experiments. Incubation TEM affected 
RW of tibias and metatarsus length in both experiments, and RA of all 
bones in experiment 2. In experiment 2, interaction effects of treatments 
were observed at 7 and 21 d on femur, tibia and metatarsus length and on 
femur and metatarsus RW only at 21 d. Broiler progeny bone develop-
ment from SAD breeders were generally affected by incubation TEM 
profiles, while progeny of EDF breeders were not. Breeder feed restric-
tion effects were only observed on RA of bones, but results were not 
consistent. It was concluded that deviations from optimum incubation 
may affect bone development and this negative effect is more evident 
in progeny of breeders fed using the SAD program.

Key Words: breeder restriction, incubation profiles, broiler, bone 
development

34   Effects of breeder feed restriction programs and tempera-
ture incubation profiles on progeny gastrointestinal development.  
E. O. Oviedo-Rondón*1, V. Moraes1, M. J. Wineland1, M. J. Da Costa1, 
K. Claassen1, J. L. Wilson2, and E. R. Montiel3, 1North Carolina State 
University, Raleigh, 2University of Georgia, Athens, 3Merial Select, 
Gainesville, GA.

Feed restriction programs affect breeder metabolism with effects on 
progeny development. Incubation temperature profiles (TEM) have 
been reported to affect progeny gastrointestinal (GTI) development. 
Two experiments were conducted to evaluate the carryover effects of 
skip a day (SAD) and every day feeding (EDF) restriction programs 
and 2 incubation TEM on progeny GTI development. Eggs of Cobb 
500 fast feathering breeders subjected to either SAD or EDF programs 
during rearing, were collected at 54 and 60 wk of age. Eggs from each 
treatment were incubated following 2 TEM profiles to either maintain 
eggshell TEM at 38.1°C (standard) or have eggshell TEM similar to 
the ones observed in multistage machines. This second profile had 
low (36.9°C) eggshell TEM for the first 3 d, and standard TEM until 
the last 3 d when eggs endured elevated (38.9°C) eggshell TEM. In 
both experiments, 15 chicks per treatment combination were sacri-
ficed at hatch. Relative weights (RW) of liver, gizzard+proventriculus 
(GP), and intestines were calculated and intestinal length (IL) was 
measured. In experiment 2, 72 chicks per treatment were identified 
at hatch and placed in 12 battery cages with 6 chicks per cage. RW 
of similar GTI parts were recorded at 7 and 21d of age and gizzard 
pH was measured. Data were analyzed as a 2x2 factorial design with 
breeder feed restriction program and TEM as main factors. No signifi-
cant interaction effects were observed at hatch in both experiments. 
In experiment 2, no effects of treatments were detected on IL or on 
gizzard pH. Incubation TEM affected the development of all GTI 
parts evaluated at hatch in both experiments and IL in experiment 1 
at hatch. Chicks incubated with standard TEM had bigger GTI. In 
experiment 2, similar effects of TEM were observed at 7d, and at 
21d only RW of intestines were affected by TEM. It was concluded 
that these breeder feed restriction programs did not have consistent 
carryover effects on progeny GTI development produced at 54 and 60 

wk of age. It was corroborated that incubation TEM profiles affected 
broiler GTI development.

Key Words: breeder restriction, incubation profiles, broiler, 
gastrointestinal development

35   Effect of hen age and late incubation temperature on embryo 
development. 1. Embryo metabolism.  J. A. Hamidu,* C. A. Torres, 
M. L. Johnson, and D. R. Korver, University of Alberta, Edmonton, 
AB, Canada.

The impact of maternal flock age and incubation (machine temperature; 
MT) on embryo metabolism was studied to understand the biological 
reasons for late incubation overheating and mortality. Fresh broiler 
hatching eggs (n = 88; average weight eggs within each parent flock) 
were obtained simultaneously from 3 parent flock ages: Young (Y): 26 
to 34 wk, Peak (P): 35 to 45 wk, Old (O): 46 to 54 wk of age), stored 
for 2 to 4 d at 18°C and 73% RH, then incubated for 14 d at 37.5°C and 
56% RH. At 15 d of incubation (E15), 12 fertile eggs per flock age were 
placed in individual metabolic chambers at one of 4 incubation tempera-
tures (36.0, 36.5, 37.0, or 37.5°C) until E21.5. O2 consumption, CO2   
production and eggshell temperatures (EST) were recorded 6 times/d 
and embryonic heat production (EHP) determined as an indication of 
embryonic metabolism. Data were analyzed by Proc Mixed (SAS Inc.) 
with initial egg weight as a covariate. Differences were considered sig-
nificant at P < 0.05. Relationships among incubation temperature, parent 
flock age, EHP and EST were determined by regression or correlation. 
Embryos from O flocks consumed less O2 at E20 and produced less CO2   
at E15 and compared with Y and P embryos. The O2 consumption at E16 
and E17 was lower for 36.0°C than other treatments; at E19 and E20, 
37.0°C resulted in the greatest O2 consumption. The CO2  production 
at 36.5°C and 37.0°C was greater than at other temperatures, but only 
at E20. Incubation at 37.0°C increased EHP from E15 d to E20 relative 
to 36.0°C. The EST was highest at 37.0°C compared with 36.0, 36.5 
and 37.5°C from E15 to E20. The EST was highest at 37.5°C compared 
with 36.0 and 36.5°C at E21. There was a linear relationship (R2 = 0.46) 
between incubation temperature and mean EST, whereas mean EHP had 
a significant but small relationship (R = 0.33) to EST. The MT of 37.0°C 
resulted in higher embryonic metabolism leading to higher EHP and 
EST which can increase the risk of overheated embryos and increase 
late incubation embryo mortality.

Key Words: breeder flock age, incubation temperature, embryo 
metabolism, heat production, eggshell temperature

36   Effect of hen age and late incubation temperature on embryo 
development. 2. Chick quality.  J. A. Hamidu,* C. A. Torres, M. L. 
Johnson, and D. R. Korver, University of Alberta, Edmonton, AB, 
Canada.

The impact of maternal broiler breeder (Ross 708) flock age and incuba-
tion (machine temperature; MT) on embryo development and early chick 
quality was determined. Fresh broiler hatching eggs (n = 88, of average 
weight within each parent flock) were obtained from each of 3 parent 
flock ages: Young (Y), 26 to 34 wk; Peak (P), 35 to 45 wk; Old (O): 46 
to 54 wk of age), stored for 2 to 4 d at 18°C and 73% RH, then incu-
bated for 14 d at 37.5°C and 56% RH. At 15 d of embryo development 
(E15), 12 fertile eggs per flock age were placed in individual metabolic 
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chambers at one of 4 incubation temperatures (36.0, 36.5, 37.0, or 
37.5°C) until E21.5. After 452 h of incubation, eggs were checked every 
6 h to record the approximate time to external pipping and hatch. After 
518 h of incubation, chicks were removed, weighed, length determined 
and dissected. The yolk sac was removed and the yolk-free body mass 
(YFBM) determined. Data were analyzed by Proc Mixed (SAS Inc.) with 
initial egg weight as a covariate. Differences were considered significant 
at P < 0.05. Relationships among incubation temperature, breeder age, 
chick weight and length were determined by regression. Breeder age 
and MT did not affect chick weight, wet or dry yolk sac weight or wet 
YFBM; chick weight was more related with maternal flock age (R2 = 
0.45) than MT (R2 = 0.03). The Y flock had longer chicks than M and 
O flocks and chicks from 37.0°C were longer than from 36.0, 36.5 or 
37.5°C. The chicks from 37.0°C pipped and hatched in a shorter time 
compared with 36.0°C and 37.5°C. Although chicks from 37.0°C MT 
may be of higher quality (longer length), the early hatch would result 
in longer residence time in hatchers and may reduce overall chick 
quality at placement due to the potential for dehydration. Chick length 
was longer in Y eggs incubated at 37.0°C MT compared with all other 
interactions between breeder age and MT except Y*36.0°C, Y*36.5°C 
and O*37.0°C. Y chicks may be less affected by lower and higher MT 
than M and O chicks.

Key Words: breeder flock age, incubation temperature, embryo 
metabolism, chick quality, chick size

37   Effect of hen age and late incubation temperature on embryo 
development. 3. Early innate immune function.  M. L. Johnson,* J. 
A. Hamidu, C. A. Torres, and D. R. Korver, University of Alberta, 
Edmonton, AB, Canada.

The broiler chick hatches with a functional, but immature innate immune 
system. We have previously shown that early chick innate response 
decreased as hens aged. However, it was unclear whether hen age and 
incubator temperature interacted to cause this. Eggs (n = 88 from broiler 
breeder hens of 3 different ages: 26 to 34 wk; 35 to 45 wk; and 46 to 54 
wk (young (Y), peak (P) and old (O), respectively) were stored for 2 to 4 
d at 18°C and 73% RH, then incubated for 14 d at 37.5°C and 56% RH. 
At 15 d of embryo development (E15), 12 fertile eggs per flock age were 
individually placed in metabolic chambers and incubated at 36.0, 36.5, 
37.0, or 37.5°C. Chick innate immunity indices (ex vivo E. coli bacteri-
cidal capacity (killing) and phagocytosis) on d of hatch were measured. 
Phagocytosis was a measure of the number of active phagocytes (PA) 
and the phagocytic capacity (PC) was a measure of the number of E. coli 
each cell phagocytized as measured by fluorescence. Pearson correla-
tion analysis (SAS, Inc.) was used to determine relationships between 
immune indices and cumulative embryonic heat production (cEHP, in 
mW). cEHP was determined by summing the average heat production 
per day from E15 to E20. Differences due to hen age and incubation 
temperature were determined using PDIFF of LSMeans and considered 
significant at P < 0.05. E. coli killing was greatest in Y chicks (60.8%) 

compared with P (35.4%) and O (30.9%) chicks and was greater when 
incubator temperature was 36.5°C (72.1%) than 36.0°C (23.0%). PA 
was weakly correlated with cEHP (R = 0.18); neither PA nor PC were 
affected by hen age or incubation temperature. PC in the 36.5°C group 
was lower than other temperature groups. Efficacy of the chick innate 
immune function decreased as hens aged. Optimal incubator tempera-
ture for overall innate immune function was 36.5°C; however, PC was 
lowest at this temperature suggesting other immune mechanisms of E. 
coli killing may be more prominent at hatch.

Key Words: incubation temperature, broiler breeder age, embryo 
metabolism, phagocytosis, innate immunity

38   Effect of hen age and late incubation temperature on embryo 
development. 4. Bone development.  C. A. Torres,* J. A. Hamidu, M. 
L. Johnson, and D. R. Korver, University of Alberta, Edmonton, AB, 
Canada.

We have previously shown that, regardless of hen age, newly-hatched 
chicks from broiler hatching eggs incubated at 37.0°C had wider tibias 
but reduced mineralization relative to those incubated at 36.0°C or 
36.5°C. Additionally, eggs incubated at 37.0°C produced embryos with 
higher embryonic heat production (EHP) at embryo age 19 (E19). The 
influence of broiler breeder (Ross 708) age (Young (Y): 26 to 34 wk, 
Peak (P): 35 to 45 wk, and Old (O): 46 to 54 wk) and incubation tempera-
ture (36.0, 36.5, 37 or 37.5°C) from E15 to E21.5 on embryo metabolism 
and tibia development at hatch were investigated. Additionally, the 
relationships among embryonic metabolism (i.e., egg shell tempera-
ture (EST) and EHP) on bone development were studied. Correlations 
between average EST (from E15 to E19), cumulative EHP from E15 to 
E19 (cEHP; determined by summing the average heat production (mW) 
per day from E15 to E20) and tibia thickness, length, % of calcified 
tissue (mineralization) and breaking strength at hatch were determined 
using Pearson correlation analyses of SAS. Significance level was set at 
P < 0.05. Tibia thickness was moderately and positively correlated with 
cEHP and EST (R = 0.49 and 0.45, respectively). Tibia length was also 
correlated with cEHP (R = 0.45). Even though cEHP was moderately 
associated with bone size, it did not influence tibia mineralization and 
strength at hatch. Additionally, EST correlated with bone length (R = 
0.26) but not to the same extent as cEHP possibly due to the negative 
correlation between EST and mineralization (R = −0.28). Embryos 
with higher metabolic rate (heat production) between E15 to E19 might 
accumulate more heat relative to embryos with lower metabolism and 
reduce bone size. Additionally, increased EST may result in heat stressed 
embryos which in turn could decrease bone mineralization. Overall, 
high embryonic metabolism (cEHP and EST) increased bone growth 
without compromising its mechanical strength at hatch.

Key Words: breeder flock age, incubation temperature, embryo 
metabolism, heat production, bone development
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Metabolism and Nutrition: Enzymes I

39   Chemical composition and nutritive value of Brassica 
juncea canola for poultry and the effect of enzyme supplementa-
tion.  M. Radfar*1, A. Rogiewicz1, D. Hickling2, and B. A. Slominski1, 
1University of Manitoba, Winnipeg, MB, Canada, 2Canola Council of 
Canada, Winnipeg, MB, Canada.

Canola breeding program undertaken to improve meal quality has led 
to the development of canola quality (i.e., low glucosinolate, low erucic 
acid) form of B. juncea, a mustard species known for its pure yellow 
seed coat. Under Western Canadian conditions, B. juncea suffers less 
from heat and drought stress and matures earlier than B. napus, Such 
characteristics are the basis for high yields of oil and low chlorophyll 
content in the seed. The objective of the current study was to evaluate 
the chemical and nutritive composition of meals derived from pre-press 
solvent extracted seeds of the conventional black-seeded B. napus canola 
and the canola-quality yellow-seeded B. juncea. In comparison with B. 
napus canola, meal derived from yellow-seeded B. juncea contained 
(DM basis) similar amount of protein (41.7 vs. 41.5%) and fat (2.8 vs. 
2.9%), more sucrose (6.9 vs. 5.6%), more starch (3.4 vs. 0.1%) and less 
dietary fiber (27.7 vs. 33.8%). Lower fiber content of B. juncea canola 
was reflected in lower content of lignin with associated polyphenols (4.0 
vs. 10.4%). The nutritive value of canola meals was investigated with 
broiler chickens fed corn/soybean meal-based diets containing 30% of 
meals from 4 to 18 d of age. A significantly lower (P < 0.05) BWG was 
observed in birds fed the B. juncea diet when compared with those fed 
the conventional black-seeded B. napus canola (479 vs. 515 g/bird). 
No difference in FCR was observed (1.44 vs. 1.42). In a second study, 
meal AMEn values for B. juncea and B. napus were determined with 
broiler chickens (from 14 to 19 d of age) and were 1881 and 1852 kcal/
kg DM, respectively. Enzyme (multicarbohydrase) addition resulted in 
the AMEn value of 1993 kcal/kg DM for B. napus meal, with a more 
pronounced effect (P < 0.05) observed for B. juncea canola (from 1881 
to 2222 kcal/kg DM).

Key Words: B. juncea canola, nutritive value, AMEn, broiler chicken, 
enzyme supplementation

40   Evaluation of a thermo-tolerant xylanase in low energy 
broiler diets.  M. P. Williams*1, C. L. Wyatt2, T. W. York2, S. Rao3, 
and J. T. Lee1, 1Poultry Science Department, Texas AgriLife Research, 
Texas A&M System, College Station, 2AB Vista Feed Ingredients, 
Chesterfield, MO, 3Foster Farms, Delhi, CA.

The objective of the current study was to evaluate the impact of feeding 
a thermo-tolerant xylanase (Econase XT) at variable levels in com-
mercial broiler diets. The experimental design consisted of 3 energy 
levels: positive control (PC), negative control −66 kcal/kg (NC1), and 
negative control −132 kcal/kg (NC2); and 2 xylanase levels (included in 
the NC diets). Xylanase was added at either 60 g/ton throughout or 60 
g/ton in starter/grower and 100 g/ton in the finisher/withdraw (Var) diets 
resulting in a total of 7 treatments. Each treatment (Trt) was replicated 
8 times with 42 straight-run chicks (2,352 total broilers). Broilers were 
reared in floor pens through 45 d of age. The dietary program consisted 
of 5 phases; starter (1–15 d), grower 1 (16–23 d), grower 2 (24–31 d), 
finisher (32–38 d), and withdrawal (39–45 d). Parameters measured 

were body weight, feed conversation ratio (FCR), livability, carcass 
yield and fat pad yield as a percent of carcass. No significant (P < 0.05) 
differences between the Trts were found through d 38 for body weight, 
FCR and livability. At d 45 no differences were found between Trts for 
body weight and livability. However, reducing the dietary energy in the 
NC2 diet resulted in a significantly poorer FCR compared with the PC 
(P < 0.05). Addition of xylanse to the low energy diets resulted in an 
improvement in FCR with the biggest response found in broilers fed 
the NC2 diet with the Var xylanase level. On d 45, 4 male and 4 female 
broilers/replicate (448 total) were subjected to a 6 h feed withdrawal 
period and processed to obtain carcass and fat pad weights. Reducing the 
dietary energy level decreased (P < 0.05) the fat pad yield (% carcass) of 
broilers in the NC2 Trt compared with the PC. These data demonstrate 
the effectiveness of improving FCR in broilers when fed reduced energy 
diets with the inclusion of a thermo-tolerant xylanase.

Key Words: broiler, performance, energy, enzymes

41   Interactions of exogenous enzymes and direct-fed microbi-
als on ileal starch, amino acid and total tract energy digestibility 
in broiler chickens.  G. R. Murugesan* and M. E. Persia, Iowa State 
University, Ames.

A 3 × 4 factorial experiment was conducted using male Ross 308 chicks 
to understand the interactions of exogenous enzymes (EE) and direct-fed 
microbials (DFM) on ileal starch, amino acid (AA), and crude protein 
(CP) digestibility, as well as total tract nitrogen-corrected apparent 
metabolizable energy (AMEn) in broiler chickens. The 12 dietary gropus 
were arranged with 3 enzyme treatments (None, EE A, and EE B) and 
4 DFM treatments (None, DFM 1, DFM 2, and DFM 3). Until d 14, 
chicks were provided a corn - soy - dried distillers with solubles basal 
diet, which was formulated to meet the industry standards. Chicks were 
randomly allocated based on body weight to the experimental units (EU) 
using a completely randomized design and assigned to experimental 
diets on d 15. Each treatment was comprised of 8 EU of 6 chicks. After 
an adaptation period of 5 d, excreta samples were collected for 48 h 
for AMEn analysis. On d 21, ileal digesta contents were collected to 
determine the ileal AA, CP (IAC) and starch digestibility. Overall, EE A, 
DFM 2, and DFM 3 increased (P ≤ 0.05) IAC digestibility when applied 
alone. The combination of DFM 3 with EE A, and DFM 2 with EE B, 
had positive effects (P ≤ 0.05), while the combinations of DFM 1 or 
DFM 2 with EE A had no effect on the IAC. In contrast, the combination 
of DFM 1 or DFM 3 with EE B reduced (P ≤ 0.05) IAC. Ileal starch 
digestibility was increased (P ≤ 0.05) by EE or DFM supplementation 
with the exception of the combinations of DFM 1 or 3 with EE B, which 
had no effect on starch digestibility. In general, EE A or DFMs increased 
(P ≤ 0.05) AMEn. The combinations of DFM 3 with EE A, and DFM 1 
or 3 with EE B, increased (P ≤ 0.05) AMEn compared with the control 
or either product applied alone, while the combination of EE B and 
DFM 2 decreased (P ≤ 0.05) AMEn compared with control fed birds. 
Overall, EE and DFM treatments resulted in positive effects on ileal AA, 
CP, and starch digestibility, and AMEn. Specific combinations of DFMs 
and enzymes exhibited synergistic effects on AA digestibility or AMEn.

Key Words: broiler, enzyme, direct-fed microbials, energy
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42   Determination of efficacy from multiple commercial phy-
tase sources for the improvement of phosphorus bioavailabil-
ity in turkeys fed low-phosphorus diets.  I. B. Barasch*1, J. L. 
Grimes1, C. R. Stark1, and M. Roux2, 1North Carolina State University, 
Raleigh, 2Enzyvia LLC, Sheridan, Indiana.

Phosphorus (P) is an important component in bone mineralization and 
bone strength in poultry. Much of the P in corn-soy diets is in the form of 
phytin-phosphorus and is not available to non-ruminants. Dietary phytase 
can be added to poultry diets to increase the amount of available phospho-
rus (aP) in diets and allow a decrease in dietary inorganic P inclusion. The 
objective of this trial was to obtain information on P-releasing efficacy of 
5 commercially available phytases fed to male turkeys. Commercial-strain 
male poults (960) were raised in a curtain-sided floor-pen house with 20 
birds per pen (6m2) from hatch to 18 weeks of age. Pens were randomly 
assigned to 1 of 8 corn-soy based dietary treatments: Low aP (L), Medium 
aP (M), High aP (H), or 1 of 5 commercially available phytase enzymes 
added to the L diet [OptiPhos (Opt); Ronozyme (Ron); Phyzyme XP 
(Phyz); Natuphos (Nat); or Quantum (Quan)]. Phytases were added to the 
L diets at supplier’s recommendations for a 0.10% aP release. Calcium 
was held constant across treatments. Birds were fed typical rations: starter 
1, starter 2, grower 1, grower 2, grower 3, and finisher 1. For starter 1 to 
grower 1 aP levels were: L = 0.5%, M = 0.6%; and H = 0.7%. The aP was 
decreased by approximately 0.1% increments each in grower 2, grower 3, 
and finisher 1. Diets containing phytase were analyzed to confirm enzyme 
activity. Body weight (BW), feed intake (FI), and feed conversion ratio 
(FCR) measurements were determined at 5, 10, 15, and 18 weeks of age 
and at 5, 15, and 18 weeks, legs were collected from 2 birds per pen to 
determine bone breaking strength and tibia ash (%TA). There was no 
consistent treatment effect of BW or FI and there was no difference in 
bone breaking strength. At 5 and 18 weeks FCR improved as aP increased 
(P = 0.02). At 18 weeks %TA increased as aP increased (P = 0.08). Birds 
fed Opt and Quan had reduced FCR at 18 weeks compared with those fed 
the L diet (P = 0.05). Based on this study, the addition of dietary phytase 
to low-phosphorus diets seemed to increase the available-phosphorus.

Key Words: phytase, enzyme, turkeys, low phosphorus, available 
phosphorus

43   In vitro evaluation of Ca and P digestibility of various Ca 
sources with the addition of phytase.  H. V. Wladecki*1, C. L. 
Walk2, and A. P. McElroy1, 1Virginia Tech, Blacksburg, 2AB Vista, 
Marlborough, UK.

Calcium and P solubility and pH of 5 Ca sources were evaluated in an in 
vitro assay simulating the gastric and small intestinal phases of digestion. 
The Ca sources were mixed into corn/soy diets and included limestone, 
highly soluble marine Ca (HSC), whey, dicalcium phosphate (dical), and a 
control with no added Ca. Each diet was supplemented with 0 or 500 FTU/
kg of phytase 1 (PHY1) or phytase 2 (PHY2). Diets were subjected to a 
gastric phase digestion, including pepsin with incubation times of 5, 10, 
or 20 min or the gastric phase and a small intestinal (SI) phase digestion, 
including pepsin and pancreatin with incubation times of 5, 10, 20, or 60 
min. Soluble Ca and P in the supernatant was collected and analyzed. In 
addition, total Ca and P in the diets were analyzed. Significance is reported 
at P < 0.001. Interaction between diet and PHY was observed for Ca and 
P digestibility and pH in both the gastric and SI phase. In the gastric phase 
Ca digestibility was significantly higher with HSC and PHY2, and P digest-
ibility was significantly increased by PHY in all diets except for dical. PHY2 
in the limestone diet significantly increased pH, while no difference was 

observed with either PHY in other diets. Incubation for 20 min significantly 
increased P digestibility in the gastric phase compared with 5 or 10 min, 
and pH significantly increased with each increment in time. In the SI phase, 
PHY had no effect on Ca digestibility in any diet other than limestone. As 
observed in the gastric phase, PHY affected P digestibility in all diets except 
for dical. PHY1 significantly decreased pH in the limestone diet but had no 
effect on pH in other diets. Limestone and HSC significantly increased pH 
in the SI phase at 20 and 60 min, while pH increased in the other diets at 
60 min, which resulted in an incubation time x diet interaction. The addi-
tion of phytase altered Ca and P solubility in this in vitro digestion assay. 
However, the magnitude of the response was dependent on Ca source, and 
HSC appeared to have the greatest Ca solubility in the presence of phytase. 
However, phytase did not influence P solubility in the presence of dical.

Key Words: in vitro, Ca source, mineral digestibility, pH

44   The effect of increasing levels of DDGS and NSPase inclu-
sion on growth performance and ileal digestibility in young broil-
ers.  A. Campasino*1, C. A. Bailey1, J. Fowler1, M. Roux2, B. Brown2, 
and J. T. Lee1, 1Poultry Science Department, Texas AgriLife Research, 
Texas A&M System, 2Enzyvia LLC, Sheridan, IN.

The inclusion of exogenous enzymes in broiler diets to maximize feed 
efficiency and nutrient utilization is becoming a common practice. These 
enzymes may allow utilization of lower cost, lower quality feedstuffs in 
poultry, such as dried distillers grains solubles (DDGS). The purpose of this 
study was to examine the effects of increasing levels of DDGS and non-
starch polysaccharide degrading enzymes (NSPase; Enspira) inclusion on 
broiler growth performance and ileal nutrient digestibility. The experimental 
design consisted of a 4 (0, 5, 10, and 15% DDGS) x 2 (enzyme inclusion) 
factorial yielding a total of 8 treatment groups with each treatment consist-
ing of 8 replicates; each replicate pen included 5 one-day old male broilers. 
Diets were fed for a period of 21 d with body weight and feed consumptions 
determined weekly. On d 22, ileal contents from all broilers within a replicate 
were collected and pooled to determine ileal digestibility of energy using 
titanium dioxide as indigestible marker. With regard to main effects, body 
weight was decreased (P < 0.05) with 15% DDGS inclusion as compared 
with the control diet. Feed conversion was also increased (P < 0.05) with 
15% DDGS inclusion as compared with all other diets through 14 d of 
age. Inclusion of NSPase resulted in a 3% increase in body weight (P = 
0.1). Inclusion of DDGS reduced (P < 0.05) ileal digestible energy at the 
10 and 15% inclusion rates and the inclusion of the NSPase increased (P < 
0.05) ileal digestible energy. An interaction was observed between DDGS 
concentration and NSPase presence regarding digestibility coefficients for 
energy. Increased energy digestibility coefficients (P < 0.05) were observed 
at all DDGS inclusion levels except the 10% inclusion rate. These data con-
firm the negative effects of high levels of DDGS inclusion and demonstrate 
the effectiveness of NSPase inclusion through increased ileal digestibility.

Key Words: broiler, enzyme, DDGS, energy, digestibility

45   The effect of wheat distillers dried grains with solubles fed 
with or without protease or β-mannase on the performance of 
turkey hen poults.  E. Y. Opoku,* H. L. Classen, and T. A. Scott, 
University of Saskatchewan, Saskatoon, SK, Canada.

Pressure to reduce the use of fossil fuels has resulted in an increased 
dependency on the use of grains for ethanol production. Distillers dried 
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grains with solubles (DDGS), a co-product from ethanol production, 
can be used in poultry diets, but little information is available on the 
use of wheat DDGS diets for turkeys. An experiment was conducted to 
investigate the effect of wheat DDGS on growth performance and gut 
measurements of turkey hen poults in a 2 × 3 factorial arrangement. 
Two basal diets formulated to meet or exceed nutrient requirements for 
Hybrid Converter turkey starter diets contained either 0 or 30% DDGS. 
The DDGS used in the diet formulation contained 35.9% protein and 
4.57% fat. Each basal diet was divided into 3 portions and supplemented 
with no enzyme, protease (0.125 g/kg) or β-mannase (0.5 g/kg). A total 
of 144, 7d old Hybrid Converter female turkey poults were randomly 
distributed to provide 4 birds for each of 6 replicate cages per treatment. 
There was no mortality in the study. There were no effects of treatments 
or interactions on feed intake from 7 to 21d. However, 30% DDGS 
inclusion (P < 0.05) improved 21d body weight and feed conversion 
ratio. The relative (to 21d body weight) empty proventriculus and giz-
zard weight, duodenal, jejunum, ileal and cecal length were not different 
due to DDGS and/or enzyme. There were significant main effects and 
interactions on AME determined for the diets, overall the highest energy 
determined was for 30% DDGS with no enzyme (i.e., enzymes did not 
significantly improve 30% DDGS diets) and lowest for 0% DDGS with 
no enzyme (enzymes significantly improved AME of 0% DDGS diets). 
In conclusion, wheat DDGS can be incorporated in the turkey starter diet 
as high as 30% without detrimental effects on performance. The data 
failed to demonstrate a benefit of exogenous protease and β-mannase 
enzyme on turkey performance regardless of the inclusion of DDGS.

Key Words: wheat, distillers dried grains with solubles, turkey, protease, 
β-mannase

46   Difference in in vivo efficacy of two 6-phytases in young 
broilers.  C. Kwakernaak*1, J. D. Van der Klis1, and P. W. Plumstead2, 
1Schothorst Feed Research, Lelystad, The Netherlands, 2Danisco 
Animal Nutrition, Marlborough, United Kingdom.

Phytases are supplemented to poultry diets to hydrolyze phytate, improve 
nutrient digestibilities, decrease P excretion and decrease feed cost. 
Phytase is added to diets based on standardized phytase units (FTU) 
determined in vitro by the AOAC method. However, in vivo efficacy may 
differ between phytases. A new 6-phytase derived from Buttiauxella spp. 
and expressed in Trichoderma has been developed. The objective was 
to test if this new phytase has a different efficacy in vivo than a current 
commercial E. coli-6-phytase expressed in P. pastoris for young broilers. 
Nine experimental diets were fed as pellets to Ross 308 male broilers 
housed in 6 replicate cages, 16 birds per cage from 5 to 21 d of age. A 
low P diet (negative control, NC) with 2900 kcal/kg AMEn (broiler), 
215 g/kg CP, 4.4 g/kg P, 1.8 g/kg retainable P, 2.5 g/kg phytate-P, and 
6.5 g/kg Ca, was used. The phytase products and diets were analyzed 
for in vitro phytase activity according to the AOAC method by LUFA, 
Oldenburg, Germany. The new-6-phytase was added at 330, 530, 890 
and 1050 FTU/kg on top of the NC diet. The E.coli-6-phytase was 
added at 440, 960, 1500 and 1810 FTU/kg. Feed and water were freely 
available. Performance was measured and at the end of the experiment 
tibiae were collected to determine ash content (of 4 birds per replicate). 
Droppings were collected qualitatively at d 18, 19 and 20 to determine 
fecal P retention. Results were analyzed by ANOVA using diet as treat-
ment factor. At the highest dose level the new 6-phytase resulted in 
2.7% higher (P < 0.001) BWG, 2.6% higher (not significant) tibia-ash 
content and 5.1% higher (P < 0.001) P retention compared with the 
E.coli-6-phytase. Exponential curve fitting showed that 390, 260, 195 

FTU of the new 6-phytase was equal to 500 FTU E.coli-6-phytase based 
on BWG, tibia-ash and fecal P retention, respectively. It is concluded 
that based on standardized in vitro activity determined by the AOAC 
method and expressed as FTU/kg feed, the in vivo efficacy in young 
broilers between 6-phytases can be highly different.

Key Words: broilers, phytase, E. coli-6-phytase, P-retention, tibia-ash

47   Difference in in vivo efficacy of two 6-phytases in young tur-
keys.  C. Kwakernaak*1, J. D. Van der Klis1, and P. W. Plumstead2, 
1Schothorst Feed Research, Lelystad, the Netherlands, 2Danisco 
Animal Nutrition, Marlborough.

Phytases are supplemented to poultry diets to hydrolyze phytate, improve 
nutrient digestibility, decrease P excretion and decrease feed cost. Phytase 
is added to diets based on standardized phytase units (FTU) determined 
in vitro by the AOAC method. However, in vivo efficacy may differ 
between phytases. A new 6-phytase derived from Buttiauxella spp. and 
expressed in Trichoderma has been developed. The objective was to test 
if this new phytase has a different efficacy in vivo than a current com-
mercial E. coli-6-phytase expressed in P. pastoris for young turkeys. Nine 
experimental diets were fed as pellets to BUT big 6 male turkeys housed 
in 6 replicate cages, 16 birds per cage from 5 to 21 d of age. A low P diet 
(negative control, NC) with 2700 kcal/kg AMEn (broiler), 284 g/kg CP, 
5.6 g/kg P, 2.6 g/kg retainable P, 3.0 g/kg phytate-P, and 8.0 g/kg Ca was 
used. The phytase products and diets were analyzed for in vitro phytase 
activity according to the AOAC method by LUFA, Oldenburg, Germany. 
The new phytase was added at 350, 690, 1040 and 1380 FTU/kg on top 
of the NC diet. The E.coli-6-phytase was added at 390, 770, 1160 and 
1540 FTU/kg. Feed and water were freely available. Performance was 
measured and at the end of the experiment tibia of 4 birds per replicate 
and ileal content collected to determine tibia-ash content and ileal P 
absorption, respectively. Results were analyzed by ANOVA using diet 
as treatment factor. At the highest dose level the new 6-phytase resulted 
in 4.9% higher (P < 0.001) BWG, 2.6% higher (not significant) tibia-
ash content and 11.0% higher (P < 0.001) ileal P absorption compared 
with the E.coli-6-phytase. Exponential curve fitting showed that 275, 
225, 180 FTU of the new phytase was equivalent to 500 FTU E.coli-6-
phytase based on BWG, tibia-ash and ileal P absorption, respectively. It 
is concluded that based on standardized in vitro activity determined by 
the AOAC method and expressed as FTU/kg feed, the in vivo efficacy 
in young turkeys between 6-phytases can be highly different.

Key Words: turkeys, phytase, E. coli-6-phytase, P-retention, tibia-ash

48   Evaluation of a new generation phytase on phytate phospho-
rus release for growth and tibia strength in broilers fed a corn-
SBM diet.  E. Avila G.1, B. Fuente1, S. Charraga2, E. Rosales2, and S. 
R. Fernandez*2, 1Universidad Nacional Autonoma de Mexico, Mexico 
City, Mexico City, Mexico, 2DSM Nutritional Products Mexico S.A. de 
C.V., El Salto, Jalisco, Mexico.

To test the effect of several inclusion levels of Citrobacter Braakii 
(CBP) phytase (RONOZYME HiPhos), on phytate P (PP) release, 432 
7-d-old-Ross 308 male broilers were randomly allocated to 8 treatments 
with 9 replicates of 6 chicks each, divided in 3 blocks to get 3 replicates 
per block per treatment (blocking criteria; period on starter batteries). 
Chicks were housed in thermostatically controlled starter batteries with 
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raised wired floor. Feed and water were provided ad libitum. The birds 
were fed a corn-SBM pre-starter diet from d 1 to 6 formulated to fulfill 
all nutrient requirements for Ross 308 males. On d 7 the broilers were 
assigned to the following treatments; 1 a basal corn-SBM diet deficient 
in available phosphorus (Av P); 0.15%. Treatments 2 to 4 were added 
with constant increases of 0.075% inorganic P to get a linear broiler 
growth response to P addition. Treatments 5 to 8 were the addition of 500, 
1,000, 2,000 and 3,000 phytase units (FYT)/kg to the basal diet. Data 
was analyzed as RCBD. Variables analyzed were: weight gain (WG), 
tibia strength (TS), tibia Ca (TC), tibia P (TP) and tibia ash (TA). The 
results from treatments 1 to 4 were analyzed by a regression model to 
test for a significant linear response (P < 0.05). Then for every level of 
CBP added (treatments 5 to 8) the linear regression equation was solved 
to find out the equivalent value of released P. Following the significant 
(P < 0.05) linear response equations for WG, g/chicken (Y = 925X + 
453 R2 = 0.91), TS, kg/cm2 (Y = 71.51x + 10.45 R2 = 0.90), TC, % (Y 
= 17.1X + 14.0 R2 = 0.85), TP, % (Y = 9.7X + 6.6 R2 = 0.88) and TA 
(Y = 41.3X + 37.7 R2 = 0.90). Under the experimental conditions of 
the present trial, the average P release values per level of CBP inclu-
sion in the corn-SBM diet were; 500 FYT/kg = 0.100%, 1,000 FYT/
kg = 0.153%, 2,000 FYT/kg = 0.188%, and 3,000 FYT/kg = 0.219%.

Key Words: Citrobacter Braakii, broilers, phytase, available, 
phosphorus

49   Extra-phosphoric effects of a novel microbial phytase on 
broiler growth performance.  C. L. Walk*1, M. R. Bedford1, T. S. 
Santos1, J. R. Bradley2, H. Wladecki2, D. Paiva2, and A. P. McElroy2, 
1AB Vista Feed Ingredients, Marlborough, Wiltshire, UK, 2Virginia 
Tech, Blacksburg.

Phytase is an enzyme capable of degrading phytate, which is a significant 
anti-nutrient that negatively influences mineral and amino acid digestibil-
ity, endogenous enzyme and mucin secretion, and growth. An experiment 
was conducted to evaluate the influence of a novel microbial phytase 
on broiler performance from d 0 to 42 and tibia ash at d 21. Male Cobb 
500 broilers (n = 2,016) were fed one of 7 experimental diets: positive 
control (PC) formulated to meet or exceed nutrient recommendations, PC 
plus dicalcium phosphate (PC+DCP) formulated to provide Ca and P at 
0.10% above the PC, PC plus 500 FTU/kg microbial phytase (PC+500), 
negative control (NC) with Ca and P reduced from the PC by 0.16 and 
0.15%, respectively, and NC plus 500 (NC+500), 1,000 (NC+1,000), or 
1,500 (NC+1,500) FTU/kg microbial phytase. Diets were fed in 2 phases 
from d 0 to 21 and d 22 to 42 to 32 birds/pen with 9 pens/treatment. 
From d 0 to 21, broilers fed the NC diet had reduced (P < 0.05) BW gain 
and tibia ash compared with broilers fed all other diets. Phytase supple-
mentation at 500 FTU/kg to the NC improved (P < 0.05) BW gain and 
tibia ash comparable with the PC but was not different from broilers fed 
NC+1,000 or NC+1,500. Feed conversion ratio (FCR) was improved (P 
< 0.05) in broilers fed the NC+1,500 FTU/kg compared with broilers fed 
all other diets. From d 0 to 42, FCR was improved (P < 0.05) in broilers 
fed 1,500 FTU/kg microbial phytase compared with broilers fed the PC, 
PC+DCP, and PC+500. There were no differences (P > 0.05) between 
broilers fed PC, PC+DCP, PC+500, or NC. Phytase supplementation of 
a low P/Ca diet at 500 FTU/kg improved growth performance and bone 
ash in broilers to be comparable with the PC. Supplementing the NC diet 
with an additional 1,000 FTU/kg improved broiler FCR (d 21 and d 42) 
approximately 5 and 6 pts, respectively, compared with the PC, PC+DCP, 
or PC+500. The lack of difference between the PC and PC+DCP diets 
would indicate the PC diet was sufficient in Ca and P. Therefore, the 

improvements in FCR at 1,500 FTU/kg may be associated with mitigation 
of the anti-nutrient effects of phytate rather than improved P digestibility.

Key Words: broiler, feed efficiency, phosphorus, phytase

50   Is phytase responsible for increasing the water:feed intake 
ratio?  M. R. Bedford,* C. L. Walk, and I. Kühn, AB Vista Feed 
Ingredients, Marlborough, Wiltshire, UK.

Anecdotal evidence suggests that the use of phytase is sometimes associ-
ated with wet litter. In such cases, removal of the phytase and reversion 
to the original diet has often resolved this issue, providing apparent proof 
of the association. This trial was designed to test the influence of phytase 
on the water:feed ratio in male Ross 308 broilers. Birds were randomly 
allocated, 15 per pen to one of 4 treatments; a positive control (PC) corn-
soy diet formulated to meet all NRC requirements, a negative control 
diet (NC) reduced in Ca and P by 0.15 and 0.23% in the starter (0–21d) 
and 0.15 and 0.15% in the finisher (22–35d), respectively. The NC was 
supplemented with 0, 500 or 2,500 FTU/kg feed of an evolved E. coli 
phytase. Feed and water were offered ad libitum and monitored using 
load cells which reported data every 5 min. As expected the NC reduced 
(P < 0.05) gain and intake compared with the PC at both 21 and 35d of 
age, with no differences (P > 0.05) in FCR. Addition of 500 FTU/kg of 
phytase increased (P < 0.05) gain at 21 and 35d, with the higher dose 
improving gain further at 21 (P < 0.05) and 35d of age (NS) such that it 
was equal to the PC. The water:feed ratio of birds fed the PC was approx 
4:1 at 1d and fell very slowly to less than 2:1 at 35d. Birds offered the 
NC exhibited a 3.5:1 ratio at 1d, which then rose to a maximum of 4:1 at 
3.5d, before gradually declining to 2:1 at 35d. Beyond 2d, the water:feed 
ratio of the NC was always 0.5 greater than that of the PC. Addition of 
phytase resulted in the water:feed ratio dropping in a dose dependent 
manner to that more consistent with the PC. These data suggest that it 
is not phytase per se but the dietary changes enacted on its behalf which 
increased the water:feed ratio and ultimately increases the risk of wet 
litter. The effect is noticeable almost immediately, but the consequence 
is not observed until the birds are older and fecal output is significant. 
Ironically phytase supplementation actually reduced water:feed ratio 
in a dose dependent manner thus reducing the likelihood of wet litter.

Key Words: phytase, water, wet litter, water:feed ratio

51   Evaluation of commercial phytases fed in low phosphorus 
broiler diets.  C. Wyatt*1, T. York1, T. Santos1, and S. Davis2, 1AB 
Vista, Chesterfield, MO, 2Colorado Quality Research, Wellington, CO.

Using a phosphorus (P) bio-available assay, 4 commercial phytases 
were evaluated in 18 d old broilers to determine P bio-equivalency. 
A total of 2400 d old broilers were divided into 12 treatments with 10 
replicates per treatment and 20 birds per replicate. The experimental 
design consisted of 4 available phosphorus (Av P) levels ranging from 
sufficient (0.45%) to deficient (0.18%) with 4 commercial phytases 
added to the deficient diet in either liquid or dry form. Calcium was held 
constant in all diets. The 4 commercial phytases compared were a new 
enhanced E. coli phytase (Quantum Blue), an enhanced E. coli phytase 
(Quantum TR), a wild-type E. coli phytase or a fungal phytase. All 
phytases were added at commercial doses targeting either 500 or 1850 
ftu/kg depending on source. The liquid form was applied post-pellet. 
At d 18, feed intake (FI), body weight gain (BWG) and livability were 

Poult. Sci. 91(Suppl. 1)18



recorded. Also, 3 birds/ replicate were randomly selected and the left 
tibia collected and processed to determine bone ash levels. Phosphorus 
bio-equivalency values were determined for each phytase source using 
logarithmic regressions for FI, BWG, tibia weight and tibia ash %. All 
phytase sources significantly enhanced performance (P > 0.05) when 
compared with the 0.18% AvP diet. Phytase when added in liquid form, 
regardless of source, resulted in better performance compared with the 
dry form. Although animal performance was severely impacted by the 
low AvP diet, the new non-coated enhanced E. coli phytase resulted in 
significant improvements (P > 0.05) in animal performance (BWG, Tibia 
Ash %) compared with all other phytases tested. In addition, feeding 500 
FTU/kg of the new enhanced E. Coli phytase resulted in the highest avail-
able phosphorus release in both dry or liquid form (P release equivalent 
to 0.184%), supporting the best performance data overall. This study 
demonstrates the importance of feeding a deficient phosphorus diet to 
differentiate commercial phytases being introduced in todays market.

Key Words: enhanced E. coli phytase, P bio-assay, broiler, available 
phosphorus, tibia ash

52   Xylanase use in rearing phase diets of broiler breeders 
and subsequent effects on egg production.  G. A. Gomes*1, V. R. 
Quadros2, F. Imperatori2, A. Waess2, M. Tochetto2, M. O. A. Mituo2, 
H. V. Massey O’Neill1, and T. T. Santos1, 1AB Vista Feed Ingredients, 
Marlborough, Wiltshire, UK, 2Globoaves São Paulo Agroavícola Ltda, 
Cascavel, PR, Brazil.

Uniformity and adherence to target weights for broiler breeders during 
the rearing phase are key factors for successful egg production. The 

aim of this study was to evaluate, under commercial conditions, the 
use of xylanase (Econase XT 25, AB Vista) in rearing phase diets of 
broiler breeders and the effects on flock uniformity and egg produc-
tion. Both body weight and muscle conformation are important during 
the rearing phase. At 1, 4 and 8 weeks of age birds were individually 
weighted and divided into 4 categories according to their weight (heavy, 
standard, light, and extremely light birds). From the 9th until the 20th 
week birds were kept in the same category of weight as in 8th week 
and received feed targeted to the standard genetic weight for that age. 
Birds were then moved to production barns and the production phase 
ran from 24 until 66 weeks of age. Seventy 7 thousand female day-old 
Cobb 500 broiler breeders were randomly allotted into 2 different treat-
ments: xylanase (XY - 16,000BXU/Kg; 30Kcal/Kg) and control diets 
(CT). Birds received xylanase from day of age until wk 23, and from 
the 24th until the 66th week all birds received the same control diet. 
Data were subjected to ANOVA, and when statistically differences were 
found, means were separated using Tukey’s test (P < 0.05). No differ-
ences were found in feed consumption and mortality during the trial. 
Xylanase resulted in more birds in the heavy group (17.0 vs. 13.5%) 
and less birds in the light group (13.6 vs. 15.5%) when compared with 
CT during the first 8 weeks of rearing. At the end of rearing phase, the 
variation in weight of the XY was between 96 and 110% while CT birds 
were between 96 and 120% of the standard for 20 weeks. Throughout 
the whole egg production phase, weekly production of eggs was 0.8% 
higher (P = 0.02) and there were 0.1 more eggs/housed hen/week (P 
< 0.01) in the XY compared with the CT. In conclusion, birds receiv-
ing xylanase during the rearing period showed better uniformity and 
distribution among the different weight categories resulting in better 
egg production.

Key Words: uniformity, xylanase, egg production

19Poult. Sci. 91(Suppl. 1)



Metabolism and Nutrition: Vitamins and Minerals

53   Effect of low phytate and normal phytate soybean meal 
varieties and corn particle size on male broiler performance and 
development of the gizzard and proventriculus to 21 days of age.  
B. Nusairat*1, R. Qudsieh1, C. R. Stark1, S. Yahav2, and J. Brake1, 
1Department of Poultry Science, North Carolina State University, 
Raleigh, 2Institute of Animal Science, ARO the Volcani Center, Bet 
Dagan, Israel.

Previously, addition of 50% coarse corn (CC) increased gizzard weight 
and decreased proventriculus weight at 21 d of age (P < 0.001), while 
low phytate (LP) soybean meal (SBM) reduced proventriculus weight 
at 21 d (P < 0.05) when compared with normal phytate (NP) SBM. The 
present objective was to repeat this experiment but determine organ 
weights at 8, 15, and 21 d of age to delineate the development of the 
response. From 1 to 8 d, all birds received 2 diets (0%CC or 50%CC) 
with the same commercial SBM, which was a NP type. From 9 to 21 
d, NP-0%CC, NP-50%CC, LP-0%CC, or LP-50%CC diets were fed 
in a 2 × 2 design with 16 pens of 8 broilers each for each interaction. 
Broiler BW gain, feed intake (FI), feed conversion ratio (FCR), and 
gizzard and proventriculus weights were measured at 8, 15, and 21 d of 
age. The FCR was better (P < 0.05) for 0%CC (1.08 versus 1.10 g:g) 
from 1 to 8 d at similar FI and BW gain. From 9 to 15 d, BW gain (360 
versus 355 g) and FCR (1.28 versus 1.30 g:g) were improved (P < 0.05) 
by the 0%CC diet, while from 16 to 21 d the 50%CC diet improved 
(P < 0.05) BW gain (418 versus 402 g) with numerically better FCR 
(1.26 versus 1.29 g:g). LP and NP SBM had no significant effect on 
performance to 21 d. The 50%CC diets produced a larger gizzard (P 
< 0.001) and smaller proventriculus (P < 0.05) when compared with 
0%CC diets at 8, 15, and 21 d of age. There was no main effect of 
SBM on either gizzard or proventriculus weight at 15 d, but gizzard 
weight was reduced (P < 0.05) by the LP diets at 21 d and an interac-
tion of SBM and CC for gizzard weight at 21 d was due to NP SBM 
resulting in a larger gizzard than LP SBM in the presence of 0%CC 
(P < 0.001). There was an interaction for proventriculus weight at 15 
d due to greater weight with the NP SBM diet only in the presence of 
0%CC (P < 0.05). These data confirmed that both dietary phytate and 
CC changed gizzard and proventriculus weights almost immediately 
and that the beneficial response to 50%CC was beginning to develop 
between 16 and 21 d of age.

Key Words: broilers, low phytate, soybean meal, corn particle size

54   Dietary calcium, phosphorus and phytase effects on bone 
ash and Ca and P digestibility of broilers exposed to a natural 
Clostridium perfringens challenge.  D. Paiva*1, C. Walk2, J. Bradley1, 
H. Wladecki1, R. Dalloul1, F. Pierson3, and A. McElroy1, 1Virginia 
Polytechnic Institute and State University, Blacksburg, 2AB Vista, 
Marlborough, UK, 3Virginia-Maryland Regional College of Veterinary 
Medicine, Blacksburg.

Diet composition and nutrient balance have a critical impact on intestinal 
integrity during exposure to enteric pathogens. The objective of this 
study was to evaluate dietary Ca, P, and phytase on bone ash and Ca 
and P digestibility during a necrotic enteritis (NE) outbreak. Day old, 
Cobb 500 male broilers were weighed and randomized into 8 treatment 
groups (9 pens/treatment; 32 birds/pen). The 35 d trial was designed 
as a 2 × 2 x 2 factorial, which included 2 levels (0.60% and 0.90%) of 
a highly soluble Ca source, 2 levels of available P (0.30% and 0.45%), 

and 2 levels of an E. coli phytase (0 and 1,000 FTU/kg). Birds were 
placed on dirty litter from a previous flock that exhibited clinical signs 
of NE. Tibias (3/pen) and ileal digesta (8 birds/pen) were collected on d 
12, 19 and 35. Significance is reported at P < 0.05. Birds began exhibit-
ing clinical signs of NE on d 9, and elevated NE-associated mortality 
persisted until d 26. Dietary Ca supplemented at 0.90% or 1000 FTU/
kg phytase significantly increased mortality compared with 0.6% Ca 
or 0 FTU/kg phytase, respectively. Dietary Ca supplemented at 0.90%, 
P supplemented at 0.45%, and 1,000 FTU/kg phytase significantly 
increased tibia ash weight compared with 0.60% Ca, 0.30% P, and 0 
FTU/kg phytase, respectively, on d 12. A 3 way interaction was observed 
on d 35 on tibia ash percentage; birds fed diets supplemented with 
0.90% Ca and 0.45% P had a significant increase in tibia ash percentage, 
regardless of phytase supplementation. A 3 way interaction was also 
observed for Ca and P digestibility on d 35. Phytase supplementation 
significantly increased Ca digestibility regardless of Ca and P levels of 
the diets. In addition, diets containing 0.60% Ca and 1,000 FTU/Kg of 
phytase resulted in a significant increase in P digestibility, regardless of 
P levels. Results showed improvements in Ca and P digestibility with 
lower dietary levels of Ca and P and the addition of phytase, which 
was likely consequent to improved performance when feeding lower 
Ca diets during the NE episode.

Key Words: calcium, phosphorus, phytase, tibia ash, digestibility

55   The effect of maternal vitamin E supplementation, hen 
age and chick age on chick early innate immune function.  M. 
L. Johnson,* J. L. Saunders-Blades, and D. R. Korver, University of 
Alberta, Edmonton, AB, Canada.

Vitamin E (VE) is an antioxidant with reproductive and immune func-
tions. RRR-α-tocopherol (ATOC) has the greatest VE bioactivity and 
is referred to as natural VE (NVE). Synthetic vitamin E (SVE) is an 
equal mixture of 8 ATOC stereoisomers with differing VE activities. The 
objectives were to determine how VE form, hen age and chick age affect 
chick innate immunity. Ross 308 hens were fed 54 IU/kg of either SVE 
or NVE. At 31, 45 and 57 wk of hen age, yolk ATOC content and the 
effect of maternal VE source on chick innate immunity were assessed. 
Ex vivo E. coli bactericidal capacity, phagocytosis and oxidative burst 
(OB) at 1 and 4 d of age, and chick plasma antioxidant capacity (AOX) 
weekly to 21 d of age were measured. Differences were determined using 
PDIFF of LSMeans (SAS 9.2) and were considered significant at P < 
0.05. Yolk ATOC decreased in eggs from SVE-fed hens as hens aged, 
but not in NVE-fed hens. Chick E. coli killing decreased as hens aged 
but increased as chicks aged, the latter being an indication of immune 
maturation. Natural VE increased E. coli killing in chicks from 45 wk 
old hens, at other hen ages hen VE form did not affect E. coli killing. 
Maternal VE form did not affect phagocytic ability of chick immune 
cells, nor OB in 1 d old chicks. Maternal NVE increased OB in 4 d old 
chicks from 45 and 57 wk old hens. In 4 d old chicks, OB in chicks 
from NVE supplemented hens was not affected by hen age, while OB 
in chicks from SVE hens decreased as hens aged. OB may not play 
a prominent role in E. coli killing in chicks. Plasma AOX increased 
from 0 to d 21 d in chicks from 31 wk NVE hens and from 0 to 14 d 
in chicks from 45 wk hens. At 57 wk of hen age, chick plasma AOX 
from NVE hens decreased as chicks aged, but peaked at d 14 in chicks 
from SVE hens. AOX tended to be greater in chicks from NVE hens. 
The relatively high levels of dietary VE activity may have masked 
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differences in bioactivity related to immune function. NVE and SVE 
may be differentially transferred to eggs as hens age.

Key Words: immune function, vitamin E, hen age, chick age, broiler 
breeder

56   Effects of selenium yeast and vitamin E supplementation in 
maternal and progeny diets on the tissue selenium concentration 
and growth performance of broilers.  A. D. Quant*1, A. J. Pescatore1, 
A. H. Cantor1, T. Ao1, M. J. Ford1, W. D. King1, J. M. Unrine2, and J. L. 
Pierce1, 1Alltech-University of Kentucky Nutrition Research Alliance, 
Lexington, 2Department of Plant and Soil Sciences, University of 
Kentucky, Lexington.

A study was conducted to evaluate the effect of maternal and progeny dietary 
selenium (Se) and vitamin E (Vit.E) supplementation on the performance 
and tissue Se status of progeny. The study utilized a split plot design, with 
maternal diet as the whole-plot factor and the progeny diet as the sub-plot 
factor. Broiler breeder hens (Cobb500TM) were fed 4 diets consisting of 
corn-soybean meal basal diet (with no added Se or Vit.E), supplemented 
with 0.3 mg Se/kg diet as Se yeast (Sel-Plex®, Alltech, Inc., Nicholasville, 
KY), 30 IU Vit.E/kg diet as all-rac-α-tocopheryl acetate, or both. Progeny 
were hatched out of eggs collected at 44 weeks of age and raised in floor 
pens (1.22 × 1.83 m). Chicks were fed 4 diets similar in treatment structure 
to the hen diets and were allocated within each block to account for all 
maternal and chick diet interactions (16 chicks/pen, 48 pens total). Liver 
and breast samples were collected from chicks at 0, 7, and 14d of age for 
analysis of tissue Se content. Breast and liver Se concentrations on d 0 were 
greater for the chicks originating from hens receiving Se yeast in the diet 
(Se yeast and Se yeast + Vit.E) compared with those from chicks fed the 
control diet or Vit.E alone (P < 0.01). At 7d of age, Se yeast supplementation 
in either the chick or maternal diet increased breast and liver Se concentra-
tions (P < 0.01), however there were no interactions between the 2. At 14d 
of age, breast and liver Se concentrations remained the highest for chicks 
supplemented with Se yeast (P < 0.01), however there was no effect of 
maternal Se supplementation. Average daily gain through 49d of age was 
not affected by dietary treatments, however, ADFI tended to be highest 
for chicks fed Se yeast + Vit.E (P = 0.07). Overall, Se supplementation 
in maternal diets appears to increase tissue Se deposition in the progeny 
at hatch, maintaining the maternal effect through 7d of age. Inclusion of 
Se yeast in chick diets effectively increases the tissue Se levels of chicks.

Key Words: Se yeast, vitamin E, broiler breeder, progeny, chicks

57   Effects of in ovo injection of 25-hydroxycholecalciferol on 
bone development in Ross × Ross 708 broilers.  A. Bello*1, P. D. 
Gerard2, W. Zhai1, S. K. Womack1, and E. D. Peebles1, 1Mississippi 
State University, Mississippi State, 2Clemson University, Clemson, SC.

The effects of various levels of in ovo injected 25-hydroxycholecalciferol 
[25(OH)D3] on subsequent breaking strength (BS) and percentage ash 
content (PA) of tibiotarsae from Ross × Ross 708 broilers on d 0 and 21 
post-hatch were investigated. Eggs were individually weighed and set on 
10 replicate tray levels of a single-stage incubator. All treatment groups, 
each containing 21 eggs, were represented on each tray level. On d 18 of 
incubation, each egg was subjected to one of 6 treatments using a com-
mercial multi-egg injector. Treatments included non-injected and 100 
µL diluent-injected controls [0 IU of 25(OH)D3], along with those that 

received 100 µL of diluent containing either 6, 12, 24, or 48 IU of 25(OH)
D3. On d 0 and 21 post-hatch, the left tibiotarsal bone was collected from 
3 randomly selected chicks (at least 1 of each sex) within each treatment 
replicate group for BS and PA analyses. In females from injected eggs, 
25(OH)D3 at 12 IU reduced (P ≤ 0.01) PA in comparison to 0 IU on d 0, and 
25(OH)D3 at 48 IU decreased (P ≤ 0.02) PA in comparison to 24 IU on d 
21. Furthermore, in males from injected eggs, 25(OH)D3 at 12 IU reduced 
(P ≤ 0.02) PA in comparison to 0 and 6 IU on d 21. These results suggest 
that increasing the levels of in ovo injected 25(OH)D3 between 12 and 48 
IU may inversely influence PA on d 0 and 21 post-hatch. However, effects 
were dependent upon broiler age and sex. Nevertheless, the increases in 
the dosages of 25(OH)D3 described in this study did not affect BS on d 0 
and 21 post-hatch in male and female Ross × Ross 708 broilers.

Key Words: 25-hydroxycholecalciferol, broiler, development, in ovo, 
tibiotarsae

58   Broiler performance response from the supplementation of 
Hy-D (25-OH D3) in the starter diet versus all diets.  P. Post*1, J. 
Bray1, and B. Turner2, 1Department of Agriculture, Stephen F. Austin 
State University, Nacagdoches, TX, 2DSM Nutritional Products LLC, 
Parsippany, NJ.

An experiment was conducted to compare performance and yield data 
between paired commercial broiler houses receiving the full recommended 
dose of Hy-D in either the starter diet or all diets over 2 consecutive flocks. 
Hy-D is a feed additive, with 25-hydroxyvitamin D3 (25-OH D3) as the 
active ingredient. A total of 26,900 straight run broilers were placed in each 
of the 4 (13.1 m X 152.4 m) broiler houses at the Stephen F. Austin Broiler 
Research Center, at a stocking density of 0.24m2 per bird and reared to 52 
d. The study consists of 2 consecutive flocks, Farm #1 (Houses #1 & #2) 
contained Hy-D in the 3 diets (HyD-ALL), while Farm #2 (Houses #3 & 
#4) received Hy-D only in the starter diet (HyD-STR). For the second flock, 
treatment houses were switched, to limit house and environmental variation. 
Blood samples were collected at chick placement on d 18, 35, and 49 from 
10 randomly selected broilers per house (20 per treatment) for both flocks 
to determine the serum 25-OH D3 levels. The right tibia was excised from 
the 10 selected broilers to determine tibial bone ash levels on d 18, 35, and 
49. At the completion of each flock, a yield study was conducted on 200 
birds (100 per treatment). Breast samples were tested for percent protein 
levels, no statistical differences were detected. Performance results varied 
from flock to flock. HyD-ALL was significantly different from HyD-STR 
for skin, total white meat and breast yield, yielding 0.77% more breast meat 
than HyD-STR, for flock one. In flock 2, HyD-STR had a significantly 
higher live weight, however HyD-ALL yielded 0.50% more breast meat 
as a percentage of body weight. Bone ash results were not significantly 
different. Blood work results indicated that there was a higher amount of 
25-OH D3 present in the HyD-ALL birds. The results of this study suggest 
that with the addition of Hy-D to the feed breast yields can be increased.

Key Words: 25-OH D3, performance, yield, blood, broilers

59   Effect of zinc, copper, and Roxarsone on growth perfor-
mance of broilers.  R. I. Qudsieh,* B. M. Nusairat, D. P. Smith, and J. 
T. Brake, North Carolina State University, Raleigh.

This study was conducted to evaluate the effect of adding different 
dietary levels of zinc (Zn) as zinc sulfate, copper (Cu) as copper sulfate, 
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and Roxarsone (3-Nitro) on BW, BW gain, feed intake, and adjusted FCR 
(AdjFCR) in broilers. A total of 1152 Ross 708 male and female broiler 
chicks were randomly assigned to 72 pens distributed over 4 blocks with 
16 birds per pen, and 4 pens per diet and sex interaction, on used litter. 
Birds were fed 1 of 9 diet series; 8 diets had a 2 × 2 x 2 × 2 factorial 
arrangement of Zn x Cu x 3-Nitro x gender and contained: Zn (120 or 
240 mg/kg), Cu (10 or 100 mg/kg), and 3-Nitro (0 or 45.5 mg/kg), and 
a negative control diet (no trace minerals or 3-Nitro added) fed to male 
and female pens as well. The 3-Nitro was added to the diets from 14 d 
of age. Monensin was used in place of 3-Nitro in all other diets. Data 
were analyzed in a randomized complete block design using the MIXED 
procedure of SAS to assess the differences between main effects of diet 
and gender. BW and BW gain at 14 d of age were greater (P < 0.001) 
in males regardless of diet consumed, but the feed intake was affected 
by levels of Zn (P < 0.05) and Cu (P < 0.05) in the diet, and was the 
greatest (P < 0.05) in males consuming 120 mg/kg Zn with 100 mg/kg 
Cu. There was a diet effect for AdjFCR at 14 d where birds consuming 
240 mg/kg Zn with 10 mg/kg Cu had the best AdjFCR (P < 0.05), while 
increasing the level of Cu to 100 mg/kg at 240 mg/kg Zn level resulted 
in the poorest AdjFCR (1.24 versus 1.34). At 35 d of age, both BW gain 
and feed intake were higher (P < 0.001) in males with no diet effect, and 
AdjFCR was better (P < 0.001) for males (1.61 versus 1.52 for females 
and males, respectively). Current results suggested that raising broilers 
on used litter provided them with a trace mineral source sufficient to 
compensate for the trace mineral-deprived negative control diet. There 
was no significant effect of adding 3-Nitro to the diets.

Key Words: broiler, zinc, copper, Roxarsone

60   Effect of different sources and levels of selenium on per-
formance, meat quality and tissue characteristics of broiler.  T. F. 
B. Oliveira,* D. P. Groppo, E. C. Rodrigues, E. M. Ramos, and A. 
G. Bertechini, Federal University of Lavras, Lavras, Minas Gerais, 
Brazil.

Selenium (Se) is an essential nutrient in broiler diets and its concentration 
in ingredients can vary greatly from region to region. Therefore, some 
doubts still exist concerning the sources and the levels of supplementa-
tion for broilers. This study was conducted to evaluate the effects of 
dietary levels and different sources of Se (Sodium selenite (SS), Se Yeast 
(SY) and the combination of both sources (SS+SY)) on performance, 
meat quality (drip loss, cooking loss, pH and shear force), and tissue 
characteristics (concentration of Se in the liver and breast meat). A total 
of 2,880 male broiler chicks Cobb-500 were distributed in 96 floor pens 
with 30 birds per pen in a factorial arrangement of 4x3 (Se levels of 
0.15, 0.30, 0.45, 0.60 ppm and the sources were SS, SY and SS+SY). 
A completely randomized design 12 treatments with 8 replicates each 
treatment were evaluated. Data resulting in a significant F-test were 
further analyzed by Tukey test (SAS). Significance level was set at P 
< 0.05. There was no interaction and no effect of levels and sources on 
performance parameters and mortality. The level of 0.15 ppm resulted 
in higher percentage of cooking loss. However, the cooking loss for SY 
was lower than the other sources. The source affected drip loss after 24 
h, with lower percentage for SY. The drip loss after 48 h for SY was 
lower than the SS, and SS+SY did not differ from the other sources. 
The levels and the sources of Se did not affected pH and shear force. 
SY was the most efficient in deposit Se in the liver and in the breast 
meat. Nevertheless the feed supplemented with 0.30 ppm of SS+SY was 
enough to provide all the Se required for a human adult, when consuming 
150 g of the meat. The results suggest that the supplementation level 

of 0.15 ppm of Se independent of the source can maintain the normal 
performance of the birds. In terms of meat quality and Se deposition, 
SY appears to have a greater influence. Regarding the enrichment of the 
meat with Se, the level of 0.30 ppm of SS+SY is better recommended.

Key Words: antioxidant, drip loss, cooking loss, organic, mineral 
deposition

61   Greater bioavailability of Mintrex Zn than Zn sulfate in the 
absence or presence of elevated Ca and P as antagonists.  J. D. 
Richards,* P. Fisher, and K. J. Wedekind, Novus International Inc., St. 
Charles, MO.

Diets can contain antagonists that reduce trace mineral bioavailability 
and cause deficiencies. Two experiments (Exp) were conducted to 
compare the relative bioavailability of Mintrex Zn (Zn chelated with 
the methionine hydroxy analog) vs. Zn sulfate in the absence and pres-
ence of excess Ca and P as antagonists. In Exp 1, broiler chicks were 
assigned to 11 treatments, fed a common Zn-deficient starter (19 mg 
Zn/kg diet) through d8 and then fed a Zn-unsupplemented (21 mg Zn/
kg diet; 0.82% Ca, 0.47% available P) corn-soy diet (basal), or the basal 
supplemented with 5, 10, 15, 20 or 30 mg Zn/kg diet as Zn sulfate or 
Mintrex Zn. Jejunum mucosa was collected on d11 to measure metallo-
thionein (MT) mRNA expression. Tibias were collected on d14 for Zn 
analysis. For Zn sulfate, there was a linear relationship (P < 0.0001) 
between tibia Zn (μg) and supplemental Zn intake (mg). For Mintrex 
the relationship was quadratic (P = 0.0006, inflection point at 17.4 mg 
supplemental Zn/kg diet). Common-intercept, multiple linear regression 
and slope-ratio analysis indicated significantly greater Zn bioavailabil-
ity for the chelate relative to Zn sulfate for both tibia Zn (161%; P = 
0.001) and MT expression (248%; P = 0.009). In Exp 2, chicks were 
fed a common Zn-deficient (24 mg Zn/kg diet) starter diet for 8 d, then 
placed on a corn-soy basal diet with elevated Ca and P (27 mg Zn/kg 
diet; 1.2% Ca, 1% available P), or the basal supplemented with 15 or 30 
mg Zn/kg diet as Zn sulfate or 7.5, 15 or 30 mg Zn/kg diet as Mintrex 
Zn. Bioavailability of Mintrex Zn relative to Zn sulfate was 441% (P 
= 0.006, tibia Zn) and 426% (P = 0.004, MT). The rate of increase in 
tibia Zn concentration (mg Zn/kg tibia) as a function of supplemental 
Zn intake was comparable in Exp 1 and 2 for Mintrex Zn. In contrast, 
this rate of increase in birds supplemented with Zn sulfate was 40% 
lower in the presence of elevated Ca and P. These results suggest that 
Zn sulfate was antagonized to a much greater extent than was Mintrex. 
Supplementation with Mintrex Zn would be beneficial in diets containing 
excesses of dietary antagonists such as Ca and/or P.

Key Words: Mintrex, bioavailability, zinc, antagonism

62   Establishing the bioavailability of phosphorus in corn 
DDGS for D3-21 Cobb 500 male broilers.  K. G. S. Wamsley*1, R. 
E. Loar II2, K. Karges2, and J. S. Moritz1, 1West Virginia University, 
Morgantown, 2POET LLC, Sioux Falls, SD.

The objective of the current study was to evaluate the bioavailability 
of phosphorus in corn distillers dried grains with solubles (DDGS) as 
DDGS inclusion in starter diets increased to assess if previously estab-
lished available phosphorus (AP) values (0.65% AP) needed adjustment 
due to evolving DDGS production technology and broiler genotypes. A 
5x3 factorial analysis was utilized with variations in diet formulations for 
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available phosphorus (0.21, 0.27, 0.33, 0.39, or 0.45%) and DDGS Level 
(0, 8, or 16%). All diets were manufactured at West Virginia University′s 
pilot feed mill and fed as mash. Treatments were randomly assigned 
to one of 90 raised-wire pens in a randomized complete block design. 
Pens contained 5, 3-d-old Cobb 500 male broilers. The experimental 
period was D3–21 with measured variables including: average bird 
weight (BW), average live weight gain (LWG), pen feed intake (FI), 
and feed conversion ratio (FCR). On D21, birds were killed via cervical 
dislocation and left tibias were extracted from each bird to obtain tibia 
ash measurements. Live performance and tibia measurements improved 
with increasing levels of AP (P = 0.0001). There were no significant dif-
ferences for the main effect DDGS Level, however trends were observed 
for LWG (P = 0.067), FI (P = 0.06), BW (P = 0.1), and percent tibia ash 
per chick (P = 0.13) demonstrating the most benefit when including 8% 
DDGS into diets, likely due to lower non-starch polysaccharide level 
relative to the 16% DDGS inclusion. Prediction equations were derived 
using the average calculated AP means from diets containing 0, 8 and 
16% DDGS and corresponding performance variables. Based on these 
equations, AP was predicted for each measured performance variable. 
These data demonstrate that the current AP coefficient for DDGS is 
justified, but trends suggest it may underestimate availability by up to 
0.02 percentage points.

Key Words: DDGS, available phosphorus, broiler performance, 
prediction equations

63   Calcium and phosphorus requirements for two strains of 
broilers from hatch to 10 days of age.  R. Phillips1, R. Angel*1, E. 
Jimenez-Moreno1, S. W. Kim1, S. L. Vieira2, M. DeBeer3, N. Ward3, 
and F. Fru4, 1University of Maryland, College Park, 2Universidade 
Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil, 3DSM 
Nutritional Products, Parsippany, NJ, 4DSM Nutritional Products, 
Basel, Switzerland.

More closely defining the Ca and P requirements of broilers is essential 
for the optimization of bone development as well as for optimum use of 
phytases in broiler diets. Requirements were determined for 2 strains 
selected based on differences in the growth curves their extensive use in 
the US. An experiment was done to determine the Ca and non phytate P 
(nPP) requirements for 2 strains: Ross 708 (R) and Hubbard 99 males 
by Cobb 500 females broiler (HC) from hatch to 10 d of age. Three Ca 
concentrations in combinations with 4 nPP concentrations were tested. 
The treatments were as follows: 0.83% Ca, and 0.25, 0.34, 0.42, and 
0.50% nPP; 0.96% Ca, and 0.29, 0.34, 0.42 and 0.50% nPP; 1.13% Ca, 
and 0.34, 0.42, 0.50 and 0.58% nPP. Diets were analyzed and all data 
analysis was run based on analyzed values. A 2 way ANOVA was run 
with treatment and strain as fixed effects. Additionally an individual 
surface analysis was performed to determine optimal levels of Ca and 
nPP for each strain, based on analyzed Ca and P concentrations. There 
was a strain effect on BWG, FCR as well as toe and tibia ash and a 
treatment effect on all performance and bone measures. Based on the 
results of the surface analysis there was a linear effect of Ca on tibia ash 
and toe ash for both R and HC and on FCR only on R. The effect of nPP 
was quadratic for BWG, FCR, and tibia ash for both R and HC while 
nPP had a linear effect on toe ash in R and quadratic in HC. Regressions 
were run for nPP at each Ca level and nPP requirements were estimated 
only when the regression had a quadratic effect and an asymptote could 
be calculated. Based the on quadratic equations obtained from the data 
the nPP requirement for maximal BWG was estimated at 0.50% nPP 
for both 0.83 and 0.94% Ca for the R strain and 0.46% nPP when Ca 

was 0.83% in the HC strain. The nPP requirement for maximal tibia ash 
was estimated to be 0.59 and 0.62% for the R strain and 0.58 and 0.60% 
for the HC strain at 0.83 and 1.14% Ca, respectively.

Key Words: calcium, phosphorus, requirements, broilers, strains

64   Feeding laying hens the diets with supplemental chelated 
trace minerals improves shell quality, tibia breaking strength, and 
immune response.  M. K. Manangi,* J. D. Richards, B. Wuelling, 
C. Atwell, P. Fisher, C. D. Knight, M. Vazquez-Anon, and S. Carter, 
Novus International Inc., St. Charles, MO.

A 56 wk (24 to 80 wk of age) study was conducted to determine the 
long-term effects of feeding Mintrex (metal methionine hydroxy analog 
chelate) vs. ITMs (inorganic trace minerals) in layers on performance, 
egg shell quality, tibia breaking strength, and immune response. A total 
of 216 Hy-Line W-36 laying hens were assigned to 6 treatments with 36 
pens/treatment and 1 hen/cage. The study was carried out under random-
ized complete block design. The data were analyzed using both 1-way 
ANOVA (including all 6 treatments) and 2x2 factorial design with 2 
sources (chelated vs. ITMs) and 2 levels (20-5-20 vs. 40-10-40ppm of 
Zn-Cu-Mn) of supplemental minerals. The treatments consisted of: 0-0-0 
ppm supplemental Zn-Cu-Mn, T1; 20-5-20 ppm Zn-Cu-Mn as sulfates, 
T2; 20-5-20 ppm Zn-Cu-Mn as chelates, T3; 40-10-40 ppm Zn-Cu-Mn 
as sulfates, T4, 40-10-40 ppm Zn-Cu-Mn as chelates, T5; 80-10-80 
ppm Zn-Cu-Mn as sulfates, T6. Measurements for body weights were 
taken at wk 24, 32, 48, 64, and 80; cumulative FCR on egg mass was 
calculated based on 3 d feed intake and egg weights measured for 14 
individual periods of 28 d cycle each; cumulative egg production was 
measured based on daily production; shell strength and thickness mea-
sured at wk 44, 56, 68, 74, 76, and 79; tibia breaking strength at wk 80; 
immune response at wk 60, 61, 63, 65, 70, and 80. Overall results (1-way 
ANOVA) indicate a significant treatment effect (P < 0.05) only for shell 
thickness at wk 74. Factorial analysis data indicates an improvement in 
shell breaking strength (Source effect, P < 0.05 at wk 68), shell thick-
ness (Source effect, P = 0.08 at wk 68; P = 0.03 at wk 74), and Ab titers 
(Source effect, P < 0.05 at wk 63) to SRBCs (sheep red blood cells) for 
hens fed chelated trace minerals compared with ITMs. Supplementing 
increased levels (Level effect, P = 0.07 at wk 80) of dietary minerals 
or chelates (Source effect, P = 0.19 at wk 80) increased tibia breaking 
strength. In summary, feeding laying hens the diets with supplemental 
chelated trace minerals compared with ITMs improved egg shell strength 
and thickness, and immune response.

Key Words: Zn, Cu, Mn, layer, chelates

65   Effects of dietary nonphytate phosphorus levels on thiram-
induced tibia dyschondroplasia in broilers.  G. Tu,* S. Bai, K. 
Zhang, X. Peng, and X. Ding, Institute of Animal Nutrition, Sichuan 
Agricultural University, Yaan, China.

This trial was conducted to investigate the effects of dietary levels of 
nonphytate phosphorus (nPP) on thiram-induced tibia dyschondroplasia 
(TD) in broilers. For starter period (1–21d), the experiment consisted 
of a 2*3 factorial arrangements with 2 levels of thiram (0,100 mg/kg) 
and 3 levels of nPP (0.33%, 0.48%,0.63%).All diets were maintained 
the same Ca 1.0%. For grower period(22–42d), all the birds received 
the same diet containing 0.40% nPP and 0.90% Ca without thiram. Six 
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hundred day-old broilers were randomly assigned to 6 treatments with 
5 replicate pens of 20 male chickens per treatment. The thiram diet was 
fed only at 1–5d to induce TD. Blood and tibia samples were collected at 
5d, 21d, and 42d. TD scores increased with increasing nPP levels at 5d 
and 21d especially under thiram-induced condition (P < 0.05).Thiram 
significantly increased TD scores at 5d,21d,and 42d (P < 0.05). Body 
weight and feed intake were optimized with 0.48% nPP (P > 0.05),and 
they were significantly affected by thiram at 5d and 21d (P < 0.05).
Serum parathyroid hormone (PTH) level increased with increasing nPP 
levels under thiram-induced condition at 5d (P = 0.099). Thiram caused 
hyperparathyroidism that serum PTH,Ca and P levels at 5d and serum 
PTH level at 21d were significantly increased(P < 0.05). The birds fed 
diet containing 0.33% nPP showed lowest tibia ash, Ca, and P at 5d and 
21d(P < 0.05). Thiram significantly decreased tibia ash, Ca, and P at 
5d and decreased tibia strength and Ca at 21d (P < 0.05).Tibia ash, Ca, 
and P were optimized by 0.63% nPP under thiram-induced condition at 
21d (P < 0.05).Growth performance and tibia parameters had recovered 
except TD scores during the grower period. In conclusion, TD scores 
increased with increasing nPP levels especially with thiram feeding. 
Thiram-induced TD was linked to hyperparathyroidism which caused 
calcium homeostasis dysregulation.

Key Words: thiram, nonphytate phosphorus, tibia dyschondroplasia, 
hyperparathyroidism, broiler

66   Performance and carcass characteristics of broilers fed 
five different commercial vitamin-mineral premixes in Ibadan, 
Nigeria.  O. A. Ogunwole,* M. D. Olumide, O. I. Abiola-Olagunju, 
E. O. Kolade, and B. A. Taiwo, University of Ibadan, Ibadan, Oyo 
State, Nigeria.

The relative efficacy of 5 proprietary vitamin-mineral premixes on per-
formance and carcass characteristics of broiler chickens was undertaken 
in a trial lasting 6 weeks at the Teaching & Research Farm, University 
of Ibadan, Ibadan, Nigeria. A total of 2 hundred and 80 8 1- day broiler 
chicks of Abor acre strain were randomly allotted to 6 dietary treat-
ments of 40 8 chicks per treatment. Each treatment was a triplicate of 
16 chicks per replicate. Six isocaloric and isonitrogenous diets were 
formulated. Diet 1 (T1) was the control without any premix. Other 
diets were supplemented appropriately with 0.25% Daramvita (T2), 
Biorganics (T3), Hinutrients (T4), Optimix (T5), and DSM Nutripoults 
(T6). The experimental diets were offered to the respective birds with 
water given ad libitum. The design of the experiment was a completely 
randomized design. The feed conversion ratio of birds on T3, T4, T5 and 
T6 were 2.64, 2.58, 2.61 and 2.57 respectively and were significantly 
different (P < 0.05) from those on T1 (3.62) and T2 (3.35). The obtained 

live, bled and defeathered weights and dressing percentage values of 
broilers varied significantly (P < 0.05) with the type of premix used 
while values of other primal cuts were statistically similar (P > 0.05). 
Performance and carcass indices indicated variable potency and efficacy 
of the proprietary premixes evaluated.

Key Words: proprietary vitamin-mineral premixes, broiler production, 
premix efficacy and potency, dressing percentage, primal cuts

67   Serum indices, hematology and physico-chemical properties 
of broiler chickens meat fed five different commercial premixes 
in Ibadan, Nigeria.  M. D. Olumide,* O. A. Ogunwole, B. A. Taiwo, 
E. O. Kolade, O. I. Abiola-Olagunju, and B. O. Ayinde, University of 
Ibadan, Ibadan, Oyo State, Nigeria.

The relative efficacy of 5 proprietary vitamin-mineral premixes on serum 
indices, hematology and physico-chemical properties of broiler meat was 
undertaken in a trial lasting 6 weeks. Two hundred eighty-eight 1-day 
broiler chicks of Arbor acre strain were randomly allotted to 6 treatments 
of forty-eight chicks each. Each treatment was a triplicate of 16 chicks 
per replicate. Six isocaloric and isonitrogenous diets were formulated. 
Diet 1 (T1) was the control without any premix added. Other diets were 
supplemented appropriately with 0.25% Daramvita (T2), Biorganics 
(T3), Hinutrients (T4), Optimix (T5), and DSM Nutripoults (T6). The 
experimental diets were assigned to the respective birds with water 
given ad libitum and the experiment - a completely randomized design. 
Serum cholesterol, albumin and alkaline phosphatase at the starter phase 
and total protein, albumin, globulin and high density lipoprotein at the 
finishers phase varied (P < 0.05). The packed cell volume obtained for 
birds on T1, T2, T3, T4, T5 and T6 were 26.67, 27.83, 29.50,28.83, 
28.83 and 28.00 respectively, at the starter phase, were significantly 
different (P < 0.05). The crude protein (%) of meat from T6 (31.95), 
T2 (30.91) and T3 (30.83) were higher (P < 0.05) compared with 29.75, 
29.91 and 28.45 obtained for meat from T5, T4 and T1 respectively. Ash 
(%) was significantly lower (P < 0.05) for meat from T1(control) (8.45) 
compared with meat of birds from other treatments. The shear force of 
primal cuts of broilers were statistically similar (P > 0.05) while cook-
ing losses was higher (P > 0.05) for thigh from T5 and T6, The chilling 
losses was higher for thigh from T3 and T4, and water holding capacity 
of thigh fromT2 was higher (P < 0.05). The test premixes had varying 
effects on indices measured which invariably connotes unequal potency 
of the tested commercial vitamin-mineral premixes in Ibadan, Nigeria.

Key Words: meat chemical composition, hematology, primal cuts, 
physico-chemical properties, serum indices
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68   Impact of broiler processing scalding and chilling profiles 
on carcass and breast meat yield.  R. J. Buhr*1, J. M. Walker2, 
D. V. Bourassa1, A. B. Caudill2, B. H. Kiepper3, and H. Zhuang1, 
1USDA-ARS-RRC, Athens, GA, 2Marel Stork Poultry Processing Inc., 
Gainesville, GA, 3University of Georgia, Athens.

The impact of scalding and chilling profiles was evaluated on carcass 
and breast meat yield in broilers. On 4 separate weeks, 5 to 7 wk 
old broiler flocks were subjected to a 10 h feed withdrawal, cooped, 
transported, banded for identification, weighed (live weight), shackled, 
and then stunned (14.5 V DC, 500 Hz for 10 s) and bled (2 min) in 
6 sequential batches (n = 16/batch). Weight selected broilers (within 
300 g) were subjected to either hard (60°C for 1.5 min) or soft (52.8°C 
for 3 min) scalding (triple-tank, 740 L/tank). Following defeathering 
the neck, shanks, viscera, and fat pad were removed and the carcasses 
were either air chilled (0.5°C, 120 min, 86% RH, air speed 76.2 m/min) 
breast-up on slotted metal shelves or immersion chilled in water and 
ice (79 L/carcass, 0.5°C, 40 min). Carcasses were weighed individually 
following evisceration and chilling. Breast meat (skinless, combined 
left and right fillets and tenders) was removed from the carcass and 
weighed within 4 h post mortem. Post-feed withdrawal mean live 
weight was between 2,601 to 2,642 g among the treatment groups and 
was 1,942, 2,471, 2,923, and 3,156 g for individual flocks. Post-scald 
defeathered-eviscerated carcass weight was 1% higher for soft-scalded 
carcasses (73.6%) than for hard scalded-carcasses (72.6%). During 
air chilling carcasses lost weight resulting in post-chill carcass yield 
of 73% for soft-scalded and 71.3% for hard-scalded carcasses, a 
difference of 1.7%. During water chilling carcasses gained weight 
resulting in post-chill carcass yield of 78.2% for soft-scalded and 
76.1% for hard-scalded carcasses, a difference of 2.1%. Breast meat 
yield was greater by 0.7% for soft-scalded carcasses (17.6% for air-
chilled and 17.9% for water-chilled) than for hard-scalded carcasses 
(16.8% for air-chilled and 17.3% for water-chilled). Neither air nor 
water chilling treatments significantly influenced breast meat yield. 
Soft scalding carcasses resulted in a 1% higher post-scald-defeathered 
eviscerated carcass yield over that for hard scalding carcasses, which 
persisted following chilling as a small but significant 0.7% higher 
breast meat yield.

Key Words: scalding, chilling, processing, yield, broiler

69   Impact of broiler slaughter scalding method on processing 
wastewater stream.  B. H. Kiepper*1, R. J. Buhr2, J. M. Walker3, 
D. V. Bourassa2, A. B. Caudill3, and H. Zhuang2, 1University of 
Georgia, Athens, 2USDA-ARS-RRC, Athens, GA, 3Marel Stork Poultry 
Processing Inc., Gainesville, GA.

The impact of broiler scalding method on the resulting processing 
wastewater stream was evaluated. On 3 separate days, 5 to 7 wk old 
broilers were subjected to a 10 h feed withdrawal, cooped, transported, 
weighed (live weight), shackled, and then stunned (14.5 V DC, 500 
Hz for 10 s) and bled (2 min) in 6 sequential batches (n = 16/batch). 
Weight selected broilers (within 300 g) were subjected to either hard 
(60°C for 1.5 min) or soft (52.8°C for 3 min) scalding in an aerated 
3-tank sequential configuration (740 L/tank). Prior to each scalding 
treatment, a 1 L sample of scalder make-up water was collected to 
determine potable water background values. Following the 3-batches 
for each scalding treatment, a 1L sample of scalder wastewater was 

collected from each of the 3 scalding tanks. All samples were stored 
at 4oC and analyzed for concentration (mg/L) of chemical oxygen 
demand (COD), total solids (TS) and total volatile solids (TVS). 
Resulting concentration data were used to calculate a corresponding 
wastewater loading value in grams per kilogram of live weight (g/
kglwt). Post-feed withdrawal mean live weights for the 3 d were 2.924 
kg (d 1), 1.942 kg (d 2), and 3.158 kg (d 3). The overall mean TS 
wastewater load produced during soft scald treatment (1.337 g/kglwt) 
was significantly (P ≤ 0.05) higher than hard scald (0.717 g/kglwt). The 
soft scald treatment also produced numerically but not significantly 
greater TVS (1.091 vs 0.609 g/kglwt) and COD (0.958 vs 0.755 g/
kglwt) wastewater loading than hard scald. Scald tank position within 
the 3-tank sequence also had an impact on wastewater loading. In all 
treatments combined, the first scald tank had significantly (P ≤ 0.05) 
greater COD (0.551 g/kglwt) and TVS (0.492 g/kglwt) mean loading 
than the second and third scald tanks, which were not significantly 
different from each other. In terms of TS, the first scald tank loading 
(0.584 g/kglwt) was significantly greater than the third tank, but not 
the second scald tank. Results indicate that soft scalding of broilers 
(52.8°C for 3 min) has a greater impact on processing wastewater 
loading than hard scalding (60°C for 1.5 min).

Key Words: broiler processing, scalding, wastewater, COD, total 
solids

70   Impact of carcass scalding and chilling methods on the func-
tionality of early-deboned broiler breast fillets.  H. Zhuang*1, B. C. 
Bowker1, R. J. Buhr1, D. V. Bourassa1, and B. H. Kiepper2, 1USDA-
ARS, Athens, GA, 2University of Georgia, Athens.

The impact of scalding and chilling methods on the functionality of 
broiler breast fillets (pectoralis major) was evaluated. In 3 replications, 
5 to 7 wk old male broilers were slaughtered and scalded either at 
60°C for 1.5 min (hard scalding) or 52.8°C for 3 min (soft scalding). 
Following evisceration, the carcasses were either air-chilled (0.5°C, 120 
min, 86–90% RH, air speed 76.2 m/min) or immersion-chilled in water 
and ice (79 L/carcass, 0.5°C, 40 min, air agitated volume 3.89 M3/min). 
Breast fillets were removed from the carcass within 4 h postmortem. 
Boneless skinless fillet functionality color (lateral surface or skin side), 
pH, total moisture content, water-holding capacity (drip loss and cook 
yield), and Warner-Bratzler shear force were evaluated. No significant 
differences (P > 0.1) between the 2 scalding methods were observed 
for color, pH, moisture content, drip loss, and cook yield. However, 
the shear force (7.44 kgf) for hard-scalded fillets was higher (P = 0.06) 
than for soft-scalded fillets (6.67 kfg). These results suggest that even 
though hard and soft scalded fillets have the same surface appearance and 
water-holding capacity, scalding method may impact the texture of the 
early-deboned fillets. Immersion-chilled fillets had higher (P < 0.05) L* 
(59.3 vs. 56.7), pH (6.28 vs. 6.12), drip loss (2.1% vs. 1.7%), and shear 
force (7.65 kgf vs. 6.46 kgf), and lower (P < 0.05) cook yield (81.0% 
vs. 82.6%) and b* (7.46 vs. 8.51) than air-chilled fillets. These results 
suggest that immersion-chilled fillets are lighter and less yellow, lose 
more water during storage (higher drip loss) and cooking (lower cook 
yield), and require higher force to shear than air-chilled fillets. There 
were no interactions (P > 0.1) between chilling and scalding methods 
for any of the measurements, suggesting that the effects of scalding and 
chilling methods on fillet functionality are independent. The results of 
this experiment indicate that chilling methods have a greater impact on 
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breast fillet functionality (color, pH, water-holding capacity, and shear) 
than scalding methods.

Key Words: broiler processing, scalding, chilling, breast fillet, 
functionality

71   Hot water spray on broiler carcasses reduced loosely, firmly, 
and internally attached pathogenic (Salmonella and Campylobacter) 
and mesophilic aerobic bacteria.  P. Singh,* L. Zhang, H. C. Lee, and 
I. Kang, Michigan State University, East Lansing.

The objective of this study was to evaluate the efficacy of hot water 
spray (HWS, 70°C for 1 min) on microbial reduction of broiler car-
casses. Live birds were purchased locally and processed at Michigan 
State University meat laboratory. In each of 4 replications, skin 
samples from 5 broilers were taken aseptically at each of 3 processing 
stages— after bleeding (feathers removed manually), after evisceration 
(with/without hot water spray), and after water chilling. Broiler skins 
were quantitatively examined for loosely (by rinsing the skin), firmly 
(by stomaching the rinsed skin) and internally attached (by grinding 
the rinsed/stomached skin) mesophilic aerobic bacteria (MAB), as 
well as for the prevalence of Salmonella and Campylobacter. The 
broiler skins with no HWS possessed the highest (>6 log cfu/g), the 
intermediate (3.8—4.1 log cfu/g) and the least (2.8—3.5 log cfu/g) 
MAB population after bleeding, evisceration and chilling, respectively. 
Comparing the status of MAB attachments after evisceration, the high-
est population (4.13 log cfu/g) was seen in the ground sample followed 
by the stomached (3.78 log cfu/g) and the rinsed (3.84 log cfu/g) skins. 
After the hot water spray and chilling, the population was reduced 
to 2.1, 2.0, and 1.7 log cfu/g for the ground, stomached, and rinsed 
skins, respectively. The incidence of Salmonella and Campylobacter 
was generally increased after evisceration and decreased after chill-
ing. Again, the hot water spray reduced the incidence of Salmonella 
and Camplylobacter by around 25—47% and 5—20%, respectively, 
regardless of pathogen-attachment status. However, the hot water 
resulted in a partially cooked appearance on the exposed breast. 
More research is required to eliminate the pathogenic organisms 
on carcasses, especially the internalized bacteria without apparent 
visual defects.

Key Words: broiler processing, hot water spray, microbial attachment, 
Salmonella, Campylobacter

72   Improvement of meat turnover time and protein function-
ality by cold-batter-mixing of hot-boned/crust-freezing-chilled 
turkey breast.  M. Medellin-Lopez*, H. C. Lee, and I. Kang, Michigan 
State University, East Lansing.

The purpose of this research was to evaluate the cold-batter com-
minution technology on turkey processing efficacy and turkey breast 
functionality. In each of 3 replications, 15 turkeys were eviscerated and 
randomly assigned to one of 5 treatments: 1) chill-boned/comminuted-
traditionally (CB-CT), 2) hot-boned/comminuted with no chill (HB-
CNC), 3) hot-boned/comminuted with CO2  (HB-CCO2), 4) hot-boned/
comminuted after crust-freezing-chill (HB-CCFC), and 5) hot-boned/
comminuted after/1/4-crust-freezing-chill (HB-C1/4CFC). Turkey 
breasts were removed after-evisceration for hot boning (HB) or after-
water-chill for chill boning (CB). For crust-freezing-chilling (CFC), 

HB breast halves, as a whole or in quarter portions, were subjected to 
a freezing room (−25°C). Right fillets were used for pH and R-value 
testing while remaining left fillets were comminuted under different 
temperature conditions. The resulting batters were subsequently cooked 
into gels. The pH and R-value of chilled meats, the pH of batters, and 
the cooking yield and stress/strain values of cooked gels were also 
tested. Data were evaluated using one-way ANOVA and Duncan’s 
multiple range test. The following results were found. The WC took 
an average of 5h to reduce the breast temperature to 4°C, while CFC 
and 1/4CFC took 1.5h and 1h, respectively. WC meat showed sig-
nificantly lower pH and higher R-value compared with the HB and 
CFC meats. Likewise, WC batter had significantly lower pH values. 
All HB treatments showed significantly higher cooking yield over the 
WC, reflecting a better water holding capacity. All HB and cold batter 
comminuted gels had significantly higher values for stress (hardness) 
and strain (cohesiveness), indicating improved textural properties. 
Statistical significance was determined at P < 0.05. Based on these 
findings, the cold-batter-comminution of hot-boned turkey breasts 
can be used to improve protein functionality and meat turnover time 
in turkey processing.

Key Words: turkey breast, hot boning, cold batter mixing, protein 
functionality, meat turnover

73   Mixed-model analysis of Campylobacter occurrence on 
broiler carcasses at post-chill and prevalence at various sam-
pling points in the production and processing continuum.  K. 
L. Hataway*1, R. H. Bailey1, J. A. Byrd2, V. V. Volkova3, and R. W. 
Wills1, 1College of Veterinary Medicine, Mississippi State University, 
Mississippi State, 2SPARC, USDA ARS, College Station, TX, 3Cornell 
University, Ithaca, NY.

Campylobacter is a leading cause of food-borne illness in the United 
States and poultry has been identified as a major reservoir. The purpose 
of this study was 2-fold: (1) to determine the grow-out and processing 
plant sample(s) that best predict the likelihood of Campylobacter pres-
ence on broilers at post-chill and (2) estimate the amount of variability 
in Campylobacter prevalence that is within the complex, farm, and flock 
levels. Sampling was conducted in 2 broiler companies located in the 
Southern United States, which encompassed 10 complexes, 32 farms, 
and 64 flocks. Upon the day of chick placement into the grow-out house 
the gastrointestinal tracts of chicks were collected from each flock. 
Prior to transportation to the processing plant and upon arrival at the 
processing plant, ceca, crop, and whole bird carcass rinses were col-
lected. During processing, samples were collected before entering the 
immersion chill tank and again after exiting the immersion chill tank. 
Mixed-model logistic regression was used to assess the relationships 
between post-chill status and other sampling points. The best predic-
tor of post chill Campylobacter carcass status was the exterior whole 
carcass sample in the grow-out environment before transportation. In 
the post-chill model, the percentage of variability in Campylobacter 
prevalence occurring at the complex, farm, and flock level were 8.6%, 
72.8%, and 18.6%, respectively. The intra-class correlation for flocks 
within the same farm, flocks within the same complex but different 
farms, and farms within the same complex were 0.81, 0.09, and 0.11, 
respectively.

Key Words: Campylobacter, poultry, broiler, logistic regression, 
mixed-model
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74   Effect of chemical antimicrobials and ultrasonication on 
reduction of Salmonella on eggs.  M. D. Crespo* and D. P. Smith, 
North Carolina State University, Raleigh.

Contamination of eggs with Salmonella is a major health concern world-
wide, since it can penetrate the shell and shell membranes, compromising 
egg safety when reaching the interior contents. Chemicals and mechani-
cal washing methods are currently used to reduce contamination of eggs, 
while ultrasonication has been shown to reduce microbes. Experiments 
were conducted to determine the effect of 2 separate antimicrobials 
and ultrasonication on the survival of Salmonella after inoculation of 
the shell surface of table eggs. A naladixic acid-resistant Salmonella 
(108 cells) was inoculated onto the egg surface using a droplet method. 
Antimicrobial treatment was performed with either hydrogen peroxide 
(H2O2) 1.5% or quaternary ammonium (QUAT) 0.031%, by immersion 
for 1 min and immersion plus sonication (SONIC) for 1 min. Control 
eggs were inoculated at the same time, then either immersed 1 min 
or immersed and sonicated 1 min in water to determine any rinsing 
effect. After the antimicrobial application, Salmonella was recovered 
from the eggshell and adhering membranes using aseptic shell crush 
techniques followed by serial dilutions and culturing on BG sulfa agar 
plates supplemented with 200 ppm of nalidixic acid to ensure that only 
nalidixic acid-resistant Salmonella would be recovered. Plates were 
incubated at 37°C for 24h and Salmonella colonies were counted. Data 
are reported as log cfu/mL. Means of Salmonella recovered (n = 2 
eggs per treatment and 2 replicates of each treatment) were tested for 
significance (P < 0.05) with student′s t test. H2O2 significantly reduced 
Salmonella by 3.5 log compared with water control (log 4.01), while 
H2O2+SONIC reduced log count by 2.7 from water+SONIC control 
(log 4.23). QUAT, as compared with water control, reduced Salmonella 
numbers by 0.5 log, while QUAT+SONIC resulted in a 0.2 log reduc-
tion from water+SONIC control. These data suggest that there is a 
significant reduction in Salmonella contamination of eggs when using 
chemical antimicrobials, with hydrogen peroxide more effective than 
quaternary ammonium. Ultrasonication did not contribute to any reduc-
tion of Salmonella.

Key Words: Salmonella, eggs, hydrogen peroxide, quaternary 
ammonium, ultrasonication

75   Comparison of spray and immersion application of 1, 
3-dibromo-5, 5-dimethylhydantoin against Campylobacter jejuni on 
poultry carcasses.  J. M. Smith*1, M. Singh1, J. L. McReynolds2, and 
E. W. Liimatta3, 1Department of Poultry Science, Auburn University, 
Auburn, AL, 2Elanco Food Solutions, Greenfield, IN, 3Albemarle 
Corporation, Baton Rouge, LA.

Campylobacteriosis is one of the most common foodborne illnesses in 
the United States and is oftentimes attributed to poultry and its products. 
Antimicrobial interventions targeting Campylobacter spp. during poul-
try processing are essential, particularly because of current regulatory 
guidelines and ongoing efforts to control this pathogen. The objective of 
this study was to evaluate 2 different antimicrobial compounds, sodium 
hypochlorite and 1, 3-Dibromo-5, 5-Dimethylhydantoin (DBDMH) 
against C. jejuni on fresh poultry carcasses. Varying concentrations of 
DBDMH (0, 50, 75, 100, 200, and 300 ppm) and sodium hypochlorite 
(25, 50 ppm) were prepared and chilled to 10°C. Broiler carcasses were 
inoculated with 10 mL of C. jejuni (ca.7 log10 cfu/mL) and allowed 30 
min for attachment followed by either immersion or spray treatments 
with the antimicrobial solutions for 60 and 120 s. Following treatment 

the carcasses were rinsed with 200 mL of Buffered Peptone Water and 
250 µL of the rinsate was plated onto Campylobacter Cefex agar; and 
incubated under microaerophillic conditions at 42°C for 48h. Statistical 
analysis indicated that the immersion treatment provided the greatest 
reduction overall compared with the spray treatment (P ≤ 0.05), irre-
spective of time of exposure. Reductions were greater for DBDMH as 
compared with the sodium hypochlorite solution (P ≤ 0.05) at a concen-
tration of 50 ppm. This study demonstrated that DBDMH is effective 
for short dwell time treatments to combat C. jejuni on fresh poultry 
suggesting its application in a finishing chiller during poultry processing.

Key Words: DBDMH, sodium hypochlorite, Campylobacter, processing

76   Microbiological differences between laying hen strains 
housed in various production systems.  D. R. Jones*1, K. E. 
Anderson2, J. Guard1, and R. K. Gast1, 1USDA Agricultural Research 
Service, Egg Safety and Quality Research Unit, Athens, GA, 2North 
Carolina State University, Department of Poultry Science, Raleigh.

Sister flocks of 3 strains of laying hens were housed in conventional cage, 
free range, and cage free production systems. All flocks were located 
on a single, commercial-style research facility and provided the same 
dietary and lighting regimens. Once a season, a sample of shell eggs was 
aseptically collected from each production system and hen strain combi-
nation. In free range and cage free production, floor eggs were separated 
from nest box eggs. Cracked eggs were excluded from sampling. Shell 
emulsion pools were created and total aerobic, Enterobacteriaceae, and 
yeast and mold populations were enumerated. Total aerobic populations 
averaged between 3.5 – 4.5 log cfu/mL shell emulsion diluent for all 
strains across production systems. Enterobacteriaceae counts were 
lowest in winter for all strains and housing systems. Two strains had 
highest Enterobacteriaceae levels present in free range nest box eggs 
in the spring (3.8 – 4.2 log cfu/mL shell emulsion diluent). Yeast and 
mold counts were also lowest in the winter for all strain and housing 
combinations. Overall, average aerobic counts were similar between 
strains and housing systems. Enterobacteriaceae counts associated with 
egg shells were lowest for conventional cage production. Season of the 
year, hen production system, and laying hen strain all contribute to the 
overall microbial quality of shell eggs.

Key Words: alternative production, eggs, microbiology

77   Effects of acid-adaptation on adhesion and invasion of INT 
407 cells by Campylobacter jejuni.  G. Kumar-Phillips*1, I. Hanning2, 
and M. Slavik1, 1University of Arkansas, Fayetteville, 2University of 
Tennessee, Knoxville.

The foodborne pathogen Campylobacter jejuni is one of the leading 
causes of human gastroenteritis. This bacterium is not a robust organism 
compared with many other foodborne pathogens and requires special 
conditions in the laboratory for its growth. In nature, however, this 
organism is able to survive in very diverse and hostile environments 
and produce disease in humans. The different mechanisms by which C. 
jejuni survives stressful conditions in the environment remain unclear. 
Adhesion and invasion are thought to be important factors for the colo-
nization of C. jejuni in the intestinal tracts of hosts. Previous research in 
our laboratory showed that C. jejuni has the ability to induce an adaptive 
tolerance response to stresses like acid and aerobic conditions. The aim 
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of this study was to determine the influence of acid adaptation on adhe-
sion and invasion of human intestinal cells by Campylobacter jejuni 
strains (human and poultry) under different stress conditions. In our 
research, different human and poultry isolates of C. jejuni were exposed 
to an acid stress (pH 5.5) and further subjected to different stresses 
such as an acid pH of 4.5, starvation, and salt (3%). After exposure 
to the second stress, the adhesion and invasion abilities of the isolates 
were evaluated in vitro using an INT 407 cell line (human embryonic 
intestinal cells). All the experiments were performed in replicates of 3 
and the results were analyzed using Student’s t-test. Acid-adapted C. 
jejuni showed an increase in adhesion and invasion when exposed to 
a pH of 4.5 compared with non-acid-adapted C. jejuni and also when 
exposed to starvation and 3% salt. The degree of adhesion and invasion 
varied with strains of C. jejuni, the time of adaptation to acid, as well as 
exposure time to the second stress. These data indicate that some stresses 
may increase the virulence of C. jejuni. Studies involving expression of 
virulence genes and stress-adaptation are now underway.

Key Words: Campylobacter jejuni, stress, acid-adaptation, adhesion, 
invasion

78   Salmonella Enteritidis deposition inside eggs after experi-
mental infection of laying hens with different oral doses.  R. K. 
Gast,* R. Guraya, and J. Guard, Egg Safety and Quality Research Unit, 
USDA-ARS, Athens, GA.

The continuing attribution of human Salmonella Enteritidis infections 
to internally contaminated eggs has necessitated the commitment of 
substantial public and private resources to risk reduction and testing 
programs for commercial laying flocks. Cost-effective risk reduction 
requires a detailed understanding of how S. Enteritidis infections in 
hens lead to pathogen deposition inside eggs. This study sought to 
resolve incompletely understood aspects of the relationship between S. 
Enteritidis oral exposure dose levels in experimentally infected laying 
hens and the frequency and location of subsequent egg contamination. 
In 2 trials, groups of specific-pathogen-free laying hens were experimen-
tally infected with oral doses of 104, 106, or 108 cfu of phage type 4 S. 
Enteritidis. Eggs were collected 5–23 d PI and cultured for S. Enteritidis 
contamination in yolk and albumen. Increasing inoculation doses caused 
significantly (P < 0.05) more frequent egg contamination and a signifi-
cant shift in the location of deposition toward albumen contamination. 
S. Enteritidis contamination was detected in 0.9% of yolks and 0.2% 
of albumens after inoculation of hens with 104 cfu, 4.0% of yolks and 
1.7% of albumens following inoculation with 106 cfu, and 6.5% of yolks 
and 10.8% of albumens after inoculation with 108 cfu. These results 

demonstrate that oral exposure doses of S. Enteritidis for laying hens 
significantly affect important parameters of egg contamination which 
could potentially influence the effectiveness of risk reduction practices 
such as refrigeration.

Key Words: Salmonella Enteritidis, eggs

79   Food and environmental safety of pastured poultry pro-
cessed on-farm and at a USDA-inspected facility in the southeast-
ern United States.  L. M. Trimble*1, M. E. Berrang2, and W. Q. Alali1, 
1Center for Food Safety, University of Georgia, 2USDA-ARS Russell 
Research Center, Athens, GA.

The primary objective of this study is to determine the food safety risk 
represented by pastured poultry products. This assessment is based on 
data collected from pastured poultry processing operations performed 
at the site of production (on-farm) and at a USDA-inspected slaughter 
facility. An assessment of the environmental impact of waste disposal 
practices from on-farm processing is also performed. Soil, compost, 
processing wastewater and carcass rinse samples are collected and 
assayed for Salmonella and Campylobacter. During the first 3 mo of 
this study, 4 visits have been made to a USDA-inspected facility that 
processes pastured poultry and 2 visits have been made to an on-farm 
processing operation in the southeastern United States. Salmonella and 
Campylobacter loads were determined using the Most Probable Number 
(MPN) method and the direct plate method, respectively. At the USDA-
inspected facility, 83% (n = 40) of the carcass rinses were positive for 
Salmonella and 90% (n = 40) were positive for Campylobacter. The 
mean value for Campylobacter counts was 4.19 cfu/ml of rinse (95% CI: 
0.47, 7.92). The mean value for Salmonella was 1.03 MPN/ml of rinse 
(95% CI: 0.22, 1.84). On the pastured poultry farm, 90% (n = 20) of the 
rinse samples were positive for Campylobacter and 90% were positive 
for Salmonellla. The mean value for Campylobacter counts was 15.13 
cfu/ml (95% CI: 7.35, 22.90) and the mean value for Salmonella was 
2.13 MPN/ml of rinse (95% CI: 0.280, 3.98). The overall prevalence 
of Salmonella in environmental samples on this farm was 76% (n = 21) 
and a 92% (n = 12) prevalence for Campylobacter. The findings from 
this study suggest Salmonella populations in carcass rinses seem to be 
relatively similar for the USDA -Inspected Facility and the on-farm 
processor; whereas Campylobacter populations in carcass rinses is 
higher for the on-farm processor.

Key Words: Salmonella, Campylobacter, pastured poultry, on-farm 
processing, food safety
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80   Response of old laying hens to an Escherichia coli lipopoly-
saccharide challenge when fed diets with or without supplemental 
folic acid.  P. M. Munyaka,* G. Tactacan, M. Jing, K. O, J. D. House, 
and J. C. Rodriguez, University of Manitoba, Winnipeg, Manitoba, 
Canada.

The aim of the study was to investigate the effects of dietary folic acid 
(FA) supplementation in old laying hens challenged with Escherichia 
coli lipopolysaccharide (LPS). 48 Shaver White laying hens at 58 wk 
were fed 2 diets in a completely randomized design. The diets were 
wheat-soybean based, with either 0 or 4 mg supplemental FA per kg 
of diet. After 8 wk of feeding and at 66 wk, 6 hens from each dietary 
treatment were injected intravenously with either 8 mg/kg body weight 
of LPS or saline. Four h after injection, blood was collected and hens 
were euthanized to obtain spleen and cecal tonsils. T cell subsets 
(CD4+, and CD8+) in the blood and spleen, serum IgG, total protein, 
albumin, globulin, fibrinogen, and expression of immune-associated 
genes in the spleen and cecal tonsils were examined. T cell subsets in 
the blood and the spleen, serum IgG, total protein, albumin, globulin, 
and albumin:globulin ratio were not influenced by dietary FA supple-
mentation. Compared with saline-injected hens, CD4+, CD8+, total 
proteins, albumin, globulin, and albumin:globulin ratio decreased (P < 
0.05) in LPS-injected hens whereas CD4+:CD8+ ratio was increased (P 
< 0.05). T cell subsets in the spleen, and fibrinogen were not influenced 
among treatment groups (P > 0.05). Gene expression in the spleen and 
cecal tonsils was not influenced by dietary FA supplementation except 
a reduction (P < 0.05) in the expression of IL-8 in the cecal tonsils. 
Expression of IL-8 in the spleen was affected by a diet x challenge 
interaction. Relative to saline-injected hens, expression of IL-1β, IFN-γ, 
and IL-10 increased in LPS-injected hens in the spleen and cecal tonsils, 
IL-8 increased in LPS-injected hens in the cecal tonsils only, while IL-4, 
IL-17, IL-18, and TLR-4 increased in the LPS-injected hens only in the 
spleen, however, IL-13 decreased in the cecal tonsils. In conclusion, the 
results show that FA may not enhance immune responses in old laying 
hens under acute LPS challenge.

Key Words: folic acid, lipopolysaccharide (LPS), supplementation, 
laying hen

81   Prebiotics and symbiotics supplementation to pullets dif-
ferentially regulate toll-like receptors and cytokines in the intes-
tine and systemically.  A. Yitbarek,* H. Echeverry, P. Munyaka, M. 
Alizadeh, W. K. Kim, and J. C. Rodriguez-Lecompte, Department of 
Animal Science, University of Manitoba, Winnipeg, MB, Canada.

The present study was conducted to determine toll-like receptors (TLR) 
and cytokines profile of chicken pullets fed yeast-derived carbohydrates 
(YDC) as a prebiotic or a blend of pre- and probiotics (Lactobacillus 
acidophilus, L. casei, Streptococcus faecium, Bacilllus subtilis and 
Saccharomyces cerevisiae) as a symbiotic (SMB). Three hundred 1-d 
old Lohmann chicks were randomly assigned, in a randomized complete 
design, to one of 3 dietary treatments for 6 weeks. Treatments consisted 
of T1, (basal diet, neither YDC nor SMB); T2, (T1 + YDC); and T3, (T1 
+ SMB). Weekly feed intake (FI) and body weight (BW) were recorded. 
On d42, tissues from the ileum, cecal tonsil, and spleen were collected 
for gene expression profiles of TLR2, TLR4, TLR21, IL-4, IL-6, IL-10, 
IL-12p35, and IFN-γ. Performance and gene expression data (T1 as a 
control and β-actin as a housekeeping gene) was analyzed using the 

MIXED procedure of SAS and REST 2009, respectively. No significant 
difference in FI, BW and gain:feed was observed among treatments (P 
> 0.05). There was an upregulation of TLR2 and a downregulation of 
TLR4 and TLR21 in T2, and T3 in the ileum (P < 0.05). An upregulation 
of IFN-γ, IL-6 and IL-4 in the ileum in T3 was observed (P < 0.05). No 
difference in all TLRs was observed among treatments in the cecal tonsil 
(P > 0.05), while only IL-10 upregulated in both T2 and T3. Splenic 
TLRs profile showed a significant upregulation of TLR2 and TLR21 
in T3 (P < 0.05). All cytokines, except IL-12p35, were upregulated in 
the spleen in T2 and T3 (P < 0.05). In conclusion, the effect of YDC 
and SMB was gut location dependent. While supplementation of YDC 
to pullets’ diet supports a more systemic response via T helper (Th)-1 
cell associated pathways, supplementation of SMB supports a cytokine 
balanced pro-and anti-inflammatory effect via Th-1 and Th-2 cell associ-
ated pathways both locally and systemically

Key Words: toll-like receptors, cytokines, prebiotics, symbiotics, pullets

82   Temporal and treatment changes in embryonic bursal 
gene expression after testosterone exposure in high and low anti-
body lines.  R. L. Taylor Jr.*1, T. A. Burks1, P. B. Siegel2, and C. M. 
Ashwell3, 1University of New Hampshire, Durham, 2Virginia Tech, 
Blacksburg, 3North Carolina State University, Raleigh.

The bursa of Fabricius (BF) provides the microenvironment for chicken 
B cell maturation. BF development is perturbed by exposure to testos-
terone propionate (TP) during the embryonic period. High (HAS) and 
low (LAS) antibody lines were produced through selection for antibody 
response 5 d post intravenous injection of 0.25% SRBC suspension 
(0.1 mL). The resulting lines have greater than a 5-fold difference in 
antibody titer. Parents from the 34th selected generation of both lines 
produced fertile eggs which were assigned to treatment or control 
groups. On d 3 of incubation, treatment eggs were dipped in a 2% TP 
ethanol solution whereas control eggs were dipped in ethanol alone. 
Four embryos of each line and treatment (HAS, HAS TP, LAS, LAS 
TP) were sampled for bursal tissue at 15, 18, and 21 d of incubation. 
Tissue was placed in RNALater at −80 C. RNA was extracted from 
all samples. The RNA was reverse transcribed cDNA for individual 
samples. Indirectly labeled cDNA samples having either Cy3 or Cy5 
fluorescent dyes, including a dye swap, were hybridized to a 320 gene 
microarray represented by 70-mer oligonucleotides. Each oligonucle-
otide is spotted 12 times within the array which increases sensitivity 
to detect sample differences. Transformed (log2) fluorescent intensity 
data was normalized through weighted regression and analyzed through 
mixed-model ANOVA. Comparisons of line, day, and treatment plus 
their interactions revealed significant differences among multiple genes. 
Immune related genes having differential expression included interleukin 
13, interferon regulatory factor 5 and 6, neural cell adhesion molecule 
1, and EPH receptor B2. Homeobox A3, fibroblast growth factor recep-
tor 1, engrailed homeobox 1, and insulin-like growth factor binding 
protein 1 were some of the growth or developmental genes found to 
have modulated expression. Pathway analyses revealed biomarkers for 
immune responses and developmental signaling. Alteration of immune 
response and growth gene expression relates to physiological differences 
between the selected lines.

Key Words: bursa of Fabricius, microarray, immune response, hormone
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83   Identification of gene regulatory networks associated with 
MDV latency and reactivation.  J. A. Hicks,* N. Trakooljul, and H. 
C. Liu, North Carolina State University, Raleigh.

A shared feature of herpesviruses is their ability to enter a latent state 
following an initially lytic infection. Marek’s Disease virus serotype 1 
(MDV-1), an avian herpesvirus, is considered oncogenic as it has the abil-
ity to transform latently infected lymphocytes. Numerous lymphblastoid 
cell lines have been generated from tumors and lesions of MDV infected 
birds, which allows for an in vitro examination of the molecular mecha-
nisms underlying MDV latency and transformation. Recent small RNA 
profiling studies have suggested that microRNA (miRNA), a type of small 
regulatory RNA, is involved in viral latency. To further our understand-
ing of genes and pathways associated with MDV latency and reactivation 
the present study was undertaken to determine global transcriptome and 
miRNome changes upon viral reactivation induced by sodium butyrate in 
3 MDV transformed cell lines, MSB1, RP2, and CU115. Integration of the 
transciptome and miRNome will provide a detailed view of the pathways 
and regulatory networks associated with MDV latency and reactivation. 
In the first 24 h after the addition of sodium butyrate, microarray analysis 
of transcriptional changes in cell lines MSB1, RP2, and CU-115 identi-
fied 197, 139, and 118 differentially expressed genes, respectively. In 
addition, small RNA deep sequencing analysis has revealed more than 
20 host miRNAs were differentially expressed within 24hr of reactiva-
tion. Furthermore, the expression of miRNAs encoded by MDV was also 
altered upon reactivation, including mdv1-mir-M4 and mdv1-miR-M2–3p. 
Bioinformatic analyses found that many of the genes and miRNAs that 
are differentially expressed upon reactivation of MDV are involved in the 
regulation of the cell cycle, mitosis, DNA metabolism, and lymphocyte dif-
ferentiation. Together these results suggest that herpesvirus reactivation is a 
complex process, involving multiple cellular pathways associated with cell 
proliferation and survival, as well as, miRNA-mediated gene regulation.

Key Words: MDV, latency, transformation, microRNA, microarray

84   Effect of mine dust on immune status of layer chicken.  H. K. 
Muniyellappa,* M. L. Satyanarayana, S. Isloor, and C. Renukaprasad, 
Karnataka Veterinary Animal & Fisheries Sciences University.

Environmental pollution from mining activities can affect immune 
system of the host. The study investigated the effect of mine dust on 
immune response and pathomorphological alterations of immune organs 
in chicken. The experiment consisted of 5 treatment groups (A-E) with 
32 one-day-old layer chicks each, in a complete randomized design 
(CRD), for 5 weeks. Group A served as negative control and B received 
1.5% mine dust in feed; C and D received 3.0% mine dust. Groups D 
and E received a test immunomodulator (IMD; Immunotech) in water. 
All the chicks were administered ND, IBD and IB vaccinations and 
antibody titers were measured by Hemagglutination inhibition (HI) and 
IBV ELISA tests at weekly intervals. CD4 and CD8 cells from blood 
were measured by flow cytometry. Relative organ weights, gross and 
microscopic lesions of spleen, thymus and bursa were also recorded 
besides Delayed Type Hypersensitivity (DTH) reaction to S. aureus in 
the foot web. Two-way ANOVA was used to analyze the data. Analysis 
of mine dust by Atomic Absorption Spectrophotometer revealed the 
presence of Fe, Mn and Pb at 190.00, 157.5 and 4.5ppm, respectively. 
Mean ND-HI titers in Groups B, C and D were significantly lower than 
A. IBV ELISA antibody titers in Groups D and E were significantly (P 
< 0.01) higher than A and C. CD8 cells and DTH reaction in Group C 
were significantly lower than A. Relative weights of spleen, thymus and 

bursa were significantly higher in Groups C and D than others. Lymphoid 
tissue depletion and diffuse hemorrhages was common feature in all the 
immune organs. The study reiterated that exposure to mine dust resulted 
in immunosuppression. Higher ND-HI and IBV ELISA antibody titers 
recorded in Group E were attributed to test immunomodulator.

Key Words: mine dust, immunosuppression, immunomodulator, layer 
chicken

85   New monoclonal antibodies recognize macrophage cell sur-
face receptors on activated MQ-NCSU chicken macrophage cell 
line, but not activated HD11 chicken macrophages.  W. K. Chou*1, 
C. H. Chen1, D. Abi-Ghanem1, O. B. Faulkner2, B. M. Hargis2, and L. 
R. Berghman1, 1Texas A&M University, College Station, 2University of 
Arkansas, Fayetteville.

Macrophage heterogeneity, defined by cell surface receptors, is important 
in response to various kinds of stimuli. Although the recent progress in 
characterization of macrophage subpopulations in mammalian species is 
significant, their chicken counterparts are yet to be elucidated, requiring 
specific monoclonal antibodies (mAbs). In this communication, one of 
the subpopulations of chicken inflammatory macrophages was studied by 
using new mAbs raised against chicken peritoneal exudate macrophages 
(PEMs). Two mAbs that reacted strongly with PEMs were selected 
and designated as 3A8 and 4A5. To assess whether it is possible for 
new mAbs to recognize chicken inflammatory macrophages, 2 chicken 
macrophage-like cell lines, HD11 and MQ-NCSU, were treated with LPS 
(5μg/ml) to enhance levels of cell surface receptor expression. After 4 h 
of incubation, the expression of receptors recognized by our mAbs was 
measured by flow cytometry. Antigen expression levels were reported as 
median fluorescence intensity (MFI) ratios. The final MFI ratios were the 
value of each individual MFI divided by the MFI of unstained cells. Flow 
cytometric analysis showed that after stimulation, the subpopulations of 
MQ-NCSU cells recognized by 3A8 and 4A5 were slightly decreased 
(from 15.1 to 12.6% and 10.2 to 7.6%, respectively). However, the MFI 
ratios of 3A8 and 4A5 were increased from 4.248 to 7.203 and 1.732 to 
2.738, respectively, suggesting the numbers of recognized antigen per 
MQ-NCSU cell by our 2 mAbs were upregulated during inflammatory 
response. In contrast to MQ-NCSU cells, no differences were observed 
in the MFI ratios in HD11 cells after LPS stimulation. We further chal-
lenged the HD11 cells with LPS up to 16 h, but no increase in either cell 
numbers or MFI ratios were observed. The results suggest that the antigens 
recognized by the 2 mAbs are specifically upregulated in MQ-NCSU cell 
line. Further studies will focus on characterization of the antigen specifi-
cally upregulated during the inflammatory response in MQ-NCSU cells.

Key Words: heterogeneity, MQ-NCSU, HD11, monoclonal antibodies, 
median fluorescence intensity

86   Effect of different levels of vitamin E and mannanoligo-
saccharide on productive performance and immune response of 
broiler chicks.  H. S. El-Din*1 and A. EL-Hamid2, 1Poultry Diseases 
Dept., Fac. of Vet. Med., D Damanhour University, Damanhour, 
Behria, Egypt, 2Animal and Poultry Production Dept., Faculty of 
Agriculture, Damanhour University, Damanhour, Behria, Egypt.

A total 225, one day old broiler chicks were distributed into 5 groups 
in straight run design, each group contained 5 replicates of chicks per 

Poult. Sci. 91(Suppl. 1)30



each. The treatments were a control group without mannanoligosac-
charide (MOS; 0.5 and 1.0 g/kg) and Vit E supplementation (40 and 80 
mg/kg). The chicks was randomly housed in cage and provided water 
and feed ad-libtum. Chicks were vaccinated against Newcastle disease 
(ND) at 7th day and avian influenza (AI) at 10th day of age, Gumboro 
disease (IBD) at 13 d of age, and live vaccine of IBD and ND at 21 d 
old. During 38–48 d of age challenge trial was run using velogenic NDV. 
Supplementation of 1.0g MOS or 80 mg Vit E significantly decreased 
growth than the control group and the other groups, but differences in 
feed conversion ratio was not significant. The 1.0 g MOS or 80 mg Vit 
E significantly increased liver and gizzard percentage. Chickens given 
0.5g MOS significantly increased thymus percentage compared with 
only groups on 1.0 g MOS or 40 mg of Vit E. Total serum proteins and 
globulin were significantly greater of broilers on 0.5 g MOS or 40 mg 
of Vit E. The broilers on 80 mg Vit E had significantly lower serum urea 
than those on 0.5 g of MOS, however, 0.5 g MOS increased plasma 
creatinine than only those on 1.0g of MOS. Broilers on the control diet 
and those on the 1.0 g MOS had significantly greater alanine amino 
transferase/ aspartate amino transferase ratio than the other groups except 
that on 80 mg Vit E. The antibody titers against ND increased numeri-
cally in the group on 80 and 40 mg Vit E compared with the control diet 
and the other groups. The antibody titer against the AI was increased 
significantly in the broilers on MOS at 0.5 g/kg diet compared with the 
other groups. Different MOS and Vit E doses significantly increased 
villi height and width in the intestine as compared with the control diet. 
In conclusion, 0.5 g MOS or 40 mg of Vit E may be considered growth 
promoting agents; MOS had positive effect on gut morphology, leading 
to better performance and immunity to AI while 40 mg of Vit E improved 
immune response to NDV.

Key Words: broilers, MOS, vitamin E, immunity, gut health

87   Effect of diet fat source on broiler immune system.  A. R. 
Seidavi,* M. R. Poorghasemi, and A. A. A. Qotbi, Department of 
Animal Science, Rasht Branch, Islamic Azad University, Rasht, 
Guilan, Iran.

An experiment was conduct to investigation on effect of diet fat source 
on broiler immune system based on completely randomized design using 
5 treatments and each treatment was included 4 replicate by means of 2 
hindered broiler chickens Ross 308. Experimental treatments included 
(1) standard diet containing 4% tallow as animal fat; (2) standard diet 
containing 4% canola oil as plant fat, (3) standard diet containing 4% 
sunflower oil as plant fat, (4) standard diet containing 2% tallow as 
animal fat + 2% + canola oil as plant fat, and (5) standard diet containing 
2% tallow as animal fat + 2% + sunflower oil as plant fat. All immune 
traits were recorded. The obtained results showed that inclusion and 
changing of fat source of diet from vegetable to animal fats, and vice 
versa had no significant effect on response of immune system against 
SRBC injection (first or second injection), Newcastle vaccination, 
Gambro vaccination, infectious bronchitis vaccination; or spleen weight, 
spleen relative weight, bursa fabricius weight, bursa fabricius relative 
weight, or thymus weight (P > 0.05). However, fat source of diet had 
significant effect on thymus relative weight (P < 0.05).

Key Words: immune system, chick, fat, oil, thymus
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88   Effect of litter conditions on broiler chicken intestinal micro-
biome as revealed by a poultry intestinal tract chip (PITChip).  S. 
Wei,* M. Cressman, M. Lilburn, and Z. Yu, The Ohio State University, 
Columbus.

The complex microbiome present in poultry litter could affect the 
intestinal microbiome of birds, yet the relationship between the 2 
microbiomes remains poorly defined. The objective of this study was 
to use a recently developed poultry intestinal tract chip (PITChip) to 
examine the relationship between the litter and the gut microbiomes 
in broiler chickens. Chicks were randomly placed on fresh pine shav-
ings (fresh litter) or reused litter that had been used for 6 previous 
flocks. Samples of ileal mucosa and cecal content were collected from 
10 randomly sampled birds from both litter treatments at 7, 14, 21, 
and 42 d of age. Litter samples were also collected on each sampling 
day. Metagenomic DNA extracted from the samples was subjected to 
microarray analysis using the PITChip, which was designed based on 
the global diversity of the intestinal microbiome of poultry (turkeys and 
chickens) and allows simultaneous detection and semi-quantification 
of 1848 bacteria and 105 bacterial genera. Collectively, Anaerofilum, 
Porphyromonadaceae, Roseburia, Bifidobacteriaceae, Clostridales, 
Lachnospiroaceae, Shigella, Coprococcus and Salmonella appeared to 
be common and predominant in the samples. Differences in microbi-
ome structure and diversity were detected with respect to age and litter 
conditions. As expected, more bacteria were found in the cecal content 
with increasing age. Surprisingly, however, more bacteria were detected 
in the ileal mucosa of younger chicks than older birds. Compared 
with the fresh litter, the reused litter led to significant decreases in 
Pseudomonas, Salmonella, Roseburia, Lachnospiraceae, Oribacterium, 
Ruminococcaceae, Shigella, Mollicutes, and Bacteroidetes, while 
increasing Clostridiales, Lactobacillaceae, and Barnesiella. In sum-
mary, litter management can modulate the intestinal microbiome of 
broiler chickens and may have a profound effect on bird health and 
performance. The PITChip may be used in future integrated studies 
to investigate the relationships between the intestinal microbiome and 
diet, feed additives, litter management, flock health and performance.

Key Words: chicken, intestinal microbiome, litter, microarray, PITChip

89   Influence of raised plastic floors compared to pine shav-
ing litter on environment and Pekin Duck condition during the 
summer months.  G. S. Fraley*1, S. M. Fraley1,2, D. M. Karcher3, 
M. M. Makagon3, and M. S. Lilburn4, 1Biology Department & 
Neuroscience Program, Hope College, Holland, MI, 2South Crossing 
Veterinary Center, Kentwood, MI, 3Dept. of Animal Science, Michigan 
State Univ., Lansing, 4Dept. of Animal Science, The Ohio State Univ., 
Columbus.

The overall welfare of commercial Pekin ducks has been studied in the 
EU where straw is the predominant litter source. The predominant litter 
source in the US is, however, wood shavings with a recent trend toward 
using raised plastic flooring. A previous study evaluated the relation-
ship between flooring type and duck condition during winter months 
and found very few differences between the 2 in terms of overall duck 
well-being. The purpose of the current study was to re-evaluate the 2 
flooring systems during the hottest of the summer months to determine 
if the additional required ventilation has an impact on duck well-being. 
The condition of 100 ducks per barn from 18 commercial barns that 

produce ducks for Maple Leaf Farms (Milford, IN) located in north-
ern Indiana and southern Wisconsin (n = 9 litter; n = 9 raised plastic 
floor) was assessed at 7, 21, and 35 d of age. The ducks were randomly 
selected from 5 predetermined areas within each barn and scored for 
eye condition, nostril condition, feather cleanliness and quality, and 
foot pad quality. At 7 d, mean eye scores were slightly worse among 
ducklings on raised plastic versus litter; however, average nostril scores 
were better among ducks raised on plastic floors compared with litter. 
Feather cleanliness scores were significantly (P < 0.05) better in ducks 
reared on raised plastic floors at 21 d. Similarly, at 21 d foot pad scores 
were significantly (P < 0.05) better among ducks raised on plastic floors 
compared with litter. What few differences were observed, the number 
of ducks with excellent condition scores was typically higher in barns 
with raised plastic flooring compared with litter flooring. In summary, 
although very few differences were noted between flooring types, raised 
plastic flooring may have a slight advantage toward improved duck body 
condition during the summer months.

Key Words: well-being, body condition, feather condition, foot pads, 
eye condition

90   Comparative study of poultry litter treatment (PLT) and 
litter guard (LG) in maintaining air and litter quality with micro-
biological fluctuations over three consecutive broiler flocks.  D. B. 
Gholap,* K. S. Macklin, J. P. Blake, and S. F. Bilgili, Department of 
Poultry Science, Auburn University, Auburn, AL.

Six commercial broiler houses (12.2 × 152.4 m) were screened for 3 
consecutive flocks. Three houses were treated with Litter Guard (LG) 
7 d before bird placement; 18.9L in 378.5 L water. The other 3 houses 
were treated with PLT, 24 h before bird placement; applied in the cen-
tral brooding area at the rate of 24.4 kg/100m2. For all 3 flocks litter 
samples were collected before application of treatments and at 1, 8, 
15, 22, 29, 36 and 43 d of age at 4 equidistant locations in each house. 
Litter samples were analyzed for pH, water activity and microbiological 
analysis. Microbiological analysis included enumeration of total aerobic, 
anaerobic, enteric, Cl.perfringens and E.coli (cfu/gm). A Drager CMS 
analyzer was used for ammonia measurement. Five-hundred paws were 
collected at processing from each house and scored as score 0, 1 and 2 
depending on lesions. Results show that PLT application significantly 
(P < 0.5) decreased ammonia levels on d 1 as compared with LG (37.9 
vs. 59.4 ppm), but PLT was unable to maintain low levels after d 15. pH 
levels were significantly reduced (P < 0.10) by PLT on d 1 compared 
with LG (7.91 vs. 8.43). Whereas LG application gradually decreased 
pH until d 22, showing a gradual rise thereafter. Water activity was 
significantly lowered (P < 0.10) by PLT application on d 15 compared 
with LG (0.657 vs. 0.769) with constant low water activity for all other 
samplings. Aerobic bacterial counts were significantly decreased (P < 
0.10) by PLT on d 22 compared with LG application (8.778 vs. 9.224). 
E.coli counts were consistently lower in PLT applied houses with no 
significant differences (P > 0.10) detected. Anaerobic counts were 
significantly reduced (P < 0.10) by PLT on d 22 compared with LG 
(6.762 vs. 6.960). Cl.perfringens and coliform counts showed random 
variations for the entire experiment. Paw quality was deteriorated in 
PLT treated houses as compared with LG treated houses. House 2 and 
6 treated with PLT showed 2.4% and 28.4% score 1 paws respectively.

Key Words: ammonia, paw quality, PLT, LG
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91   Prevalence and abundance of Clostridium perfringens in 
chickens as affected by Bacitracin and litter management.  S. 
Wei,* A. Gutek, M. Lilburn, and Z. Yu, The Ohio State University, 
Columbus.

Necrotic enteritis and related subclinical diseases caused by Clostridium 
perfringens are costly to the broiler industry. The objective of this 
study was to investigate the interaction between litter management 
(fresh vs. reused) and dietary Bacitracin on prevalence and load of both 
generic and pathogenic C. perfringens in the gut of broiler chickens. 
Four flocks of chickens were randomly assigned to 2 treatments in a 2 
× 2 factorial arrangement of treatments: diets with or without supple-
mental Bacitracin and litter management (fresh vs. reused). Samples 
of ileal mucosa and cecal content were collected at d 10 and 35. This 
experiment was repeated over 3 successive flocks. The populations 
of generic C. perfringens, α-toxin-producing C. perfringens, and 
NetB-toxin-producing C. perfringens were quantified using specific 
quantitative PCR assays. All the cecal content samples were found to 
carry generic C. perfringens, ranging from 102 to 108 16S rRNA gene 
copies/g sample. NetB-toxin-producing C. perfringens was found in 
50% of the cecal content and 33% of the ileal mucosa samples, while 
α-toxin-producing C. perfringens was positive in 46% of the cecal 
content and 29% of the ileal mucosa samples. Both types of toxin-
producing C. perfringens were found in 42% of the cecal content and 
29% of the ileal mucosa samples. Chicken raised on the fresh litter 
with no supplemental Bacitracin had the greatest abundance of generic 
C. perfringens and toxin-producing C. perfringens, followed by the 
chickens raised on the reused litter fed no Bacitracin. NetB-toxin-
producing C. perfringens and α-toxin-producing C. perfringens were 
mainly detected in the Bacitracin-free birds, which had a relatively 
higher generic C. perfringens population. A significant interaction 
was noted between litter treatment and Bacitracin in 2 of the 3 growth 
cycles with respect to reducing all the 3 types of C. perfringens. In 
conclusion, litter reuse tended to reduce generic and toxin-producing 
C. perfringens, while supplemental Bacitracin significantly reduced 
all the 3 types of C. perfringens.

Key Words: chicken, necrotic enteritis, Clostridium perfringens, toxin, 
qPCR

92   Comparison of litter quality parameters of crust-out and 
windrow litter.  J. R. Timmons*1, G. Malone2, S. Mwangi5, J. Bower3, 
J. M. Harter-Dennis5, and W. Brown4, 1University of Maryland, College 
Park, 2Malone Poultry Consulting, Princess Anne, MD, 3Trinico Ag Inc, 
Greensboro, NC, 4University of Delaware, Georgetown, 5University of 
Maryland Eastern Shore, Princess Anne.

Windrowing litter between flocks has been adopted by some poultry 
producers as a means of recycling used litter and allows the litter to 
remain inside the house reducing the risk of exposure to the elements. 
Two experiments were conducted to compare ammonia levels and litter 
quality parameters of crust-out and windrowed litter in 2 560 X 60 ft 
chicken houses. The first experiment was conducted December–June 
and the second experiment was conducted July–January. The litter 
at the start of experiment one was one-flock old. The design of both 
trials was a Randomized Complete Block with a factorial arrangement 
of treatments and 3 replicates per treatment. The factors included 2 
litter management techniques (crust-out and windrow) and 2 locations 
within the house (brood chamber, BC and tunnel fan end, TF). The 
dependent variables measured in both experiments were litter quality 

parameters (pH, moisture and litter nutrient content), cake score, and 
fuel usage. Ammonia levels were measured only in experiment 1. 
Statistical differences were determined at P ≤ 0.05. No significant 
interactions were detected therefore only main effects will be reported. 
In both experiments, no differences between litter pH and moisture 
were detected due to litter management techniques. However, loca-
tion did effect litter pH in both experiments (Exp 1: 8.2 and 7.7; Exp 
2: 8.2 and 6.8, TF and BC respectively). Litter moisture was lower in 
the BC (19.8%) compared with the litter moisture in TF (21.2%) in 
Exp 1. No differences were detected in ammonia levels (34.6 ppm/
hour) in the house with crust-out treated litter compared with ammonia 
levels (36.9 ppm/hour) in the house with the windrowed treated litter. 
However, ammonia levels measured in the TF (40.1 ppm/hour) were 
higher compared with ammonia levels in the BC (31.4 ppm/hour). In 
both experiments litter management strategies did not have an effect 
on litter quality parameters, fuel usage and cake score. Results from 
these trials indicate that windrowing litter does not impact litter pH, 
moisture and house ammonia levels compared with traditional litter 
management strategies.

Key Words: windrow, litter, ammonia, moisture, pH

93   Carbon dioxide emission from male and female broilers of 
different strains.  A. M. L. Ribeiro,* J. D. Henn, and A. M. Kessler, 
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil.

Gas emissions in animal production is becoming an important envi-
ronmental issue. Carbon dioxide (CO2 ) production from respiration 
is the major contribution for greenhouse effect in broiler operations. 
It was aimed with this work to determine the equations parameters of 
the carbon (C) flow curves and to estimate the respiration carbon flow 
and CO2  in broilers of different strains, from 1 to 49d of age. Three 
hundred and 80 4 chicks of one day were used, assigned to 4 groups: 
fast growing male (M) and female (F) Cobb 500 and slow growing male 
and female Brazilian C-44 strain, with 6 replicates by treatment in a 
randomized complete experimental design. Birds were raised in 1 m2 
mini-pens, from 1 to 49 of age, fed corn-soybean based diets formulated 
to meet requirements. Weekly, average body weight (BW) and feed 
intake were measured and 16 birds were collected for evaluation of 
body composition. Carbon intake and retention was calculated based 
carbon content of feed and animal body, and the amount of expired C 
was estimated in a stoichiometric way by the equation: Expired C = 
digestible C intake – retained C – urinary C. The carbon flux curves 
were estimated fitting the data by non-linear regression using in the 
Gompertz function. Expired CO2  was calculated from expired C. A 
good fit was found in the non-linear model used, with a R2 > 0.99 in 
all growth and C flux responses. CO2  production was highly correlated 
to growth rate, so that at 42d of age expired CO2  (g/bird) was: Cobb 
M = 3216, Cobb F = 2789, C44 M = 2397, C44 F = 2079. However, 
age effect was also determinant in CO2  production, so that, to reach 
the same body weight of 2.0 kg, expired CO2  (g/bird) was: Cobb M = 
1693, Cobb F = 1882, C44 M = 2503, C44 F = 2836. Multiple linear 
regression was applied to all data and the equation: expired CO2  (g/
bird) = 105.26 + 507.9*BW (kg) - 13.13*Age (d) + 17.393*BWxAge 
(P < 0.0001, R2 = 0.97) was a simple fitted model with high predict-
ability to estimate individual broiler CO2  emission at any weight, age 
or strain, from 1 to 49d of age.

Key Words: CO2 , gas emissions, Cobb, carbon flow, growth curves
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94   Use of foaming disinfectants and cleaners to reduce aerobic 
bacteria on poultry transport coops.  C. Hinojosa*1, D. Caldwell1, M. 
Ross1, S. Iselt1, J. Garcia1, J. Hoffman1, K. Stringfellow1, R. Latham1, 
J. Lee1, J. Byrd2, and M. Farnell1, 1Texas A&M University, 2USDA 
Agricultural Research Service SPARC.

Poultry transport coops are rarely washed and have been demonstrated 
to be a major point of cross contamination of broiler carcasses. We 
hypothesized that foaming disinfectants and cleaners, commonly 
used within processing plants, can also be used to clean and disinfect 
poultry transport coops. Organic matter (homogenized fecal material) 
was evenly applied to the floors of 3 pre-cleaned transport coops and 
allowed to dry for one hour. Treatments consisted of a water rinse, a 
foaming agent alone, foaming cleaner (trial 1), or a foaming agent plus 
peracetic acid (PAA — trial 2). All foaming treatments were applied 
with a compressed air foam system using a 1 inch fire hose. Ten minutes 
post-treatment, all surfaces were lightly rinsed with water. Samples 
were collected from the transport coops before and following treatment 
utilizing a sterile 2 inch X 2 inch stainless steel template and a gauze 
swab pre-enriched with buffered peptone water. All swab samples were 
stomached, serially diluted, spread plated onto tryptic soy agar plates, 
incubated for 24 h at 37°C and enumerated. In trial 1, reductions (P < 
0.05) in bacterial (total aerobes) recovery were observed in the water 
rinse treatment (0.48 logs), foaming agent alone (1.00 logs) and the 
foaming cleaner (1.00 logs) when compared with the pre samples per 
respective coop. In trial 2, reductions (P < 0.05) in bacterial recovery 
were observed in the water rinse treatment (1.76 logs), foaming agent 
alone (2.09 logs) and the foaming agent plus PAA (4.08 logs) when 
compared with the pre samples per respective coop. These data indicate 
that a compressed air foam system may be used in combination with 
commercially available peracetic acid to reduce aerobic bacteria on the 
surfaces of commercial poultry transport coops.

Key Words: cleaning and disinfection, biosecurity, food safety, transport 
coops, poultry

95   Effect of range, cage-free, and cage environments on man-
hours committed to bird care in three brown egg layer strains.  K. 
E. Anderson,* North Carolina State University, Raleigh.

Growing public consumer awareness concerning poultry welfare has 
caused the egg industry to look to alternative environments for egg 
laying hens. The man-hour commitment to laying hen care has not 
been examined in detail since the 1950s. This study evaluated the man-
hour commitment associated with 3 different environments; free range 
system (R), cage-free (CF), and cage system (C). Within the R and CF 
environments 3 strain.breeds of hens, Hy-Line Silver Brown (HSB), 
Hy-Line Brown (HB), and Barred Plymouth Rock (BPR) were used to 
see if there were strain differences in man-hours associated for care. All 
birds were raised within the environment they were going to be laying 
in and were placed in their respective environments at 17 weeks of age, 
with the exception of the range birds; they were placed in the range 
huts at 12 weeks of age. The study was a 3 factor randomized design 
that commenced at 17 wk when the laying phase commenced with 8 R 
replicates, 24 CF replicates, and 4 C replicates. The replicate populations 
were as follows: R contained 75 birds per replicate; CF contained 216 
birds per replicate; and C contained 731 hens per replicate for a total of 
8,708 birds in the study. All husbandry was provided as appropriate to 
the production system and in accordance with the approved animal care 
procedures. Time was recorded for all of the procedures done within the 

replicates, i.e., Egg collection, feeding, etc. The data were transformed 
in 2 ways: First, was man-hours/bird housed; second, were man-hours/ 
bird surviving. All time data was analyzed using PROC GLM in SAS®. 
Man-hours/hen decrease (P < 0.01) from 17 to 37 wks. The C production 
environment required 0.334 h/hen housed which is lower (P < 0.0001) 
compared with either the CF at 0.486 h/hen housed or R at 1.268 h/
hen housed. Strain alone did not influence man-hours, however the 
strain with the poorest livability had the greatest (P < 0.001) man-hour 
requirement for hens surviving. This study substantiates the previous 
findings that moving from intensive to extensive production systems 
will increase man-hours/hen by 3 or 4 times.

Key Words: laying hens, range, cage-free, cage, labor

96   Effects of strain and molt method on physiological organ 
weight changes in commercial layer hens.  K. E. Anderson* and M. 
M. Evans, North Carolina State University, Raleigh.

Growing public concern for layer welfare provided the incentive to study 
the physiological response of 2 commercial egg strains to 3 different 
husbandry practices. Two groups of 492 hens, Hy-Line W-98 (W98) 
and Dekalb White (DW), were randomly assigned to the treatments: 
non-molted (NM), non-anorexic (NA), and feed-restricted (FR). The 
laying facility was divided by an opaque curtain wall to keep the light-
ing appropriate for the NM (16L:8D) and 9L:15D for NA and FR. Body 
component weights, were collected on d 0, 2, 4, 6, 8, 10, and 12 and on 
the final day the target of 25% weight loss. Body components included 
the whole keel, gizzard, liver, small intestine, ovary, and oviduct which 
were transformed to a percent body weight basis for analysis. The NM 
hens were heaviest (P < 0.05) at 1.88 kg and FR had an average weight of 
1.56 kg. The W98 hens were significantly (P < 0.0001) heavier than the 
DW hens. Weight loss from d 0 through 12 of the molt was continuous 
with significant interactions (P < 0.0001) of strain by day as well as in 
treatment by day. The NM had larger (P < 0.01) liver, ovary, and oviduct 
weights in comparison to FR and NA, which indicates that these organs 
appear to be the most affected during the molt. The molt period of d 0 
to 12 d shows a decrease (P < 0.01) in relative weight of the abdominal 
fat pad and liver, and a subsequent increase (P < 0.05) in percent whole 
keel. This indicates that muscle catabolism was not a component of 
the major weight loss. The interaction of treatment by strain, showed 
a significant difference (P < 0.0001) in the gizzard, liver, ovary, and 
oviduct percent weights, indicating a change in tissue re-structuring of 
these organs. From this it can be inferred that the ovary and oviduct 
are regressing due to nutrient allocations for body maintenance with a 
concurrent reduction in abdominal fat pad and liver weight attributed 
to fat and glycogen stores being catabolized to provide energy. The 
increased gizzard and whole keel weight may indicate that these organs 
are spared and remained relatively the same size throughout the molt. 
Thus the bird is not utilizing these muscles for energy.

Key Words: layer, molt, organ, egg, hen

97   LED versus CFL lamps on egg production parameters 
of SCWL laying hens.  M. J. Darre* and A. Ritchie, University of 
Connecticut, Storrs.

A 180 d trial was conducted to determine the effect of LED lamps placed 
on top of each cage vs CFL lamps in ceiling sockets on egg production 
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and feed consumption. Forty-four 30-week old Bovan SCWL hens 
were placed into 2 groups of 22 birds. Birds were weighed and housed 
2 per cage (108 sq in/bird) in the bottom tier of a small scale 2 tier 
stacked-deck cage system. One group was illuminated with 2 13 W, 
2700K CFL’s located in the ceiling at 72” from the cages and the other 
with 3200K LED’s, (Philips Lumileds) placed just above each cage on 
a 16L:8D photoperiod. Birds were given a 16% CP layer feed and water 
ad-libitum. Eggs were collected, counted, and weighed twice daily. 
Feed was weighed weekly and feed per unit egg mass calculated. Light 
intensity outside the cage at the lip of the feeder, and 3” inside the cage at 
the height of the lip of the feeder was measured with a Gossen Mavolux 
5032C digital light meter. CFL lamp intensity was reduced after 13 
weeks to about 0.78 fc at the outside feeder level, while the LED lamps 
remained unchanged. There was no difference in body weight between 
groups or at start and finish of the trial. Average intensity for CFL lamps 
was 3.03 and 1.25 fc at the feeder and in the cage at the start of the trial 
and after dimming was 0.78 and 0.313, and was 11.52 and 21.51 fc at the 
feeder and inside the cage for the LED’s throughout the trial. There were 
no significant differences (P < 0.05) in lbs feed/bird/day (0.290 −0.296, 
LED-CFL) or g feed/g egg (2.268 – 2.281, LED-CFL). Average hen day 
egg production was not different (87.9% - 87.8%, LED-CFL) nor was 
egg mass (66.3 g – 67.3, LED-CFL). It can be concluded that LED lamps 
do not adversely affect the production parameters of laying hens and can 
be used to reduce electrical energy consumption and cost of replacement 
lamps over time. It can also be stated that placing LED lamps directly 
over the birds in the cages did not adversely affect production. This may 
be useful in newer multi-deck cage systems where the distance from a 
lamp is so great it reduces the intensity at the lowest levels.

Key Words: LED lamps, CFL, light intensity, egg production, feed 
consumption

98   Flock age estimation using audio features.  N. V. Parrish*2,1, 
D. V. Anderson2, W. D. R. Daley1, D. F. Britton1, S. D. Harbert1, A. 
B. Webster3, and C. W. Ritz3, 1Georgia Tech Research Institute, 
Atlanta, 2Georgia Institute of Technology, Atlanta, 3University of 
Georgia, Athens.

Poultry scientists and researchers have been studying the possibility of 
identifying bird stress from the vocal patterns of broiler flocks. This is 
of interest in a grow-out house setting since such a system could allow 
rapid detection and intervention to address potential problems at any 
time during the growout cycle. As the birds in a flock grow, the nature 
of their vocalizations change; the system monitoring the audio must 
be able to identify stress or health features in context of the age of the 
flock. In this presentation, we describe a method and preliminary results 
for age classification using the C4.5 algorithm, a pruned-tree classifica-
tion method. Mel-Frequency Cepstral Coefficients (MFCCs) which are 
audio features commonly used for speech processing, are extracted from 
recorded sound data and used as the inputs to the classification algorithm. 
Sound data was collected continuously for an entire 69 d growout period 
of 400 Cobb 500 broilers raised under research conditions mimicking 
commercial operations. Results of the data processing and the C4.5 
classification indicate that age to the day can be determined within one 
day of error 70% of the time. This process of determining the age of 
the flock is intended to be a first step in a larger comprehensive system 
for identifying the condition of a flock and assessing animal welfare.

Key Words: audio, animal welfare, age estimation, C4.5 classifier, 
growout

99   Core and surface temperatures of turkeys exposed to dif-
ferent temperatures during the first 12 weeks of growth.  S. L. 
Mayes,* M. L. Strawford, H. L. Classen, and T. G. Crowe, University 
of Saskatchewan, Saskatoon, SK, Canada.

In 2010, Canadian poultry and egg producers paid, on average over 
$900K per farm in operational costs. One method to reduce opera-
tional costs for meat producers may be to lower rearing temperatures. 
Over time, growth rate of turkeys has changed, resulting in increased 
heat production and possible changes to their thermal tolerances. The 
objective of this study was to use an infrared camera to sense surface 
temperatures of birds exposed to 2 temperature regimens. Twelve 
Hybrid Converter turkeys, reared in common conditions, were exposed 
to one of 2 pre-set temperatures (n = 6) for a 2-h period once each week 
for 12 weeks. Exposure temperatures were control (TCon), as defined 
by the Hybrid recommendations, and 4°C below the control (TTrt). 
Temperatures of the breast (Tbreast), thigh (Tthigh), wing (Twing) and head 
(Thead) were recorded. Core body temperature (Tcore) was measured using 
a medical-grade thermometer inserted in the cloaca. As the flock aged, 
both TCon and TTrt were decreased, and Tbreast, Tthigh and Twing (P ≤ 0.01 
for each) followed the same trend. TTrt caused Tbreast, Tthigh and Twing to be 
reduced by 2.13°C, 1.81°C and 1.82°C, respectively (P ≤ 0.01), below 
surface temperatures recorded weekly at TCon. Thead was less responsive 
to exposure temperature as TTrt caused a reduction of only 0.60°C (P 
≤ 0.01). Tcore was unaffected by the different exposure temperatures 
(P ≥ 0.05), suggesting the soft tissues and feathers provided adequate 
insulation and allowed turkeys to cope with the lower exposure tem-
peratures. Insulation provided by feathers caused temperatures of the 
breast, thigh and wing to be more responsive to changes in exposure, 
while the absence of insulation around the head caused its temperature 
to be more closely linked to the stable core temperature.

Key Words: turkey, body temperature, infrared thermography, 
thermoregulation, temperature gradient

100   The effectiveness of using single comb White Leghorn 
laying hens for the integrated pest management of pole lima beans.  
A. F. Shelton* and B. A. McCrea, Delaware State University, Dover.

Pole lima beans are a regionally valued commodity and the influx of 
stink bugs has caused decreased bean yields. The purpose of this study 
was to assess the effectiveness of using Single Comb White Leghorn 
(SCWL) hens for insect pest management in a pole lima bean plot. Since 
the hens in this study were in production, the similarities and differ-
ences in relation to functional properties of those free-range eggs and 
retail white-shelled eggs were determined. The site for this study was 
Delaware State University’s Outreach and Research Center. Thirty-one 
18 mo old SCWL hens were obtained, given shelter and kept in a preda-
tor proof pen with access to the pole lima bean crop. The plot consisted 
of a control section of pole lima beans and 2 treatment sections of pole 
limas. The control area was not sprayed and did not contain chickens. 
Treatment one contained the chickens and was not sprayed, while treat-
ment 2 was sprayed, but did not contain chickens. The pests identified 
were Mexican bean beetles, stink bugs, and 2-spotted spider mites. The 
pests were counted weekly. The Haugh unit; shell thickness; weight of 
yolk, albumen, and shell; foam stability; and Roche color were measured 
for the retail-purchased white-shelled eggs and the free-range eggs 
from this flock. Coagulation, emulsification, and foam formation were 
also tested. Results indicate SCWLs were not as effective in managing 
stink bugs and Mexican bean beetles as the use of pesticides, but were 
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effective in managing 2-spotted spider mites. There were no significant 
differences between the functional properties of retail white-shelled 
eggs and the free-range eggs. The Roche color score for the yolks of 
the free-range eggs was higher numerically than those of the retail eggs. 
Future studies may show that SCWL hens are more effective for insect 
pest control in other vegetable cropping systems.

Key Words: Single Comb White Leghorn, integrated pest management, 
eggs, functional properties, sustainable agriculture

101   Family poultry production system in Iran: A review.  F. 
Mirzaei,* ASRI.

The global poultry meat production will increase to 130 million tons in 
2030, (Simons, 2005). In Iran, the quantity of per capita protein went 
up from 73 to 80 g per day. About 90% of the population food require-
ments are covered by domestic production. Production of poultry meat 
and eggs has increased during the last decade by 11 and 5.5% annu-
ally, respectively. Traditionally, native breeds of poultry were reared in 

villages under extensive and mixed systems. The poultry were marketed 
live by the villagers and there was not organized commercial marketing 
and distribution. In 1975, the population of native chicken was estimated 
to be about 16 million birds. A project for increasing the number of native 
poultry breeds started in 1983. In this project, various native breeds 
were reared in 14 poultry centers in different parts of the country and 
the vaccinated pullets distributed to the villagers. One important feature 
for the native poultry sector is that, they do not rely on formulated feed, 
which the most ingredients of which are imported from abroad. The 
project caused the number of native poultry to increase rapidly, which 
was 66 million birds in year 2007. There are several indigenous poultry 
breeds in various regions of Iran which had adapted to the corresponding 
local climatic and environmental conditions through long-term natural 
selection. The most important native fowls of Iran, at least in respect 
to population size, are the Mazandarani, the Farsi, the Esfahani and the 
Azarbaijani. In this review through survey method, various works have 
been studied for different years and investigated some results regard-
ing laying and meat production characteristics of indigenous chickens 
because of their adaptation to environment.

Key Words: native poultry, production system, egg, meat
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Metabolism and Nutrition: Amino Acids

102   Possibility of reducing protein level in the broiler finisher 
diets effects on growth performance, carcass yield and nitrogen 
excretion.  Y. A. Attia,* Department of Animal and Poultry Production, 
Faculty of Agriculture, Damanhour University, Damanhour, Behria, 
Egypt.

The effect of amino acid (AA) supplementations on improving uti-
lization of low protein diet and decreasing nitrogen excretion was 
studied with Hubbard broilers during d 28–49 of age (Trial 1) and 
30–45 of age (Trial 2). In trial 1 and 2, the positive control (PC) diet 
contained 18% CP while the negative control (NC) diet contained 15% 
CP supplemented with methionine plus lysine as those of the PC. In 
trial 1, the NC diet was formulated based either on corn-soybean meal 
without (vegetable protein) or with fish and meat meals (animal protein 
supplements) and supplemented or not with arginine (Arg), and valine 
(Val). Therefore, there were 3 experimental groups within each 15% CP 
source in addition to the PC. In trial 2, the NC diet was supplemented 
or not with either Arg, Val or Ile. In addition all of these amino acids 
without or with glycine as a source of amino acid nitrogen and urea 
as a nitrogen source were supplemented to the negative control diet to 
equalize nitrogen percentage between the NC and the PC diet. Thus, 
there were 6 experimental groups within the NC diet. Amino acids were 
supplemented to meet the NRC (1994) AA requirements for broiler 
chicks during 3–6 weeks of age. There were no differences (P ≥ 0.05) 
in growth and feed conversion ratio (FCR) among the experimental 
groups fed high or low-protein amino acid-supplemented diet. Intact 
protein utilization was improved (P ≤ 0.05) by feeding low protein 
AA-supplemented diet as compared with the high protein level. Feeding 
low crude protein diet supplemented with Met plus Lys had no effect 
(P ≥ 0.05) on carcass yield and protein, either extract and moisture 
percentage of the breast meat. Nitrogen excretion was decreased (P ≥ 
0.05) by about 20% when low protein AA-supplemented diets were 
fed compared with the high protein diet. In conclusion, it is possible 
to reduce protein levels to 15% in broiler finisher diets during d 28–49 
of age when supplemented with methionine plus lysine while reducing 
nitrogen pollution.

Key Words: amino acids, broilers, protein utilization, growth 
performance, nitrogen excretion

103   Correlation between ileal digestibility of amino acids and 
chemical composition of the soybean meals in 21-d-old broil-
ers.  M. Frikha1, M. P. Serrano1, D. G. Valencia1, P. G. Rebollar1, J. 
Fickler2, and G. G. Mateos*1, 1Departamento de Produccion Animal, 
Universidad Politecnica de Madrid, Ciudad Universitaria, Madrid, 
Spain, 2Evonik, Hanau-Wolfgang, Germany.

The correlations between the in vivo standardized ileal digestibility 
(SID) of crude protein (CP) and amino acids (AA) and the chemical 
composition of 22 soybean meal (SBM) samples originated from 
USA (n = 8), Brazil (BRA; n = 7) and Argentine (ARG; n = 7) were 
determined in broilers at 21 d of age. Birds were fed a commercial 
corn-SBM diet from d 1 to d 17 followed for 3 d by the experimental 
diets in which the SBM tested was the only source of protein (20.5% 
CP). Independent of origin, the SID values varied from 86.4 to 91.9 
for CP, 89.1 to 94.0 for Lys, 93.1 to 97.0 for Met, and 78.6 to 85.5 for 
Cys. The trypsin inhibitor activity (TIA) was positively correlated with 
the protein dispersibility index (PDI; r = 0.419; P < 0.05) and KOH 

solubility values (r = 0.732; P < 0.001). The SID of CP, Lys, and Cys 
were positively correlated with CP content (r = 0.514, P < 0.05; r = 
0.370, P < 0.10; r = 0.423, P < 0.05), KOH solubility (r = 0.696, P < 
0.001; r = 0.619, P < 0.01; r = 0.589, P < 0.01) and TIA (r = 0.541, 
P < 0.01; r = 0.416, P < 0.10; r = 0.449, P < 0.05) of the SBM. The 
correlations between SID of CP and AA and the NDF content were not 
significant. The SID of CP and AA were better related with KOH sol. 
values than with PDI values. The SID of CP and Lys were positively 
correlated with reactive Lys (r = 0.563; P < 0.01 and r = 0.486; P < 
0.05, respectively). Ileal digestibility of most limiting AA was higher 
for the USA and the BRA meals than for the ARG meals. For example, 
the SID were 92.1, 91.9, and 90.8 (P < 0.05) for Lys and 82.8, 83.3, 
and 80.0 (P < 0.01) for Cys for USA, BRA, and ARG meals, respec-
tively. It is concluded that the ileal digestibility of CP and Lys of the 
SBM increased with CP content, KOH solubility, TIA, and reactive 
Lys values. The SID of most indispensable AA, including Lys and Cys, 
were higher for USA and BRA meals than for ARG meals. Nutritionists 
should be aware of differences in AA digestibility among commercial 
samples of SBM for feed formulation.

Key Words: amino acid, broiler, ileal digestibility, Pearson correlation, 
soybean meal

104   Comparative amino acid digestibility for broilers and 
ducks.  C. Kong* and O. Adeola, Purdue University, West Lafayette, 
IN.

A total of 304 3-week-old broiler chickens and White Pekin ducks 
were used in a 7-d trial to compare ileal amino acid (AA) digestibility 
in soybean meal (SBM) and canola meal (CM) by using regression 
method. A corn-casein-cornstarch-based diet was mixed to contain 
15% CP.,Cornstarch was replaced with test ingredient (SBM or CM) to 
contain 18 or 21% of CP in 4 other diets. Nitrogen free diet (NFD) was 
used for standardization of apparent digestibility and chromic oxide as 
an indigestible marker. Birds received a standard starter diet from d 0 
to 14, the 6 experimental diets for 7 d in a randomized complete block 
design. On d 21, birds were asphyxiated with CO2 , digesta from the 
distal section of ileum was collected. The partial digestibility of AA 
from the test ingredients was assessed by multiple linear regression 
analysis using data on daily digestible (apparent or standardized) and 
total AA intakes. There was no significant interaction between species 
and ingredients for all AA digestibility regardless of standardization. For 
digestibility by regression of apparent digestible AA intake against AA 
intake, there was a higher (P < 0.05) digestibility for N, Lys, Thr, Val, 
Asp, and Pro in SBM than those in CM. Ducks had a higher digestibility 
of Cys and Pro (P < 0.05) than broilers. Within species, digestibility was 
not different between SBM and CM except for Lys of ducks and Pro 
of broilers (P < 0.01). After standardization, ducks had a higher digest-
ibility (P < 0.05) of N, Arg, Leu, Phe, Trp, Val, Ala, Cys, Pro, Ser and 
Tyr than broilers. Main effect of ingredient resulted in differences for 
N, Lys, Thr, Val, and Pro with higher digestibility (P < 0.05) for SBM. 
There was significant different between ingredients for digestibility of 
Lys in ducks and Pro in broilers. In conclusion, the result of this study 
indicated that AA digestibility for broilers should not be used for diet 
formulation for ducks.

Key Words: amino acid, regression, ileal digestibility, broilers, White 
Pekin ducks
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105   Relationship between in vitro assays and standardized ileal 
amino acid digestibility of animal protein meals in broilers.  S. J. 
Rochell,* D. L. Kuhlers, and W. A. Dozier III, Auburn University, 
Auburn, AL.

Animal protein meals (APM) are known to be variable in digestible 
amino acid (AA) contents. Two identical trials were conducted to 
determine the relationship of a novel digestive enzyme assay, Poultry 
Complete IDEA (PC IDEA), and the pepsin digestibility assay with 
standardized ileal amino acid digestibility (SIAAD) of 20 animal protein 
meals (APM) fed to broilers from 25 to 30 d of age. Animal protein 
meals included 10 meat and bone meals (MBM) consisting of bovine, 
porcine, or mixed bovine and porcine raw materials, and 10 animal 
protein blends. Treatments consisted of 20 semi-purified diets containing 
1 APM as the sole source of dietary AA, and 1 N-free diet to determine 
endogenous ileal AA flow. With the exception of the N-free diet, diets 
were formulated to contain 20% CP. In each trial, 756 Ross × Ross 
708 broilers were housed in battery cages and randomly assigned to 21 
dietary treatments on d 25 (12 birds per cage; 3 replicate cages), and ileal 
digesta were collected on d 30. Pepsin digestibility and PC IDEA were 
determined for APM samples from each experimental diet (3 replicate 
per trial; 6 total replicates). Pepsin digestibility and PC IDEA were 
both correlated (P < 0.001) with SIAAD for each AA. Multiple linear 
regression of PC IDEA and pepsin digestibility on SIAAD resulted in 
the following equations: % Lys SIAAD = [‒9.65 + (0.38 × % PC IDEA 
predicted Lys digestibility) + (0.69 × % pepsin digestibility)], % Met 
SIAAD = [‒35.95 + (0.62 × % PC IDEA predicted Met digestibility) + 
(0.75 × % pepsin digestibility)], % Thr SIAAD = [‒77.5 + (0.39 × % 
PC IDEA predicted Thr digestibility) + (1.37 × % pepsin digestibility)]. 
Values of R2 were 0.46, 0.47, and 0.55 for Lys, Met, and Thr, respectively. 
These data indicated that PC IDEA and the pepsin digestibility assay 
can be used to predict SIAAD of APM. The relatively low R2 values 
may have been due to the limited range in SIAAD observed for the 
20 APM, and additional data on APM varying in SIAAD are needed.

Key Words: standardized ileal digestibility, amino acid, meat and bone 
meal, broiler

106   Does formulation on a digestible basis for amino acid make 
productive sense for laying hens?  S. A. Adedokun,* L. Xu, and T. 
J. Applegate, Department of Animal Sciences, Purdue University, West 
Lafayette, IN.

The objective of this study was to determine the effects of amino acid 
(AA) concentration and diet formulation method (total, TOT and digest-
ible, DIG AA basis) on egg production (EP), feed conversion to EP, and 
egg quality parameters in laying hens. Hyline W36 hens (768) were used 
in this study. The study was conducted as a 2 × 4 factorial experimental 
arrangement in a completely randomized design study from 30 to 46 w 
of age. Diets were formulated on a TOT or DIG AA basis as well as by 
AA density (low, medium, medium-high, and high). All diets contained 
10% dried distillers′ grains plus solubles and 6% meat and bone meal and 
maintained the ratio of AA to Lys ratio. Forty-eight cages of hens (2 hens 
per cage, 542 cm2/bird) were fed each diet. Feed intake was determined 
monthly from 4 cage blocks (12 blocks per diet). Data were analyzed as 
a 2 (formulation methods) x 4 (amino acid densities) factorial. In addi-
tion to EP measures (egg number, egg weight, egg component and solids 
yield), feed-to-egg conversion (number and mass) was also determined 
for each treatment (diet). Hens on the lowest AA intake lost the most (P 
< 0.05) BW during this 16 wk laying period (8.1%). For egg production 

(number and mass), the AA density largely affected production with birds 
on low AA (TOT and DIG) producing fewer (P < 0.05) eggs (4.6 eggs/
bird) relative to birds on high AA density diet. Hen fed medium-high and 
high AA density had lower (P < 0.05) feed conversion (feed:egg number) 
relative to birds on low AA density diet. Formulation method (TOT vs. 
DIG) did not drastically impact number or mass of egg produced. There 
was a trend (P < 0.08) toward formulation on a DIG basis having improved 
production for birds fed the ′Medium′ level versus those fed on a TOT 
AA basis (3.3 eggs or 428 g more over a 16 wk lay). Based on the results 
from this study, there is the need for further investigation using different 
types and levels of alternative feed ingredients on production parameters.

Key Words: amino acid, digestible amino acid, laying hen, egg, total 
amino acid

107   Increasing protein intake for the post-hatch broiler concur-
rent with yolk sac depletion and subsequent live performance and 
fillet characteristics.  E. T. Moran*1 and E. E. M. Pierson2, 1Auburn 
University, Auburn, AL, 2Pierson Consulting LLC, University City, 
MO.

Dietary protein after emergence progressively replaces embryonic 
reserves through the first 7 d when fillet development is extensive. 
Additional feed protein was examined as a means to improve yield. Male 
chicks (41 g) from a 38 week old breeder flock (Ross × Ross 708) were 
placed on used litter floors (32 pens, 40 chicks, 13.7 m3 area). Alternate 
pens received either a standard corn-soybean meal crumbled starting feed 
(22.5% CP, 3.15 Kcal ME/g, 1.35% Lys) or the same feed substituting 
5% poultry fat for soybean meal (24.0%, 2.85 kcal/g, 1.45% Lys) for the 
first 7 d. Additional protein led to increased body weight (185 vs 175g, P

Key Words: breast meat, growth, post hatch nutrition, broiler, protein 
requirement

108   Digestible valine to lysine ratio of male broilers from 
twenty-six to forty-two days of age.  K. J. Meloche*1, P. B. Tillman2, 
R. B. Shirley3, and W. A. Dozier III1, 1Auburn University, Auburn, 
AL, 2Poultry Technical Nutrition Services LLC, Buford, GA, 3Ajinomoto 
Heartland Inc., Chicago, IL.

Valine is the fourth limiting amino acid for broilers fed corn-soybean 
meal based diets. This study examined growth and meat yield responses 
of broilers provided experimental diets varying in digestible (dig) Val 
from 26 to 42 d of age. Three-thousand one hundred and 20 Ross × 
Ross 708 male chicks were randomly distributed into floor pens at 1 d 
of age and were fed a common starter diet until 25 d of age. At 26 d of 
age, all pens were equalized with 25 birds (0.09 m2/bird) and fed the 
experimental diets until 42 d of age. Two diets (dilution and summit) 
consisting of corn and soybean meal were formulated to be adequate 
in all other amino acids with the exception of Val and Lys. The dilu-
tion and summit diets were blended to create 7 intermediate diets, for 
a total of 9 titration diets resulting in dig Val ranging from 0.57 to 89% 
(calculated). A control diet containing adequate dig Val (0.74%) was 
used for comparison with the titration diets. All diets were formulated to 
contain 0.95% dig Lys, which is slightly below the dig Lys requirement 
for male broilers from 28 to 42 d of age. Each treatment was represented 
by 12 replicate pens. True Val digestibility, BW gain, feed intake, dig Val 
intake, dig Val intake/BW gain, feed conversion, mortality, and carcass 

Poult. Sci. 91(Suppl. 1)38



characteristics were assessed during experimentation. True Val digest-
ibility of the dilution diet was determined to be 0.60%. Digestible Val to 
Lys ratios were estimated using broken-line methodology. Broilers fed 
progressive additions of dig Val resulted in linear improvements (P ≤ 
0.05) in BW gain, feed conversion, carcass weight, and total breast meat 
weight. Digestible Val to Lys ratios for Ross × Ross 708 male broilers 
ranged from 76 to 78 for BW gain, feed conversion, and total breast 
meat weight. These data support a minimum dig Val ratio of 76 for male 
broilers from 28 to 42 d of age, which concurs with our previous research.

Key Words: amino acid, broiler, valine

109   Dietary tryptophan supplementation lowers plasma cor-
ticosterone levels in broiler breeder hens.  D. A. Neves*1, R. B. 
Shirley2, M. E. Freeman1, J. L. Usry2, and A. J. Davis1, 1University of 
Georgia, Athens, 2Ajinomoto Heartland, Chicago, IL.

Limited previous research in chickens indicates that providing dietary 
tryptophan above the requirement for maintenance and growth or 
production may alleviate behavioral stress. It was hypothesized that 
the elevated intake of tryptophan increased the production of serotonin 
which positively modulated behavior. Broiler breeder hens are feed 
restricted during rearing and breeding which may cause stress. In the 
current research, broiler breeder hens were fed a diet supplemented with 
0.05% crystalline tryptophan (TRP) to determine if it would enhance 
reproductive performance and reduce stress as indicated by plasma cor-
ticosterone (CORT) levels. At 29 weeks of age, 96 birds were selected 
from 600 Cobb 500 fast feathering pullets, split into 2 equal groups and 
placed into individual cages. The body weight profile of the 48 hens in 
each group was equivalent and reflected the body weight profile of the 
entire cohort of pullets from which they were selected. At 35 weeks of 
age, after allowing acclimation to the cages and ensuring that the origi-
nal groups were still equal in weight profile and production parameter, 
one group of hens was maintained on a broiler breeder diet containing 
0.20% TRP while the other group was fed this diet supplemented with 
0.05% TRP. All birds were fed individually the same amount of total feed 
once per day until 62 weeks of age. Hens were artificially inseminated. 
Body weight and egg production, weight, specific gravity, fertility and 
hatchability were monitored. Blood samples were taken at 39, 48 and 58 
weeks of age for plasma corticosterone assessment by EIA. While the 
TRP supplement had no overall effect on any reproductive parameters, 
plasma corticosterone was significantly (P < 0.05) decreased by TRP 
supplementation at each time point examined. The results indicate that 
TRP supplementation may alleviate stress associated with restrictive 
feeding boiler breeder hens which might have a more profound effect 
on reproductive performance in an industry setting.

Key Words: broiler breeder, production, stress

110   Dietary lysine requirements of female Japanese quails 
base on performance and immunity variables from twenty-one to 
forty-two days of age with different requirement determination 
methods.  M. Shivazad,* I. Hajkhodadadi, H. Moravej, and A. Zare-
Shahneh, University of Tehran, Karaj, Iran.

The present research was conducted to estimate the dietary lysine (Lys) 
requirement of growing female quail base on performance, carcass con-
stitutes and immunity parameters at 24 to 42 d of age. A dose-response 

diet mainly based on corn, corn gluten and soybean meal was used. Lys 
content was minimized in dose-response diet (1.00%) while assuring the 
minimum levels of all other essential amino acids in a manner that would 
meet or exceed NRC (1994) recommendation. This experiment was car-
ried out in a complete randomized design arrangement with 6 dietary 
Lys level; 1.00, 1.15, 1.30 (NRC 1994), 1.45, 1.60, and 1.75%, from 21 
to 42 d of age. Each treatment was consisted of 5 floor pens as replicate 
with 50 quail chicks. With increasing dietary Lys level, body weight, 
body weight gain and feed conversion ratio improved significantly (P 
< 0.05). Feed intake, carcass weight, breast weight and yield, thigh 
weight, and packed cell volume, were significantly (P < 0.05) affected 
by dietary Lys. The thigh yield, response to SRBC (sheep red blood 
cell), white blood cell count, lymphocyte, heterophil and Monocyte 
percentage, not influenced significantly (P > 0.05) by dietary Lys at 42 
d of age. Our results suggested Lys requirement can be estimated to be 
as 1.35, 1.47% when feed conversion, BW gain, and breast and thigh 
meat properties are considered and may be at least 1.38, 1.55% when 
immunity variables are taken into account in female Japanese quails at 
21–42 d of age for second order polynomial and quadratic broken-line 
models respectively. These results indicated that the NRC (1994) Lys 
requirement 1.30% is not adequate for female Japanese quails from 21 
to 42 d of age. Future research, however, should determine lysine needs 
for immune system functions of quails reared in conventional environ-
ments or during an infectious challenge.

Key Words: quail, lysine, performance, broken-line, second order 
polynomial

111   Protein expression in pectoral skeletal muscle of chickens 
as influenced by dietary methionine.  W. Zhai*1, L. F. Araujo1, S. C. 
Burgess1, A. M. Cooksey1, K. Pendarvis1, Y. Mercier2, and A. Corzo1, 
1Mississippi State University, Mississippi State, 2Adisseo France, 
S.A.S. Commentry, France.

This study evaluated the effect of dietary methionine (Met) on Pectoralis 
muscle development, and the impact that Met as a nutritional substrate 
has on gene and protein expression of skeletal muscle cells of Pectoralis 
muscle of chickens. Broiler chickens received a common pre-test diet 
up to 21 d of age, and were subsequently fed either a low (LM) or high 
Met (HM) diet (0.41 vs. 0.51% of diet) from 21 to 42 d of age. Dietary 
deficiency was shown in vivo judging by the depression in breast 
meat weight (P = 0.002) and yield (P < 0.001) when broilers were fed 
the LM diet. Global protein expression was analyzed by quantitative 
high-performance liquid chromatography nanospray ionization tandem 
mass spectrometry. Up- and downregulated proteins were analyzed via 
Ingenuity Pathways Analysis to identify the genetic pathways affected. 
Six canonical pathways were identified as differentially regulated 
between LM and HM fed chickens: citrate cycle, calcium signaling, actin 
cytoskeleton signaling, clathrin-mediated endocytosis signaling, germ 
cell-sertoli cell junction signaling and cellular effects of sildenafil. More 
nutrients may have been absorbed into the muscle cells for muscle pro-
tein deposition. Even though the supplementation of Met has increased 
breast muscle growth, the contraction fiber concentration in the muscle 
decreased and associated with lower calcium transportation rate and sen-
sitivity, as well as lower energy supply to the contraction. The increase 
of muscle protein deposition induced by Met supplementation might 
have been caused by sarcoplasm rather than myofibrillar hypertrophy.

Key Words: broiler, methionine, pectoral skeletal muscle, protein 
expression
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112   Growth performance and arginine metabolism of broiler 
chicks as affected by dietary arginine and methionine.  B. Zhang,* 
P. Jiao, J. Yuan, and Y. Guo, China Agricultural University, Haidian 
District, Beijing, P.R.China.

An experiment was conducted to determine the effects of different 
levels of arginine (Arg) and methionine (Met) on growth performance 
and carcass composition in chicks, and to determine Arg require-
ment of male broilers feeding diets containing different levels of 
Met. The study with 8 treatments arranged as 4 × 2 factorial. The 
4 dietary levels of Arg were 80%, 100%, 120%, and 140% of NRC 
(1994) recommendation and those of Met were 100% and 120% of 
NRC (1994) recommendation. Four hundred and 80 one-day-old 
male Arbor Acres broiler chicks were obtained from a local hatchery 
and randomly allocated into 8 groups with 5 replicates of 12 chicks 
each. The experimental period lasted 42 d. On d 42, one chick per 
replicate was randomly selected to measure breast and leg muscle 
and abdominal fat weight, breast muscle fiber diameter and creatine 
analysis, and kidney arginase activity. The broken-line linear model 
was used to estimate the Arg requirements of the chicks. The result 
showed that Arg supplementation could increased (PL < 0.05, PQ < 
0.05) body weight gain (BWG) but decrease (PL < 0.05) feed conver-
sion ratio (FCR) for 1 to 3 wk and 1 to 6 wk of age. However, Met 
level had no effect on growth performance. An interaction on FCR 
for 1 to 6 wk was observed between Arg and Met levels. Increased 
Arg level increased breast muscle yield (PL < 0.05, PQ < 0.05), 
fiber diameter (PL < 0.05, PQ < 0.05), leg muscle yield (PL < 0.05, 
PQ < 0.05) and linearly decreased abdominal fat yield (PL < 0.05). 
Arginase activity was highest in 120% of NRC (1994) Arg group. Arg 
supplementation significantly increased muscle creatine content (P 
< 0.05). The regression model suggested that the highest BWG and 
lowest FCR were obtained when Arg was supplemented at 117.3% 
and 119.3% of NRC (1994) recommendation for 0 to 3 wk when Met 
was supplemented at NRC (1994) recommendation. The data indicate 
that moderate Arg supplementation improves growth performance of 
broiler chicks and might lead the partitioning of nutrients away from 
adipose tissue deposition toward muscle growth through enhancement 
of Arg metabolism.

Key Words: arginine, methionine, growth, requirement

113   Establishing the bioavailability of lysine in corn DDGS 
for D3-42 Cobb 500 male broilers.  K. G. S. Wamsley*1, R. E. 
Loar II2, K. Karges2, and J. S. Moritz1, 1West Virginia University, 
Morgantown, 2POET LLC, Sioux Falls, SD.

The objective of the current study was to evaluate the bioavailability 
of lysine in corn distillers dried grains with solubles (DDGS) as DDGS 
inclusion in diets increased to evaluate if established digestible lysine 
(Dig Lys) values (0.70% Dig Lys) needed altering due to advances in 
DDGS production and broiler genotypes. A 5x3 factorial analysis was 
utilized with variations in diet formulations for Dig Lys (70, 80, 90, 100, 
or 110% of agristat recommendations) and DDGS Level (No, Low, or 
High). Starter diets contained either 0% DDGS or a low inclusion of 
4% DDGS. Grower diets (D11–22) contained 0, 5, or 10% DDGS and 
Finisher diets (D23–42) contained 0, 10 or 20% DDGS. All diets were 
manufactured at West Virginia University′s pilot feed mill and descrip-
tive manufacture data was obtained. Increasing DDGS inclusion lowered 
relative electrical energy use of the pellet mill. Diets containing Low 
DDGS had similar pellet qualities compared with diets containing No 

DDGS across Dig Lys. All diets were ground to eliminate feed form 
before feeding. Treatments were randomly assigned to one of 90 pens 
containing 22, 3-d-old Cobb 500 chicks. The experimental period was 
D3–42 with measured variables including: average bird weight (BW), 
average live weight gain (LWG), pen feed intake (FI) and feed con-
version ratio (FCR). On D43, 2 birds/pen ± 0.1kg of pen mean were 
chosen for carcass characteristics (CC). Average FCR, ending BW 
and CC improved with increasing levels of Dig Lys and DDGS (P = 
0.0001). Improvements were most dramatic across Dig Lys levels in 
diets containing Low DDGS. Quadratic equations were derived for each 
performance metric across Dig Lys levels and solved 2 ways: 1) using 
the observed metric resulting from each DDGS inclusion at the lowest 
Dig Lys level in the equation derived from No DDGS inclusion and 2) 
selecting a common performance metric and comparing Dig Lys predic-
tions across DDGS inclusions. These data demonstrate that the current 
Dig Lys coefficient for DDGS is justified, but may be underestimated 
by 0.08 percentage points.

Key Words: DDGS, digestible lysine, feed manufacture, broiler 
performance

114   Modulation of immune-related gene expression by dietary 
threonine and purified fiber during a coccidiosis challenge.  E. L. 
Wils-Plotz* and R. N. Dilger, University of Illinois, Urbana.

Coccidiosis is a major contributor to economic losses in the poultry 
industry due to its deleterious effects on growth performance and nutri-
ent utilization. We hypothesized the combined effects of supplemental 
threonine (Thr) and purified dietary fiber would benefit immune-related 
gene expression and gut morphology of chicks infected with Eimeria 
maxima. A semi-purified, Thr-deficient basal diet (3.2 g of Thr/kg 
diet) was supplemented with 7% silica sand (control), cellulose, or 
high-methoxy pectin and one of 2 levels of Thr (0 or 9.6 g/kg diet; 6 
diets total). At d 1 post-hatch, 432 male crossbred male chicks were 
randomly allotted to dietary treatments, and on d 10 post-hatch, an 
equal number of chicks on each treatment received either 0.5 mL of 
distilled water or an acute dose of Eimeria maxima (1.5x103 oocytes) 
with 6 replicate pens of 6 chicks per each of 12 treatments. Chicks 
remained on study from hatch to d 15 post-hatch, at which time cecal 
tonsil and ileal mucosal samples were collected for mRNA expression 
of mucin (MUC2) and cytokines [interleukin (IL)-1β, IL −12, IL-8 and 
interferon-gamma (IFNG)]; expression was relative to the Thr-deficient, 
control diet. In mucosal scrapings, pectin-fed chicks had decreased (P 
< 0.001) IL-12 and IFNG expression. Infection decreased (P < 0.01) 
MUC2 and increased (P < 0.01) IL-12 mRNA expression. There 
was an interaction (P < 0.001) between fiber and infection status for 
IFNG, and an interaction (P < 0.05) between fiber and Thr for MUC2 
and IFNG, as well as a 3 way interaction (P < 0.05) for IL-12 and 
IFNG. In cecal tonsils, birds receiving fiber had increased (P < 0.01) 
IL-1β expression, and the control and cellulose diets increased (P < 
0.01) IFNG expression compared with pectin. Expression of IFNG 
was increased (P < 0.001) by infection and an interaction (P < 0.05) 
between fiber and infection was observed. Interactive effects (P < 0.01) 
between infection and Thr were observed for IL-1β and IFNG. These 
findings suggest that the combined effects of dietary fiber source and 
Thr may impact immune-related gene expression in growing chicks 
infected with coccidiosis.

Key Words: Eimeria maxima, pectin, cellulose, chick, cytokine

Poult. Sci. 91(Suppl. 1)40



115   Relative bioefficacy of natural methionine compared with 
synthetic methionine in broiler chicks.  Z. Hayat*1,2, M. Akram2, 
A. M. Rana3, S. Mehmood1, and J. Husain1, 1Department of Animal 
Sciences, University of Sargodha, Sargodha, Pakistan, 2Department 
of Poultry Production, University of Veterinary & Animal Sciences, 
Lahore, Pakistan, 3HiVet Animal Health, Lahore, Pakistan.

Methionine is a sulfur containing amino acid which is dietary essential 
for healthy and productive poultry. It is usually considered as the first 
limiting amino acid and poultry diets are supplemented with its synthetic 
form for balanced feed formulation. The objective of the study reported 
herein was comparison of relative bioefficacies of natural methionine 
source (Mercometh; MM) and synthetic methionine (dl-methionine; 
DLM) in broiler chickens. Day old broiler chicks (straight run Cobb500; 
n = 360) were purchased from a local hatchery. These chicks were 
randomly allotted to one of 4 experimental diets with 6 replicates of 
15 chicks each totaling 90 chicks per treatment. The basal starter and 
finisher diets were formulated to be deficient in methionine to detect 
clear differences between the bioefficacies of added methionine sources. 
Other 3 diets were prepared with addition of MM, DLM or MM+DLM 
to fulfill dietary methionine requirements of broilers corresponding to 
age. Experiment was conducted for 6 weeks under completely random-
ized design. Statistical analysis of data revealed significant (P < 0.05) 
differences between the basal diet (deficient in methionine; negative 
control) and other experimental treatments with inclusion of different 
methionine sources with respect to body weight, feed conversion and 
production efficiency factor. However, feed consumption was indepen-
dent of dietary treatments (P > 0.05). Experimental diets supplemented 
with different methionine sources did not significantly affect produc-
tion performance of the birds. Non-significant differences were also 
observed for slaughter data and serum biochemistry values of chicks 
fed on different experimental diets. It may be concluded from this pre-
liminary trial that natural methionine has potential to replace synthetic 
methionine in broiler diets.

Key Words: amino acid, synthetic methionine, natural methionine, 
broiler

116   Effect of excess lysine and methionine on immune system 
and performance of broilers.  M. Bouyeh,* Islamic Azad University, 
Rasht branch, Guilan, Iran.

The present work was carried out to investigate the effects of excess 
dietary lysine (Lys) and methionine (Met) on some blood immune 
parameters and the performance of broiler chicks. Three hundred male 
Ross 308 broilers were allotted to 5 groups, each of which included 4 
replicates (15 birds per replicate) in a completely randomized design. 
The treatment groups received the same basal diet supplemented with 
Lys and Met (as TSAA) in 0, 10, 20, 30 or 40% more than NRC (1994) 
recommendation. The collected data were analyzed by SPSS software 
and Duncan test was used to compare the means on a value of P < 0.05. 
The results indicated that the 2 highest levels of Lys and Met treatments 
(30 and 40% more than NRC recommendation) led to significant increase 
in blood lymphocytes and decrease in heterophils and ratio of heterophils 
to lymphocytes as a stress index (P < 0.01). There was a linear increase 
in Newcastle antibody parallel with increasing dietary Lys and Met in 
42 d of age (P < 0.01) but not 21d. Carcass efficiency, breast muscle 
yield, heart and liver weight were also increased by the 2 highest levels 
of Lys and Met (P < 0.05), whereas feed conversion ratio (FCR) was 
the least in these 2 treatment groups (P < 0.05). Addition Lys and Met 
40% more than NRC tend to significant decrease in body weight gain 
(P < 0.05) but there was no significant effect of treatments on thigh and 
leg yield. The finding of this experiment showed that increasing Lys 
and Met to diets of today broiler in excess of NRC recommendations 
can improve immune system functions, FCR, abdominal fat deposition, 
breast meat yield and carcass efficiency. Results reported here support 
the hypothesis that it is possible to produce more healthy and economic 
poultry meat by supplementation excess Lys and Met to broiler diets.

Key Words: lysine, methionine, immune system, broiler

117   Withdrawn.
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118   Effects of trypsin inhibitor levels in soybean meal on broiler 
performance.  T. Loeffler,* S. R. Baird, A. B. Batal, and R. Beckstead, 
University of Georgia Athens.

High levels of trypsin inhibitors (TI), one of the major anti-nutritional 
factors in SBM, can affect nutrient absorption and bird performance. Five 
soybean meals (SBM) ranging from 3,100 to 46,100 TIU/g were used in 
a performance trial to determine a threshold for trypsin inhibitors in the 
diet. The SBM products were grouped into 2 categories: cold pressed SBM 
and solvent extracted SBM. Of the cold pressed varieties (unheated), there 
was an ultra-low trypsin SBM (5,000 TIU/g), a low-trypsin SBM (16,000 
TIU/g), and a heated and unheated commodity SBM (25,500 and 46,100 
TIU/g respectively). The solvent extracted SBM was a heated commod-
ity blend (3,100 TIU/g). A corn –SBM mash diet was formulated using 
determined TME and digestible AA values, and the CP and AA levels 
were 7.5% below NRC recommendations. SBM was included in the diet 
at 30%. The experiment used Cobb 500 x Hubbard M99 chicks from a 
commercial hatchery. The diets that contained up to 4,100 TIU/g did not 
have a significant effect on performance parameters of broilers over a 28-d 
period. From 0 to 14d of age, the effects of high TI (values over 9,100 
TIU/g) in the diet negatively impacted body weight and feed intake, but 
not feed efficiency. Feed efficiency was not significantly different from 
0 to 14 d of age, which may be due to physiological variation among the 
birds and between the pens. Body weight and feed intake significantly 
decreased (P < 0.05) from 0 to 21d of age as TIU levels in the diet increased 
from 4,100 to 9,400 TIU/g. Feed intake was not significantly different 
for the first week of growth which was probably due to the feed conver-
sion and the rate at which the birds grow. Pancreas weights increased in 
a linear fashion (P < 0.05) as TI levels in the diets increased from 0 to 28 
d. Trypsin inhibitor levels over 9,100 TIU/g affect broiler performance 
the most when fed from 0 to 14 d of age, but not from 15 to 28 d of age. 
This may be due to the birds adapting physiologically to a diet high in 
trypsin inhibitors. Birds from 0 to 28 d seem to tolerate TI levels up to 
4,100 TIU/g in the diet and perform normally.

Key Words: soybean meal, trypsin inhibitor, broiler

119   Nutritional evaluation of new reduced oligosaccharide soy-
bean meal in poultry.  X. Chen,* C. M. Parsons, and P. L. Utterback, 
University of Illinois at Urbana-Champaign, Urbana.

The nutritional value of a new reduced-oligosaccharide soybean meal 
(SBM-RO) and conventional SBM (SBM-CV) was evaluated and com-
pared in 4 experiments. The first experiment was a true metabolizable 
energy (TMEn) assay with conventional roosters. The second experiment 
was a precision-fed cecectomized rooster assay to determine TMEn and 
amino acid digestibility. The third experiment was a standardized ileal 
amino acid digestibility (SIAAD) assay in which broiler chicks were fed 
semi-purified diets containing 20% protein (from only the test ingredi-
ent) for 17–21 d of age and ileal digesta were collected on Day 21. The 
fourth experiment was a growth performance trial (8 to 21 d of age) 
where broiler chicks were fed corn-SBM diets (2,937 MEn/g, adequate 
in all AA) containing 38.84% SBM-RO or SBM-CV. The protein 
content (100% DM basis) of the SBM-CV and SBM-RO was 51.85% 

and 54.75%, respectively. The gross energy of the 2 SBM was similar. 
The TMEn values in both conventional roosters and cecectomized 
roosters were found to be significantly higher for SBM-RO than for 
SBM-CV (difference was approximately 200 kcal/kg DM). Amino acid 
digestibility in cecectomized roosters was statistically similar between 
SBM-CV and SBM-RO, with the exception of Trp, Ala, Asp and Cys 
(SBM-RO > SBM-CV, P < 0.05). No significant differences between 
the SBMs were found for AA digestibility in the SIAAD assay. In the 
growth performance trial (Experiment 4), the corn-SBM diet contain-
ing SBM-RO yielded significantly higher feed efficiency than the diet 
containing SBM-CV. The results indicated that the SBM-RO contains 
higher ME than the SBM-CV and that digestibility of AA in SBM-RO 
is similar or a slightly higher than SBM-CV.

Key Words: soybean meal, oligosaccharides, amino acid digestibility, 
metabolizable energy, growth performance

120   Growth performance and meat yield responses of broil-
ers fed diets containing low oligosaccharide soybean meals from 
one to forty-two days of age.  K. R. Perryman*1, W. D. Berry1, H. 
A. Olanrewaju2, and W. A. Dozier III1, 1Auburn University, Auburn, 
AL, 2USDA ARS, Poultry Research Unit, Mississippi State, Starkville.

An experiment was conducted to determine the effects of broilers fed 
diets formulated with low oligosaccharide soybean meals (SBM) on 
growth performance, meat yield, and physiological variables during 
a 6 week production period. Fifteen hundred Ross × Ross 708 male 
chicks were randomly distributed to 60 floor pens (25 birds per pen; 
0.09 m2 per bird at 1 d of age). Birds were fed diets formulated with 1 
of 3 SBM sources [conventional SBM (CSBM), low oligosaccharide 
SBM (LOSBM), or ultra-low oligosaccharide SBM (ULSBM)] and 
either moderate or reduced AMEn (25 kcal/kg) values in a 3 × 2 factorial 
treatment design. Diets were formulated using AMEn and ileal amino 
acid digestibility values determined from previous research utilizing 
the same SBM sources. Variables measured consisted of BW gain, feed 
intake, feed conversion ratio, mortality, incidence of pododermatitis, 
carcass characteristics, digesta viscosities and pH, and concentrations of 
free fatty acids, glucose, and triglycerides in blood plasma. Significant 
interactions and main effects of AMEn concentration were not observed 
between treatments. Feed conversion ratio was lower (P < 0.001) for 
birds fed diets containing ULSBM vs. LOSBM and CSBM from 1 to 
28 and 1 to 42 d of age. Broilers fed diets formulated with ULSBM had 
higher (P < 0.05) carcass yield vs. birds fed diets with CSBM. Breast 
meat yield was higher (P < 0.021) for birds fed diets containing LOSBM 
and ULSBM vs. CSBM, and abdominal fat percentage was higher (P 
< 0.027) for birds fed diets containing LOSBM vs. CSBM. Incidence 
of pododermatitis was higher (P < 0.002) for birds fed diets containing 
CSBM compared with LOSBM and ULSBM. Diets formulated with 
ULSBM and LOSBM had 45 to 70% less oil inclusion compared with 
diets formulated with CSBM. These data indicated that no adverse 
growth or meat yield responses were observed for broilers fed diets 
formulated with low oligosaccharide soybean meals.

Key Words: soybean meal, oligosaccharide, broiler, AMEn
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121   Nutrient digestibility in Canadian-grown pulse crops com-
pared to soybean meal for growing broilers at 15- and 29-d of age.  
M. Oryschak*1, D. Korver2, and E. Beltranena1,2, 1Alberta Agriculture 
and Rural Development, Edmonton, AB, Canada, 2University of 
Alberta, Edmonton, AB, Canada.

Nutrient digestibility in zero-tannin ‘Snowbird’ fava bean (FB), ‘Cooper’ 
field pea (PEA), and ‘Arabela’ lupin (LUP) compared with soybean 
meal (SBM) was determined in broilers at 15- and 29-d of age. On the 
day of hatch, male broiler chicks (Ross 308; n = 650) were distributed 
among 50 cages, which were divided into 2 groups, consisting of 32 or 
28 cages that would be sampled on d 15 and 29, respectively. Birds in 
both groups were given access to 1 of 4 test diets for 7 d before sampling 
ileal digesta (d 15 or 29) in a RCB design with 8 and 7 replicate cages per 
treatment, respectively. Test diets consisted of 70% of a phase-specific 
basal concentrate, which included 2% celite, and 30% of 1 of the 4 test 
ingredients. For both age groups, digesta and excreta were pooled to 
produce a single specimen of each per test cage. Nutrient digestibility 
in the basal concentrates had previously been measured, thus permit-
ting nutrient digestibility in the test ingredients to be calculated by the 
difference method. Digestibility coefficients were compared using the 
MIXED procedure of SAS 9.1. Models included test ingredient, age, 
and the 2-way interaction as fixed effects and block as the random term. 
Age interacted with test ingredient to affect ATTD of GE, DM, and AID 
of MET+CYS (P < 0.01). Except for LYS and THR, age did not affect 
AID of most AA (P > 0.10). The AID of LYS was greater on d 15, while 
AID of THR was greater on d 29 (P < 0.05). In general, AID of AA was 
greatest in SBM and lowest in PEA (P < 0.05). Except for MET, AID 
coefficients for most AA were similar between SBM and FB (P > 0.10). 
As expected, digestibility coefficients for MET were lower in FB, PEA 
and LUP compared with SBM (P < 0.01). Digestibility of ILE, LYS and 
VAL in LUP was similar to FB, but lower than SBM (P < 0.05). Low 
AID of MET suggests broiler diets including PEA, FB or LUP require 
supplemental MET to achieve adequate digestible sulfur AA content.

Key Words: broiler, digestibility, faba bean, field pea, lupin

122   Rapid evaluation of digestibility in heat damaged rapeseed 
meal and sunflower meal and consideration in feed formulation—
Validation of a concept by broiler feeding trials.  A. Helmbrecht*1, 
C. Elwert2, A. Lemme1, and M. S. Redshaw1, 1Evonik Industries AG - 
Health & Nutrition, Hanau, Germany, 2Feedtest, Wettin-Löbejün.

Optimal feed formulation and nutrition of farm animals requires infor-
mation about the nutritional value of the feed ingredients used. Many 
nutritional criteria of ingredients are determined routinely but detection 
of heat damage occurring during processing of particular ingredients is 
still a challenge for the feed industry. Earlier research brought evidence 
that not only total content of certain amino acids but also the digest-
ibility of remaining amino acids in certain ingredients change gradually 
with increasing degree of heat treatment. A concept has been developed 
to identify the effect of excessive heat treatment via a Heat Damage 
Indicator (HDI) and to adjust the ileal digestibility coefficients of dietary 
amino acids, which is combined to a Rapid Evaluation of Digestibility 
of amino acids (AMINORED). The method was already successfully 
validated in soybean meal and DDGS. The present studies investigated 
the validity in the extraction meals of the 2 other oil seeds, rapeseed and 
sunflower. Two trials with 10 to 28 d old male broilers were performed in 
which good quality rapeseed meal (RSM) or sunflower meal (SFM) were 
replaced by heat treated material of the same source either not considering 

effects on nutritional value (1:1 replacement) or balancing the diets on 
total amino acid basis according to analysis or adjusting amino acid levels 
on digestible basis. A 1:1 replacement resulted in impaired weight gain, 
feed conversion ratio, and breast meat yield. The dietary adjustment 
according total amino acids analysis partly recovered the performance 
decline while additional adjustment of the amino acid digestibility coef-
ficients fully recovered performance to the level observed with good 
quality of the tested material. All differences were significant (P < 0.05) 
for RSM and numerical for SFM. It is concluded that AMINORED in 
RSM and SFM works well when applied in practical feed formulation.

Key Words: broiler, amino acid digestibility, heat damage, feed 
formulation, oilseed

123   Influence of feed form and source of soybean meal on 
growth performance and nutrient retention of broilers.  M. P. 
Serrano, M. Frikha, J. Corchero, J. D. Berrocoso, and G. G. Mateos,* 
Departamento de Produccion Animal, Universidad Politecnica de 
Madrid, Ciudad Universitaria, Madrid, Spain.

An experiment was conducted to determine the apparent ileal digestibil-
ity (AID) of amino acids (AA) of 4 commercial soybean meals (SBM) 
from USA (USA-1, 48.1% CP and USA-2, 46.2% CP), Brazil (BRA, 
47.6% CP), and Argentine (ARG, 46.3% CP). In a second experiment, 
the effects of inclusion of these SBM in mash, crumble, or pellet diets 
on growth performance and total tract apparent retention (TTAR) of 
nutrients was studied in broilers from 1 to 25 d of age. In experiment 1, 
AID of Lys was higher for the USA-2 meal than for the BRA meal, with 
the USA-1 and ARG meals being intermediate (89.0 vs. 85.0 vs. 87.7 
and 88.0%; P < 0.05). In experiment 2 (a battery study), 12 diets were 
arranged as a 3 × 4 factorial with 3 feed forms (mash, crumbles, and 
pellets) and the 4 sources of SBM used in experiment 1. All diets were 
isonutritive per unit of energy and the AID of the AA of the SBM obtained 
in experiment 1 were used for feed formulation. The AMEn content of the 
SBM was calculated based on the World′s Poultry Science Association 
(1986) equation (AMEn, kcal/kg DM = 15.69 × CP + 19.41 × crude fat 
+ 6.236 × nitrogen-free extract). No interactions between SBM source 
and feed form were detected for any of the growth performance traits 
studied. From 1 to 25 d of age, chicks fed mash had lower (P < 0.001) 
ADFI (52.0 vs. 58.1 or 62.7 g) and ADG (31.4 vs. 36.8 or 38.7 g) and 
poorer (P < 0.01) feed to gain ratio (1.66 vs. 1.58 or 1.62) than chicks fed 
crumbles or pellets. Source of SBM did not affect growth performance 
of broilers. The TTAR of DM and OM was similar for all feed forms but 
for GE retention was higher (P < 0.01) in birds fed pellets than in birds 
fed mash or crumbles. The results indicate that crumbling and pelleting 
of the diets improved growth performance of broilers from 1 to 25 d 
of age but had little effect on nutrient retention. Diets formulated with 
analyzed rather than calculated AID of AA of the SBM source resulted 
in similar growth performance of broilers. Therefore, the nutritive value 
of SBM shoul be evaluated before its use in feed formulation.

Key Words: amino acid digestibility, broiler performance, feed form, 
organ size, soybean meal source
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124   Growth performance of Hubbard × Cobb 500 and Ross × 
Ross 708 male broilers fed diets varying in apparent metabolizable 
energy from 14 to 28 days of age.  C. K. Gehring* and W. A. Dozier 
III, Auburn University, Alabama.

The cost of energy contributing ingredients have increased dramatically 
over the last several yr. Defining minimum dietary energy specifications 
for broilers is a strategy to mitigate high diet cost. Two experiments were 
conducted to evaluate the effects of diets with graded concentrations of 
AMEn fed to Hubbard × Cobb 500 (experiment 1) and Ross × Ross 708 
(experiment 2) male broiler chicks from 14 to 28 d of age. Both experi-
ments were identical in experimental procedures with the exception of 
genetic strain. In each experiment, 1,500 (25 per pen; 0.09 m2 per bird) 
broiler chicks were randomly distributed to 60 floor pens (10 replicates 
per treatment). Broilers were fed a common corn-soybean meal-based 
starter diet (3,075 kcal/kg AMEn and 1.22% digestible Lys) from 1 to 13 
d of age. At 14 d of age, dietary treatments were provided with one of 6 
concentrations of AMEn (3,000, 3,030, 3,060, 3,090, 3,120, and 3,150 
kcal/kg). In experiment 1, BW gain of Hubbard × Cobb 500 broilers fed 
diets containing progressive concentrations of AMEn decreased linearly 
(P = 0.02) concurrently with feed intake (P < 0.01) and feed conver-
sion ratio (P = 0.05). Conversely, caloric conversion increased linearly 
because of the reduction of feed intake and BW gain with increasing 
AMEn. Optimum feed conversion ratio was estimated (P < 0.01) at 3,062 
kcal AMEn/kg based on broken-line methodology. In experiment 2, Ross 
× Ross 708 broilers did not respond to graded concentrations of energy 
as indicated by linear and quadratic regression of BW gain, feed intake, 
caloric conversion and feed conversion ratio data (P > 0.05). These data 
indicated that Hubbard × Cobb 500 male broilers respond to AMEn from 
14 to 28 d of age and may be fed diets formulated at 3,062 kcal AMEn/kg 
without loss of performance. Conversely, growth performance of Ross 
× Ross 708 male broilers was not affected by varying AMEn (3,000 to 
3,150 kcal/kg) from 14 to 28 d of age.

Key Words: metabolizable energy, broiler, fat

125   Effects of energy concentration of the diet on productive 
performance and egg quality traits of brown egg-laying hens dif-
fering in initial body weight.  A. Perez-Bonilla1, S. Novoa1, J. Garcia1, 
M. Mohiti2, M. Frikha2, and G. G. Mateos*2, 1Camar Agroalimentaria 
S.L, Cedillo del Condado, Toledo, Spain, 2Departamento de Produccion 
Animal, Universidad Politecnica de Madrid. Ciudad Universitaria sn, 
Madrid.

The influence of AMEn concentration of the diet on productive perfor-
mance and egg quality was studied in Hy-Line brown egg-laying hens 
differing in initial BW from 24 to 59 wks. There were 8 dietary treat-
ments arranged factorially with 4 AMEn concentrations (2,650, 2,750, 
2,850, and 2,950 kcal of AMEn/kg) and 2 initial BW (1,733 vs. 1,606 
g) of the hens. Each treatment was replicated 5 times (13 hens per cage) 
and all diets had similar nutrient content per unit of energy. Productive 
performance was recorded every 28-d and egg quality was measured at 
39, 48, 55, and 59 wk of age. No significant interactions between main 
factors were detected for any of the variables studied and therefore, only 
main effects are presented. An increase in AMEn concentration of the 
diet increased egg production, egg mass, energy efficiency per gram of 
eggs (linear, P < 0.05; quadratic P < 0.05), AMEn intake (linear, P < 
0.001), and BW gain (P < 0.05). However, ADFI (linear, P < 0.001) and 
FCR per kilogram (linear, P < 0.01; quadratic P < 0.01) and per dozen 
of eggs (linear, P < 0.05; quadratic P < 0.05) decreased as the AMEn 

content of the diet increased. Egg weight, egg mass, feed intake, FCR 
per dozen of eggs, and AMEn intake were higher for the heavier than 
for the lighter hens (P < 0.01 but energy efficiency was similar. The 
AMEn content of the diets affected most egg quality traits. Eggs from the 
heavier hens had higher proportion of yolk and lower of albumen (P < 
0.01) than eggs from the lighter hens. It is concluded that increasing the 
levels of energy of the diet from 2,650 to 2,950 kcal AME/kg affected 
equally productive performance and egg quality of the 2 groups of Brown 
egg-laying hens, irrespective of initial BW and do not need more than 
2,750–2850 kcal AMEn/kg to maximize egg production and egg weight 
provided that the diets are balanced for AA and other nutrients. Heavier 
hens had higher feed intake and produced more egg mass than lighter 
hens. However, lighter hens had lower AME intake and better energy 
efficiency than heavier hens.

Key Words: energy, egg quality, initial BW, laying hen performance

126   Energy value of corn distillers dried grains with solubles 
in broilers.  C. Gady* and P. Dalibard, Adisseo France SAS, Antony, 
France.

A major issue in the utilization of Corn Distillers Dried Grains with 
Solubles (DDGS) in broiler diets is the high variation of nutrient qual-
ity that mainly reflects different processing technologies. Contrary to 
protein quality, only few studies reported variations in the energy value 
of DDGS. The main objectives of this work were to investigate varia-
tions in apparent metabolizable energy corrected for nitrogen balance 
(AMEn) of different corn DDGS using 23 d old broilers. Twenty 2 corn 
DDGS samples were collected from major bioethanol plants in the US. 
Samples were analyzed for dry matter (DM), crude protein (CP), fat, 
crude fiber (CF) and ash. They were also analyzed for their absorbances 
in the Near Infrared (NIR). Experiments were designed to determine 
AME with ad libitum feeding and total excreta collection using the 
European Reference Method (Bourdillon et al., 1990). A corn-soybean 
meal basal diet was used in all treatments. Evaluation of corn DDGS 
was done by substituting 25% of the basal diet. Results showed that the 
AMEn of the 22 corn DDGS samples ranged from 2,196 kcal/kg DM to 
3,420 kcal/kg DM and had a mean value of 2,827 ± 331 kcal/kg DM. 
Among the 22 samples, 6 were classified as high protein type corre-
sponding to an AMEn average value found at 2,989 whereas the standard 
remaining DDGS type corresponded to a mean value of 2,729 kcal/kg 
DM. Equations to estimate AMEn in vivo measurements on the basis of 
proximate characteristics were developed with single CP, fat, CF and ash 
or in combination. Our results indicated that the best relation was found 
by combining fat and CF but with a rather low correlation (R2 = 0.39). 
By contrast, tentative model for correlating NIR absorbances to AMEn 
measurements, explained 86% of the variations, with a standard error 
of the model of 110 kcal/kg DM. Variations in AMEn values indicated 
that corn DDGS must be qualified in term of AMEn prior being used 
to formulate broiler feeds. When completed by additional works, NIR 
model could help differentiating corn DDGS qualities.

Key Words: corn DDGS, energy, broilers, near infrared
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127   Nutritional evaluation and economic analysis of low-oil 
corn distillers dried grains with solubles.  A. C. Guney*1, M. Y. 
Shim1, M. Tahir2, A. B. Batal3, and G. M. Pesti1, 1University of Georgia, 
Athens, 2Khyber Pakhtunkhwa Agricultural University, Peshawar, 
Pakistan, 3Huvepharma Inc., Peachtree City, GA.

As corn origin ethanol production increases, additional amounts of 
corn distillers dried grains with solubles (DDGS) are becoming avail-
able to the poultry industry. DDGS may be further processed to extract 
oil. The residual material is called low-oil DDGS (LO-DDGS). This 
study consisted of 2 steps; 1) evaluating the nutritional composition 
of LO-DDGS; and 2) an economic analysis using Evonik Degussa AA 
digestibility values and average 2010 ingredient prices. Ethanol plants 
throughout the US were surveyed and the ones that were currently 
extracting oil were contacted. Ten different LO-DDGS samples were 
collected. Proximate composition analysis results showed that most 
LO-DDGS samples have a crude fat value between 7% and 8% (vs. 
9% traditional DDGS), a crude protein value between 27 and 29% (vs. 
27% traditional DDGS). True metabolizable energy (TME) values were 
determined using conventional precision-fed rooster assays. Average 
TME value was 2,988 kcal/kg. Average particle size was 705 microns. 
The feed formulation model simulated DDGS and LO-DDGS inclusion 
in common chicken and turkey diets to determine relative DDGS and 
LO-DDGS shadow prices. The nutrient requirements were taken from 
commercial breeder management guides. The market prices used in the 
model for corn, soybean meal and poultry fat were $286, $336, $880, 
respectively. Economic analysis results showed that DDGS shadow 
price was lowest in turkey starter diet ($219) and highest in layer prelay 
diet ($284) while LO-DDGS shadow price was lowest in turkey starter 
($292) and highest in layer peak diet ($324). The highest shadow prices 
were in commercial layer diets, making LO-DDGS inclusion more 
affordable in layer diets compared with commercial broiler ($312), 
broiler breeder starter ($303) and turkey finisher ($297) diets. Most 
ethanol facilities will eventually consider extracting oil from DDGS, but 
the expanse of the industry is not well known. However, differences in 
feed cost from using the different percentages of LO-DDGS can estimate 
potential savings to the American poultry industry.

Key Words: low-oil DDGS, proximate composition, oil extraction, 
economic analysis

128   Nutritional evaluation and effect of feeding low-oil corn 
distillers dried grains with solubles on broilers and laying hens.  
A. C. Guney*1, B. Jung2, G. M. Pesti1, and A. B. Batal3, 1University of 
Georgia, Athens, 2Cornell University, Ithaca, NY, 3Huvepharma Inc., 
Peachtree City, GA.

As ethanol production increases, additional corn distillers dried grains 
with solubles (DDGS) are available to the poultry industry. A typical 
DDGS might have up to 12.8% oil content. Corn oil in DDGS is now 
being extracted from DDGS. The left-over product after oil extraction is 
called low-oil DDGS (LO-DDGS). This study evaluated the nutritional 
impact of LO-DDGS in 3 different steps. The first step was to evaluate 
the nutritional composition of LO-DDGS. Ethanol plants throughout 
the US were surveyed and the ones that were currently extracting oil 
were contacted. Ten different LO-DDGS samples were collected from 
these plants. Proximate composition analysis results show that most 
LO-DDGS samples have a crude fat value between 7% and 8%, a 
crude protein value between 27 and 29%. Average TME value is 2,988 
kcal/kg. Average particle size is 705 microns. The second step was to 

evaluate the impact of LO-DDGS inclusion on layer performance and 
egg quality. 150 Hy-Line W-36 layers were assigned to the 5 treatments. 
The treatments were control diet (Corn-SBM), diets containing 2 levels 
of traditional DDGS (10 and 20%), and 2 levels of LO-DDGS (10 and 
20%). Ten replicate units of 3 hens were fed each experimental diet for 
20 to 40 weeks of age. Egg specific gravity and weight gain of birds 
receiving 20% LO-DDGS were lower than those fed 10% LO-DDGS 
(P < 0.05). The third step was to evaluate the impact of LO-DDGS 
inclusion on broiler performance. 630, one-d-old, chicks were randomly 
assigned to the 7 treatments. The treatments were control diet (Corn-
SBM), diets containing 2 levels of traditional DDGS (10 and 20%), 2 
levels of LO-DDGS (10 and 20%), and 2 levels of another LO-DDGS 
(10 and 20%). Six replicate pens containing 15 chicks were fed each 
experimental diet from 0 to 18 d of age. LO-DDGS can be used up 
to 10% successfully in broiler and layer diets if the oil level and AA 
digestibility levels are taken into account when formulating the diets. 
The concern is that most ethanol facilities will consider extracting oil 
from DDGS and result in even greater variability of DDGS.

Key Words: low-oil DDGS, crude fat, oil extraction, broiler, layer

129   Effect of coarse corn and DDGS inclusion in pelleted diets 
on broiler performance.  S. Auttawong,* C. R. Stark, P. R. Ferket, 
and J. Brake, Department of Poultry Science, North Carolina State 
University, Raleigh.

Previous experiments have shown that addition of 50% coarse corn (CC) 
to a broiler starter diet reduced feed intake of 14-d-old male broilers in 
both cage and floor studies, but the effect diminished with broiler age 
and improved feed conversion was observed after 35 d of age but BW 
was numerically reduced. This suggested that the percentage coarse corn 
should be modified with broiler age to not have any negative effects on 
feed intake. Broilers can also be negatively affected by high inclusion 
levels of DDGS. A litter floor pen experiment evaluated the effect of 
dietary inclusion of CC and DDGS on broilers to 47 d of age. Day-old 
Ross 708 broiler chicks were used in a randomized complete block 
design experiment with a factorial arrangement of treatments consist-
ing of 3 dietary inclusion levels of CC (0, 10, 20% of total dietary corn 
in starter and 0, 25, 50% in grower and finisher diets) and 3 inclusion 
levels of DDGS (0, 6, 12% in starter and 0, 15, 30% in grower and 
finisher diets). Each of the 9 experimental dietary combinations was 
replicated with 8 pens of 30 birds each. A portion of the corn, soybean 
meal, and DDGS was ground with a hammermill to 297, 386, and 462 
microns, respectively, while the CC was ground with a roller mill to 
1452 microns. Feed intake and BW were determined at 14, 35, and 47 
d of age and adjusted feed conversion ratio (AdjFCR) was calculated 
by including BW of mortality. There were no interactions of DDGS and 
CC inclusion. Dietary inclusion of CC improved AdjFCR (P < 0.05) and 
reduced feed intake (P < 0.05) without negative effect on BW at 47 d 
of age. Broilers fed DDGS exhibited poorer feed efficiency (P < 0.05) 
as well as reduced feed intake (P < 0.05) and BW (P < 0.05). Mortality 
rate was reduced (P < 0.05) by increasing DDGS inclusion, probably 
due to slower growth. Broilers fed CC exhibited larger gizzard weights 
at 49 d of age (P < 0.05) than broilers fed fine corn, as expected. The 
results of this study demonstrated that dietary inclusion of CC in an 
age-related increasing manner had a beneficial effect on feed efficiency 
without negative effect on BW.

Key Words: broilers, gizzard, roller mill, hammermill, DDGS
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130   Lignosulfonate pellet binder and fat increase broiler feed 
retention time.  M. E. Lemons,* K. G. S. Wamsley, A. E. Lamp, A. 
M. Evans, K. J. Shipe, and J. S. Moritz, West Virginia University, 
Morgantown.

High dietary fat inclusions added at the mixer deteriorate pellet quality 
and lignosulfonate pellet binders have been shown to ameliorate these 
effects. In addition, previous research at West Virginia University found 
that a lignosulfonate pellet binder and 3% mixer-added fat (MAF) 
improved amino acid digestibility in a rooster model. Further research 
demonstrated that the same lignosulfonate pellet binder contributed to 
increased poult performance from 10 to 38d. The objective of the current 
study was to determine if feed retention time of the aforementioned diets 
using a broiler chick model differed, thus helping to explain differences 
in amino acid digestibility and poult performance. Dietary treatments 
fed to these poults were arranged in a 2x2 factorial design using main 
effects of amino acid density (Normal or High) and manufacturing 
technique (3% MAF+Binder or 1% MAF without binder). Thirty-two 
pens containing 5 Cobb 500 chicks were randomly assigned one of 4 
ground diets and provided a 7d transition period. Feed was withheld 
for 24h and then chicks were given 450g of diet with 0.5% celite (an 
acid insoluble ash (AIA)) for 2h. Excreta collections began 2h after 
providing diets containing 0.5% AIA and continued every 2h for the 
following 14h, then every 6h for the following 18h post-0.5% AIA. 
Upon completion of excreta collection, chick and gizzard weights 
were found to be unaffected by diet. Amino acid density effects were 
minor. Chicks fed diets utilizing 3% MAF+Binder had greater feed 
intake (P = 0.045) of diets containing 0.5% AIA; but also excreted less 
AIA at 2, 4, 6, 10, 14, 22, and 28h post-AIA administration (P < 0.05). 
These data suggest that 3% MAF+Binder increased retention time in 
the broiler gastrointestinal tract and could explain previous improved 
poult performance via greater time for nutrient digestion and absorption. 
Although MAF and Binder effects are confounded, their combined use 
has a practical application and has been shown to be beneficial to both 
feed manufacture and feeding.

Key Words: lignosulfonate pellet binder, feed retention time, turkey 
diets, mixer-added fat

131   Effect of roller mill ground corn inclusion and litter type 
on broiler performance, gastrointestinal and litter characteristics, 
and nutrient apparent ileal digestibility.  Y. Xu,* C. Stark, P. Ferket, 
and J. Brake, Department of Poultry Science, North Carolina State 
University, Raleigh.

Previous research has shown that the addition of coarse corn improved 
broiler live performance. The objective of this study was to evaluate the 
effect of coarse corn and litter type on broiler performance. The experi-
ment was a 2 × 2 factorial of 2 coarse corn (CC) levels (0 and 50%) and 
2 litter forms (finely ground old litter and new wood chip litter). A total 
of 1024 d-old male broiler chicks were randomly assigned to one of 4 
treatments with 8 replicate pens per treatment and 32 birds per pen. The 
fine corn (FC) and SBM were ground with a hammermill (3.4 mm screen, 
294 and 491 microns dgw, respectively) while the CC was ground with 
a roller mill (1359 microns dgw). The same starter diet was fed as a 
crumble contained 100% FC, and the grower and finisher diets were fed 
as a pellet with the fines removed contained either 100% FC or a com-
bination of FC and 50% CC. Feed intake (FI) and BW were determined 
at 14, 35, and 49 d of age and adjusted feed conversion ratio (AdjFCR) 
was calculated by including BW of all dead birds. Fecal nitrogen (N), 

moisture, and pH were measured at 49 d. The results showed no differ-
ence in FI or BW at 49 d of age. There was an improvement in AdjFCR 
at 35 d (1.65 vs. 1.70, P < 0.01) and 49 d (1.86 vs. 1.92, P < 0.01) of age 
for the birds fed the 50% CC as compared with 100% FC, respectively. 
No litter effect was detected on live performance. Fecal N was 8.47% 
lower (3.78 vs. 3.46%, P < 0.01) and fecal pH was higher (8.36 vs. 8.45, 
P < 0.05) in 50% CC treatment. The AID (apparent ileal digestibility) 
of gross energy and nitrogen measured at 49 d were improved (6.8%, 
P < 0.01 and 3.5%, P = 0.03, respectively) in 50% CC treatment. The 
absolute gizzard and relative jejunum weight (g/cm) were heavier in 
50% CC treatment (P < 0.01 and P < 0.01, respectively). The results 
of this study indicated that birds fed pelleted and screened diets that 
contained 50% CC had improved AdjFCR with no difference in FI or 
BW. The addition of 50% CC also improved AID of gross energy and 
nitrogen and reduced fecal N in the litter.

Key Words: corn particle size, broiler, pellets, gizzard, AID

132   Pelleting does not decrease lysine digestibility.  K. J. Shipe,* 
A. M. Evans, K. G. S. Wamsley, and J. S. Moritz, West Virginia 
University, Morgantown.

Lysine has been indicated as a nutrient with potential to be structurally 
altered, especially in the presence of heat and reducing sugars, as in 
Maillard reactions, that decreases nutrient availability. A practical broiler 
finisher diet containing 7.5% bakery by-product meal and 0.13% lysine 
HCL was formulated to 90% lysine recommendations of Cobb-Vantress 
to best demonstrate lysine availability differences when manufactured 
and fed. This diet was utilized in a 2x2x2 factorial design that evalu-
ated the effects of production rate (0.5 or 0.8 tonne/hr), die thickness 
(38.1 or 44.5 mm), and mixer-added fat (MAF) level (0.5 or 3%) on 
feed manufacture, broiler performance, and carcass characteristics. Two 
additional treatments: unprocessed mash and double pelleted (exposed 
twice to 0.5 tonne/hr production using a 44.5mm die after 0.5% MAF) 
were also manufactured and fed. All diets, excluding mash, were steam 
conditioned at 82°C. Bird performance and carcass characteristics were 
not affected by main effects (P > 0.05); however, contrasts demonstrated 
that mash fed birds had decreased feed conversion ratio (FCR) compared 
with double pelleted fed birds, with birds fed diets from the factorial 
treatments being intermediate (P < 0.05). The objective of the current 
study was to determine if the mechanism of action responsible for the 
FCR effects included lysine digestibility. Diets were analyzed for fur-
fural, an intermediate of the Maillard reaction pathway, and assessed 
for true amino acid digestibility using cecectomized roosters. Furfural 
concentration was not altered due to processing treatment (P > 0.05). 
In addition, no differences in lysine digestibility or the digestibility of 
any other tested amino acid were apparent (P > 0.05). Therefore lysine 
digestibility does not appear to be decreased due to pelleting. Perhaps 
FCR differences were a result of cell wall carbohydrates in corn and soy-
bean such as xylose being liberated due to thermal processing, thereby 
increasing digesta viscosity and decreasing overall broiler performance.

Key Words: lysine, true amino acid digestibility, furfural, pelleting, 
Maillard reaction
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133   The effect of pasture access, breed, and diet on laying hen 
health, performance, and EPA and DHA content of eggs.  A. E. 
Lamp,* M. E. Lemons, K. G. S. Wamsley, and J. S. Moritz, West 
Virginia University, Morgantown.

Previous research from WVU assessed the effect of pasture and marine 
oil inclusion of diets on Hyline W36 (H36) eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA) egg composition. Pasture access and 
a 1% marine oil inclusion were found to enhance EPA and DHA content 
of eggs without decreasing consumer acceptability. The objective of 
the current study was to determine if this same diet formulation would 
produce an enhanced EPA and DHA egg composition when pasture 
access and hen breed varied. This study utilized a split-plot design 
with housing as the whole plot unit (pasture or conventional without 
pasture) and a factorial arrangement of treatments applied to subplot 
pens (2 Breed (H36 or Red Sex Link) x 2 Diet (1% Marine oil (Marine) 
or 1% soybean oil (Basal)). Diets were similar with the exception of 
oil source. Marine oil contained 18% EPA and 12% DHA. Each day 
throughout the experimental period (48–53wks), eggs were collected 

and weighed. Hen performance, hen health through serum chemistry, 
and fatty acid composition of eggs were measured. Diet had no effect 
on performance (P > 0.05). Egg EPA content was affected by a House 
x Diet interaction (P < 0.05) demonstrating that hens fed Marine had 
elevated EPA; however, the increase was greater when hens were con-
ventionally housed without pasture. Egg DHA content was affected by 
Diet (P < 0.0001), showing increased DHA when hens were fed Marine 
compared with Basal (123 vs. 46 mg/egg, respectively). Health assess-
ment through serum chemistry was primarily inconclusive due to lack 
of definitive research supporting abnormal parameters for these breeds. 
However, a measure of hepatocellular damage in poultry, Aspartate 
Amino Transferase (AST) activity, was affected by a House x Breed 
interaction (P < 0.0001) describing that H36 hens had elevated AST 
activity (279U/L) when housed conventionally without pasture. These 
data show that egg EPA and DHA content can be influenced by both 
diet and housing system as defined by pasture access.

Key Words: marine oil, EPA, DHA, pasture access
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Next-Generation Sequencing Tools:  
Applications for Food Safety and Poultry Production Symposium

134   Advances in unraveling the DNA code: An introduction to 
next generation sequencing.  D. D’Souza* and I. Hanning, University 
of Tennessee, Knoxville.

The era of molecular biology and automation of the Sanger chain-
terminator sequencing method has led to discovery and advances in 
diagnostics and biotechnology. The Sanger methodology dominated the 
industry for over 2 decades leading to significant accomplishments and 
technological improvements in DNA sequencing. Next generation high-
throughput sequencing technologies were thus developed to overcome 
the limitations of this ‘first generation’ technology that include higher 
speed, less labor, and lowered cost. Various platforms developed include 
sequencing-by-synthesis 454 Life Sciences, Illumina (Solexa) sequenc-
ing, SOLiD sequencing (among others) and the Ion Torrent semiconduc-
tor sequencing technologies that use different detection principles. As 
technology advances, progress made toward ‘third generation sequenc-
ing technologies’ are being reported, that include Nanopore Sequencing 
and real-time monitoring of PCR activity through fluorescent resonant 
energy transfer. The advantages of these technologies include scalability, 
simplicity, with increasing DNA polymerase performance and yields, 
being less error-prone, and even more economically feasible with the 
eventual goal of obtaining real-time results. These technologies can be 
directly applied to improve poultry production and enhance food safety. 
For example, sequence-based (determination of the gut microbial com-
munity, genes for metabolic pathways, or presence of plasmids) and 
function-based (screening for function such as antibiotic resistance, 
or vitamin production) metagenomic analysis can be carried out. Gut 
microbial flora/communities of poultry can be sequenced to determine 
the changes that affect health and disease along with efficacy of methods 
to control pathogenic growth. This symposium will provide an over-
view of the principles of these current technologies and their potential 
application to improve poultry and food safety as well as public health.

Key Words: next-generation sequencing, food safety

135   High throughput genome sequencing identified a bile salt 
hydrolase for developing novel alternatives of antibiotic growth 
promoters.  J. Lin*1, Z. Wang1,2, X. Zeng1, Y. Mo1, and K. Smith1, 
1University of Tennessee, Knoxville, 2China Agricultural University, 
Beijing, China.

Antibiotic growth promoters (AGP) have been used as feed additives to 
improve average body weight gain and feed efficiency in food animals 
for more than 5 decades. However, there is a worldwide trend to limit 
AGP use to protect food safety and public health, raising an urgent need 
to discover effective alternatives of AGP. The growth promoting effect 
of AGP has been shown to be highly correlated with the decreased activ-
ity of intestinal bile salt hydrolase (BSH), an enzyme that is produced 
by various gut microflora and involved in host lipid metabolism. Thus, 
BSH inhibitors are likely promising feed additive of AGP to improve 
animal growth performance. In this study, the genome of Lactobacillus 
salivarius NRRL B-30514, a BSH-producing strain isolated from chicken, 
was sequenced by 454 GS FLX sequencer. Sequence analysis identified 
2 putative bsh genes. His-tagged recombinant BSH of one bsh was pro-
duced for enzymatic analyses. The BSH displayed hydrolysis activity 
for both glycoconjugated and tauroconjugated bile salts. The optimal pH 

and temperature for the BSH activity were 5.5 and 41°C, respectively. 
Screening of a panel of dietary compounds identified potent BSH inhibi-
tors; some of which (e.g., copper) have been demonstrated to promote feed 
digestion and body weight gain of different food animals. Together, this 
study identified and characterized a BSH with broad substrate specificity 
from a chicken L. salivarius strain, and established a solid platform for us 
to discover novel BSH inhibitors, the promising feed additives to replace 
AGP for enhancing the productivity and sustainability of food animals.

Key Words: 454 sequencing, antibiotic growth promoter, Lactobacillus 
salivarius, bile salt hydrolase, feed additive

136   CloVR-supported comparative genome analysis: 
Mechanisms of Salmonella enterica evolution.  W. F. Fricke,* 
Institute for Genome Sciences, University of Maryland, Baltimore.

The enteric human pathogen Salmonella enterica has long been in the 
focus of public health research, as foodborne disease outbreaks con-
tinue to be recorded in the US every year. Livestock is a main reservoir 
for this zoonotic pathogen, and antimicrobial resistance is commonly 
observed in agricultural S. enterica populations and outbreak strains. 
The evolutionary dynamics that lead to the extraordinary phenotypic 
diversity within this species are still actively being investigated and not 
fully understood. New standardized bioinformatic tools are required to 
allow for the widespread adoption of genomic approaches for S. enterica 
research and monitoring programs and to facilitate development of new 
diagnostic methods. We applied whole-genome shotgun sequencing 
and comparative genome and plasmid analysis to investigate the S. 
enterica species evolution. CloVR is a bioinformatics framework that 
provides automated sequence analysis support in combination with a 
graphical user interface and seamless use of cloud computing services. 
Comparative genome analysis suggests that S. enterica sublineage 
evolution is mainly driven by 2 mechanisms, (i) the loss of coding 
sequences with known metabolic functions, which leads to functional 
reduction, and (ii) the acquisition of horizontally transferred DNA, 
which provides virulence and resistance functions. One example of 
the latter is the emergence of a S. enterica serovar Kentucky lineage 
in chicken that contains antimicrobial resistance features encoded on a 
virulence plasmid backbone previously only identified in avian patho-
genic Escherichia coli (APEC) strains. The bioinformatic tools used in 
this analysis are available through the existing “CloVR-Microbe” pipe-
line and the “CloVR-Comparative” pipeline, which is currently being 
developed, allowing researchers to perform the same type of analysis 
without requiring additional bioinformatics support.

Key Words: Salmonella enterica, comparative genome analysis, 
bioinformatics, cloud computing

137   Metagenomic analyses to uncover the contribution of 
microbial communities to gastrointestinal disease in poultry.  G. 
M. Nava,* Washington University School of Medicine, St. Louis, MO.

The gastrointestinal tract of animals is a dynamic and complex envi-
ronment inhabited by diverse microbial communities. A longstanding 
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hypothesis is that specific microbial communities are associated with 
gastrointestinal and metabolic disorders. However, the main challenge 
has been to identify these microbial communities and their pool of func-
tion genes. To this end, next generation sequencing is an important tool 
for delineating the diversity and metabolic repertoire of environmental 
microbiomes. These high-throughput molecular surveys have generated 
> 230 million genomic reads including > 1.6 million high-quality 16S 
rRNA gene sequences. These data sets provide important new insights 
into the organization, structure and function of these microbial communi-
ties. The use of next generation sequencing for metagenomic analyses 
of the intestinal microbiome has increased our understanding of the 
spatial organization, biodiversity and functional traits of microbial com-
munities linked to the intestinal tract. Moreover, metagenomic analyses 
derived from healthy and diseased specimens have uncovered microbial 
communities associated with gastrointestinal disorders. The use of this 
technology in animal health will be a valuable component to define the 
role of microbial communities in complex diseases.

Key Words: metagenomics, intestine, microbiota, ecology

138   Transcriptional analysis of Salmonella Enteritidis from 
chicken cecum.  K. Venkitanarayanan,* University of Connecticut, 
Storrs.

Chickens serve as the natural hosts for Salmonella Enteritidis, with 
the cecum being the principal site of colonization. Cecal colonization 
of S. Enteritidis in chickens leads to the contamination of carcasses 
during slaughter, contamination of eggshell with feces, and contamina-
tion of egg yolk, albumen and shell membranes by transovarian route. 
Therefore, reducing S. Enteritidis carriage in chickens is critical for 
reducing the food-borne transmission of the pathogen to humans. 
Analysis of the transcriptional profiles of S. Enteritidis recovered 
from the cecum of chickens can potentially identify the genome-wide 
mechanisms associated with bacterial colonization in the birds. This 
in turn can potentially yield useful information for devising strategies 
to reduce S. Enteritidis carriage in chickens. This symposium talk will 
present the transcriptome of S. Enteritidis recovered from the chicken 
cecum, and discuss the potential Salmonella mechanisms critical for 
colonization in the birds.

Key Words: Salmonella Enteritidis, chicken, cecum, transcriptome, 
genes

139   Transcriptomics of Salmonella enterica plasmids.  T. J. 
Johnson,* K. Lang, and J. Danzeisen, University of Minnesota, Saint 
Paul.

Salmonella enterica isolated from production animals and retail meats 
are being increasingly recognized for their propensity to acquire plas-
mids encoding for multidrug resistance. One of these plasmid types is 

known as Inc.A/C, and is notorious for its broad host range and ability 
to carry a wide range of antimicrobial resistance genes. The purpose of 
this study was was to examine the plasmid transcriptome of pAR060302, 
a prototype Inc.A/C plasmid, in strains belonging to several Salmonella 
serovars. The plasmid transcriptome of this plasmid was sequenced in 
each of these backgrounds using RNA-Seq, revealing substantial strain-
to-strain differences in the pAR060302 transcriptome. Additionally, the 
effect of pAR060302 acquisition on the host bacterial chromosome of 
each strain was determined and compared with the conferred fitness 
cost of carrying the plasmid. Gene knockouts were also performed 
on plasmid-encoded transcriptional regulators and their effects on the 
transcriptome were assessed. The results of this study indicate that 
several novel regulatory interactions occur between Salmonella spp. 
and Inc.A/C plasmids, and that these interactions are subject to regula-
tion by Inc.A/C plasmid-encoded global transcriptional regulators. The 
improved understanding of plasmid behavior in wild type Salmonella 
will aid in future efforts to circumvent the dissemination of these plasmid 
types in animal agriculture.

Key Words: plasmid, transcriptome, Salmonella, RNA-Seq

140   Application of genomics and metabolite analysis to assess 
gastrointestinal ecology in alternative poultry production systems.  
S. C. Ricke*1, S. H. Park1, I. Hanning2, A. Perrotta3, B. J. Bench4, and E. 
Alm3, 1University of Arkansas, Fayetteville, 2University of Tennessee, 
Knoxville, 3Massachusetts Institute of Technology, Boston, 4Tyson 
Foods Inc., Springdale, AR.

In pasture flock and organic poultry production, prebiotic feed additives 
are popular because they are thought to promote intestinal health. Recent 
applications of 16S rRNA sequencing and analysis utilizing BLAST and 
FASTA databases on pasture flock gut samples have provide a much 
more in-depth assessment of the gut microbiome. Likewise, the utili-
zation of microarrays and analysis by the Ingenuity Pathway Analysis 
program on small intestine tissue samples from birds at different ages 
have offered insight into gut physiological responses to dietary changes. 
Utilizing UPLC-MS profiling, metabolomic assessment of gut contents 
has allowed for parallel comparisons of changes in the gut contents 
with microbiome and physiological responses. In this work, 3 types of 
prebiotics were evaluated for impacts on production performance. In 
depth analysis of the gut microflora was conducted using marker gene 
sequencing. Additionally, the genomic response of the bird was measured 
using microarrays. Finally, fatty acid profiles of the intestinal contents 
were measured to further understand the relationship of fermentation 
profiles, gut microflora and bird genomic response. Based on these 
analyses, the diversity in microbial populations not only increased with 
age but was dependent on dietary treatment. Host genes associated with 
specific metabolic functions appear to be regulated in concert with 
particular treatment groups.

Key Words: genomics, alternative poultry production, metabolites, 
microarrays, gut microbiology
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Physiology, Endocrinology, and Reproduction

141   Resistance pulmonary artery remodeling caused by uni-
lateral pulmonary artery occlusion in male broiler and Leghorn 
chickens. J. Bautista-Ortega* and C. A. Ruiz-Feria, Texas A&M 
University, College Station.

Broilers (B, 19 d old; 507 ± 40 g BW) and Leghorns (L, 63 d old, 861 ± 
87 g BW) had surgical pulmonary artery occlusion (B–PAO and L–PAO; 
n = 12 each) or were sham–operated (B–SHAM and L–SHAM; n = 12 
each). Birds had free access to a commercial broiler feed (NRC, 1994). 
Medial thickness (%, Thick) was determined in 2 sizes of resistance 
pulmonary arteries (RPA): ≤ 100 μm (small diameter, SD) and 101–200 
μm (medium diameter, MD). %Thick (average medial thickness/aver-
age diameter*100) was determined in RPA from 6 histological sections 
from the paleopulmo, one section per chicken, at one d presurgery, and 
at 7 and 14 d postsurgery. Data was analyzed using One-Way ANOVA. 
At presurgery, %Thick of SD RPA was similar in L-chickens and in 
B-chickens (17.5 ± 1.1% vs 15.8 ± 1.4%). Seven d postsurgery, B-PAO 
SD RPA (21.1 ± 1%) were thicker than the B-SHAM (18.8 ± 0.9%), 
L-PAO (16.6 ± 1.0%) and L-SHAM (17.2 ± 0.9%); with no differences 
among the last 3 groups. Fourteen d post-surgery, B-PAO SD RPAs 
(21.6 ± 0.7%) were thicker than the B-SHAM (20.1 ± 0.07%). In tun, 
the B-SHAM SD RPAs were thicker than both, the L-SHAM (17.4 ± 
0.8%) and the L-PAO (17.6 ± 0.8%), with no differences between the 
2 Leghorn groups. %Thick of MD RPA was larger in B–chickens than 
in L–chickens (16.5 ± 0.7% vs 14.0 ± 0.7%) at presurgery. Seven d 
postsurgery, the B-SHAM MD RPA (17.1 ± 0.9%) were the thickest, 
but with no differences among the remaining 3 groups (14.3 ± 1.3%, 
13.9 ± 0.9%, 14.4 ± 1.1% for the B-PAO, L-PAO and L-SHAM, respec-
tively). At d 14 postsurgery, the B-PAO MD PRA (18.0 ± 0.7%) were 
thicker than the L-PAO (14.8 ± 1.0%); but not different than those of 
the B-SHAM (16.7 ± 0.7%) or L-SHAM birds (15.9 ± 0.8%). Results 
show that doubling the cardiac output through one lung in Leghorns 
does not cause RPA remodeling. In broilers %Thick increased with PAO 
and age. Presumably, Leghorn chickens avoided high pulmonary artery 
resistance to blood flow by increased vasodilation.

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

142   Bioenergetics in Leghorn male hepatoma cells and immor-
talized chicken liver cells in response to 4-hydroxynonenal-
induced oxidative stress.  A. Piekarski,* K. Lassiter, B-W. Kong, B. 
M. Hargis, and W. G. Bottje, Department of Poultry Science, Center of 
Excellence for Poultry Science, University of Arkansas.

Bioenergetic mechanisms responsible for ATP production are essential 
in carrying out maintenance and cell-specific functions. Hepatocytes 
play a central role in metabolism and experience both endogenous and 
exogenous stress, e.g., mitochondrial radical production and exposure to 
toxins. The secondary lipid peroxide, 4-hydroxynonenal (HNE), impairs 
protein function via HNE-adduct formation, and alters bioenergetics by 
increasing mitochondrial proton leak that attenuates mitochondrial radi-
cal production (and therefore endogenous oxidative stress). Thus, the 
major objective of this study was to demonstrate effects of HNE-induced 
oxidative stress on avian hepatocyte bioenergetics. After optimizing 
conditions (e.g., cell seeding density, chemical concentrations), mito-
chondrial and glycolytic activities in leghorn male hepatoma (LMH) and 

immortalized chicken liver (ICL) cells were determined by flux analysis 
of oxygen consumption rate (OCR) and extracellular acidification rate 
(ECAR), respectively, in response to 0 (Control), 5, 10, 20 and 30 μM 
HNE. Bioenergetic assessments were made 2 h post-HNE treatment via 
OCR response to oligomycin (ATP synthase inhibition), FCCP (oxida-
tive phosphorylation uncoupler), and antimycin A (electron transport 
inhibition). These chemicals enable the determination of O2 consumption 
linked to ATP synthesis, proton leak, and non-mitochondrial mechanisms 
(electron leak and oxidase activity), and maximal O2 consumption of 
the cells. The results indicated that both hepatocyte cell lines exhibited 
increases in maximal O2 consumption in response to 5 and 10 μM HNE 
whereas 30 μM HNE enhanced proton leak. This would indicate that 
these cells can stimulate an increase in mitochondrial energy production 
with low HNE levels that would enable the cells to respond to low level 
oxidative stress whereas proton leak is stimulated at high HNE levels, 
presumably to lower mitochondrial radical production (endogenous 
oxidative stress) at the expense of mitochondrial function.

Key Words: cell bioenergetics, hepatocytes, oxidative stress, 
4-hydroxynonenal

143   Chicken bile matrix metalloproteinase; its characteriza-
tion and significance.  B. Packialakshmi*1, N. C. Rath2, R. Liyanage1, 
and J. O. Lay Jr.1, 1University of Arkansas, Fayetteville, 2United 
States Department of Agriculture/Agricultural Research Service, 
Fayetteville, AR.

Previous studies from our lab had shown that the avian bile was rich in 
matrix metalloproteinase (MMP), enzymes implicated in the degradation 
of extracellular matrices (ECM) such as collagens and proteoglycans. 
We hypothesized that bile MMP may be evolutionarily associated with 
the digestion of ECM proteins that are generally resistant to digestion by 
conventional proteases such as trypsin, chymotrypsin, or pepsin. Thus, 
the objective of our study was to characterize the chicken bile MMP and 
explore their relations to gastrointestinal digestion. The MMP activity 
was monitored by gelatin zymography, azocoll degradation assays, and 
confirmed by the use of specific inhibitors. Bile MMP was purified by 
gelatin affinity chromatography and separated by 1D electrophoresis. 
Bands corresponding to gelatinolytic activities were excised, and 
subjected to in-gel trypsin digestion, mass spectrometric characteriza-
tion which identified the enzyme as 75 kDa type IV collagenase. To 
examine whether enrichment with feed additives would modulate bile 
MMP activities, we supplemented the basal diets with 4% either beef 
gelatin, milk powder, lard, or rice powder and fed to the chickens from 
1- 43 d post hatch. The results showed a significant increase in bile 
MMP activities in birds fed with gelatin and lard supplements. We then 
compared the MMP activities of bile from chicken, turkey, sheep and 
cow using gelatin zymography followed by densitometric quantification. 
The results showed although each of these species had MMP activities, 
the chicken and turkey showed significantly higher enzyme activities 
compared with herbivores such as cow and sheep. Overall, these results 
suggest that bile MMP may have some role in gastrointestinal physiol-
ogy necessary for the digestion of ECM proteins that constitute a large 
part of body proteins.

Key Words: bile, matrix metalloproteinase, mass spectrometry, 
extracellular matrix, gastrointestinal digestion
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144   L-Arginine and antioxidant vitamins, E and C, reduce 
extrapulmonary artery reactivity to phenylephrine in hypoxic 
broiler chickens.  J. Bautista-Ortega* and C. A. Ruiz-Feria, Texas 
A&M University, College Station.

The effects of supplemental l-arginine (Arg), vitamin E (VE) and C 
(VC) on vascular reactivity to phenylephrine (PE) were examined in 
male broiler chickens subjected to primary bronchus occlusion (PBO). 
One d old chicks were housed in wire cages and randomly allocated to 
3 dietary treatments: control (CTL; n = 80; 3200 kcal of ME/kg, 23% 
CP, 1.55% Arg and 40 IU of VE / kg of feed); high-ARG (HA; n = 40; 
CTL + 0.8% Arg); or high-Arg and high antioxidant-vitamin diet (AEC; 
n = 40; HA + 200 IU VE / kg of feed and 500 mg of VC / Kg of feed). 
At d 14, 40 birds from the CTL, and all the HA and AEC birds had PBO 
surgery. Forty CTL broilers underwent surgery without occlusion of the 
bronchus (SHAM). Pulmonary artery rings (PAR) were prepared and 
mounted for isometric tension recordings. Tension (g) was divided by the 
artery dry weight (mg) and analyzed by One-Way ANOVA. Before the 
PE dose-response experiments, the HA-PBO and AEC-PBO PAR were 
preincubated in buffer plus supplemental Arg (+Arg) or Arg, VE and VC 
(+A-E-C), respectively, or with the buffer plus their vehicle (-VehCtl). 
Maximal responses to PE were higher in the CTL-PBO PAR (159 ± 13 
mg / mg) than in the CTL-SHAM (16 ± 14 mg /mg), HA-PBO+Arg 
(178 ± 13 mg / mg) and the AEC-PBO+A-E-C (18 ± 13 mg / mg), with 
no differences among the last 3 groups. Pre-incubation with Arg did not 
change the maximal response to PE in the HA-PBO+Arg compared with 
its vehicle control (16.7 ± 12.2 mg /mg for HA-PBO-VehCtl). However, 
supplementing the bath with Arg + VE + VC reduced the reactivity to PE 
over 4-fold compared with the vehicle control (80.7 ± 13.0 mg / mg for 
AEC- PBO-VehCtl). Results show that PBO increased PAR reactivity 
to PE and that supplemental Arg plus VE and VC significantly reduced 
it. Differential reactivity responses to PE may have been the result of 
protective effects of Arg, VE and VC implicating oxidative stress in 
the observed endothelial dysfunction as well as in the upregulation of 
smooth muscle contractility.

Key Words: broiler chicken, primary bronchus occlusion, arginine, 
phenylephrine, antioxidant vitamins

145   Tissue characterization of avian ghrelin O-acyltransferase 
(GOAT) mRNA expression.  M. P. Dimova,* M. E. Freeman, and A. 
J. Davis, University of Georgia, Athens.

In vertebrates, ghrelin is a highly conserved protein hormone involved 
in a wide range of regulatory pathways effecting energy metabolism 
and expenditure. Ghrelin is produced by the acylation of the 3rd amino 
acid of unacylated ghrelin by the enzyme ghrelin O-acyltransferase 
(GOAT). The acylated form of ghrelin can bind to the ghrelin receptor 
and elicit a cellular response. Previously, research in our laboratory indi-
cated that plasma ghrelin levels were elevated in fasted broiler breeder 
hens. Therefore the goal of the current research was to characterize 
GOAT mRNA expression in various broiler tissues and to determine 
if the expression of GOAT increased in fasted broiler breeder hens. A 
putative chicken GOAT mRNA sequence was derived from the chicken 
genome and identified using the mRNA sequences from mouse and 
human as search queries. RT-PCR primers were designed using the 
identified sequence. PCR products were amplified from broiler cDNA 
and sequenced to verify the putative GOAT sequence. Taqman MGB 
probes and primers for detecting GOAT and GAPDH (internal control) 
were made for real time RT-PCR analyses of extracted total RNA. Total 

RNA was extracted from various tissues from 8, 5 week old broilers and 
from proventriculus and ovarian tissue from 12 broiler breeder hens. Six 
of the hens were fed and 6 of the hens had been fasted for 72 h. GOAT 
mRNA expression was most abundant in the proventriculus. It was also 
detected at low levels in tissue from the small and large intestine and 
the granulosa tissue isolated from small follicles. GOAT mRNA expres-
sion was significantly greater in the proventriculus of fasted broiler 
breeder hens than it was in fed hens. GOAT mRNA was not detected 
in the liver, adrenal gland or kidney. Collectively, the current research 
supports previously published murine research where GOAT expression 
levels are most prominent in glandular gastric tissue and are increased 
under caloric restriction.

Key Words: proventriculus, intestine, fasted broiler, granulosa

146   Effects of adding different concentrations of Lactobacillus to 
semen on hen fertility.  M. D. Haines,* H. M. Parker, C. D. McDaniel, 
and A. S. Kiess, Mississippi State University, Mississippi State.

It has been proven that Lactobacillus resides in the gastrointestinal 
tract, vagina and cloaca of hens. From a previous experiment, semen 
exposed to Lactobacillus in vitro immediately reduced sperm motility. 
Therefore the objective of this study was to determine if semen exposed 
to Lactobacillus immediately before artificial insemination affects 
overall fertility of White Leghorn hens. For the experiment, at least 20 
mL of semen was collected from White Rock roosters. The semen was 
used to create 4 different treatments: 1) semen with saline, 2) semen 
with MRS (deMan, Rogosa, Sharpe) broth, 3) semen with a low dose 
of Lactobacillus and 4) semen with a high dose of Lactobacillus. Each 
sample was diluted to a 1:1 ratio of 275µL of semen and 275µL of the 
respective medium, and a Sperm Quality Index reading was obtained. 
Once the samples were diluted, 80 hens in each treatment equally divided 
among 10 blocks were inseminated with 50µL of diluted semen. Eggs 
were collected from d 2 to 7 post insemination (DPI) and then incubated 
for 10 d. After incubation, all eggs were examined for fertility and a por-
tion of the eggs were examined for Lactobacillus. The entire experiment 
was repeated twice. The results showed that semen quality was within 
the normal range for treatments 1, 2, and 3, but semen from treatment 4 
was entirely immotile. Additionally, 84% of the eggs from treatments 1, 
2 and 3 were fertile, however, all eggs from treatment 4 were infertile. 
There was no difference between treatments for Lactobacillus counts in 
the yolk or on the shell. However, fertility and Lactobacillus shell counts 
declined over DPI. In fact a negative correlation (r = 0.28) between 
fertility and Lactobacillus shell counts was obtain for DPI averages 
from each block. In conclusion, the results indicate that Lactobacillus 
is not present on the yolk. All eggs from treatment 4 were found to be 
infertile and a negative correlation between fertility and Lactobacillus 
shell counts over average DPI was obtained.

Key Words: Lactobacillus, laying hen fertility, semen quality

147   Perivitelline sperm hole numbers in commercial duck 
eggs over the initial 13 weeks of egg production.  M. R. Bakst*1, 
J. Dymond1, and W. Lallier2, 1Agricultural Research Service-USDA, 
Beltsville, MD, 2Maple Leaf Farms Inc., Leesburg, IN.

Commercial duck breeder flocks may begin to mate at 27 wk of age 
and reach peak fertility (~85%) in ~13 wk. In contrast, peak fertility 
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is reached 4–5 wk after the onset of mating in broilers. To obtain 
some insight as to why peak fertility in commercial ducks takes up to 
13 wk we used the perivitelline sperm hole assay (PSHA) to estimate 
the number of sites sperm hydrolyzed a hole through the perivitelline 
layer (PL). For this study, eggs were collected from 2 commercial 
duck breeder flocks at 1, 3, 7, 13 weeks of egg production. A total of 
314 eggs were evaluated by break-out fertility (gross identification of 
the status of the germinal disc: fertilized or unfertilized) and by the 
PSHA (for both procedures see 2nd Edition: Techniques for Semen 
Evaluation, Semen Storage, and Fertility Determination, Bakst and 
Long, editors, 2010) with one modification. In our hands, the PSHA 
procedure as described in Bakst and Long (2010) was unsuccessful 
with duck eggs. I.A. Malecki suggested using a filter ring to pick up the 
PL and then wash off the albumen, stain, and mount the PL/filter ring 
on the slide. This proved successful. Omitted from the data set were 
those germinal discs that at break-out were identified as fertilized but 
had no sperm holes, either due to poor placement of the filter ring or 
failure to wash the albumen sufficiently off the PL. Of the 232 counts 
analyzed, 64% had designated >200 sperm holes: for statistical analy-
ses the number was set at 200. There were no statistical differences in 
numbers of sperm holes between the 2 lines so data were combined. 
Mean sperm hole numbers at 1, 3, 7, 13 wk of egg production were 
163ab, 134b, 189a, and 146b, respectively (means followed by different 
letters are different at the 0.05 significance). Of significance are the 
high number of sperm holes observed and the possibility of patho-
logical polyspermy to leading to early embryonic mortality, a known 
problem in the production of mule ducks.

Key Words: duck, perivitelline sperm hole assay, embryo mortality

148   Ovarian mRNA expression of nesfatin and visfatin in fed 
and fasted broiler breeder hens.  R. S. Cisse,* M. E. Freeman, and 
A. J. Davis, University of Georgia, Athens.

Research in mammals indicates that nesfatin (also called NUCB2) and 
visfatin are anorexic and orexigenic protein hormones, respectively, 
and both hormones are involved in energy homeostasis. Broiler breeder 
hens are feed restricted during rearing and production to control the 
deposition of body weight. Ad libitum feeding during either the rear-
ing or production phase is associated with a decrease in reproductive 
performance. Implementation of feed restriction programs typically 
results in the birds being fed once every other day during rearing and 
once a day during production. This feeding schedule results in signifi-
cant fast periods between feedings which can also be detrimental to 
follicular development. Therefore, in the current research the ovarian 
mRNA expression of nesfatin and visfatin was examined in 6 hens 
that had been fed or fasted for 72 h. Theca and granulosa tissue was 
isolated from individual F1, F2, F3 and F4 follicles, a pool of small 
yellow follicles (SYF) and a pool of large white follicles (LWF). The 
isolated theca and granulosa tissue from each follicle size was com-
bined from 2 birds, thus creating 3 replicate samples of each tissue 
type for each follicle size within each feeding treatment. Total RNA 
was isolated from each sample for real time PCR that utilized specific 
Taqman MGB probes and primers for detecting nesfatin, visfatin and 
GAPDH (endogenous control). The mRNA for both hormones was 
expressed in theca and granulosa samples from all follicle sizes. The 
mRNA expression of visfatin in the granulosa from F1 or F2 follicles 
was significantly less than expression in SYF. The mRNA expression 
of nesfatin in the granulosa tissue from the F4 follicle was greater 
than expression in the granulosa from F1 or LW follicles. Fasting 

significantly decreased theca visfatin mRNA expression, but had no 
effect on granulosa visfatin or nesfatin mRNA expression. The results 
indicate that both visfatin and nesfatin could influence follicular 
development. The decrease in theca expression of visfatin during 
fasting should be further investigated to determine its possible role in 
follicular atresia induced by the lack of nutrient intake.

Key Words: theca, granulosa

149   The role of the hypothalamic paraventricular nucleus 
(PVN) and nucleus of the hippocampal commissure (NHpC) in the 
avian stress response.  W. J. Kuenzel*1, R. Selvam1, B. A. Tessaro2, A. 
Jurkevich3, and S. W. Kang1, 1Univ. of Arkansas, Fayetteville, 2William 
Cary Univ., Hattiesburg, MS, 3Univ. of Missouri, Columbia.

A stressor in roosters is male-male interaction. Our previous stud-
ies utilizing the FOS protein antibody, showed that with male-male 
interactions 5 different brain sites showed significant differences in 
FOS immunoreactivity (ir), however 2 sites showing marked activa-
tion, the PVN and NHpC. We utilized a different stressor, acute (1h) 
and repetitive (1h, 10 d) immobilization to determine if those neural 
structures were likewise activated. Birds were blood sampled for 
analysis of corticosterone and thereafter birds were anesthetized, 
perfused with heparinized saline and fixative, brains and pituitary 
glands removed and sectioned. A FOS protein antibody was utilized 
in immunocytochemistry (ICC) to determine activated neurons. Other 
similarly treated birds were anesthetized and brains and pituitaries 
dissected and frozen for analysis of mRNA transcript levels. Results 
showed significantly elevated corticosterone levels in birds that were 
immobilized. FOS ir levels were significantly elevated in the PVN in 
both acutely and repetitively immobilized birds. In constrast, in the 
NHpC, acute immobilization resulted in significant elevation of FOS 
ir while chronic immobilization resulted in reduced levels. Further 
ICC results showed that a major cell type in the NHpC is corticotro-
pin releasing hormone (CRH) neurons while the PVN has arginine 
vasotocin and CRH neurons. The vasotocin receptor 4 (VT4R) is 
abundant in the PVN and colocalized with corticotropes in the anterior 
pituitary. In contrast to brain structures, the anterior pituitary showed 
a decrease in c-fos and VT4R mRNA transcripts following acute and 
chronic immobilization. Further work is needed to understand the 
differential c-fos response by immobilization stress in the brain and 
pituitary gland. Supported by AR Agricultural Expt. Station Animal 
Health Funds and NSF Grant 0842937.

Key Words: immobilization, arginine vasotocin, vasotocin VT4 
receptor, CRH

150   Identification of chronic stress response genes in the male 
broiler brain.  S. W. Kang,* J. Y. Lee, B.-W. Kong, W. G. Bottje, and 
W. J. Kuenzel, University of Arkansas, Fayetteville.

Chronic stress causes detrimental impacts on broiler performance and 
results in economic losses. Our recent studies showed a differential 
response of corticotropin-releasing hormone (CRH) and arginine-
vasotocin (AVT) receptor subtype-specific expression and increase of 
calcium-binding proteins in the anterior pituitary gland. The objective 
of this study was to investigate global gene expression in the avian 
brain when birds are subjected to chronic stress. To understand the 
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stress induced gene expression profiles in the male broiler brain, a 
microarray analysis was performed using 4 × 44 K Agilent chicken 
oligo microarrays V2 (array ID:026441). Microarrays were hybridized 
using the 2 color hybridization method with total RNA extracted from 
the brain of 7–8 wk old broilers subjected to 10 consecutive days of 1 
h immobilization stress compared with controls. Results showed that 
492 genes were differentially expressed in response to chronic stress 
that included genes involved in reproductive system development 
and function, cell death, genetic and endocrine system disorders. A 
bioinformatics tool (Ingenuity Pathways Analysis) used to analyze 
biological functions and networks identified 249 genes in 10 possible 
gene networks with 5 top associated network functions including cell 
cycle, reproductive system development and function, nervous system 
development and functions. Differential expression for 24 genes out 
of 249 genes was confirmed by real time RT-PCR. It is worth noting 
that tryptophan hydroxylase 2 (TPH2, the rate limiting enzyme of 
serotonin synthesis) was significantly decreased to 29.6% of control 
levels (P < 0.05) following chronic stress. A second gene of interest 
was the dopamine D1 receptor which was increased 150% (P < 0.05) 
in birds subjected to chronic stress compared with control. The results 
provide a more comprehensive analysis of differentially expressed 
genes in the male broiler brain from chronic stress. Supported by 
Arkansas Agricultural Experiment Station Animal Health Funds and 
NSF Grant 0842937.

Key Words: stress, broiler, brain, microarray, gene expression

151   Differential expression of focus genes associated with feed 
efficiency.  W. G. Bottje*1, B.-W. Kong1, J. J. Song2, J. Y. Lee1, B. 
M. Hargis1, K. Lassiter1, T. Wing3, and J. Hardiman3, 1Department of 
Poultry Science, Center of Excellence for Poultry Science, University 
of Arkansas, Fayetteville, 2Department of Mathematical Sciences, 
University of Arkansas, Fayetteville, 3Cobb-Vantress Inc., Siloam 
Springs, AR.

Global RNA expression in breast muscle obtained from a male broiler 
line phenotyped for high or low feed efficiency (FE) was investigated 
using microarray analysis. Microarray procedures and validation were 
reported previously (Kong et al., 2011. Poultry Sci. 90:2435–2547). Feed 
efficiency (g feed/g gain) for the high and low FE phenotypes was 0.65 
± 0.01 (n = 6) and 0.46 ± 0.01 (n = 6), respectively. By using an overlay 
function of Ingenuity Pathway Analysis software (http://www.ingenuity.
com/) in which canonical pathways can be projected onto a set of genes, 
differentially expressed focus genes were identified. We selected 130 out 
of 260 possible canonical pathways in the IPA program that would likely 
be associated with normal metabolic activities and did not select those 
that were obviously tissue or disease specific. The results indicated that 
upregulated focus genes in the high FE phenotype were associated with 
a) signal transduction pathways (Jnk, G-coupled, and retinoic acid), or b) 
sensing cell energy state and stimulating energy production that would 
likely enhance growth and development of muscle tissue. In contrast, 
focus genes that were upregulated in the low FE muscle phenotype 
(or ones that would be downregulated in the high FE phenotype) were 
associated with cytoskeletal architecture (e.g., actin-myosin filaments), 
fatty acid oxidation, growth factors, and ones that may be induced by 
oxidative stress. The results of this study provide additional insight into 
gene expression in muscle associated with the phenotypic expression 
of feed efficiency in broilers.

Key Words: broilers, feed efficiency, global gene expression, microarray

152   Effect of transportation stress on emus.  D. G. Menon,* D. 
C. Bennett, and K. M. Cheng, Avian Research Centre, Faculty of Land 
and Food Systems University of British Columbia, Vancouver, BC, 
Canada.

A study was undertaken to evaluate the stress responses in farm emus 
(Dromaius novaehollandiae) to land transportation in a modified horse 
trailer over a period of 7 h with respect to selected serum hematological, 
biochemical, enzymatic parameters and corticosterone levels; and also 
the efficacy of a feed supplement to alleviate this stress response. Emus 
(5 year old; n = 24, 10 Females and 14 Males) were randomly allotted 
to 3 treatments: 1). Supplement given both pre- and post-transportation; 
2). Supplement given only pre-transportation; and 3). control (placebo). 
Blood samples were collected 24 h before transport and at slaughter. The 
core body temperature increased significantly (P < 0.001) after transport. 
Emus lost 5.9% of their body weight after transport and then gained 
slightly during the 24 h in the holding pens before slaughter to have a 
net loss of 4.7% at slaughter. Transportation increased plasma glucose 
level (P < 0.001); creatinine (P < 0.001) and heterophil: lymphocyte 
ratio (P = 0.02), while the serum albumin levels (P = 0.03); albumin: 
globulin ratio (P = 0.03); and blood calcium levels were decreased. The 
serum enzymes ALT, AST and CK and the plasma corticosterone levels 
were significantly elevated at slaughter. These findings suggest that 
transportation stress is associated with elevated corticosterone levels 
and resulting in shrinkage, hypoalbuminaemia, hypocalcaemia, with 
increase in serum enzymes and altered immune status in emus. This 
further indicates the incidence of exertional rhabdomyolysis in emus 
while confirming relevance of heterophil: lymphocyte ratio changes as 
an indicator of stress in this species.

Key Words: emu, stress, metabolites, transport, rhabdomyolysis

153   Blood biochemical changes and immune response of broiler 
chicks vaccinated with different avian influenza vaccines at one or 
seven days of age.  H. M. Safaa*1, D. A. A. El-Sayed1, A. M. Abdou1, 
S. M. M. Shalash2, and S. A. Riad1, 1Animal Production Department, 
Faculty of Agriculture, Cairo University, Giza, Egypt, 2Animal 
Production Research Institute, Dokki, Giza, Egypt.

An experiment was conducted to investigate the effect of different Avian 
Influenza “AI” vaccines and age at vaccination on broiler physiology and 
immunology. 1,350 d-old Hubbard broiler chicks were divided into 9 
groups (3 replicates per group). Eight groups of chickens were vaccinated 
with H5N1, H5N2, combinant H5N2+Newcastle Disease “ND” and the 
Egyptian H5N1 at 1 or 7 d of age. The Egyptian vaccine was prepared 
from the isolated H5N1 AI virus from the Egyptian infected chickens in 
2006. The chickens of group 9 were kept as negative control. Chicks were 
derived from breeders repeatedly immunized with an inactivated H5N1 
vaccine. All chicks had ad libitum access to water, corn-soy-based starter 
diet from 1 to 21 d-old, grower diet from 22 to 30 d-old and finisher diet 
from 31 to 42 d-old. Five blood samples per replicate were collected at 
4, 7, 14, 21, 28, 35, and 42 d-old. Results of real time PCR indicated that 
birds were not challenged by AI disease. During the experimental period, 
results indicated that neither different vaccines nor age at vaccination affect 
broiler ND titer (ranged from 3 to 7 log2) and relative spleen (ranged from 
147 to 165 mg/100 g BW) or bursa (ranged from 65 to 123 mg/100 g BW) 
weights. On the other hand, from 14 to 42 d of age, birds vaccinated with 
H5N2 or H5N2+ND vaccines had more HI titer against AI virus than those 
vaccinated with H5N1 or the Egyptian H5N1 vaccines (higher vs. less 
than 5 log2, respectively). However, no differences were detected among 
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the vaccinated chicks at 1 or 7 d of age for HI titer against AI virus at all 
ages. Moreover, fluctuated changes within the normal levels were noted 
at 14, 28 and 42 d-old in plasma total protein, albumin, globulin, alanine 
aminotransferase, creatinine and urea in response to AI vaccines at 1 or 
7 d of age. Thus it is recommended to use either the H5N2 or H5N2+ND 
vaccines than H5N1 or the Egyptian-H5N1 vaccines for Hubbard broiler 
flocks derived from breeders repeatedly immunized with a commercial 
inactivated H5N1 vaccine.

Key Words: broilers, avian influenza vaccines, age at vaccination, blood 
biochemical constituents, immune response

154   The impact of protein, probiotic and symbiotic supplemen-
tation on biological health markers of molted layers.  H. Anwar*1 
and Z. U. Rahman2, 1Department of microbiology, GC University, 
Faisalabad, Pakistan, 2Department of Physiology and Pharmacology, 
University of Agriculture, Faisalabad, Pakistan.

Dietary zinc was used to induce molt in 200 white leghorn caged hous-
ing birds at the age of 70 week. The birds were equally and randomly 

allocated to 4 groups each of 50 birds as G1 (control; CP16%, no 
supplement), G2 (CP18%, no other supplement), G3 (CP16%, Symbiotic 
Perfectin @ 1g/4L drinking water daily) and G4 (CP16%, Probiotic 
Protexin @ 1g/4L in drinking water daily) after the completion of molt. 
The sampling was conducted 3 times at 5% production (5P), peak pro-
duction (PP) and end of production (EP) with 15 birds being sacrificed 
at each sampling from each group to collect the blood for harvesting of 
serum. Serum health markers including total oxidant status (TOS), total 
antioxidant capacity (TAC), homocysteine (Hcy) concentration, paraox-
onase (PON), arylesterase and ceruloplasmin activity were determined 
by the prescribed assays. The overall TAC was increased while TOS 
and Hcy concentrations were reduced significantly (P ≤ 0.01) in all the 
supplemented groups as compared with the control. The PON and ceru-
loplasmin activity were enhanced (P ≤ 0.01) in the supplemented groups 
as compared with control and arylesterase activity was increased (P ≤ 
0.01) in only G2 as compared with the other groups. Although protein 
supplementation has significantly reduced the oxidative stress however, 
supplementation with symbiotic and probiotic has also promoted the 
health status by decreasing the oxidative stress in the birds.

Key Words: molted layer, health biomarkers, protein, probiotics
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155   Evaluation of poultry litter treatment in reducing ammo-
nia emission rates, pH and microbial load in commercial broiler 
houses over three consecutive broiler flocks.  D. B. Gholap,* K. S. 
Macklin, J. P. Blake, and S. F. Bilgili, Department of Poultry Science, 
Auburn University, Auburn, AL.

Three commercial broiler houses were (12.2 × 152.4 m) were monitored 
for 3 consecutive flocks. The houses were treated with Poultry Litter 
Treatment (PLT), 24 h before bird placement at the rate of 24.4 kg /100 
m2. PLT was applied in the central brooding area for all 3 flocks and 
represented the treated (TR) area while the rest of the house remained 
untreated (UN). Litter samples were obtained before PLT application 
and at 1, 8, 15, 22, 29, 36 and 43 d of age at 4 equidistant locations (TR 
= 2 and UN = 2) in each house. Litter samples were analyzed for pH, 
moisture, water activity and microbiological analysis. Microbiological 
analysis included total aerobic, anaerobic, enteric, Cl. perfringens and E. 
coli counts (cfu/g). Drager CMS analyzer was used for ammonia mea-
surement. PLT application indicated a consistent decrease in ammonia 
through d 15 in the TR area as compared with the UN area but failed 
to be significant at P < 0.10. pH levels were significantly reduced (P 
< 0.05) with PLT application (TR area) as compared with the UN area 
for all but one sampling day. Moisture and water activity levels did 
not show any significant difference at P < 0.10 between the TR or UN 
areas. PLT application (TR) revealed a slight increase in aerobic bacte-
rial counts over UN, but no significance was detected at P < 0.10. PLT 
application (TR) showed a significant increase (P < 0.10) in coliform 
counts on d 8 as compared with the UN area (5.592 vs. 4.466). E. coli 
counts were significantly increased (P < 0.10) with PLT application on 
d 8 compared with the UN area (5.311 vs. 4.134). PLT application also 
showed a significant (P < 0.10) increase in anaerobic bacterial counts 
as compared with the UN area on day15 (7.631 vs. 7.016).

Key Words: ammonia, PLT, litter treatment

156   Reducing Salmonella and broiler litter ammonia emissions 
using Bacillus subtilis.  Z. Williams,* J. Stough, M. Liles, and K. S. 
Macklin, Auburn University , AL.

An unwanted product of commercial broiler production is the high quantity 
of ammonia that is volatilized from litter. Ammonia negatively impacts 
broiler performance by reducing weight gain and negatively effecting 
respiratory function. In recent years, with the implementation of stricter 
regulations the incidence of many food borne pathogens has decreased; 
however, the incidence of Salmonella remains unchanged. Salmonella can 
often be found in broiler litter, when litter is reused sequential flocks can 
also become colonized with Salmonella. This makes on-farm reduction of 
Salmonella the first line of defense against this pathogen. Chemical litter 
amendments have been used for ammonia reduction, and Salmonella. 
However, these chemicals are only effective for a finite amount of time 
and must be reapplied. Bacteria have the ability to metabolize ammonia, 
produce antimicrobials, and have the potential to persist indefinitely once 
applied to broiler litter. In this experiment, 3 Bacillus subtilis strains, that 
had shown antibacterial effects against Salmonella and had the ability to 

reduce ammonia in vitro. These strains were applied to broiler litter at a 
rate of 107 cells/g of litter, as either spores or vegetative cells. A cocktail of 
5 Salmonella spp. was also applied to the litter. Ammonia measurements 
were taken before treatment then at 24, 48, 72 and 96 h post treatment. 
Samples for microbiological analysis were taken before treatment then 
at 24 and 96 h post treatment. Bacterial enumeration was performed for 
total aerobes, anaerobes, E. coli and Salmonella spp. After analysis, no 
differences were found due to treatment with either spores or vegetative 
cells for ammonia and all bacteria enumerated (P > 0.05). Also, no dif-
ferences were observed between B. subtilis spores and vegetative cells 
(P > 0.05). While preliminary in vitro results were promising, B. subtilis 
was ineffective against both ammonia volatilization and Salmonella spp 
reduction in the litter environment.

Key Words: ammonia, Salmonella, litter management, Bacillus subtilis, 
broiler

157   The effect different poultry litter amendments have on live 
production, carcass characteristics, and environmental parame-
ters.  D. E. Everett*1, J. L. Purswell2, J. D. Davis3, C. D. McDaniel1, and 
A. S. Kiess1, 1Mississippi State University, Mississippi State, 2USDA-
Agricultural Research Service, Poultry Research Unit, Mississippi 
State, 3Department of Agricultural and Biological Engineering, 
Mississippi State University, Mississippi State.

Due to the high cost of poultry bedding, many poultry farmers are reus-
ing litter over multiple flocks. Amendments are often used to extend the 
life of litter. Currently, most amendments are based on acid salts such as 
Poultry Litter Treatment which reduce ammonia volatilization. However, 
amendments such as bacterial formulated and all natural amendments 
are becoming more available to growers. Therefore, the objective of 
this experiment was to compare live production parameters, carcass 
characteristics, and environmental factors for 3 different litter amend-
ments: bacterial formulated (BF), all natural (AN), and acid salt (AS). 
Also a control (C) pen of used pine shavings was utilized in each of 6 
blocks consisting of 4 pens each containing 21 Ross × Ross broilers. 
The bedding for each treatment pen was used de-caked litter that had 
been exposed to at least 6 flocks of broilers. A randomized complete 
block design with a split plot over days of grow-out (0, 28, and 40 d) 
was used for statistical analyses. No significant difference (P ≤ 0.05) 
among treatments for feed intake, carcass wt, breast yield, Salmonella, 
Campylobacter, or ammonia flux were obtained. On d 0, AS pH was 
lower than all treatments and AN pH was lower than C and BF. On d 
28, BF pH was greater than AS, and on d 40, pH was similar for all 
treatments. On d 0, moisture values were the lowest and similar among 
all treatments. On d 28, AN moisture was lower than AS. However, on d 
40, the highest moisture values were obtained, and BF was greater than 
AN. On d 0, Clostridium was not detected in any treatment group. On 
d 28, Clostridium for BF was higher than that found in C and AS. On 
d 40, Clostridium was only detected in BF. On d 0, E. coli counts were 
low. By d 28, E. coli counts were at their highest and by d 40 started to 
recede. In conclusion, the data suggests that all litter amendments have 
no effect on live or carcass characteristics. However, the data indicates 
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that BF on d 28 increases Clostridium and pH while the AN yields no 
trace of Clostridium throughout the study.

Key Words: pH, NH3, litter, amendment, bacteria

158   Audio features for monitoring conditions in a growout 
environment.  G. J. Colon*1, W. D. Daley1, D. V. Anderson1, A. 
B. Webster2, C. W. Ritz2, and D. F. Britton1, 1Georgia Institute of 
Technology, Atlanta, 2University of Georgia, Athens.

There is much empirical and experiential evidence that the vocalization 
of birds is a useful measure of their well being. The goal of this proj-
ect is to explore the audio features that could be extracted from these 
vocalizations and used as cues for identifying the state of the birds. 
Experiments were conducted in which birds were raised under condi-
tions that mimicked those used in commercial operations. The birds used 
were Cobb 500 placed at a stocking rate of 0.75 square foot per bird. 
Temperature and ammonia conditions were adjusted within ranges that 
would be encountered in commercial operation. Audio was recorded for 
a full grow out period. In addition, short-term tests were conducted in a 
smaller chamber to evaluate the effects of elevated levels of ammonia. 
Several audio features were evaluated for their ability to characterize 
differences in the living space environments. One minute audio samples 
were then analyzed to determine if the birds were or were not under 
the normal conditions. The results indicate that the Kurtosis of the time 
domain representation of the signal at a threshold of 2 to 5 is able to 
discriminate with an accuracy of 0.9 changes in bird vocalization due to 
temperature and ammonia levels. This feature also appears to be robust 
in the presence of ambient disturbances such as noise from the fans.

Key Words: animal welfare, audio monitoring, signal processing, 
kurtosis, animal environments

159   Developing a multiplex PCR for the detection of Clostridium 
perfringens toxin genes netB, tpeL, cpa, cpb, etx, iA, and cpe.  M. A. 
Bailey*1, K. S. Macklin1, M. A. Liles2, and J. T. Krehling1, 1Auburn 
University Department of Poultry Science, Auburn, AL2Auburn 
University Department of Biological Sciences, Auburn, AL.

The discovery of novel toxins produced by Clostridium perfringens 
(CP), such as NetB and TpeL, has brought to question the role of CP 
α-toxin in the pathogenesis of necrotic enteritis (NE) in poultry. NetB 
has been shown to play an important role in the development of NE in 
certain isolates of CP. Despite its apparent importance to the develop-
ment of the disease, there has been limited research demonstrating the 
prevalence of NetB positive isolates from NE outbreaks in the United 
States. In existing studies, a combination of multiplex and single PCRs 
were used to detect genes encoding α-, β-, epsilon-, iota-, cpe-, NetB, 
and TpeL toxins. In this study, primers were redesigned to have similar 
melting temperatures and sufficient difference in product size to allow 
the detection of the aforementioned genes using a multiplex reaction. 
Isolates used to test the efficacy of the reaction were taken from a larger 
collection maintained by our laboratory. The results of this experiment 
show that the multiplex was able to detect the presence of these genes 
in DNA extracted from these isolates, providing another tool for the 
testing of CP for the presence of toxin-encoding genes.

Key Words: Clostridium perfringens, netB, tpeL, PCR, multiplex

160   Colonization of day of hatch broiler chicks with antimi-
crobial resistant strains of Salmonella Heidelberg and Kentucky.  
D. E. Cosby*1, P. J. Fedorka-Cray1, M. A. Harrison2, N. A. Cox1, R. 
J. Buhr1, and J. L. Wilson2, 1USDA, ARS, Russell Research Center, 
Athens, GA, 2University of Georgia, Athens.

Salmonella is a major foodborne pathogen linked to poultry and poultry 
products. However, limited research regarding the in vivo interactions of 
non-host adapted Salmonella serotypes in broiler chicks is available. To 
evaluate the effect of 2 serotypes on colonization, 600 d of hatch chicks 
were obtained from a local commercial hatchery and divided between 
4 treatment rooms (n = 150/room). Forty-five seeder chicks were orally 
inoculated with 1.8 × 104 cfu of Salmonella Kentucky resistant to tet-
racycline (SKTetR) while an additional 45 seeder chicks were inoculated 
with 2.2 × 104 cfu of Salmonella Heidelberg resistant to streptomycin 
(SHStrR). Fifteen wing-banded seeder chicks of each serotype were placed 
into 3 replicate treatment rooms; one additional room was maintained 
as a negative control with the same bird density and 30 of these chicks 
gavaged with sterile saline. On d 7 and 28 post commingling, the ceca 
of 15 non-seeder chicks per room were aseptically removed and cul-
tured, and on d 42, the ceca of 30 non-seeder chicks were removed and 
cultured for the presence of Salmonella. Ceca from all control room 
chicks sampled were negative for Salmonella while on d 42, 83, 96, and 
82% of the ceca sampled from the treatment rooms containing seeder 
chicks were positive for SKTetR, SHStrR, or both serotypes of Salmonella, 
respectively. After processing on d 43, a statistically significant differ-
ence in the recovery of SKTetR and SHStrR was detected from post chill 
carcass rinsates (P < 0.05). Carcass Salmonella recovery was lowered 
to 18% for SKTetR vs. 35% for SHStrR, and 4.2% for both serotypes fol-
lowing immersion chilling. Since there were no overall differences 
detected from the cecal samples during grow-out and the fact that all 
ceca were positive for both serotypes on d 28, no exclusion between 
these serotypes was observed in this study during grow-out. However, 
Salmonella serotype prevalence in ceca samples collected before the 
day of processing (pre-feed withdrawal) may not be predictive of the 
recovered Salmonella serotypes from post-chill carcasses.

Key Words: colonization, Salmonella, serotypes, broilers, grow-out

161   Evaluation of the influence of infectious bronchitis virus 
vaccination and Salmonella or Campylobacter colonization in young 
broilers.  J. S. Garcia*1, J. A. Byrd2, and D. J. Caldwell1, 1Department 
of Poultry Science, Texas A&M University, Texas AgriLife Research, 
College Station, 2USDA, ARS, Southern Plains Agricultural Research, 
College Station, TX.

Infectious bronchitis virus vaccine (IBVV) is commonly used in the 
commercial broiler industry as a component of a standard vaccination 
program. In this investigation, we evaluated the application of IBVV for 
its potential to influence the prevalence or shedding of Salmonella and 
Campylobacter in young broilers. Three hundred day-of-hatch chicks 
were obtained from a commercial hatchery and divided into 3 groups 
of hundred chicks each. Ten chicks from each group were designated 
to act as seeder animals in a horizontal challenge model for Salmonella 
and Campylobacter. To accomplish this, 10 chicks per group were chal-
lenged with Salmonella Typhimurium (106) and another 10 chicks per 
group were challenged with Campylobacter jejuni (104). To investigate 
the potential influence of IBVV within the challenge model, in groups 2 
and 3, another 10 chicks were vaccinated at 10× the label recommended 
dose with IBVV (Arkansas strain). Group 1 served as a control. On d 
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17, 5 seeders birds from group 2 and 3 were boosted with IBVV (10X 
dose). Every week, 10 contacts were killed to determine Salmonella 
and Campylobacter concentration. No significant difference (P > 0.05) 
was seen in the Salmonella prevalence between the control (0.26 Log 
10 cfu) versus IBVV treatment (0.46 Log 10 cfu). A slight increase in 
Campylobacter was seen in IBVV treatment groups (5.72 Log 10 cfu) 
versus control (4.99 Log 10 cfu) after the boost of IBVV. Broilers vac-
cinated with IBVV may have the potential to higher concentrations of 
Campylobacter post challenge versus not vaccinated birds.

Key Words: Salmonella, Campylobacter, ceca, broiler, infectious 
bronchitis

162   The influence of feeding regimen during rearing on plasma 
corticosterone concentration in broiler breeder pullets.  D. A. 
Neves,* M. E. Freeman, E. R. Montiel, B. L. McLendon, J. L. Wilson, 
and A. J. Davis, University of Georgia, Athens.

During the rearing and production periods broiler breeder pullets are feed 
restricted to control body weight gain, livability and to maximize reproduc-
tive performance. In the rearing period, feed restriction is typically accom-
plished by utilizing a skip-a-day (SAD) feeding regimen. However, the 
fasting period associated with SAD feeding may cause stress. Therefore, 
in the present research, plasma corticosterone was measured as a potential 
indicator of stress in broiler breeder pullets that were fed during rearing 
using an automatic chain feeder on a SAD or everyday (ED) basis and 
in pullets that were fed ED with the feed broadcast (EDB) on top of their 
litter. All pullets received an equal total amount of feed over each 48 h 
period. At 21 wk of age the pullets were weighed, distributed into laying 
pens such that each pen had a similar body weight distribution and photo-
stimulated. Once moved to the laying pens all of the birds were placed on 
an ED feeding schedule. Blood was collected from 25 randomly selected 
birds from each treatment at 11, 17 and 25 wk of age for assessment of 
plasma corticosterone levels using an EIA. Ovarian tissue was collected 
from 6 birds per treatment at 17, 22 and 28 wk of age to assess corticos-
terone receptor mRNA levels. At 11 wk of age plasma corticosterone 
concentrations were not different between the ED, SAD and EDB pullets 
when measured 7 h after feeding. However, the plasma corticosterone 
concentration was significantly elevated relative to the values obtained 
at 7 h post feeding in plasma samples obtained from the SAD birds 31 h 
after feeding. Similarly, at 17 wk of age plasma corticosterone was not 
different between the SAD and ED birds when measured 24 h after their 
last feeding, but the level of corticosterone was elevated relative to the 24 
h values in blood obtained from SAD birds just before them being fed at 
48 h since their last feeding. At 25 wk of age, there were no differences in 
plasma corticosterone levels. The results indicate that SAD feeding leads 
to elevated levels of corticosterone during the off feeding day which in 
turn could be detrimental to bird health and performance.

Key Words: skip-a-day, everyday

163   Effects of different lighting programs in prevention of 
ascites in different strains of broiler chickens.  M. Mirzadeh1, 
S. Rahimi*1, H. Mehrabani2, and S. Yakhkeshi1, 1Tarbiat Modares 
University, Tehran, Iran, 2University of Tehran, Tehran, Iran.

An experiment carried out to study the effects of 4 different lighting 
programs (16L:8D, 18L:6D, 20L:4D and 23L:1D) and interaction of 

4 strain of broilers [Arbor Acers (AA), Ross (R), Cobb (C) and Arian 
(A)] on growth performance and ascite syndrome. Embryonated eggs 
from broiler breeders in age 35 - 45 weeks of different strains - Arbor 
Acers (AA), Ross (R), Cobb (C) and Arian (A) were incubated in a local 
hatchery. After hatching, 4 hundred and 80 1- day- old male broilers from 
the 4 different strains (120 from each strain) were housed in 4 isolated 
rooms. In each room 4 strains of broilers (Arbor Acers, Ross, Cobb and 
Arian) were housed with 3 replicates including 10 birds in each replicate. 
Feed and water were provided ad-libitum throughout the study. Light 
intensity was monitored at bird head height using a digital luxmeter. 
Lighting hours were regulated using an automatic timer. Photoperiod 
and strain were the 2 independent factors. Experiment was done in 4 
× 4 (24) random complete factorial design. All rooms were provided 
23L:1D with an intensity of 30 Lux from day one until d 7. From d 8 
until d 42 4 rooms were scheduled to 4 constant light programs (16L: 
8D, 18L: 6D, 20L: 4D and 23L: 1D) with 20 Lux intensity. BW, FI and 
FCR were measured weekly and cumulative. RV:TV ratio of hearts at 
end of the experiment and in birds which died throughout the study, also 
percentage of ascites, metabolic and total mortality, were determined 
at age of 21 and 42 d. Results showed that providing 20 h of light a 
day had highest growth rate in broilers at 21 d. Difference between 
light treatments was not significant at 42 d. The difference between 
strains was significant and Cobb strain had highest growth rate at 42 d. 
Photoperiod and strain had no significant effect on RV:TV ratio in birds 
euthanized at 42 d, but Arian strain in lighting program of 23L:1D had 
highest RV:TV ratio (0.29).

Key Words: lighting programs, ascites, broiler hybrids

164   Evaluation of nutrafito plus on live performance and car-
cass yield when supplemented in broiler rations with and with-
out pre and probiotics.  B. S. Lumpkins*1, G. F. Mathis1, and D. F. 
Calabotta2, 1Southern Poultry Research Inc., Athens, GA, 2Prince Agri 
Products, Quincy, IL.

In the past several years, the consumer market has seen a dramatic push 
toward food products that are considered “natural” (antibiotic or drug 
free). Nutrafito Plus is one of these products, which is a Quillaja/Yucca 
blend. The objective of the study was to evaluate the performance of 
broilers when fed Nutrafito Plus in diets that contain a pre/ probiotic com-
bination or without the combination. A 45 d broiler floor-pen study was 
conducted using the following treatments: T1) positive control (com-
mercial diet containing a pre and probiotic combination) T2) positive 
control+ Nutrafito Plus (125 ppm), T3) negative control (positive control 
minus the pre/probiotic combination T4) negative control + Nutrafito 
Plus (125 ppm) in all feed. A randomized block design with 15 replica-
tions of 40 birds per pen was used. Feed and water were available ad 
libitum. Bird weights and feed consumption (kg) by pen were recorded at 
study initiation, Days 12, 21, 35, and 45. After the 45 d grow out period, 
4 birds from each pen were randomly selected for processing to measure 
carcass and breast yield. The data was analyzed statistically using SAS 
software with a P value of 0.05 to determine the level of significance. 
During the early period (0 to 21 d) there was no difference (P > 0.05) 
between any of the treatments for any of the performance parameters. 
At 35 d of age the birds fed the T3 diet had lower (P < 0.05) BWG and 
FCR than the positive control fed birds. However when Nutrarfito Plus 
was supplemented to the negative control diet, the birds BWG and FCR 
improved to the level of the positive control fed birds. Furthermore at 
45 d the birds fed the diets containing Nutrafito Plus (T2 and T4) had a 
significant improvement in FCR, (1.755, 1.766) over the birds not fed 
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Nutrafito plus in T1 and T3 (1.803, 1.825). Based on carcass yield there 
was a significant improvement in birds fed T2 compared with the T1 
fed birds. Overall, the supplementation of Nutrafito Plus in broiler diets 
improved FCR and carcass yield in pre/probiotic combination diets.

Key Words: Nutrafito Plus, pre and probiotics, carcass yield, Quillaja/
Yucca, broilers

165   Environmental temperature and dietary protein affect 
energy requirements, yield, and meat quality of broilers.  M. J. 
Zuidhof,* A. Pishnamazi, I. I. Wenger, and R. A. Renema, University 
of Alberta, Edmonton, AB, Canada.

A 4 × 2 factorial arrangement of treatments was used to determine effects 
of environmental temperature and high dietary balanced protein on 
broiler performance, meat quality, and core body temperatures. Ross 708 
broilers (n = 736) in 32 environmentally controlled pens were exposed 
to thermoneutral (control treatment = TN) temperatures, starting at 30°C 
at d 0, and dropped linearly to 25°C by d 11. From 11 to 55 d of age, 
TN treatment temperature continued to drop linearly by 0.5°C/d until 
maintained at 18°C; other temperature treatments were TN-5, TN+5, 
or TN+10°C. Breeder-recommended (P100), or 10% higher (P110) bal-
anced dietary protein was provided, with CP and 6 essential AA held at 
the same ratio to Lys. Energy requirement coefficients for maintenance 
and growth were determined, and analysis of residuals was used to com-
pare efficiency between treatments. Serial dissections (n = 437) were 
conducted weekly from 4 to 8 wk of age to evaluate differences in yield 
dynamics. Core body temperatures (CBT) were recorded continuously in 
64 broilers that were surgically implanted with transmitting sensors. At 
55 d of age, 202 broilers were processed to determine carcass yield and 
meat quality. Birds fed higher protein (P110) had higher maintenance 
requirements than P100 birds (201.4 vs 192.5 kcal/kg0.67, respectively). 
Birds in the TN+10 treatment had a CBT of 41.16°C compared with all 
other treatments which were all within 0.02°C of 40.95°C (P = 0.01). 
Increased CBT correlated with reduced growth rate and breast muscle 
yield in the TN+10 treatment. Redness of breast muscle also decreased 
with increasing temperature (P < 0.05).

Key Words: maintenance energy requirement, core body temperature, 
efficiency, heat stress

166   Withdrawn. 

167   Application of removable coatings and storage time on 
internal quality of broiler hatching eggs.  J. M. Mauldin*1, R. J. 
Buhr2, D. R. Jones2, J. Santos1, and S. E. Aggrey1, 1University of 
Georgia, Athens, 2U.S. Dept of Agriculture, Athens, GA.

Previous research suggests treating hatching eggs with various remov-
able coating formulations before extended egg storage resulted in better 
hatchability than non-coated controls. It is thought that coatings may 
preserve internal egg quality resulting in higher hatchability. This study 
involved 4 coating groups (Formula 1, Formula 2, Formula 2 sanitized, 
and untreated control) and 4 storage times (1d, 7d, 14d, and 21d) in a 
4 × 4 factorial design. Eggs were collected from a commercial broiler 
breeder farm beginning at 38 weeks age. After collection, eggs were 
stored overnight and coated with coating formulations the next morning 
by heating the solutions to 95°F and spray-coating eggs in a commercial 
hatching egg-sanitizing machine. Collections were staggered so that 
eggs to be stored 21d were coated first followed by 14d stored eggs 
the next week. Coating removal involved passing eggs through the egg 
sanitation machine with heated water spray (115 to 120°F) with 50 ppm 
chlorine. Measures of egg quality included pH, Haugh units (HU), albu-
men height, and yolk moisture. Control eggs had significantly higher 
pH values at all 4 storage times than any of the coated groups. There 
were minute variations among coated groups with the exception of the 
21d group, where each treatment group was significantly different from 
each other. The control group had the highest pH (9.22) and Formula 
2 sanitized had the lowest (8.80). HU and albumen height showed no 
significant differences among treatment groups at 1 d storage. Statistical 
separation of the groups began at 7d and continued through 21d. HU and 
albumen heights were lower in the untreated controls than in any coating 
group, indicating better egg quality in coated treatments. Differences 
in yolk moisture content varied significantly with storage time. Eggs 
stored 1d had the lowest values and 21d stored eggs had the highest 
moisture content. No differences were observed due to coating treat-
ment. Coating appears to offer beneficial effects in maintaining internal 
egg quality and hatchability to segments of the broiler industry where 
storage time is an issue.

Key Words: broiler, hatching eggs, egg quality, hatchability
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Extension and Instruction

168   The avian biology undergraduate major at the University 
of Georgia.  M. Malloy* and A. Davis, University of Georgia, Athens.

The Poultry Science Department in the College of Agriculture and 
Environmental Science was interested in increasing student enrollment 
by creating a science-based major that attracted students with a general 
interest in birds, and which prepared them educationally for the scientific 
and technological advancements of industry and for further professional 
educational opportunities. The Avian Biology undergraduate major was 
created in 2004 to compliment and enhance the department’s existing 
Poultry Science major. Curriculum development related to this major has 
included the revitalization of existing courses in physiology, production 
and reproduction, as well as the development of lecture-based courses 
in introductory avian biology, animal behavior, avian ecology, avian 
physiology, and laboratory-based courses in avian biomedical techniques 
and avian molecular diagnostics. To further assist with recruitment and 
compliment the new major, a faculty-led summer study abroad course 
in Costa Rica, was launched in 2008. This course offers an opportunity 
to study avian physiology and behavior and reinforce these principles 
through field observation, as well as help students gain respect for Costa 
Rican agricultural principles and culture. Since the introduction of the 
Avian Biology major, over 75 students have graduated with a degree 
in this program and overall student enrollment has more than doubled 
within the department. Recruitment for the Avian Biology major has 
also enhanced the number of Poultry Science majors. Enrollment in 
the Avian Biology major has initially been driven by capturing existing 
students at the University of Georgia who have been introduced to the 
major through enrollment and completion of one or more of the new 
courses developed for the major. The vast majority of Avian Biology 
graduates have continued on to veterinary school, followed by enroll-
ment in Poultry and Avian graduate programs. Other graduates have 
pursued poultry and other industry-based careers. The creation of the 
Avian Biology major and its associated curriculum has been a success-
ful marketing tool in attracting students to the University of Georgia 
Poultry Science Department.

Key Words: education, recruitment

169   Effective strategies for advising pre-veterinary poultry 
science undergraduates.  J. B. Golden*1 and A. J. Davis2, 1North 
Carolina State University, Raleigh, 2University of Georgia, Athens.

It is well known that admissions to US veterinary schools has become 
increasingly competitive over the past 10–15 years. With only 28 US 
veterinary schools ranging in class sizes from 50 to 140 students, the 
number of applicants far exceeds the number of students admitted. 
Due to the large proportion of undergraduate Poultry Science students 
with a desire to attend veterinary school, it is imperative that under-
graduate academic advisers provide a strategic and thorough advisory 
plan that incorporates pre-veterinary academic coursework, veterinary 
experiences, undergraduate research opportunities, GRE examination 
preparation and test taking opportunities, and veterinary school applica-
tion completion and submission guidance. To develop and implement a 
multi-faceted advisory plan for pre-veterinary Poultry Science students, 
it is most effective to develop a 4-year timeline for incoming Freshmen 
that can be modified throughout the course of their undergraduate stud-
ies. This timeline should include 3–4 diverse veterinary experiences 

under the supervision of a D.V.M. or Ph.D. to provide students with 
a significant breadth and depth of veterinary experiences, extracur-
ricular and leadership opportunities, as well as undergraduate research 
and study abroad experiences. It is imperative that this timeline plans 
required pre-veterinary courses in a sequential and logical fashion 
that promotes successful academic performance. The development of 
such a plan relies upon an understanding of the current qualifications 
of successful veterinary school applicants. Thus, it is also important 
that academic advisors are aware of resources offered for advising pre-
veterinary students through the Association of American Veterinary 
Medical Colleges (AAVMC) and the American Pre-Veterinary Medical 
Association (APVMA) which provide significant resources to pre-
veterinary students. By implementing effective and thorough advising 
practices, undergraduate Poultry Science academic advisors can signifi-
cantly increase the veterinary school admissions rates of their Poultry 
Science pre-veterinary advisees.

Key Words: pre-veterinary, advising strategies

170   “A.S.P.I.R.E.”- ACT Supplemental Preparation In Rural 
Education: A North Carolina cooperative extension program aimed 
at increasing admissions rates of students to traditional agricultural 
degree programs by bridging deficits in ACT college entrance exami-
nation scores.  M. V. Herman,* K. A. McCraw, and J. B. Golden, North 
Carolina State University, Raleigh.

The use of standardized test scores for college admissions decisions 
can often be detrimental to rural high school students with lower 
socioeconomic statuses, while benefiting students with more resources 
to increase their test achievement, and therefore college acceptance 
rates. Due to their traditionally lower socioeconomic status, rural high 
school students often lag behind their non-rural counterparts in college 
enrollment and degree attainment. For land grant institutions trying to 
recruit students into traditional agricultural programs such as Poultry 
Science, performance on college entrance examinations represents a 
significant admissions roadblock for many rural students who have 
a sincere interest in pursuing higher education in agricultural fields. 
In NC, 2011 college entrance examination scores (ACT and SAT) of 
students residing in the top 10 livestock and crop producing counties 
were significantly lower, up to an 8 point deficit on the 36 point ACT 
scale and up to a 320 point deficit on the SAT 1600 point scale, than 
students residing in urban NC counties. To bridge these deficits in rural 
students’ performance on the ACT College Entrance Examination and 
to ensure the longevity of NC Agriculture, the A.S.P.I.R.E. program 
trained 25 NC Cooperative Extension Agents to deliver The Princeton 
Review’s Best-In class Live ACT Preparatory Courses to students from 
rural, ag-intensive, economically distressed counties across the state. 
Additionally, A.S.P.I.R.E. agents assist students with the college appli-
cation and selection process as well as college visitation opportunities 
to NC State and NC A&T Universities. The A.S.P.I.R.E. agents will 
collectively offer ACT Preparatory Courses to ~800–1000 NC rural, 
ag-intensive students over the 2012–2013 academic school year. This 
program represents a novel role for NC Cooperative Extension Agents 
who are actively preparing the future leaders of NC Agriculture.

Key Words: ACT, admissions, cooperative extension
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171   Standardization of on-farm fertility tests.  B. L. Schneider*1, 
V. L. Carney1, and F. E. Robinson2, 1Alberta Agriculture, Edmonton, 
AB, Canada, 2Alberta Hatching Egg Producers, Edmonton, AB, 
Canada.

Hatchability in Alberta has lagged behind the Canadian average since 
2005. To address the hatchability issue, an extensive field study and 
education program was developed to identify practical on-farm man-
agement practices that are associated with production success. Reduced 
hatchability is a multi-factorial problem and can be influenced on-farm 
and at the hatchery. Timely feedback on flock fertility and hatchability is 
key to support decision making. However, the provision of fertility and 
hatchability data from hatchery to producer is not consistent throughout 
Alberta. Typically producers receive a hatch report which contains 
valuable feedback on flock fertility; unfortunately, it is 3–4 weeks out 
of date when received by the producer. More timely fertility data can 
be obtained by incubating eggs on-farm. 56% of Alberta producers and 
several allied industry members attended workshops with 3 objectives: 
to a) provide scientific and economic information, b)hands-on experience 
in fertility testing and c) standardize on-farm fertility testing. Following 
an overview of embryonic development and a cost/benefit analysis of 
assessing fertility on-farm, attendees were divided into small work-
ing groups. Each group was given embryonic development materials 
and hatching eggs incubated for 3, 5 and 7 d to perform a break-out. 
Enthusiastic communities of practice were quickly established as pro-
ducers and hatchery personnel worked together to determine fertility 
and progressed to staging embryonic development. To support on-farm 
fertility testing, all producers were given a table-top incubator and 
embryonic staging materials for use on their farm. Surveys conducted 
following the workshop indicated that 100% would use the skills they 
had learned on their farm. In a more extensive survey conducted 6 mo 
following the workshop, 7 of the 8 survey respondents that had also 
attended the workshops were using the skills they had developed at the 
workshop. By providing hands-on learning experience and equipment, 
producers were better equipped to make more informed management 
decisions and the research team was empowered to provide support 
beyond the workshop.

Key Words: fertility, embryonic development, experiential learning

172   Evaluating male quality.  V. L. Carney*1, B. L. Schneider1, 
and N. A. Robinson2, 1Alberta Agriculture, Edmonton, AB, 
Canada, 2Alberta Hatching Egg Producers, Edmonton, AB, Canada.

Since 2005, Alberta hatching egg producers have experienced lower 
(2–3%) hatchability rates than Canadian averages. An extensive field 
study and education program was developed in cooperation with the 
hatching egg industry, and included producers, hatcheries and govern-
ment. Reduced hatchability is a multi-factorial problem and can be 
influenced on-farm and at the hatchery. Genetic progress in poultry 
strains requires dynamic management skills to respond appropriately 
with each new flock. Hatchability is directly related to fertility, thus 
male management is critical to hatching success. As part of the field 
study, research team members recognized variation in male management 
strategies. In response, the team developed a breeder male management 
workshop. The objectives of the workshop were to: a) address current 

male management issues b) provide scientifically based information 
and c) training for assessment of male quality. Prior to the workshop, 
producers were surveyed for a top 10 list of male management ques-
tions to ensure that the workshop addressed real industry issues. An 
industry expert on male management lead the discussion. The team 
hired a videographer to visit breeder farms and film male behaviors 
in situ. Males from the videos were brought to the workshop so pro-
ducers could practice evaluating male condition in relation to male 
behavior. Assessments were made on BW, fleshing, coloring, behavior 
and footpad condition. Males were dissected and testes development 
was evaluated. 75% of Alberta hatching egg producers participated by 
submitting questions that set the agenda and by attending the workshop 
with allied industry. Producers commented that the video added value to 
male quality assessment. Engaging producers to set the agenda for the 
workshop ensured that topics were relevant and could be implemented 
on their operations. The provision of scientific data and experiential 
learning equipped producers to make more informed male management 
decisions. Further observations throughout the field study indicated 
that participating producers implemented new practices learned at the 
workshop into their breeder male management strategies, potentially 
increasing hatchability rates.

Key Words: fleshing, experiential learning, behavior, video, breeder 
male

173   The benefits of keeping chickens as identified by small flock 
owners in the mid-Atlantic region.  B. N. Lister* and B. A. McCrea, 
Delaware State University, Dover.

Little research has been done to identify the benefits of owning small 
flocks of chickens. Among the information provided by small and 
backyard flock owner’s comments about their personal happiness. These 
anecdotal statements are not unlike the benefits stated by dog and cat 
owners. Small flock owners treat their chickens the same as many other 
pets by giving them names; growing attached to them; and using strong 
words to describe the loss of flock members. To find out more about the 
benefits of keeping a small flock of chickens, a survey was developed. 
Many questions were similar to those utilized in surveys of dog and cat 
owners. The survey was distributed at various locations such as feed 
stores, and targeted only small flock chicken owners. One hundred and 
50 2 surveys were collected from 5 states and 30 counties in the Mid-
Atlantic Region. Of those surveyed 36% were male, and the remaining 
61% were female. Of those surveyed, 74% primarily used their flocks 
for eggs, 14% viewed their flock strictly as pets, 9% raised chickens 
for show or breeding, and 3% raised chickens for meat. Forty-Seven 
percent of those surveyed spent between 2 and 10 h researching chickens 
before acquiring their flock. The results showed that there were many 
contributing factors to the level of flock attachment by owners, as well 
as factors that influenced stress levels felt by owners. Our preliminary 
results showed that 21% of people who were surveyed had a reduction 
in stress after interacting with their chickens on a daily basis. When 
surveyed on a scale of one to 5, with 5 being the highest attachment 
level, 36% of flock owners rated there attachment at a level of 4.

Key Words: small flock, benefits, stress, attachment, backyard flock
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174   Energy implications of enzyme use.  N. Dale,* University of 
Georgia, Athens.

The objective of this presentation is to establish the importance of reli-
ably estimating the impact of enzyme addition upon the caloric level of 
poultry feeds. Energy has become a major limiting factor for efficient 
poultry production. While the conversion of vegetable and by-product 
animal proteins into poultry meat and eggs has always required signifi-
cant inputs of energy, such was always readily available at reasonable 
cost from grains and available fats. The expansion of the bio-fuel gen-
eration has, seemingly permanently, altered our easy access to energy. 
If enzyme supplementation is be credited as a reliable source of addi-
tional calories, the quantitative assessment of such is clearly essential. 
Unfortunately, metabolizable energy (ME) determinations involve a 
minefield of variations and experimental artifacts in which it may be 
questioned whether the caloric uplifts proposed for a given enzyme can 
in fact be reliably determined. As a separate issue, increased interest 
is being given to possible enzyme effects on bird health, thus imply-
ing increased involvement (or decreased involvement) of the immune 
system. Immune responses are energetically demanding, so a reduction 
in the severity of a challenge would reasonably be expected to decrease 
energy expenditure, making the spared calories available for production. 
However, this sparing would be independent of ME. Whether or not a 
given “calorie” is absorbed is independent of the relative efficiency of 
its subsequent utilization. Thus, energetic expenditures for maintenance 
(i.e., maintenance of health) are a function of net, not metabolizable 
energy. Reconciling the 2 so as to describe any caloric uplift solely in 
terms of ME requires judgment on the part of the nutritionist. Clearly, 
traditional ME assays are inappropriate as (1) they are of decreasing 
reliability at the lower levels of caloric uplift, and (2) do not take into 
account any improvement in net energy. The arbitrary selection of an 
age at which to conduct any such ME study brings additional questions.

Key Words: enzyme, metabolizable energy, net energy, health, immune 
response

175   Phytase development, usage, and interactions with 
other ingredients.  M. R. Bedford* and C. L. Walk, AB Vista Feed 
Ingredients, Marlborough, Wilts, UK.

Phytases have been in commercial use for over 20 years. Initially, P 
pollution abatement was the primary incentive for incorporating phytase 
into monogastric diets. However, today it is almost exclusively used 
for formulation savings, principally due to reduced use of inorganic 
phosphates; although some users also credit the enzyme with energy 
and amino acids, thereby increasing the savings. Initially there was only 
one phytase available, derived from Aspergillus niger, whereas today 
there are offerings from Peniophora lycii, E. coli (native and evolved), 
Citrobacter spp and Butiauxella. The enzymological characteristics of 
these enzymes differ quite markedly and as a result the values ascribed 
to them (in the form of matrix) differ per unit of activity employed. 
Nevertheless they all perform the same function - destruction of inositol 
hexakisphosphate (IP6) and as a result production of phosphate. Since 
IP6 is a potent anti-nutrient, its destruction yields benefits beyond the 
provision of phosphorus. In many parts of the world the dosage of 
phytase employed has been increasing significantly, partly to realize the 
financial benefits of increased P release, and partly to take advantage 
of the improved performance gained through extra-phosphoric effects 

of the phytase. The ability of the phytase to degrade IP6 and thus the 
value it creates is, however, very much dependent upon a multitude of 
nutritional factors including dietary content of vitamin D, Ca, P, fat and 
the presence of coccidiostats. Furthermore the release of P is dependent 
not only upon the dosage of the phytase, but the dietary content of IP6 
and its susceptibility to attack. Susceptibility is very much dependent 
upon the ingredients employed in the ration. Thus phytase should not 
be considered as a commodity since its value is not constant and varies 
with each application. The maximum value extracted from a phytase is 
through consideration of the diet in which it is employed and adjustment 
of the matrices used if deemed necessary

Key Words: phytase, efficacy, ingredients, phytate

176   Evaluation of energy enzymes in laying hen diets: A holistic 
approach.  M. E. Persia,* Iowa State University, Ames.

The recent spike in the price of energy has led to increased interest in 
the use of enzymes to increase the energy utilization of laying hen diets 
in an attempt to reduce dietary costs and further enhance the efficiency 
of egg production. Effective evaluation of energy releasing enzymes is 
critical to their use and implementation of energetically efficient diets. 
One concern with the evaluation of energy enzymes in laying hen diets 
is the cost, in both time and resources, to properly validate effectiveness. 
Energy responses have typically been evaluated using a performance or 
feed efficiency model, but questions remain concerning this approach as 
hens no longer eat to meet energy needs. Energy restriction does typically 
lead to a reduction in performance, but these effects can be masked for 
several months as the hens seem to devote dietary nutrients to egg pro-
duction at the expense of maintaining body fat. In an attempt to validate 
the energy releasing efficacy of enzymes, a holistic approach to energy 
metabolism was investigated using a shorter term feeding experiment. 
Energy utilization was divided into 3 categories, productive energy, 
maintenance energy and storage energy. Laying hens were fed one of 3 
diets, containing 2,880kcal/kg (PC), 2,790kcal/kg (NC) or 2,790kcal/kg 
with a commercial energy enzyme (NC+E). There were no significant 
differences in egg production or relative body weight change over the 
12 week feeding period. At the end of the experiment, abdominal fat 
pads were weighed to estimate fat storage. Reducing dietary energy by 
90kcal/kg significantly reduced fat pad weight (approximately 40% 
reduction). Enzyme addition to the NC diet restored the reduction in 
fat pad to that of the PC fed birds. Although there were no differences 
in, productive or maintenance energy over the relatively short time 
frame of the experiment, the differences in energy storage, as indicated 
by the fat pad weight, validates both the differences in dietary energy 
and enzyme supplementation. Energy utilization is a complex process 
in laying hens and a holistic approach can be used to cost effectively 
evaluate energy releasing enzymes in laying hen diets.

Key Words: energy, laying hen, enzyme

177   Proteases: The next step in exogenous feed enzymes.  B. S. 
Lumpkins,* Southern Poultry Research Inc., Athens, GA.

In the past 10 years the poultry industry, from the feed aspect, has seen 
massive changes in how diets are formulated. These changes have been 
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due to the rising cost of feed ingredients making low cost formulation 
a much more complex task for nutritionists. The rising feed cost has 
opened the door to the production, research and use of new products to 
help alleviate these costs. Exogenous enzymes (i.e., phytase and non-
starch polysaccharide enzymes) have demonstrated great potential in 
improving digestibility of feed ingredients while aiding in lowering feed 
cost. Furthermore, supplementing diets with enzymes has proven to be 
effective in decreasing anti-nutritional effects that are seen with the addi-
tion of alternative feed ingredients. Currently, protein has become one 
of the more costly components in broiler diets and has focused research 
efforts in the direction of improving protein digestibility. Proteolytic 
enzymes are crucial in digestion to breakdown protein into the amino 
acids, which the broiler can then utilize. Proteases are by no means 
a new enzyme and have been around for years. These enzymes have 
mainly been used in non-agricultural and detergent industry sectors, but 
the time has come to reap the benefits in poultry feeds. The majority of 
proteases in the past have been plant derived. The current production of 
proteases is being improved by using fungal and bacterial means, which 
has allowed for an increase in production yield while at the same time 
decreasing manufacturing cost. The improvements in protease produc-
tion has allowed for a more stable and consistent product, which are 
extremely important considerations for nutritionists. Another thought 
to keep in mind when using proteases is that the amino acid availability 
or uplift among different ingredients is variable. Even though there is 
a difference in amino acid uplift between feed ingredients, the fact still 
remains that an exogenous protease will still provide some benefit to 
protein digestibility and it is up to commercial poultry producers to 
evaluate the cost effectiveness.

Key Words: alternative ingredients, protease, digestibility, protein, 
enzymes

178   Does the use of multiple enzymes improve efficacy?  A. 
Batal,* Huvepharma Inc., Peachtree City, GA.

The use of exogenous enzymes in non-ruminant diets have the potential 
to reduce the effect of antinutritional factors, render nutrients more 
available for digestion and absorption, increase energy value of feed 
ingredients and allow for greater flexibility in feed formulation, thus 
reducing formulation costs and modulating or stabilizing gut microflora. 
With the practical use of phytase in poultry diets and due to certain 
economic conditions, nutritionists are tempted to incorporate more than 
one type of enzyme in the diets, assuming that independent enzyme 
effects may be additive. Unfortunately there is limited information in this 
field and the competition for similar substrate may reduce the benefits 
provided by single enzymes. While some single enzymes are proposed 
to promote single effects on a particular chemical component of the 
diet nutritionist can combine several enzymes to cope with more than 
one substrate. However, it is clear that enzymes are specific (maintain a 
given enzyme:substrate ratio) and if similar enzymes are competing for 
a similar substrate the action of those enzymes would not be additive. 
While we may have a good understanding of the use of one enzyme 
alone, the database for the combined use of different enzymes is limited. 
Nevertheless, knowing that phytases and nonstarch polysaccharide 
enzymes target different substrates releasing nutrients like phosphorus 
and starch, and are effective in different regions of the gastro-intestinal 
tract, their indirect benefits may overlap, thus, the combined effect may 
be complimentary but not directly additive. One also needs to make 
sure to take into account the compatibility between enzymes to obtain 
optimal use. Due to lack of precision in identifying the action of some 

given enzymes, the effect of one of the enzymes should be fixed while 
the benefits of the other should be reduced. However, this assumption 
would impact the cost advantages requiring the knowledge and expe-
rience of each nutritionist to decide the correct commercial enzyme 
recommendations when various enzymes are used in combination.

179   Feed enzymes to optimize the gut ecosystem for peak per-
formance and profitability.  P. R. Ferket,* North Carolina State 
University, Raleigh.

Enzyme supplementation of feed has progressed during the past 20 
years from rare application to standard practice as enzyme production 
and feed application technologies advanced. The economic incentive 
for the use of enzymes in feed has become more apparent as the cost of 
phosphorus, energy and protein increased. Enzymes are now routinely 
used to reduce feed formula costs by improving nutrient digestibility 
and utilization, and allowing for greater dietary inclusion of grain co-
products that contain antinutritional factors. However, dietary enzyme 
supplementation also has a profound effect on the gut ecosystem, thereby 
affecting its microflora, digestive physiology, and enteric disease resis-
tance. In general, supplemental enzymes enhances foregut digestibility 
of dietary components that favor the bird, leaving digestive residue as 
fermentation substrates for symbiotic microflora in the hindgut that 
competitively exclude pro-inflammatory pathogens. Whereas dietary 
supplementation of phytase improves nutrient digestibility and retention, 
NSP-degrading enzymes (endoxylanase and complementary enzymes 
blends) also increases the variety of non-starch oligosaccharides that 
serve as substrate for a more diverse and symbiotic microflora in the 
hindgut. Factors that influence the enzymes effects on gut ecology 
include feed formulation, feed form, and age of the birds. In addition 
to optimizing dietary nutrient utilization, strategic use of supplemental 
enzymes can also promote a more stable gut ecosystem that favors 
enteric health, peak performance and profitability.

Key Words: supplemental enzymes, nutrient utilization, gut microflora, 
digestive physiology

180   Influence of feed enzymes on enteric disease.  A. P. McElroy,* 
Virginia Tech, Blacksburg.

Intestinal responses to enteric pathogens, the host-pathogen interac-
tion, and the ability to minimize the impact of these on growth and 
performance in commercial poultry are important areas of research. 
While for years dietary enzymes have been used to improve nutri-
ent availability and bird performance, less research has been done to 
investigate modulation of intestinal health and gut integrity by dietary 
enzymes to improve intestinal response during a disease challenge in 
relation to its ability to function optimally for immune defense, digestion, 
absorption, secretion and transport. With increased pressure for reduced 
antibiotic usage in feed, the role of diets in disease status becomes more 
important. Results are mixed regarding the benefits of enzyme usage 
for performance and intestinal absorptive capacity during intestinal 
disease challenges, predominantly coccidial challenges. While research 
has clearly demonstrated an influence of dietary enzymes on intestinal 
microbial populations, which has a substantial effect on intestinal health, 
less evident impacts of enzymes on intestinal immune responses and 
direct disease susceptibility are more recent. Dietary enzyme influence 
on the innate immune system was indicated in a trial evaluating the 
effect of dietary enzymes on intestinal responses to live coccidia vac-
cination. A vaccination x dietary enzyme interaction on the number of 
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intestinal goblet cells was observed, which could subsequently alter 
mucin presence and defense to pathogens. Alterations in lymphocyte 
numbers and mucosal antibodies have also been indicated with enzyme 
addition to diets. The influence of enzymes on nutrient availability may 
also have a direct effect on disease status as indicated by increased 
necrotic enteritis-associated mortality with the inclusion of dietary 
phytase during a natural exposure of broilers to C. perfringens. This is 
a complex area of research as the effects of enzymes on enteric disease 
status involve many other factors influencing the intestinal environment 
including dietary ingredients and form, pathogen challenge, availability 
of nutrients for both the host and microbial population, and inclusion 
of other dietary supplements.

Key Words: enzymes, intestinal health, disease

181   Macroeconomic and feed enzymes: Thinking outside the 
box.  R. D. Walker,* Performance Plus International Inc., Naperville, 
IL.

The purpose of this presentation is to analyze the feed enzyme industry 
from a macroeconomic prospective, to better understand the economics 
forces that have shaped the past, control the present and predict the future 
of the feed enzyme industry. In 1925 Clickner and Follwell reported 
improvements in performance using an enzyme product produced from 
Aspergillus orizae. The development and application of feed enzymes 

has followed a very predictable pattern governed by technology and 
microeconomics. A lag in enzyme production technology created a 
price benefit ratio too high for commercial application of feed enzymes. 
Biotechnology provided tools that altered the supply of feed enzymes. 
The development phase is characterized by large capital investments 
in technology yielding an explosion of data, with a large number of 
companies entering the supply chain. Balancing macroeconomic forces 
of supply demand, cost benefit, commodification and product differentia-
tion determine product price, production and use. A commodity is a class 
of goods without qualitative differentiation. The M&M theory states 
that arbitrage causes close substitutes to have the same price. Price of a 
commodity will stabilize at the average production cost. In the maturity 
phase, product manufacturers invest large amounts of capital to slow 
commodification of their products using product differentiation. Product 
differentiation can be technical or perceptional. In the final phase inef-
ficient manufactures exit the market, with product supply controlled by 
a few very large companies. Some antinutritional feed enzyme products, 
such as betaglacans and phytase are in the late development stage. The 
feed enzyme industry is in the early stage of discovery and innovation 
with large numbers of new feed enzyme products likely to enter the 
market in the future to address nutritional applications associated with 
increased use of food, feed and industrial by products. Supply, price, 
commodification and product differentiation should continue to follow 
a predictable pattern.

Key Words: macroeconomics, feed, enzymes, commodification, cost
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182   Genetic improvement achieved in immune response and 
some egg production traits using multi-source multi-trait selection 
indices in laying hens.  A. A. Enab,* G. M. Gebriel, F. H. Abdou, and 
E. M. Abou-Elewa, Menoufyia University, Shebin El-Kom, Menoufyia, 
Egypt.

Data were collected from 381 birds of Norfa pullets produced by pedi-
greed mating between 30 sires and 90 dams. These data were utilized 
to construct and evaluate multisource multitrait selection indices and 
sub-indices depending on more than one source of information for each 
trait.The studied traits were antibody titers to SRBCs antigen (Ab), body 
weight at sexual maturity (BW) and egg number till 42-wk of age. The 
sources of information considered were individual’s own phenotype 
value (OP), its full (FS) and half sister’s (HS) averages. Three sub-
indices (Is) were developed from the main multisource index. It was 
observed that, weighting factors of all traits in the main multisource 
index (Ab, BWsm and EN42) had the highest values. The variances of 
sub-indices (IS,Ab, IS,BWsm and IS,EN42) developed from the main 
multisource index were 2.576, 5513.06 and 62.35, respectively. Genetic 
progress achieved was also maximum in most traits. It was concluded 
that an index based on 3 sources of information was the most efficient 
index to improve the studied traits and could be applied to improve egg 
production and immune response traits.

Key Words: genetic improvement, selection index, antibody response, 
Norfa chickens

183   The impact of divergent selection for ascites incidence on 
egg composition and storage quality.  A. D. Gilley,* J. A. England, 
L. Silvia, and N. B. Anthony, University of Arkansas, Fayetteville.

Nineteen generations of divergent selection for ascites susceptibility has 
resulted in a shift in hatch window. In fact, ascites susceptible (SUS) 
chicks hatch 4 h earlier than resistant(RES). The reasons for this hatch 
window change are unclear but could be associated with correlated 
responses in egg composition and shell characteristics. The current study 
was conducted to evaluate the ascites lines for egg traits measured at lay 
through 3 weeks storage. To accomplish this, Generation 19 breeders 
from Lines RES, SUS and the unselected base population REL were 
sampled. At 38wk of age, a single day’s eggs production from 72 hens 
per line (n > 50 per line) were subjected to analysis using Dual Energy 
X-Ray Absortiometry (DEXA). DEXA scans allow for a noninvasive 
measure of total egg, shell, albumen and yolk weight and shell calcium 
and thickness. Individual egg scans were taken on d 0 and after 1, 2 and 
3wk storage in an egg cooler maintained at 22 C and 60% humidity. Since 
egg size differs between lines, data were also expressed relative to egg 
weight. Main effects, line and storage time, were analyzed using GLM 
procedure in SAS. Line differences were present with SUS line having 
lowest egg weight. Line differences were present with RES being the 
highest and SUS being the lowest for shell calcium and relative albu-
men, RES was the highest and REL lowest for shell thickness. SUS line 
had significantly higher relative yolk weight compared with REL and 
RES lines. Relative shell weight for SUS and RES lines were higher 
than REL. Concerning storage time,egg weight and relative yolk weight 
were lower for measurements taken at 2 and 3 weeks when compared 
with day of lay and wk 1 measurements. Storage time had no effect on 
shell weight or shell calcium; however shell thickness was lower at wk 
3 of storage compared with the other storage times. Relative albumen 

weight decreased after each week of storage. Additional data will be 
collected to evaluate breeder age related changes in egg characteristics.

Key Words: broilers, ascites, DEXA, egg, storage

184   Elucidating cTHY28’s putative cellular function by ana-
lyzing protein-protein interactions.  C. B. Stephens,* X. Zhu, R. 
Orlando, and M. M. Compton, University of Georgia, Athens.

cTHY28 is a highly conserved nuclear protein that was isolated in an 
in vitro screening procedure designed to identify cellular proteins that 
mediate apoptosis in avian lymphocytes. Structural analysis of cTHY28 
revealed that it is a phosphoprotein, with a nuclear localization signal, 
as well as a putative glycosylation and myristolation site. However, 
the cellular function of cTHY28 has yet to be elucidated. In an attempt 
to gain insights into cTHY28’s function, a co-immunoprecipitation 
assay was developed to identify proteins that interact with cTHY28. 
Co-immunoprecipitated material from DT-40 bursal lymphocytes was 
analyzed using Western Immunoblot and SDS-Polyacrylamide Gel 
Electrophoresis methodology. Immunoprecipitated proteins isolated 
from polyacrylamide gels were subjected to mass spectrometric analysis. 
These results indicated that 3 putative proteins appear to have a direct 
protein-protein interaction with cTHY28: nucleolin, DNA topoisomerase 
I, and elongation factor-2. From a functional perspective, nucleolin is 
associated with pre-rRNA processing; DNA topoisomerase I relaxes 
supercoiled DNA during transcription; and elongation factor-2 is 
involved with protein translation at the ribosomal level. Interestingly, 
both DNA topoisomerase I and nucleolin co-localize with cTHY28 to 
the nucleolus, the site of rRNA transcription and processing. Based on 
the functions of these interacting proteins, cTHY28 may play a role in 
rRNA processing. Future work will be focused on designing functional 
assays to analyze the putative role of cTHY28 in rRNA processing.

Key Words:  cTHY28, nucleolin,  DNA topoisomerase I , 
co-immunoprecipitation

185   Cost effectiveness of maintaining research chicken popu-
lations in situ or with cryopreserved semen or ovaries.  F. G. 
Silversides*1, P. H. Purdy2, and H. D. Blackburn2, 1Agriculture and 
Agri-Food Canada, Agassiz, British Columbia, Canada, 2USDA-ARS 
National Animal Germplasm Program, Fort Collins, CO.

The cost of maintaining poultry populations has resulted in substantial 
losses of lines kept for research, and scientists’ calls for action have gone 
unheeded. To date the costs of alternatives to keeping live populations 
(LP) have not been considered. The costs of programs using LP, semen 
cryopreservation and reconstitution (SC), and ovary and semen cryo-
preservation and reconstitution (OSC) were evaluated over 20 yr using 
biological parameters of cryopreservation and population reconstitution 
that were derived from the literature. Costs for LP, SC, and OSC were 
evaluated by summing the compounded cost of preservation [P(1 + i)
n], the sum of the compounded yearly costs of storage [ΣS(1 + i)] and 
the sum of the compounded yearly cost of recovery ΣR(1+i) where n = 
years of storage and i = compounding rate. Over 20 yr, costs for SC and 
OSC were from 3 to 20% of those associated with LP depending on the 
number of populations recovered, and the ability to rapidly reconstitute 
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populations using OSC made it the least expensive option. Keeping LP 
was most cost effective for periods of up to 3 yr. However, with longer 
periods, LP becomes increasingly difficult to justify and any research 
population that will not be used within 5 yr should be cryopreserved 
and in situ maintenance discontinued. The rapid reconstitution possible 
with OSC and SC (for single gene mutations) suggest that cryopreserved 
material could be included in short-term research projects and recovery 
costs included in the budget. Using the methods evaluated would reduce 
research costs and allow institutions to focus resources on investigating 
lines currently kept and developing new lines.

Key Words: genetic conservation, cryoconservation, semen, ovary

186   Genetic polymorphism among broiler breeders as revealed 
by random amplified polymorphic DNA analysis.  F. S. Nassar*1, 
R. E. A. Moghaieb2, A. M. Abdou1, and F. K. R. Stino1, 1Department 
of Animal Production, Faculty of Agriculture, Cairo University, 
Giza, Egypt, 2Department of Genetics, Faculty of Agriculture, Cairo 
University, Giza, Egypt.

To characterize, the local broiler breeder female line that has been selected 
for increasing 6 wk body weight (Cairo B-2 line) and the control line 
a RAPD-PCR analysis was performed. DNA sample, collected from 
individuals of both lines, were subjected to RAPD-PCR analysis using 
16 random primers. All primers used in the present study resulted in the 
appearance of PCR products with a variable number of bands. The genetic 
similarities between the 2 lines tested were estimated by calculating band 
sharing. According to our data it is possible to distinguish between Cairo 
B-2 and the control lines. The data indicated that a total of 200 and 196 
RAPD markers were detected for Cairo B-2 and the control lines respec-
tively. The genetic polymorphism detected from this study was 79% and 
88.7% for Cairo B-2 and the control lines respectively. The genotypic 
specific markers for males and females from both lines were determined. 
The data indicate that 3 markers were found to be male specific markers 
(N13–805, N13–366, P3–1077), and 5 markers were defined as female 
specific markers (A4–2741, A4–1755, A4–735, C8–321, G14–3648) for 
Cairo B-2 line. However, 2 markers were detected as male specific mark-
ers (B10–2305 and N 13–1513), and 5 markers were detected as female 
specific markers (A1–2737, A2–1648, A1–401, F15–525, G14–1158) 
for the control line. This study concluded that, the homogeneity percent-
ages between all birds in Cairo B-2 line (21%) are higher than control 
line (11%). Moreover, these RAPD markers can be considered as useful 
markers that can help in marker-assisted selection breeding program 
aiming to improve the productivity of Cairo B-2 line.

Key Words: broilers, breeders, RAPD-PCR, polymorphism, genetic 
markers

187   Utilizing piggyBac in transgenic chick strategies.  B. 
J. Jordan*1, M. R. Stark2, and R. B. Beckstead1, 1The University of 
Georgia, Athens, 2Brigham Young University, Provo, UT.

The chicken is a well-established model system for studying vertebrate 
embryogenesis, but creating transgenics has proven difficult. Viral infec-
tions have been predominantly used to insert transgenes and have been 
moderately successful, however, the rate of germ line infection is low 
and the virus is not easily manipulated in the lab. To increase efficiency 
and ease of production we are using piggyBac, a transposable element 

(TE) system, to generate transgenic chicks. The TE system utilizes a 
transposase enzyme, which recognizes a specific DNA sequence called 
a transposon. The enzyme excises the transposon from its original 
location and inserts it into another genomic location. The transposon 
contains a constitutively expressed GFP gene for tracking of insertion 
by fluorescent microscopy. piggyBac is delivered to cells using JetPEI, 
an in vivo transfection reagent. Chicks hatched from Stage X injections 
of JetPEI/piggyBac solutions showed GFP expression in multiple tissue 
types from all 3 germ layers. 6/19 males expressed GFP in the testes, with 
some GFP positive cells also staining positive with germ cell antibodies. 
We were also able to detect the GFP gene by PCR analysis of genomic 
DNA from the sperm of a sexually mature rooster, although transmission 
rate could not be determined. An alternative strategy to early embryo 
injections is using the sperm itself as carriers of DNA to the single cell 
oocyte. Preliminary experiments show that chicken sperm will take up 
exogenous DNA and transmit the DNA to oocytes, as confirmed by 
PCR analysis. This method does not induce integration into the genome 
however. Utilization of piggyBac in concert with sperm mediated gene 
transfer could be the protocol needed for efficient chick transgenesis.

Key Words: transgenic, transfection reagent, piggyBac, sperm-mediated 
gene transfer, germ cells

188   Polymorphism and sequence analysis of ghrelin gene and 
its relationship with body weight in meat type of chicken.  M. E. 
Sadegh*1, C. S. Nagaraja1, M. R. Jayashankar1, and H. N. Murthy1, 
1Veterinary College, Bangalore, Karnataka, India, 2Veterinary 
College, Bangalore, Karnataka, India, 3Veterinary College, Bangalore, 
Karnataka, India, 4Veterinary College, Bangalore, Karnataka, India.

An investigation was carried out to study nucleotide sequencing and 
DNA polymorphism by PCR-RFLP of ghrelin gene in 4 strains of 
chicken. Genomic DNA was isolated from a total of 200 birds belonging 
to 4 Indian strains of chicken namely new Genotype, Punjab Broiler, 
Indian Cornish and University Male Line. A fragment of ghrelin gene, 
comprising of a partial intron 3, complete exon 4 and partial intron 
4 was amplified. The products from each variety were digested with 
Hinf I. The RFLP pattern revealed 3 genotypes (LL, VV and GG) and 
3 different alleles (L, V and G). Correlation of cGHRL/Hinf I patterns 
with 6th week body weight indicated significant differences among 4 
strains. Nucleotide sequencing of the amplified fragment of GH gene of 
4 strains were submitted to the NCBI GenBank (accession nos JN578259 
and JN578261). Totally, 13 nucleotide variations were observed in the 
different strains when compared with public databases. The nucleotide 
sequence analysis indicated that the percent similarity of GHRL gene 
fragment of 4 strains were more than 99%.

Key Words: GHRL gene, polymorphism, Hinf I, sequencing, nucleotide 
variation

189   Residual feed intake and gain a new feed efficiency param-
eter in the turkey (Meleagris gallopavo).  O. W. Willems*1, S. 
P. Miller1, and B. J. Wood1,2, 1Centre for the Genetic Improvement 
of Livestock, University of Guelph, Guelph, ON, Canada, 2Hybrid 
Turkeys, Kitchener, ON, Canada.

The use of residual feed intake (RFI), representing the residuals from 
a model regressing feed intake (FI) on weight gain (WG) and body 
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weight (BW), by poultry breeders has been limited. This may be due to 
the common definition of RFI being independent of WG. Residual body 
weight gain (RG), a feed efficiency trait composed of residuals from 
a model regressing WG on FI and BW has also been proposed. In this 
study, a new trait for turkeys, residual intake and gain (RIG), combines 
the beneficial characteristics of both RFI and RG. Animals with superior 
RIG have, on average, greater WG and reduced FI. To assess the use 
of RIG in poultry, pedigree data for 15,830 tom turkeys over a 10-year 
interval were evaluated. Birds were measured for FI and WG over a 
4-week period, from 16 to 20 weeks of age, during which they had ad 
libitum access to feed. RIG was calculated as the sum of −1*RFI and 
RG, both standardized to a variance of one. Table 1 shows daily feed 
intake (DFI), WG and average daily gain (ADG) of the 1% (n = 158) 
of animals ranked on RFI, RG and RIG, alongside number of days to 
achieve 10 kg weight gain (based on ADG) and FI to achieve 10 kg 
WG ((days to achieve 10 kg WG)*DFI). The best RFI birds consumed 
the least amount of feed, the RG birds the most and the RIG birds were 
intermediate. Similarly, the best RFI birds had the lowest ADG, the RG 
birds the highest and again the RIG birds were intermediate. At the top 
1% level, the RIG birds consumed 0.27 and 0.46 kg less to achieve 10 
kg WG than the RG and RFI birds, respectively. This small difference 
at the individual level may lead to large savings in feed costs over time.

Table 1. Top 1% of birds

Trait
DFI  
(kg)

WG  
(kg)

ADG  
(kg)

Days  
to 10 kg 
WG

FI to  
10 kg 
WG (kg)

RFI (kg) 0.47 6.09 0.22 46 21.61
RG (kg) 0.65 8.48 0.30 33 21.42
RIG 0.55 7.34 0.26 38 21.15

Key Words: turkeys, feed efficiency, RFI

190   Genetic and phenotypic parameters for residual body 
weight gain and residual intake and gain in the turkey (Meleagris 
gallopavo).  O. W. Willems*1, S. P. Miller1, and B. J. Wood1,2, 1Centre 
for the Genetic Improvement of Livestock, University of Guelph, 
Guelph, ON, Canada, 2Hybrid Turkeys, Kitchener, ON, Canada.

Residual feed intake (RFI) is modeled so that feed intake (FI) is regressed 
on both weight gain (WG) and body weight (BW) and this allows 
RFI to be phenotypically independent from both. Similarly, residual 
body weight gain (RG) represents the residuals from the regression 
of weight gain on both FI and BW. Residual intake and gain (RIG) 
combines the beneficial characteristics of both RFI and RG such that 
RIG is independent of BW, but when used for selection it can increase 
WG and reduce FI simultaneously. To assess the effectiveness of RIG 
in poultry, pedigree data for 15,830 tom turkeys over a 10-year interval 
were evaluated. Birds were measured for FI and WG over a 4-week 
period, from 16 to 20 weeks of age, during which they had ad libitum 
access to feed. RIG was calculated as the sum of −1*RFI and RG, both 
standardized to a variance of one. A bivariate analysis was performed, 
fitting an animal model with hatch as a fixed affect in ASReml. Means, 

standard deviations and heritabilities for each feed efficiency and con-
stituent trait were assessed. Means (SD) for FI, WG, FCR, RFI, RG 
and RIG were 18.62 (3.27), 6.41 (1.52), 3.00 (0.594), 0.00 (1.890), 
0.00 (0.894) and 0.00 (1.902). FI, WG, FCR, RFI, RG and RIG had 
heritabilities (se) of 0.21 (0.02), 0.15 (0.02), 0.24 (0.02), 0.22 (0.02), 
0.19 (0.02) and 0.21 (0.02), respectively. The heritabilities of RFI, FCR, 
FI and WG were similar to estimates in broiler chickens. RG and RIG 
heritability estimates were similar to estimates in beef cattle. RIG is a 
newly assessed trait in poultry, its heritability and beneficial relation-
ships with both WG and FI make it an ideal trait for use as a selection 
criterion for feed efficiency.

Key Words: turkeys, feed efficiency, genetic parameters

191   Transcriptional profiling of innate immune response 
in broiler ceca following campylobacter jejuni infection.  A. 
Nazmi*1,5, J. Zhang1, X. Li1, C. Swaggerty2, M. Kogut2, H. Chiang1, 
Y. Wang5, K. Genovese2, H. Hi2, V. Dirita3, I. Pevzner4, and H. 
Zhou5, 1Texas A&M University, College Station, 2United States 
Department of Agriculture, Agricultural Research Service, College 
Station, 3University of Michigan, Ann Arbor, 4Cobb-Vantress Inc., 
Siloam Springs, AR, 5University of California-Davis, Davis.

Campylobacter jejuni (C. jejuni) is one of the most frequent bacterial 
causes of human gastroenteritis in the industrialized countries. C. jejuni 
colonizes the gastrointestinal tract of chickens especially ceca as a 
commensal organism. Chickens are considered the principle vector for 
human Campylobacteriosis with the consumption of contaminated poul-
try products. Understanding the host innate immune response following 
C. jejuni infection using microarray technology could lead new avenue 
for the development of strategies in the controlling C. jejuni colonization 
in broiler and reduce carcass contamination. Two genetically distinct 
broiler lines, previously characterized as resistant or susceptible to C. 
jejuni infection were orally inoculated with either mutant (MT), wild-
type (WT) C. jejuni or PBS at day one after hatch. Cecal tissues were 
removed at 1 and 4 h post-inoculation (PI) to isolate mRNA which then 
applied to a whole genome microarray for a pair comparison between 
inoculated and control group. The signal intensity for each gene was 
normalized and data reported on the log2 scale. A mixed model including 
line, treatment, time point, array, dye, and all 2-way interactions among 
them were used to identify differentially expressed genes (P < 0.01). For 
the resistant line, there were 53 and 24 immune-related genes differently 
expressed at 1 h PI, and 23 and 22 genes at 4 PI in the MT-infected and 
WT-infected, compared with non-infected birds, respectively. Within 
the susceptible line, there were 7 and 6 immune-related genes signifi-
cantly expressed in the MT-infected and WT-infected groups at 1 h PI, 
and 44 and 12 genes at 4 h PI, respectively, when compared with the 
uninfected controls. The results suggest the resistant line initiates strong 
host immune response early, and MT strain elicited more host response 
than wild-type strain. Further signal pathway analysis to understand the 
mechanisms of this host-pathogen interaction is underway.

Key Words: microarray, Campylobacter jejuni, innate immune 
response, cecum, broiler
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Metabolism and Nutrition: Feed Additives I

192   Effects of essential oil concentration and grain type on intes-
tinal traits.  K. Claassen*1, M. J. Da Costa1, E. O. Oviedo-Rondón1, 
and B. Turner2, 1North Carolina State University, Raleigh, 2DSM 
Nutritional Products, Parsippany, NJ.

The mode of action of essential oils (EO) as growth promoters is not 
fully understood. One experiment was conducted to evaluate the effects 
of EO concentration and grain type on broiler intestinal traits. Corn (C) 
and wheat (W) based basal diets were formulated to have similar nutri-
ent composition within each dietary phase. The EO containing benzoic 
acid (Crina Poultry Plus) was added to each basal diet to have 0, 150, 
or 300ppm. Starter, grower, and finisher diets were fed from 0—14d, 
15—35d, and 35—47d, respectively. At hatch, 720 Ross 708 male 
broilers were identified and placed in 72 floor pens. At the end of each 
dietary phase one broiler per pen was selected, sacrificed and the length 
of intestines, the weights of pancreas, duodenum, jejunum, and ileum, 
and the pH of the proximal duodenum contents were determined. Mucus 
digesta content was quantified using a colorimetric procedure. Data were 
analyzed as a 2x3 factorial design with grain type and EO concentration 
as main factors. Results indicated an interaction effect (P < 0.05) on pH 
at 47d, with EO increasing pH in chickens fed W diets, and reducing it in 
broilers fed C diets. Less mucus was observed in 47d chickens fed diets 
with 300ppm EO than in diets without EO. An interaction effect (P ≤ 
0.05) was observed at 35d with less mucus in the C diets than in W diets 
at 300ppm EO. At 14 and 47d, the pancreas relative weight (RW) was 
bigger (P < 0.05) in C than in W. At 14d the pancreas RW was larger (P 
< 0.05) in chickens fed 300ppm EO than in those without EO, and at 47d 
pancreas RW of broilers from 150ppm diets was bigger than diets without 
EO. At 35d, the intestine was shorter in chickens fed 300ppm diets than 
fed 0 and 150ppm diets. At 47d, the intestine was longer in chickens fed 
C diets compared with W diets. At all collections, C chickens had bigger 
(P < 0.05) ileum RW than W. In general, the EO increased pancreas size, 
reduced intestinal length, and reduced mucus production, while C diets 
caused increased pancreas RW and intestinal length compared with W 
diets. It was concluded that EO may affect intestinal development and 
function with different effects depending on grain type.

Key Words: essential oil, broiler, grain type, intestinal traits

193   Benzoic acid and turmeric (Curcuma longa L.) meal sup-
plementation altered the gut pH without influencing the growth per-
formance or gross profile of the gastrointestinal tract of broilers.  N. 
D. Dono,* N. H. Sparks, and O. A. Olukosi, Scottish Agricultural 
College, Avian Science Research Centre, Scottish Agricultural 
College, Edinburgh, UK.

Response of broiler chickens to benzoic acid (BA) and turmeric (Curcuma 
longa L) meal (TM) supplementation using growth performance, intestinal 
pH, and gross profile of the gastrointestinal tract (GIT) as response criteria 
was investigated. At day old, 300 male Ross 308 chicks were assigned to 5 
dietary treatments in a randomized complete block design. Each treatment 
has 6 replicate pens with 10 birds per pen. The diets were: 1) control (C) 
diet which met NRC (1994) nutrients requirements for broiler; 2) C plus 
BA added at 2 g/kg; 3) C plus TM at 10 g/kg; 4) C plus a BA and TM 
added at 1 and 5 g/kg, respectively; and 5) C plus a BA and TM at 2 and 
10 g/kg, respectively. On d 21, representative birds per pen were selected 
and euthanized by cervical dislocation. The pH of the crop, proventriculus, 
jejunum, ileum, and ceca contents were measured and the gross profile 

of the GIT was examined by measuring the length and weight of full and 
empty sections of the GIT. Feed intake, final body weight, weight gain, 
and gain to feed ratio were unaffected by the treatments. Compared with 
the C, BA supplementation at 2 g/kg reduced the pH (P < 0.001) of the 
contents of crop and jejunum. Combination of BA and TM at the rates of 
1 and 5 g/kg reduced the pH (P < 0.001) of the crop, whereas combina-
tion at 2 and 10 g/kg reduced the pH (P < 0.05) of the crop, jejunum and 
cecal contents. The treatments had no effect on the weight of the gizzard, 
liver, and pancreas nor on the length of duodenum, jejunum, and ileum. 
The data from the current study indicate that dietary supplementation of 
BA and TM lowered the pH of the crop, jejunum, and ceca of 21 d old 
broiler and this reduction may encourage the colonization of the gut by 
beneficial microbes.

Key Words: benzoic acid, turmeric meal, growth performance, gut, 
broilers

194   The effect of processing, aflatoxin, and AB-20 in peanut 
meal based diets fed to turkey poults.  J. E. Nixon*1, J. L. Grimes1, 
J. P. Davis2, and B. L. White2, 1North Carolina State University, 
Raleigh, 2USDA, ARS, Market Quality and Handling Research Unit, 
Raleigh, NC.

A novel process for adding value to aflatoxin contaminated peanut 
meal(atox-PM) has been developed. A bentonite clay (AB20) was used 
to sequester aflatoxin while simultaneously extracting water-soluble 
protein from atox-PM. A co-product of this process is the insoluble PM 
(iPM) which could be used as a feed ingredient. In this study 336 LW hen 
poults were placed in 48 battery cages for 3 wk (8 dietary trt, 6 cages/
trt) with 7 birds/cage. A common basal was made with all ingredients 
except PM, hulls, sand, and AB20, which were added accordingly to 
the 8 respective diets. Atox-PM (191ppb) before processing, i-PM 
derived from processing and a low atox (9ppb) control PM (clean-PM) 
were evaluated. All diets contained 36% PM, were isonitrogenous 
and isocaloric and were: clean-PM; clean-PM+AB20; atox-PM; atox-
PM+AB20; iPM; iPM processed with 2 levels of AB20; and iPM with 
AB20 added post-processing. Body weight (BW), feed intake(FI), and 
feed conversion(FC) were determined at wk 1, 2 and 3. At 3 wk the 
heart, spleen, gizzard, kidney, liver, pancreas, and the bursa were col-
lected from 4 birds/pen and relative weights (RW) determined as were 
liver colors(L*a*b*). Body weight at wk 1, 2, and 3 were higher in birds 
fed PM diets compared with those fed iPM diets. The 2 diets contain-
ing iPM processed with AB20 resulted in the lowest FI(P < 0.0001) 
throughout the trial compared with all other diets. FC at 1–2 and 0–2 
wk was improved for PM diets compared with the iPM diets. Birds fed 
atox-PM diets had the lowest liver RW (P < 0.0001) compared with those 
fed iPM and clean-PM diets. The iPM diets resulted in higher pancreas 
RW (P < 0.0001) compared with other diets. Birds fed atox-PM without 
AB20 had the highest spleen RW (P < 0.0001) compared with those fed 
other diets. Feeding the atox-PM and iPm diets resulted in livers with 
higher b*(yellow coloration; P < 0.0001) which could be attributed to fat 
deposition resulting from aflatoxin metabolism. In conclusion, the iPM 
was an inferior feed ingredient compared with PM before processing. 
Although AB20 addition resulted in significant in vitro atox reduction, 
this ingredient minimally impacted bird performance.

Key Words: aflatoxin, peanut meal, processed peanut meal, feed 
additive, turkey
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195   Effect of yeast cell product (CitriStim) supplementation on 
broiler performance and intestinal immune cell parameters during 
an experimental coccidial infection.  R. Selvaraj*1, M. Sifri2, and R. 
Shanmugasundaram1, 1Ohio Agricultural Research and Development 
Center/The Ohio State University, Wooster, 2Archer Daniels Midland 
Alliance Nutrition Inc., Quincy, IL.

This experiment studied the effect of CitriStim, a commercial killed 
whole yeast cell prebiotic, on broiler performance, fecal coccidial oocyst 
count, Tregs, CD4+ and CD8+ percentages and IL-10 and IL-1 mRNA 
amounts in the spleen and cecal tonsils during an experimental coccidial 
infection. One-day-old broiler chicks were fed a corn and soybean meal 
based diet supplemented with 0, 0.1 or 0.2% CitriStim for 21 d. At 21 d 
of age, birds were challenged with 1 X 106 live coccidia oocysts. Birds 
fed 0.2% Citristim had 48% (P < 0.05) and 29% (P < 0.05) higher body 
weight gain and 11% (P > 0.05) and 4% (P > 0.05) better feed efficiency 
at 5 and 12 d post-coccidial challenge, respectively. Birds fed 0.1% and 
0.2% Citristim had 21 (P < 0.05) % and 23% (P < 0.05) reduction in 
fecal oocyst count, respectively than the birds fed 0% Citristim. Birds 
fed 0.2% Citristim had 7-fold higher (P < 0.05) IL-10 mRNA and 
3-fold higher (P > 0.05) IL-1 mRNA than the birds fed 0% Citristim. 
Birds fed 0.2% Citristim had 23% higher (P < 0.05) villus:crypt depth 
ratio in the jejunum than the birds fed 0% Citristim. Tregs, CD4+ and 
CD8+ percentages in cecal tonsils and spleen did not differ (P > 0.05) 
between treatment groups. It could be concluded that feeding Citristim 
improved broiler bird production parameters, decreased fecal oocyst 
shedding and increased villus:crypt depth in the small intestine during 
an experimental coccidial infection.

Key Words: Citristim, yeast, prebiotic, IL-1, production

196   Effects of feeding Saccharomyces cerevisiae fermentation 
product to broiler breeder hens and their progeny.  J. Broomhead1, 
S. Frankenbach*1, S. Oates2, and W. Berry2, 1Diamond V, Cedar Rapids, 
IA, 2Auburn University, Department of Poultry Science, Auburn, AL.

Cobb 500 broiler breeder females (n = 760) and their progeny were 
utilized to determine the effects of feeding a Saccharomyces cerevisiae 
fermentation product (Diamond V Original XPCTM) on breeder and 
progeny performance. Day-old pullets were assigned to treatments 
(Control or XPC) in the pullet facility and reared as per the appropriate 
primary breeder guidelines. At 19 wk of age, birds were transferred to 
the breeder house. Photostimulation began at 21 wk of age and dietary 
treatments continued until 55 wk of age. Each treatment contained 10 
reps with 37 hens and 4 males/rep. Chicks (n = 378/hen treatment) 
were separated within hen treatment into 2 dietary treatments (4 total 
treatments; 9 reps/treatment; 21 chicks/rep). Progeny treatments were: 
1) no XPC (CON), 2) XPC fed to progeny only, 3) XPC fed to breeder 
only, or 4) XPC fed to both breeder and progeny. Progeny performance 
was measured as body weight, uniformity and yield of carcass and parts 
at 42 d of age. Breeder data was analyzed using Repeated Measures 
model of JMP. Progeny data was statistically analyzed as control (CON) 
vs. treatment (TRT; XPC fed to progeny, breeder or both). Overall egg 
production was not statistically different (P = 0.21; Control = 65.5% or 
138 eggs/hen; XPC = 67.0% or 141 eggs/hen). The XPC fed hens came 
into production faster with greater (P < 0.01) egg production the first 3 
weeks of lay and tended to maintain higher egg production from 47 to 
55 wk (P = 0.17). Progeny 42 d BW (P = 0.33; CON = 2,479 g; TRT 
= 2,531 g) was not statistically affected by treatment but uniformity 
tended to be improved (P = 0.19; CON = 13%; TRT = 12%). Carcass 

weight and breast meat weight (g/bird) and yield (%) were greater (P 
< 0.05) in the TRT birds in contrast to the CON birds. Feeding XPC to 
broiler breeder hens may improve egg production, while feeding XPC 
to breeders and/or progeny may improve uniformity and processing 
yield in progeny.

Key Words: Saccharomyces cerevisiae fermentation product, broiler 
breeder, egg production, processing yield

197   Effect of supplementation of prebiotic mannan-oligosac-
charides and a probiotic mixture on growth performance of broil-
ers subjected to chronic heat stress.  M. U. Sohail*1,2, M. E. Hume2, 
J. A. Byrd2, A. Ijaz3, H. Rehman3, and D. J. Nisbet2, 1University of 
Veterinary and Animal Sciences, IUB, Bahawalpur, Pakistan, 2ARS, 
USDA, College Station, TX, 3University of Veterinary and Animal 
Sciences, Lahore Pakistan.

The present study was aimed at elucidating the effects of supplementing 
mannan-oligosaccharides (MOS) and a probiotic mixture (PM) on growth 
performance, intestinal histology and corticosterone concentrations in 
broilers kept under chronic heat stress (HS). Four hundred and 50 1-d-old 
chicks were divided into 5 treatment groups and a fed corn-soybean diet 
ad-libitum. The temperature control (CONT) group was held at the normal 
ambient temperature. Heat stress broilers were held at 35 ± 2°C from d 
1 to the conclusion of the study, at d 42. Heat stress groups consisted 
of: HS-CONT fed the basal diet; HS-MOS fed the basal diet containing 
0.5% MOS; HS-PM fed the basal diet containing 0.1% PM; and HS-SYN 
(symbiotic) fed 0.5 MOS and 0.1% PM in the basal diet. Broilers were 
examined at d 21 and 42 for body weight gain (BWG), feed consumption, 
feed efficiency, serum corticosterone concentrations, and ileal histology. 
The results revealed that the CONT group had higher (P < 0.01) BWG, 
feed efficiency and feed consumption on d 21 and 42, compared with the 
HS groups. Among supplemented groups, the HS-MOS had higher (P < 
0.05) BWG and feed efficiency compared with the HS-CONT group. On d 
21 and 42, the HS-CONT group had higher (P < 0.05) serum corticosterone 
concentrations compared with the CONT and supplemented groups. The 
CONT group had higher (P < 0.05) villus height, width, surface area and 
crypt depth, compared with the HS-CONT group. On d 21, the HS-PM 
had higher villus width and surface area compared with HS-CONT group. 
Whereas, on d 42, the HS-SYN had higher villus width and crypt depth 
compared with the HS-CONT group. These results showed that chronic 
HS reduces broilers production performance, intestinal micro-architecture 
and increases adrenal hormone concentrations. Supplementation of MOS 
prebiotic and a probiotic can partially lessen the effects of chronic heat 
stress and improve performance.

Key Words: chronic heat stress, probiotics, corticosterone, villus height, 
mannan-oligosaccharides

198   Effects of mannan oligosaccharide on growth perfor-
mance, intestinal morphology and gut microbial population of 
broilers raised under suboptimal environmental conditions.  M. 
Pourabedin*1, B. Baurhoo1, Z. Xu1, E. Chevaux2, and X. Zhao1, 
1McGill University, Montreal, QC, Canada, 2Lallemand Animal 
Nutrition, Milwaukee, WI.

High stocking density and cold temperatures are common factors that 
affect broiler growth and gut physiology on Canadian broiler farms. A 
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study was conducted to evaluate whether a mannan oligosaccharide 
(MOS) prebiotic could alleviate such detrimental effects in broiler pro-
duction. A total of 1344 male broiler chicks were randomly assigned to 
1 of 4 dietary treatments (6 pen replicates; 56 broilers / pen), and grown 
over a 35-d experimental period. Dietary treatments included: 1) an 
antibiotic-free diet (CON); 2) MOS (diet 1 + 1g/kg AgriMOS, Lallemand 
Inc.); 3) VIRG (diet 1 + 16.5 mg/kg virginiamycin); 4) MAV (diet 1 
+ MOS + virginiamycin). To induce sub-optimal growing conditions, 
birds were raised at higher stocking densities of 16 birds/m2, i.e., 20% 
above recommendations, cold temperatures of 20°C starting at 10 d of 
age, i.e., 4°C lower than the optimal temperature. In addition, 0.5% guar 
gum was added into all diets to increase intestinal digesta viscosity. Body 
weight and feed intake were measured weekly throughout 35 d. At d 16 
and 26, 1-cm segments of the jejunum and ileum (6 birds / treatment) 
were used in morphological analyses, whereas fresh cecal contents were 
assayed for lactobacilli, bifidobacteria and E. coli. Feed efficiency was 
not affected by any dietary treatment. But, MOS depressed (P < 0.05) 
body weight at 35 d, possibly due to reductions in feed intake. Both 
intestinal villi height and goblet cell numbers per villus were increased 
(P < 0.05) in birds fed MOS or MAV at d 26. MOS also increased (P 
< 0.05) cecal lactobacilli and bifidobacteria populations in contrast to 
VIRG, but E. coli loads were not different among all dietary treatments. 
In conclusion, under conditions of this study, MOS conferred intestinal 
health benefits to broilers by increasing beneficial bacteria populations, 
villi height and goblet cell numbers of the intestines. Therefore, dietary 
MOS may alleviate the detrimental effects of sub-optimal growing 
conditions on broiler productivity and health.

Key Words: mannan oligosaccharide, antibiotic, gut microflora, 
environmental stress, broiler

199   Performance of layers fed Original XPC during elevated 
environmental temperatures.  J. Broomhead1, W. Michael*1, and 
K. Anderson2, 1Diamond V, Cedar Rapids, IA, 2North Carolina State 
University, Raleigh.

Eleven white and 7 brown strains (approximately 21 weeks of age; 13 
replicates per dietary treatment per strain; n = 468) were utilized to 
determine the effects of feeding Saccharomyces cerevisiae fermentation 
product (Diamond V Original XPC) to laying hens during periods of 
elevated temperatures on egg production, size and quality. Hens were fed 
0 or 0.75 kg XPC/metric ton. The average maximum daily temperatures 
in Salisbury, North Carolina for June, July, and August, 2010 were 90, 
91, and 89°F, respectively. Egg weight and size were recorded monthly 
from all eggs collected during a 24 h production period. Percentages of 
eggs within each size category and egg quality was determined using 
USDA standards. Data was analyzed separately for white and brown 
strains using a SPLIT-PLOT design in JMP. For white and brown strains, 
hen day and hen housed production, average egg weight and percentage 
of extra large plus large eggs (XL+L) was greater (P < 0.05) for hens 
supplemented with XPC during July and overall (June, July, and August). 
Percentage of medium size eggs and feed conversion (feed intake/egg 
mass) were lower (P < 0.05) for white and brown hens supplemented 
with XPC during July. Percentage of grade A eggs was higher with 
XPC supplementation for both white (P < 0.05) and brown (P < 0.08) 
hens overall. White strain hens supplemented with XPC had greater 
feed intake and lower percentage of check eggs during overall summer 
months (P < 0.05). In July, percentages of grade A eggs increased (P 
< 0.05) and check eggs decreased (P < 0.05) in white hens fed XPC. 

Period by XPC treatment interactions were observed (P < 0.05) in hen 
day and hen housed production for brown hens, egg weight and XL+L 
eggs for white hens, and feed conversion and medium eggs for both 
groups of hens. Results indicate that supplementation of Original XPC 
during elevated environmental temperatures can improve egg produc-
tion, size and quality in white and brown strains of laying hens.

Key Words: layers, Saccharomyces cerevisiae fermentation product, 
heat stress, egg production

200   Efficacy of Sympatic (Bacillus subtilis QST 713) in broiler 
chickens for growth promotion and control of necrotic enteri-
tis.  D. R. Jimenez,* G. B. Tactacan, J. K. Schmidt, and M. J. Miille, 
AgraQuest Inc., Davis, CA USA.

There is significant pressure from global regulatory agencies to identify 
opportunities to reduce antibiotic usage and maintain the effectiveness of 
specific drugs through the development of alternative treatment options 
for animals. Bacillus-based probiotics represent a significant opportunity 
to address this issue. Bacillus subtilis QST 713 is the active ingredient 
in several registered and trademarked products that are sold internation-
ally. Studies were designed to obtain data on the effects of feeding diets 
containing various levels of Bacillus subtilis QST 713 in broiler chickens 
using simulated commercial pens to evaluate growth, feed conversion, 
and weight gain. Table 1 shows data from a non-challenged pen study 
recently completed at Southern Poultry Research. In this study the feed 
conversion and weight gain were not significantly different from birds 
treated with a commonly used antibiotic growth promoter (AGPs) or 
2 other direct fed microbials. Additional studies have recently been 
completed in battery cages to evaluate the effect of Bacillus subtilis 
QST 713 in birds challenged with Eimeria maxima oocysts, live cocci 
vaccine, and infectious Clostridium perfringens. Mean weight gain, feed 
consumption, feed conversion, and mortality showed a similar trend. 
Real-time PCR has been used to verify the dose dependent effect of QST 
713 treatment and detect changes in the populations of lactobacillus as 
well as other commensal flora. Feed conversion, weight gain, and NE 
lesion score generally show a positive dose response to a range of QST 
713 formulations and treatments. Additional work has shown QST 713 
to be safe and efficacious when used in combination with commonly 
used coccidiostats, and AGPs. A growing body of work is showing that 
QST 713 is an efficacious, cost effective option to antibiotic growth 
promoters when used in the conventional broiler chicken production 
systems, worldwide

Table 1.
Treatment FCR Wt Gain
none 1.78a 2.28c

713 90g/ton 1.74cd 2.33ab

713 45g/ton 1.76ab 2.31abc

BMD 1.73d 2.36a

DFM1 1.74bcd 2.33ab

DFM2 1.76bc 2.29bc

LSD: 0.050.

Key Words: Bacillus, probiotics, antibiotic growth promoters, 
Clostridium, direct fed microbial
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201   Effect of two strains of Lactobacillus on morphological 
characteristics and gene expressions of 14-day-old chicks in con-
ventional and germ-free environments.  T. Hamaoka*1, N. Otomo1, 
B. Y. Lee1, Y. Tadano2, T. Marubashi2, G. Masnfield3, J. Marshall3, and 
A. Van Kessel3, 1Calpis U.S.A. Inc., Mt. Prospect, IL, 2Calpis Co. Ltd., 
Tokyo, Japan, 3University of Saskatchewan, Saskatoon, SK, Canada.

Beneficial effects of Lactobacilluson broiler production have been 
reported and many strains of Lactobacilli are utilized in direct-fed 
microbial or probiotic products. This study was conducted to investigate 
probiotic mechanism of 2 Lactobacillus strains using gnotobiotic chicks. 
All birds (Ross308) were hatched as germ-free chicks in 4 gnotobiotic 
isolators (12 birds/isolator). After hatching, birds in 2 isolators were 
conventionalized by fecal material and 2 strains of Lactobacillus reuteri, 
R19 and R32 were inoculated (1x108 cfu each strain) by syringe into 
each bird in one germ-free and one conventionalized isolators. A single 
strain of Bacillus subtilis (BS) was detected in fecal swabs beginning at 
d-6 and cecum contents from germ-free (6.1 Log cfu/g) and R19/R32 
(5.2 log cfu/g) treatments collected on euthanasia at d-14. No BS was 
detected from conventionalized treatments. Total RNA was extracted 
from jejunum tissues collected at d-14 and used for qPCR quantifica-
tion of gene expression (IL-1, IL-6, IL-8, MUC2, PCNA, TLR2, TLR4, 
SGLT-1, PepT1) relative to average of PRDX6 and GAPDH. Data were 
analyzed by ANOVA with 4 treatments including BS alone (BA), BS 
plus R19/R32 (BL), conventionalized (CV) and conventionalized plus 
R19/R32 (CL). Means were separated by Tukey’s HSD test. Final body 
weight was highest (P < 0.05) in both R19/R32 inoculated groups. R19/
R32 also increased relative liver weight (P < 0.001). Conventional 
microbiota increased relative liver weight (P < 0.001), bursa weight 
(P < 0.01) and length of small intestine (P < 0.01). R19/R32 reduced 
expression of TLR2 (P < 0.05), TLR4 (P < 0.001), MUC2 (P < 0.05) 
and PepT1 (P < 0.05). Conventionalization increased PCNA (P < 0.01), 
IL-1 (P < 0.05) and IL-8 (P < 0.001) significantly higher. In contrast, 
R19/R32 decreased expression of IL-1 (P < 0.05) and IL-8 (P < 0.06). 
In conclusion, Lactobacillus reuteri R19 and R32 improved body 
weight gain of young broilers in combination with B. subtilis alone or 
a conventional microbiota. Gene expression analysis suggests R19/R32 
may improve growth by lowering inflammatory response.

Key Words: broiler, germ free, Lactobacillus

202   Supplementation of direct fed microbial as an alternative 
to antibiotic on growth performance, immune response, micro-
bial population, and ileal morphology of broiler chickens.  H. M. 
Salim,* N. Akter, H. K. Kang, D. W. Kim, J. H. Kim, J. Hwangbo, H. 
C. Choi, and O. S. Suh, National Institute of Animal Science, Rural 
development administration, Cheonan, Chungnam, Korea.

An experiment was conducted to investigate the supplementation of 
direct fed microbial (DFM) as an alternative to antibiotic on growth 
performance, immune response, cecal microbial population, and 
ileal morphology of broiler chickens. A total of 800 1-d-old straight 
run broiler chicks (Ross x Ross) were randomly allotted to 4 dietary 
treatments with 4 replicate pens per treatment (50 birds/replicate pen) 
for 35 d. The 4 dietary treatments are: a corn-soybean meal basal 
diet (Control); 0.1% virginiamycin, as an antibiotic growth promoter 
(AGP); 0.1% direct fed microbials that contained Lactobacillus reuteri 
(DFM 1); and 0.1% direct fed microbials that contained a mixture of 
Lactobacillus reuteri, Bacillus subtilis and Saccharomyces cerevisiae 
(DFM 2). Results showed that dietary AGP and DFM supplementation 

significantly increased (P < 0.05) the BW gain of broilers during 0 to 21 
d. The feed intake was reduced, while the feed conversion was improved 
significantly when birds were fed DFM 2 at 0 to 7 d of age. The white 
blood cell and monocyte levels were significantly higher in DFM 2 
group compared with control. In addition, feeding DFM significantly 
(P < 0.05) increased the plasma immunoglobulin levels where higher 
concentration was observed in DFM 2 as compared with those of the 
other treatments. Neither DFM nor AGP treatments affected the cecal 
Lactobacillus and Salmonella content; however, cecal E. coli content 
significantly decreased in broiler chickens fed DFM and AGP. The ileal 
villous height, width and total thickness of muscularis externa were 
significantly increased when birds were fed DFM compared with AGP 
and control. These results indicate that the dietary supplementation of 
DFM increases the growth performance of birds at an early age, stimu-
lates immune response, decrease the number of E. coli, and improves 
the ileal morphology of broiler chickens. Thus, DFM could be a viable 
source of alternative to antibiotics in the broiler diets.

Key Words: direct fed microbial, growth performance, immune 
response, intestinal morphology, broiler chickens

203   A 41 day evaluation of a broiler dietary program of 
XTRACT 6930 125 g/t to 100 g/t and a shuttle program of BMD 
50 g/t to Stafac 20 g/t.  M. D. Sims*1, C. Oguey2, D. Bravo2, and 
P. Karnezos3, 1Virginia Diversified Research Corp., Harrisonburg, 
VA, 2Pancosma SA, Geneva, Switzerland, 3The Old Mill Troy Inc., 
North Troy, VT.

Previous XTRACT 6930 (an encapsulated blend of carvacrol, cin-
namaldehyde and capsicum oleoresin) feed trials resulted in broilers 
with heavier body weights (BW) and lower feed conversions (FC) than 
non-treated broilers (nControls). Several broiler companies use shuttle 
programs of BMD to Stafac to maximize broiler performance. A 41d 
study was conducted to determine if 125 g/t XTRACT 6930 (XT6930) 
in starter and 100 g/t in both grower and finisher feeds result in broilers 
performing similar to those in a BMD 50 g/t (starter/grower) to Stafac 
20 g/t (finisher) shuttle program (p-Controls) or similar to n-Controls. 
Starter (0–16d), Grower (17–28d) and Finisher (29–41d) feeds (CP = 
20.5%, 17.7%, and 15.1% and ME = 3,042, 3,107 and 3,152 kcal/kg) 
were fed to 30 pens (10 pens/group; density = 0.06m2/bird) of 30 birds 
(900 St. Run Cobb 500). A coccidiostat was present in starter and grower 
feeds only. The BW of p-Controls (527 and 2,273 g) and XT-6930 (522 
and 2,252g) at 16d and 41d were not different (P > 0.05) and both 
were heavier (P ≤ 0.05) than n-Controls (507 and 2,191 g). The FC at 
16d and 41d of the p-Controls (1.327 and 1.829 kg/kg) were lower (P 
≤ 0.05) than n-Controls (1.374 and 1.876 kg/kg) with XT6930 (1.337 
and 1.845 kg/kg) intermediate (P > 0.05). Both the 41d FC adjusted for 
mortality weight and 41d FC adjusted to a common BW of 2.238 kg 
of p-Controls (1.821 and 1.811 kg/kg) and XT6930 (1.823 and 1.820 
kg/kg) were not different (P > 0.05) and were lower (P ≤ 0.05) than 
n-Controls (1.862 and 1.878 kg/kg). No mortality occurred through 16d 
and no differences (P > 0.05) were found between nControls (1.67%), 
pControls (0.67%) and XT6930 (2.33%) through 41d. Data from this 
study showed that supplementing diets with XT6930 resulted in broiler 
performance statistically equal (P > 0.05) to those in a dietary shuttle 
program of BMD 50 g/t to Stafac 20 g/t .

Key Words: broiler, capsicum oleoresin, cinnamaldehyde, carvacrol, 
performance
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204   Dose response of an essential oil blend in young broilers fed 
rye wheat based diet.  F. Yan,* J. Dibner, M. Vazquez-Anon, and C. 
Knight, Novus International Inc., St. Charles, MO.

A total of 504 male broilers were used in a battery study to evaluate 
effect of a synthetic 1:1 thymol carvacrol blend (NEXT ENHANCE 150, 
a trademark of Carotenoid Technologies, S.A.) on growth performance 
and gut health of broilers fed rye wheat based diet and challenged with 
mixed species of Eimeria on d 0. A rye wheat and soybean meal based 
diet was formulated to meet or exceed nutrient requirements of broilers. 
To this basal diet, the essential oil blend was added at various levels to 
provide 0, 15, 30, 60, or 120 ppm essential oils, in which half was thymol 
and half was carvacrol. BMD at 50 g per ton and a nonstarch polysac-
charides (NSP) degrading enzyme cocktail (xylanase, β-glucanase, and 
α-galactosidase; CIBENZA CSM, Novus International, Inc.) at 500 g 
per ton served as positive controls. Each diet was fed to 9 replicate pens 
of 8 birds from 0 to 29 d of age. Growth performance was measured at 
d 7, 13, 21, and 27. Serum uric acid and α-1 acid glycoprotein on d 12, 

ileal Clostridium perfringens on d 14, plasma glutathione peroxidase 
activity on d 15, ileal Lactobacilli on d 28, and digesta viscosity on 
d 29 were determined. Essential oil blend increased weight gain and 
feed intake of broilers when dosed at 15, 30, or 60 ppm, whereas BMD 
and NSP enzymes significantly increased weight gain, feed intake and 
improved FCR (P < 0.0001). Digesta viscosity was reduced only by NSP 
enzymes (P = 0.0074). Ileal Lactobacilli was increased by essential oil 
in a quadratic dose dependent manner and by NSP enzymes, whereas 
BMD decreased ileal lactobacilli in comparison to essential oil or NSP 
enzymes (P = 0.0008). Serum uric acid, α-1 acid glycoprotein, and 
plasma glutathione peroxidase activity were not significantly affected 
by dietary treatments (P > 0.05). The study demonstrated that essential 
oil, NSP enzymes, and antibiotic all have potential to improve overall 
growth performance of broilers in the face of gut health challenges, but 
through different mechanisms.

Key Words: broiler, gut health, essential oil
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205   Effect of dietary cottonseed meal and FeSO4 on some repro-
ductive parameters of broiler breeder males at prepubertal age.  
F. Mahmood*1, Z. Khan1, A. Khan1, G. Muhammad2, and I. Javed3, 
1Department of Pathology, University of Agriculture, Faisalabad, 
Pakistan, 2Department of Clinical Medicine and Surgery, University 
of Agriculture, Faisalabad, Pakistan, 3Department of Physiology and 
Pharmacology, University of Agriculture, Faisalabad, Pakistan.

The aim of this study was to observe the pathological effects induced 
by cottonseed meal (CSM) feeding and supplemented FeSO4 in diets of 
broiler breeder males at prepubertal age. Eighty broiler breeder males of 
10 weeks of age were divided in to 8 groups. These birds were allocated 
to 4 groups and fed diets with an increasing level of CSM @ of 0 (A), 
5% (B), 10 (C) and 20% (D). Similar levels of CSM with diets adding 
ferrous sulfate FeSO4·H2O at 2:1 ferrous to gossypol molar ratio were 
also fed to other 4 groups (AF-, BF, CF and DF, respectively). Duration 
of the experiment was 12 weeks. The birds in groups A, AF, B, BF, 
C, CF did not exhibit any behavioral alteration, Maximum intensity 
of clinical signs and behavioral alteration was observed in groups D 
and DF having free gossypol level 20.25 mg / bird / day (150 mg / kg 
feed). Body weight, comb area, vent length, were determined weekly. 
A significant decrease in body weight and lesser development of combs 
and vents were observed in groups D and DF compared with control 
group. Significant decrease in erythrocytes, leukocytes count, hemo-
globin concentration, hematocrit, total serum proteins, albumin and 
serum testosterone concentration. Testes volume, absolute and relative 
weights of visceral organ were significantly lower in all the treated 
groups compared with control birds. No pathological lesions were 
observed in testes of males kept on ration containing up to 10% CSM 
with and without FeSO4. However, histologicaly testes of birds in group 
D (20% CSM) exhibited thin population of germinal cells with lesser 
number of young spermatozoa compared with testes of birds in group 
A. Spermatozoa were not present and the nuclei of round spermatids 
were condensed and pyknotic. Liver and kidneys sections exhibited no 
significant pathological changes. It is concluded from present study that 
addition of FeSO4 in ration containing 20% CSM only partially allevi-
ated the deleterious effects produced by cottonseed meal.

Key Words: cottonseed meal, FeSO4, comb area, vent length, pathology

206   Common diseases of malnutrition of poultry seen in diag-
nostic laboratory.  H. Shivaprasad,* University of California-Davis, 
Tulare.

In spite of vast advances made in poultry nutrition, diseases of mal-
nutrition are still observed in commercial chickens and turkeys. These 
diseases include encephalomalacia due to vitamin E deficiency, rickets/
osteomalacia due to calcium, phosphorus and vitamin D3 deficiency or 
an imbalance in the ratio of calcium to phosphorus, curled toe paralysis 
due to riboflavin (vitamin B2) deficiency, ocular, bursal, respiratory and 
upper digestive disturbances due to vitamin A deficiency, slipped tendon 
due to manganese and/or choline deficiency. Field rickets in turkey poults 
due to malabsorption as a result of intestinal diseases is also observed. 
Various factors such as human errors, nutritional interactions and mal-
digestion and malabsorption due to diseases of the gastrointestinal tract, 
etc., influence diseases of malnutrition in poultry. These diseases can 

be generally diagnosed in affected poultry based on clinical signs and 
pathology and feed, serum and liver evaluations.

Key Words: diseases, malnutrition, diagnosis, pathology

207   Towards the development of transgenic edible plant vac-
cines against influenza viruses in chickens.  J. J. Giambrone*1, 
N. Singh1, H. Wu2, and K. S. Gunn2, 1Auburn University, Auburn, 
AL, 2Alabama State University, Montgomery.

The development of cost-effective influenza vaccines for animals and 
humans is an urgent priority to prevent continual future pandemic 
outbreaks. Recombinant subunit viral vaccines, that incorporate hem-
agglutinin (HA) genes, are attractive since the HA proteins can induce 
virus-neutralizing antibodies. In addition, there is not a live virus in the 
subunit vaccine. This is important since live influenza virus vaccines 
are genetically unstable and can revert back to virulence and cross over 
into different species. Edible transgenic subunit plant vaccines are a new 
type of vaccine, which can be safely delivered in mass. In this study, 2 
transgenic Arabidopsis thaliana (plants), expressing recombinant HA 
proteins, the major antigenic viral membrane glycoproteins of influenza 
virus (IV) were developed. The HA genes of avian (A) H10N7 and 
H1N1 AIVs, isolated from hunter killed wild ducks in Alabama, were 
amplified by reverse transcriptase-polymerase chain reaction (RT-PCR) 
and introduced into a plant expression vector, pE1857 under control of 
a super-promoter. Constructs (rpE-HA10 and rpE-HA1) were intro-
duced into Agrobacterium tumefaciens by electroporation, respectively. 
Agrobacterium containing the rpE-HA10 or rpE-HA1 constructs were 
used to transform A. thaliana. Transgenic plants were selected using 
bialophos. The HA transgenes in the plants were confirmed by PCR. 
Expression of the HA transgenes was confirmed by real time quantita-
tive RT-PCR and antigen-capture ELISA. Leaf extracts of transgenic 
plants showed high levels (0.5–3.0%) of total soluble HA protein. The 
efficacy of the edible transgenic plants will be tested by examining the 
immune responses to AIVs in chickens.

Key Words: transgenic, edible, plant vaccine, influenza, chickens

208   An analytic study of gizzard erosions in commercial layers.  
H. K. Muniyellappa*1, M. L. Satyanarayana1, N. K. S. Gowda2, and 
P. Giridhara1, 1Karnataka Veterinary Animal & Fisheries Sciences 
University, Bangalore, Karnataka, India, 2National Institute of Animal 
Nutrition and Physiology, Bangalore, Karnataka, India.

This epidemiological study investigated the etiology of Gizzard ero-
sion in commercial layers. To determine the disease trend, 4 younger 
and 11 adult commercial layer flocks in 6 poultry farms were chosen 
randomly within the mining area. Flock history, clinical signs, gross and 
microscopic lesions from the ailing birds were recorded. The feed, water 
and tissue samples were evaluated in respect of trace elements (Fe, Mn, 
Pb and Cd). The predominant clinical signs observed were anorexia, 
dullness, lower body weights, droopy wings with ruffled feathers and 
penguin posture in 3 younger flocks (2–5 wk) having Gizzard erosion; 
which accounted for a cumulative mortality of 8.3 to 16.83 per cent. 
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Feed samples revealed Fe, Mn, Pb and Cd at 1100–1200, 240–340, 
4.8–5.2 and 0.0–0.16 ppm, respectively; however water samples did 
not reveal any abnormality. In the liver, kidney and gizzard tissues 
higher levels of Fe, Mn, Pb and Cd were recorded. Simulating the field 
situation, an experimental study was conducted with 96 one day-old 
layer chicks allotted to 3 treatment groups (A-C) with 32 chicks each 
in a complete randomized design (CRD). Group A served as negative 
control; while, Groups B and C received 1.5 and 3.0 per cent mine dust 
containing Fe, Mn and Pb at 190.00, 157.5 and 4.5 ppm, respectively in 
feed for 5 weeks. Relative organ weights, gross and microscopic lesions 
in addition to the levels of trace elements in liver, kidney and gizzard 
tissues were recorded. Birds in groups B and C showed gizzard erosion, 
higher organ weights and significantly higher levels of trace elements 
in the tissues. The experimental results concurred with the findings of 
the epidemiological data. In conclusion, the study indicated that higher 
iron and lead levels in feed mediated oxyradical cell injury leading to 
gizzard erosion.

Key Words: gizzard erosion, mine dust, iron, lead, layer

209   The performance of coccidiosis vaccinated broiler chick-
ens fed a feed additive Quillaja/Yucca blend (Nutrafito Plus) 
or 3-Nitro.  G. F. Mathis*1, B. S. Lumpkins1, and D. F. Calabotta2, 
1Southern Poultry Research Inc., Athens, GA, 2Prince Agri Products, 
Quincy, IL.

The marketing and production of the feed additive 3-Nitro has been 
discontinued. Therefore, a void has been created such that alternative 
products must be explored to replace the benefits 3-Nitro had provided. 
The objective of the study was to compare performance of broilers fed 
either a Quillaja/Yucca blend (Nutrafito Plus) or 3-Nitro in conjunc-
tion with a coccidiosis vaccine. A 42 d broiler, floor-pen study was 
conducted using the following treatments: T1) vaccinated no additive 
control, T2) vaccinated + 3-Nitro (50 ppm) in starter and grower feeds, 
T3) Vaccinated + Nutrafito Plus (125 ppm) in starter and grower feeds. 
All starter and grower feeds contained BMD 55 ppm. All finisher feeds 
contained only Virginiamycin 22 ppm. A randomized block design 
with 12 replications of 20 birds per pen was used. All birds were 
spray vaccinated with the label recommended dosage of Coccivac-B 
before placement in pens. Feed and water were available ad libitum. 
Bird weights and feed consumption (kg) by pen were recorded at study 
initiation, D 19, 35, and 42. To confirm coccidial oocysts shedding 
related to vaccine, oocysts per gram litter was determined on D19. 
The data was analyzed statistically using SAS software with a P value 
of 0.05 to determine the level of significance. At D42, there was a 
significant improvement in body weight gain and FCR in birds fed 
either the 3-Nitro or Nutrafito Plus diets compared with the birds fed 
the no additive control. Overall, the supplementation of Nutrafito Plus 
improved the average weight by 72 g and FCR by 5.5 compared with 
the control fed birds. There were no significant differences in mortality. 
On Day 19, a significant reduction in oocysts shedding (OPG) was 
observed in birds fed either the 3-Nitro or Nutrafito Plus diets compared 
with the control birds. Furthermore, Nutrafito Plus OPG (4052) was 
significantly less than 3-Nitro OPG (9938). The supplementation of 
Nutrafito Plus in broiler diets effectively enhanced vaccinated bird 
performance by significantly lowering oocysts shedding, improving 
weight gain, and lowering feed conversion ratios.

Key Words: Nutrafito Plus, vaccination, 3-Nitro, coccidiosis, broilers

210   Effects of different pre-lay Mycoplasma gallisepticum vac-
cines in conjunction with an F-strain Mycoplasma gallisepticum 
challenge overlay on the performance characteristics of commer-
cial layers.  R. Jacob*1, S. L. Branton2, and E. D. Peebles1, 1Mississippi 
State University, Mississippi State, 2USDA/ARS Poultry Research 
Unit, Mississippi State.

Mycoplasma gallisepticum (MG) is a major and economically significant 
pathogen of avian species. The effects of pre-lay vaccinations of ts-11 
strain MG, MG-Bacterin or their combination, in conjunction with an 
F strain MG (FMG) challenge overlay after peak production, on the 
performance characteristics of commercial layers were investigated. 
160 mycoplasma-free Hy-Line W-36 layers were housed in negative 
pressure biological isolation units (10 birds per unit, 4 units per treat-
ment) through 52 wk of age (woa). The following treatments were 
utilized at 10 woa: 1) Control (no vaccinations); 2) ts-11 strain MG 
(Mycoplasma Gallisepticum Vaccine, Merial Select Gainesville, GA); 
3) MG-Bacterin (MG Bac, Fort Dodge Animal Health, Overland Park, 
KS); and 4) Mycoplasma Gallisepticum Vaccine/MG Bac combination. 
At 45 woa, half of the birds were challenged with a laboratory stock of 
the 99th passage of FMG. Performance parameters including percentage 
hen-day egg production (EP) were determined through 52 woa. Analyses 
for treatment effects on EP revealed no significant differences between 
the different pre-lay vaccines (18–45 woa). However, an FMG overlay 
at 45 woa resulted in a significantly lower EP (P < 0.0001) among 
control and MG-Bacterin vaccinated groups from 46 to 52 woa. The 
EP in control and MG-Bacterin groups challenged with FMG dropped 
to 78.67% and 77.72% when compared with 83.67% and 84.69% EP 
in their non-FMG-challenged counterparts, respectively. Therefore, it 
is evident that the use of ts-11 strain MG vaccine alone or in combina-
tion with MG-Bacterin, when administered during prelay is effective 
in protecting the adverse effect of a post peak challenge of FMG on EP.

Key Words:  poultry, Mycoplasma gallisepticum ,  vaccine, 
mycoplasmosis, egg production

211   Detection of changes in body composition using dual-
energy X-ray absorptiometry (DEXA) following Eimeria maxima 
infection in broilers.  K. B. Miska,* R. H. Fetterer, M. C. Jenkins, and 
A. D. Mitchell, United States Department of Agriculture, Agricultural 
Research Service, Beltsville, MD.

The purpose of this study was to determine the effects of E. maxima 
infection on body composition using DEXA technology. E. maxima is 
one of the 7 species of Eimeria which causes avian coccidiosis. These 
intracellular protozoan parasites infect epithelial cells in the gastro-
intestinal tract, causing diarrhea, decreased weight gain and reduced 
feed efficiency resulting in significant economic losses to the poultry 
industry world wide. Five groups of 8, 2-week old broiler chickens 
were infected with different doses of E. maxima oocysts. Each group 
received: 0, 300, 1000, 3000, or 10,000 oocysts via oral gavage. Birds 
were weighed and killed 6 d post infection (at which time weight loss 
from coccidiosis reaches its peak), and intact carcasses were scanned 
using DEXA. There was a significant effect of oocyst dose (P < 0.01) 
on final measured live weight, DEXA weight (the sum of bone, lean, 
and fat mass measured by DEXA) and DEXA lean mass. There was a 
marginal effect of oocyst dose on bone mass but bone density remained 
unchanged and the percent body fat was not significantly (P > 0.05) 
changed. A significant linear relationship (r2 = 0.65) was observed 
between final bird weight and DEXA weight and lean mass. A weaker 
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linear relationship (r2 = 0.49) was observed between measured weight 
gain and DEXA weight and between final bird weight and bone mass 
(r2 = 0.48). There was little linear relationship (r2 = 0.16) between bone 
density and final bird weight. In conclusion, DEXA analysis detects 
changes in weight, lean mass, and possibly bone mass related to differ-
ing doses of E. maxima oocysts.

Key Words: DEXA, Eimeria maxima, broiler, coccidiosis, pathology

212   Detection of infectious laryngotracheitis virus from poul-
try house environments by real-time PCR.  T. V. Dormitorio,* J. J. 
Giambrone, and K. S. Macklin, Auburn University, Auburn, AL.

Infectious laryngotracheitis (ILT) remains an important viral respiratory 
disease of poultry, despite the development of new recombinant vaccines 
and improved management practices. Heating the house at 100°C for 
3 d, windrow composting of the litter, cleaning and disinfection are all 
important steps to eliminate the virus from an infected poultry house. 
A farm in North Alabama was identified to have a mild ILT outbreak. 
Eight days after the farm was depopulated, environmental samples 
were collected, which included water from the water lines, dust, mud, 
darkling beetles and stray chickens outside the house. Out of 20 samples, 
18 tested positive for ILTV DNA by real-time PCR. Beetles and stray 
chickens had the highest viral DNA concentration based on Cp value. 
PCR+ samples will be inoculated in eggs to determine whether they 
contain live virus and further investigated if the virus is of vaccine origin. 
More sampling and tests will be conducted to determine the efficacy of 
extended down time, heating, cleaning and disinfection in eliminating 
ILTV in infected poultry houses.

Key Words: laryngotracheitis, PCR, composting, disinfection, vaccines

213   Absorption of D-xylose in poults with Light Turkey 
Syndrome.  A. J. Calvert* and S. L. Noll, University of Minnesota, 
St Paul.

Light Turkey Syndrome (LTS) is characterized by low body weights 
of a large number of turkeys at processing age and is a concern of 
MN turkey producers. Primarily observed in tom flocks, the weight 
discrepancy appears to start in brooding. The hypothesis was that light 
weight poults absorb less D-xylose than heavy weight poults. Four 
commercial flocks raised in MN and 2 research flocks raised in brooder 
battery cages were sampled. Poults were separated into heavy and light 
groups (10 birds per group) based on BW 10–15% above or below the 
average flock BW. Samples were collected at 2 and 3 wks of age and 
tested for several indicators including xylose absorption. A pre-gavage 
blood sample was collected from the wing vein after a 12 h fast. Poults 
were orally gavaged with 0.5 g of D-xylose per kg average group BW 
with a second blood sample obtained 60 min later. The micro-method 
previously defined by Goodwin (1984) to determine the amount of 
xylose in plasma was modified to reduce the amount of plasma and 
color reagent by half. In pre-gavage samples, small amounts of xylose 
or other reactive substances were found with an average concentration 
of 7 mg D-xylose/dL. In post-gavage samples, xylose ranged from 16 

to 39 mg D-xylose/dL. Glimmix (SAS 9.2) was used for ANOVA. A 
significant 3 way interaction between flock, weight group and age was 
found. Significant interactions between weight group and age were seen 
in 4 flocks and subsequent models looked at individual sample times for 
these flocks. Two of the commercial flocks showed the expected results 
with 11.5 and 4.3 mg more xylose/dL in heavy than light poults at 60 
min post-gavage; one at 3 wks and the other over both wks (P < 0.05). 
In contrast, light poults at 2 wks in one research flock and at 3 wks in 
one commercial flock had 10.1 mg more xylose/dL than heavy poults 
(P < 0.05). Light poults from 4 of 6 flocks did not exhibit decreased 
nutrient absorption using xylose absorption as an indirect measure. 
While malabsorption might be a cause for decreased body weight in 
some LTS flocks it was not the cause in all cases.

Key Words: D-xylose absorption, malabsortion, turkey, light weight

214   A comparative study of the virulence of different strains of 
Histomonas meleagridis with experimental infection in turkeys and 
the identification and analysis of gene expression of virulence fac-
tors.  M. Abraham,* Z. Wei, L. R. McDougald, and R. B. Beckstead, 
University of Georgia, Athens.

Histomonas meleagridis, a flagellated protozoan that causes histomo-
niasis or blackhead disease, is a great threat to the turkey industry with 
its heavy mortality and morbidity. The aims of our experiments were 
to study the virulence of multiple strains of Histomonas by inoculating 
turkeys with strains isolated from Michigan, North Carolina and Buford 
(Georgia) and monocultures generated from the Buford strain. Two 
week old birds were weighed, banded and infected with histomonas 
Buford Pass 1(BF-1), Buford Pass 100(BF-100), Buford monoculture- 
Virulent (BM-V) and Buford monoculture- Non Virulent (BM-A) by 
means of direct cloacal inoculation (20,000/1mL). At 10 d post infection 
birds were weighed, euthanized, necropsied and cecal and liver lesions 
were scored based on the severity. Similarly, in another experiment 
Michigan (MI-1), MI pass 56 (MI-56) and North Carolina (NC) strains 
of Histomonas were used to infect 2 week old turkeys (35,000/1 mL). 
Based on the lesion scores and average weight gain, BF-1, BM-V, MI-1 
and NC were found to be more virulent that BF-100, BM-A and MI-56. 
Based on these results we identified the attenuated strains of Histomonas, 
which are created by continuous passage through the culture media 
and by selecting monocultures. Gene expression of the virulent fac-
tors Cysteine protease (cp 1 to 8), Superoxide dismutase (SOD) and 
Amoebapore (Amoe 1 and 2) were estimated by Real time PCR using 
the relative standard curve method. Relative standard curve estimation 
of virulent factors by comparing BF-100 vs BF 1 revealed that there 
is a significant difference in the gene expression of cp2, cp3, cp4, cp7, 
SOD, Amoe 1 and Amoe 2. By comparing monocultures vs BF 1, we 
observed that there are significant difference in the gene expression of 
cp2, cp4 and Amoe1. Results of the experimental infection with BF-1, 
BF-100, BM-V and BM-A and the expression of virulence factors gives 
a correlation between the loss of virulence and the downregulation of 
virulence genes.

Key Words: Histomonas meleagridis, blackhead, virulence, cysteine 
protease, amoebapore
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Processing, Products, and Food Safety II

215   Consumer perspectives of poultry stunning methods.  C. A. 
Morrissey*1, S. Burris2, and C. Z. Alvarado1, 1Texas A&M University, 
College Station, 2Texas Tech University, Lubbock.

The stunning of poultry (including chickens and turkeys) before 
slaughter is a fundamental practice used at poultry processing facilities 
in the United States. Yet little is known about the level of knowledge 
and opinions among chicken consumers in the USA on current poultry 
stunning methods. The main objective of this project was to determine 
consumer preference of chicken meat produced through various stun-
ning methods. Through Zoomerang, an online survey software program, 
a participant pool of 371 primary household shoppers and chicken 
consumers across the country completed a 31-question survey. Worker 
safety, product quality, food safety, price and animal welfare were the key 
elements examined in relation to stunning practices. The participating 
consumers (18 years and older/Female & Male/All Ethnicities) provided 
meaningful feedback regarding specific stunning methods. Employing 
a descriptive statistical approach, the survey data was classified by 
categorical variables and analyzed. Contingency tables displayed the 
relationships between preferences for poultry purchasing and specific 
stunning methods. Chi-squared analysis also evaluated the significance 
of the relationships between the variables. Overall, survey respondents 
preferred electrical stunning over gas stunning (Electrical preference: 
26%; Gas preference: 18%), while 35% of the respondents did not have 
a preference for either method and 21% of the respondents did not want 
birds stunned before slaughter. Further, 65% of survey respondents did 
not wish to obtain further information about poultry stunning methods. 
These findings may point to consumer confidence in the poultry industry. 
Respondents who purchase poultry from specialty markets tended to 
favor gas stunning when surveyed on the topic of animal welfare. In 
addition, respondents who purchase poultry from conventional super-
markets tended to favor electrical stunning with respect to food safety. In 
conclusion, the results of the consumer-focused evaluation of stunning 
methods allows poultry producers to make informed decisions about 
the implementation and marketing of future practices and technologies 
in response to preferences and feedback.

Key Words: stunning, consumers, preferences, poultry, marketing

216   Biochemical and physical properties of breast meat from 
commercial and heritage broilers grown to 55 d.  V. B. Brewer,* F. 
Mussini, P. W. Waldroup, and C. M. Owens, University of Arkansas, 
Fayetteville.

Toughness of young broilers has primarily been attributed to contractile 
toughness resulting from early deboning and sarcomere shortening. 
However, increased fillet toughness in large market broilers has been 
observed regardless of deboning time. These large market broilers are 
common in the modern poultry industry. This study evaluated biochemi-
cal and physical characteristics of broiler meat from modern commercial 
(Strain A and B) and heritage (Strain C; White Plymouth Rock × New 
Hampshire) broilers grown to 55 d. Broilers (n = 180) were processed 
over 3 replications, and carcasses were deboned at either 2 or 6h post-
mortem (PM). Muscle pH, fiber diameter, sarcomere length, cook loss 
and Meullenet-Owens razor shear were analyzed. Differences (P < 0.05) 
in body weight were observed among all strains with Strain A being the 
largest and Strain C the smallest. Strain B had higher (P < 0.05) fillet 

yield compared with Strain A, and both commercial strains yielded more 
(P < 0.05) than Strain C. Muscle pH decreased (P < 0.05) between 2 
and 6h PM with Strains A and B; for Strain C, there was no decrease (P 
> 0.05) in pH over time. However, Strain C had lower (P < 0.05) pH at 
2h PM than both Strains A and B. Cook loss was higher (P < 0.05) at 2h 
PM than fillets deboned at 6h for Strains A and B, but no difference was 
noted for Strain C due to debone time and no differences were observed 
among strains at 6h PM. Fillets deboned at 2h for all strains had higher 
(P < 0.05) shear force than fillets deboned at 6 h. Strain B fillets had 
higher (P < 0.05) shear force compared with Strain A fillets at 2h PM, 
and fillets from both Strain A and B had higher (P < 0.05) shear force 
(both would be disliked by consumers) than Strain C (would be liked by 
consumers) at 2 and 6h PM. Strain did not impact sarcomere length at 
6 h, but Strain B had shorter sarcomeres than Strain C at 2h PM. Fiber 
diameters were not different (P > 0.05) between Strains A and B, but 
Strain C had smaller (P < 0.05) fiber diameter than the other strains. 
These results suggest that factors other than sarcomere shortening are 
involved in toughness in modern large broilers.

Key Words: broiler strain, pH, tenderness, fiber diameter, sarcomere 
length

217   Detection of Salmonella spp. by insulated isothermal PCR.  
H. F. G. Chang*2, J. M. Shi1, C. W. Lin1, P. H. Teng2, L. J. Ma2, H. Y. 
Chen3, and Y. C. Chiang1, 1Hung Kuang University, Shalu, Taichung, 
Taiwan, 2GeneReach Biotechnology Corporation, Taichung City, 
Taiwan, 3Dayeh University, Dacun, Changhua, Taiwan.

Salmonella spp., one of the most serious pathogens, can cause seri-
ous gastrointestinal illness including the salmonellosis of humans and 
animals. Contamination with Salmonella spp. in poultry and fresh eggs 
are the main causes of salmonellosis in humans. Various molecular 
diagnostic methods based on DNA analysis, e.g., polymerase chain 
reaction (PCR), multiplex PCR, and DNA probe, have been used for the 
detection of Salmonella spp.. However, the above-mentioned methods 
often require trained technicians. Recently, a novel convective PCR 
carried out in polycarbonate capillary tubes under insulated isothermal 
condition (insulated isothermal PCR) has been developed. To test 
whether insulated isothermal PCR can be used to detect Salmonella spp., 
a set of PCR primers and TaqMan probe were designed to specifically 
amplify and detect Salmonella spp. Here we report that specific signal of 
Salmonella spp. was detected within 1 h. No false-positive results were 
observed. The detection limit was up to 103 cfu/g in the food samples 
including chicken meat, pork, beef, and milk without the enrichment. 
Furthermore, with a 4 h enrichment step, as low as 100 cfu/g in the food 
samples could be detected. Since the fluorescent amplification signals are 
detected at 520 nm, there is no need for electrophoresis. The insulated 
isothermal PCR system requires less expertise and provides a more reli-
able tool of result interpretation compared with the conventional PCR. 
In addition, this system is economically feasible compared with most of 
DNA analysis methods, and the results could be obtained within hours 
instead of days. To conclude, the insulated isothermal PCR system is 
accurate, time-saving and can be used as on-site routine testing for the 
inspection of food samples.

Key Words: Salmonella spp., insulated isothermal PCR, convective 
PCR, on-site detection, salmonellosis

75Poult. Sci. 91(Suppl. 1)



218   Evaluation of novel essential oil-containing phosphate 
blends for growth inhibition of Salmonella enterica in ready-to-
eat products.  G. Casco*1, T. M. Taylor2, and C. Z. Alvarado3, 1Texas 
A&M University, College Station, 2Texas A&M University, College 
Station, 3Texas A&M University, College Station.

Essential oils (EO) and their constituents are reported to possess potent 
antimicrobial activity, but their use in food processing is limited due 
to low solubility in aqueous systems and volatilization during process-
ing. The objective of this study was to evaluate 2 non-commercial 
EO-containing phosphate blends for antimicrobial activity against 
Salmonella enterica serovars inoculated on deli meats. Four treatments, 
Carnal-145 (chicken and pork) or Carnal-245 (beef), Carnal-26 (0.45% 
and 0.6%, respectively, of final product weight), a 2.0% potassium 
lactate control (PL), and a negative control with no applied antimicro-
bial (NC) were tested on a 25% added solution restructured pork ham 
formulated with 156 ppm of nitrite, a 25% added solution emulsified 
chicken bologna loaf (30% fat), and a 30% added solution restructured 
beef loaf. Products were formulated, manufactured, and cooked accord-
ing to industry practices, and were thereafter stored at 5°C. Five 12 g 
individual slices from each treatment were inoculated with 6.0 log10 cfu/g 
of a 3 strain Salmonella cocktail and individually bagged for sampling 
at 0, 7, 14, 21, 28, 35, 42, 49, and 60 d post-preparation. Results show 
that in pork, PL and Carnal-26 did not differ with respect to surviving 
salmonellae for all sampling days. In chicken, there were no differences 
among the treatments until d 22, when the Carnal treatments and the PL 
had significantly fewer (0.6 log10 cfu/g) Salmonella survivors compared 
with the NC. In beef loaf, there were no differences among treatments 
until d 32 when the NC had a significantly higher (0.5 log10 cfu/g) number 
of Salmonella survivors compared with the other treatments (P ≤ 0.05). 
In conclusion, Carnal-26 can function to replace PL to inhibit Salmonella 
growth in ready-to-eat (RTE) deli products. However, further testing is 
needed to ensure consumer acceptability.

Key Words: essential oils, phosphates, Salmonella, potassium lactate

219   In vitro evaluation of essential oils for inhibiting Salmonella 
and Campylobacter spp.  R. Thanissery* and D. P. Smith, North 
Carolina State University, Raleigh.

Plant essential oils (EOs) are natural compounds studied for their potential 
antimicrobial properties. Previous research using a disc diffusion assay 
showed the blend of thyme and orange oil was an effective combination 
to inhibit both Salmonella and Campylobacter species. To further confirm 
these results a macro-disc diffusion assay was conducted to determine 
the minimum inhibitory concentrations (MIC) of 4 select EOs (thyme, 
rosemary, orange, and clove) and thyme orange oil combination against 3 
strains of nalidixic acid-resistant S. enterica serovars and a mixture of all 
3, as well as 2 strains of C. coli and 1 strain of C. jejuni and a mixture of 
all Campylobacters. Dimethyl sulfoxide was added to the oils to increase 
their solubility. Serial 2-fold dilutions from 1.000 to 0.008% (v/v) of the 
essential oils tested were prepared and placed in tubes. Overnight broth 
cultures of the individual test organism was used to inoculate the tubes. 
The Salmonella tubes were incubated at 37°C for 24h, and Campylobacter 
tubes at 42°C under microaerophilic conditions for 24h. Turbidity was 
visually determined, and the least concentration of the oil at which there 
was no visible growth was recorded as MIC. The turbidity of orange oil 
impaired visual determination of MIC therefore the minimum bactericidal 
concentration (MBC) was determined by plating 100 µL on to agar plates. 
The lowest concentration at which there was no growth in the plates 

was recorded as MBC. Results are reported as mean values of 8 tubes 
in 2 replicate trials. Thyme was most effective against Salmonella with 
a MIC of 0.06%, followed by clove (0.15%), and rosemary (1%). The 
MBC for orange oil was > 1%. However the orange and thyme oil blend 
showed an MBC of 0.13%. Campylobacter was sensitive to all essential 
oils when compared with Salmonella at all concentrations of oils tested in 
this study. In conclusion, the blend of thyme and orange oil is a potential 
combination to inhibit both Salmonella and Campylobacter. However, 
further investigation is needed to explore whether these findings apply 
to poultry carcasses and products.

Key Words: Salmonella, Campylobacter, essential oils, thyme, orange

220   Feed withdrawal effects on turkey live shrink and gastro-
intestinal contents.  D. P. Smith*1, J. K. Northcutt2, J. L. Grimes1, 
and P. R. Ferket1, 1North Carolina State University, Raleigh, 2Clemson 
University, Clemson, SC.

Feed withdrawal (FW) of turkeys before processing is necessary to 
minimize in-plant contamination but typically results in lost weight. 
Therefore,experiments were conducted to determine optimum FW time 
to minimize gastrointestinal (GI) contents and reduce live shrink. Tom 
turkeys, approximately 20 weeks of age, were withdrawn from feed for 
6, 12, or 18 h before processing or remained on feed until processing 
(Control). Water was removed 4 h after FW. Trial 1 utilized 30 FW and 
30 Control birds with natural day length lighting. Trial 2 consisted of 
12 FW and 12 Control birds that were converted to 24 h lighting 1 to 3 
d before processing. All birds were left on litter during FW. Birds were 
transported to the processing area and electrically stunned, exsangui-
nated, scalded for 60 s at 68 C and picked for 90 s. Head and feet were 
removed, and carcasses were manually eviscerated. Weights recorded 
included live pre-FW, live post-FW, carcass weight, intestinal tract 
contents, gizzard contents, and full ceca. Shrink was calculated as the 
difference between pre- and post-FW live weight. Data are reported 
as mean ± SEM. FW significantly (P < 0.05) increased shrink at 18 h 
compared with Control (0.49 ± 0.10 vs. 0.18 ± 0.10 kg, respectively). 
Mean FW vs. Control shrink differences at 6 h (0.21 kg) and at 12 h (0.26 
kg) were not significantly different. FW significantly decreased gizzard 
contents from 22.7 ± 3.1 to 13.0 ± 2.1 g, and intestinal contents from 
91.9 ± 6.4 to 53.5 ± 3.9 g. There was no FW effect on full ceca (mean 
weight of 59.2 ± 1.2 g). FW increased live shrink at 18 h, but not at 6 
and 12 h, and reduced GI content weights regardless of time off feed.

Key Words: turkey, feed withdrawal, live shrink, GI contents

221   Microarray analysis of Salmonella Enteritidis Phage Type 
8 treated with subinhibitory concentrations of trans-cinnamalde-
hyde or eugenol.  A. Kollanoor-Johny*1, J. G. Frye2, S. Porwollik3, 
M. J. Darre1, A. M. Donoghue4, D. J. Donoghue5, M. McClelland3, 
and K. Venkitanarayanan1, 1University of Connecticut, Department 
of Animal Science, Storrs, 2Richard B. Russell Research Center, 
USDA-ARS, Athens, 3Vaccine Research Institute of San Diego, San 
Diego, 4Poultry Production and Product Safety Research Unit, 
USDA-ARS, Fayetteville, 5Center of Excellence for Poultry Science, 
University of Arkansas, Fayetteville.

Salmonella Enteritidis phage type 8 (PT8) is a major poultry-associated 
Salmonella isolate implicated in foodborne outbreaks in the United 
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States. We previously reported that the GRAS-status plant-derived 
compounds trans-cinnamaldehyde (TC) and eugenol (EG) significantly 
reduced S. Enteritidis colonization in broiler chickens. To elucidate the 
potential mechanisms by which TC and EG reduced S. Enteritidis coloni-
zation, a whole-genome microarray analysis of S. Enteritidis PT8 treated 
with TC and EG was conducted. The DNA array included PCR products 
representing more than 99% of the open reading frames of the sequenced 
S. Enteritidis PT4. S. Enteritidis PT8 was grown in Luria-Bertani broth 
at 37°C to an OD600 of ~0.5. Subinhibitory concentrations of TC (0.01%) 
or EG (0.04%) were then added to the culture. S. Enteritidis RNA was 
extracted before and 30 min after TC or EG addition. Labeled cDNA 
from triplicate biological replicates was subsequently hybridized to the 
microarray, and the hybridization signals were quantified. TC and EG 
downregulated (P < 0.005) S. Enteritidis genes required for expression 
of flagellar motility, regulation of Pathogenicity Island 1, invasion of 
intestinal cells, multiple transport systems and outer membrane proteins. 
Moreover, several metabolic and biosynthetic pathways in S. Enteritidis 
were downregulated by the plant compounds. TC and EG upregulated 
expression of heat shock genes, such as dnaK, dnaJ, ibpB and ibpA 
in S. Enteritidis (P < 0.005). In conclusion, this study indicated that 
TC and EG exert antimicrobial effects on S. Enteritidis by multiple 
mechanisms, including those associated with bacterial virulence, cell 
membrane composition and transport.

Key Words: Salmonella Enteritidis, microarray, Trans-cinnamaldehyde, 
eugenol, virulence

222   Effect of therapeutic supplementation of plant compounds, 
trans-cinnamaldehyde and eugenol on Salmonella Enteritidis col-
onization in market-age broiler chickens.  A. Kollanoor-Johny*1, 
A. Upadhyay1, S. A. Baskaran1, I. Upadhyaya1, S. Mooyottu1, M. 
J. Darre1, M. I. Khan2, A. M. Donoghue3, D. J. Donoghue4, and K. 
Venkitanarayanan1, 1Department of Animal Science, University of 
Connecticut, Storrs, 2Department of Pathobiology and Veterinary 
Science, University of Connecticut, Storrs, 3Poultry Production and 
Product Safety Research Unit, USDA-ARS, Fayetteville, 4Center of 
Excellence for Poultry Science, University of Arkansas, Fayetteville.

This study investigated the therapeutic efficacy of plant compounds, 
trans-cinnamaldehyde (TC) and eugenol (EG) on reducing Salmonella 
Enteritidis in commercial, market-age broiler chickens. Eighty-four 
(n = 84) straight run, day-old, commercial broiler chicks were ran-
domly grouped into 6 groups (n = 14/group): a negative control (no S. 
Enteritidis, no TC or EG), EG control (no S. Enteritidis, 1% EG), TC 
control (no S. Enteritidis, 0.75% TC), a positive control (S. Enteritidis, 
no TC or EG), an EG challenge group (S. Enteritidis, 1% EG) and a 
TC challenge group (S. Enteritidis, 0.75% TC). Before the start of each 
experiment, the flock was screened for any inherent Salmonella (n = 
2 birds/group). Birds were given ad-libitum access to Salmonella-free 
feed and water. On d 30, birds were challenged with a 4-strain mixture 
of S. Enteritidis (8 log10 cfu/bird). Two birds from each group were 
sacrificed after 24 h (d 31) to check for colonization of S. Enteritidis 
in the cecum. Birds were given feed supplemented with TC (0.75%) 
or EG (1%) for 5 d before slaughter on d 42 (n = 10 birds/group) for 
determination of S. Enteritidis populations in cecum and cloaca. The 
experiment was repeated. Trans-cinnamaldehyde and EG consistently 
reduced S. Enteritidis in the samples in both experiments (P < 0.05). 
Body weights and feed consumption did not differ among the groups 
(P > 0.05). Histological analysis revealed no abnormal changes in the 
cecum or liver due to supplementation of plant molecules. The results 

suggest that TC and EG supplemented through feed could reduce S. 
Enteritidis colonization in market-age chickens.

Key Words: Salmonella, chicken, trans-cinnamaldehyde, eugenol, 
antibacterial

223   Delayed carcass deboning results in significantly reduced 
cook yield of boneless skinless chicken thighs.  H. Zhuang* and E. 
M. Savage, USDA-ARS, Athens, GA.

Boneless skinless chicken thighs are a new deboned poultry product 
in the retail market. Three trials were conducted to investigate the 
effect of postmortem carcass deboning time on cook yield of boneless 
skinless chicken thighs as well as boneless skinless chicken breasts. 
Broiler carcasses (42-d old birds) were obtained from a commercial 
processing plant. The thighs and breast fillets were hot-boned 45 min, 
cold-deboned 2 h (2h), or cold-deboned 24 h (24h) postmortem. The 
trimmed thighs and breast fillets were then individually bagged and 
stored in a −20oC freezer before being cooked directly from their frozen 
stage to an endpoint temperature of 77–78oC in a Henny-Penny combi 
oven. The cook yield was calculated by 100 x cooked meat weight/raw 
meat weight before bagging. The average cook yield was 81% for the 
hot-boned thighs and 80% for the hot-boned fillets, 79% for the 2h thighs 
and 78% for the 2h fillets, and 74% for the 24h thighs and 78% for the 
24h fillets. There was no difference (P > 0.05) between the hot-boned 
thighs and fillets for the cook yield. However, the cook yields of the 2h 
thighs and fillets, which did not differ from each other, were 2% lower 
(P < 0.05) than those of the hot-boned samples. The cook yield of the 
24h thighs was 7% lower (P < 0.05) than that of the hot-boned thighs, 
5% lower than the 2h thighs (P < 0.05), and 4% lower (P < 0.05) than 
the 24h fillets. There were no differences (P > 0.05) for the cook yield 
between the 24h and 2h fillets, and between the 24h and hot-boned fil-
lets. The effects of postmortem carcass deboning time on the cook yield 
were also investigated by using fresh and freezing/thawing (overnight) 
boneless skinless thigh and breast fillet samples. The 24h postmortem 
deboning resulted in significantly reduced cook yields of boneless skin-
less chicken thighs than the hot-boning and 2h deboning regardless of 
the sample preparation method. The results from this study indicate 
that delayed carcass deboning may result in a greater reduction in the 
cook yield of boneless skinless chicken thighs than that of boneless 
skinless chicken fillets.

Key Words: postmortem, carcass deboning, chicken thigh, chicken 
breast, cook yield

224   Quality and safety of broiler meat in various chilling 
systems.  E. Demirok*1, C. Z. Alvarado2, G. Veluz2, P. Castañeda3, 
W. V. Stuyvenberg4, and J. A. Bryd5, 1Ankara University, Ankara, 
Turkey, 2Texas A&M University, College Station, 3Universidad 
Nacional Autónoma de México, México, D.F. México, 4TopKip B.V., 
Enschede, Netherlands, 5USDA-ARS, Southern Plains Agricultural 
Research Center, College Station, TX.

Chilling is a critical step in poultry processing to attain the best quality 
meat and safety standard. Generally, eviscerated carcasses are chilled by 
immersion chilling (IC) or air chilling (AC) systems. Recently, combi 
in-line air chilling (CIAC) system was introduced with the purpose of 
resolving the disadvantages of both immersion and air chill systems. This 
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study was conducted to determine the effects of these chilling systems 
on quality and safety of broiler meat. A total of 300 carcasses were ran-
domly selected from a commercial processor and subjected to 3 systems: 
IC, AC, and CIAC. Incidence of Salmonella and Campylobacter was 
determined on pre- and post-chilled carcasses along with carcass yield, 
drip loss, cook loss, texture, moisture content, sensory, color, and APC 
of boneless skinless breast fillets and drums. IC resulted in a significant 
reduction (P < 0.05) of Salmonella (39.7%) and Campylobacter (43%) 
prevalence due to the washing effect and presence of chlorine in the 
chilled water. There were no significant differences in APC among the 
treatments. IC had the highest (P < 0.05) immediate post-chill carcass 
yield (+6.5%) followed by CIAC (+1.98.0%) and then AC (−1.10%). 
Drip loss, cook loss, and moisture content of boneless skinless breast 
fillets were not significantly different among chilling systems but drip 
loss and cook loss were significantly higher in drums from immersion 
chilled carcasses. At 24 h PM, no difference (P > 0.05) in L value was 
noted between IC and CIAC for breast fillets. However, in drums IC 
exhibited higher L value while AC was significantly lower. There were 
no significant differences in texture between AC and CIAC. There were 
no differences in sensory characteristics of breast fillets and drums 
among the 3 chilling systems. In conclusion, CIAC was very comparable 
to the IC and performed better in the quality and safety parameters when 
compared with AC system.

Key Words: immersion chilling, air chilling, combi in-line air chilling, 
broiler meat, quality and safety

225   A chemical additive to limit transfer of Salmonella and 
Campylobacter during immersion chill.  B. T. Schambach*2,1, M. E. 
Berrang1, and M. A. Harrison2, 1USDA ARS Russell Research Center, 
Athens, GA, 2University of Georgia Food Science and Technology, 
Athens.

Historically, chill tanks are chlorinated to help prevent cross contamina-
tion between broiler carcasses during chilling; however, other additive 
options have become available for lowering bacterial counts during 
chilling. The objective of this study was to test the effectiveness of a 
proprietary chemical additive (T-128) to lower numbers of Salmonella 
and Campylobacter transfer in chill water. To test this, 8 containers were 
prepared each containing 2 broiler wings, water, and ice in a weight 
to weight ratio of 1:2:4 chicken meat to water to ice. One wing was 
inoculated with approximately 106 cells each of an antibiotic resistant 
strain of Salmonella and Campylobacter; the second wing was left 
uninoculated. Two containers were assigned to each of 4 treatments, 
as follows: control (no additive), 50 ppm (ppm) chlorine, 0.5% T-128 
(by volume), and a combination of 50ppm chlorine and 0.5% T-128. 
All containers were covered and shaken at 130 rpm for 45 min. After 
45 min of agitated chill treatment, each wing was rinsed in 30 mL of 
PBS; antibiotic resistant marked Salmonella and Campylobacter were 
enumerated per mL by plating on BG-Sulfa agar with the addition of 

nalidixic acid and Campy-Cefex agar with the addition of gentamicin, 
respectively. This specifically measured transfer of the 2 inocula from 
wing to wing through varying wash environments. After control chill 
treatment, a mean of log 2.9 cfu of both inocula were detected per mL 
of un-inoculated wing rinse. Chlorine addition alone resulted in a 1.9 
log decrease in Salmonella and a 2.4 log decrease in Campylobacter 
detected on un-inoculated wings. T-128 applied alone did not cause a 
significant decrease in Salmonella numbers but resulted in a 2.6 log 
decrease in i > Campylobacter. Compared with the control treatment, 
the combination of T-128 and chlorine was the most effective treatment 
resulting in a 2.3 log decrease in Salmonella and a 3.0 log decrease in 
Campylobacter numbers detected from un-inoculated wings.

Key Words: chemical additive, Salmonella, Campylobacter, chill

226   Ability of lactate and pyruvate to stimulate aerobic growth 
of Campylobacter in media supplemented with fumarate.  A. Hinton 
Jr.,* Russell Research Center, Athens, GA.

Campylobacter spp. are human, foodborne, bacterial pathogens that 
are frequently isolated from live poultry and from processed poultry 
products. These pathogens are classified as microaerophiles; there-
fore, Campylobacter cultures are generally grown in atmospheres 
with reduced oxygen levels and elevated carbon dioxide levels. 
Campylobacter are unable to utilize carbohydrates; however, these 
bacteria can metabolize some organic acids. The objective of the pres-
ent study was to examine the growth of Campylobacter under aerobic 
conditions in media supplemented with fumarate and various concentra-
tions of lactate or pyruvate. Basal broth media composed of tryptose, 
yeast extract, and a mineral-vitamin solution was supplemented with 
30 mM of sodium fumarate. Sodium lactate or sodium pyruvate was 
then added to the medium to produce final concentrations of 0, 10, 20, 
30, 40, 50, or 60 mM of lactate or pyruvate with a final media pH of 
7.0–7.1. Media was then inoculated with approximately 106 colony-
forming-units/ml of Campylobacter coli, Campylobacter fetus, or 
Campylobacter jejuni. Inoculated media was incubated aerobically at 
37C for 72 h in a Bioscreen C microbiology reader, and changes in the 
optical density (OD) of cultures were measured at 600 nm. Statistical 
analysis of the differences in final culture OD was performed. Results 
indicated that there was significantly (P < 0.05) greater growth of each 
Campylobacter isolate in fumarate media supplemented with lactate or 
pyruvate than in media that was not supplemented with one of these 
organic acids. Additionally, there was significantly greater growth of the 
isolates in fumarate media supplemented with pyruvate than in media 
supplemented in media supplemented with lactate. Findings of this study 
indicate that Campylobacter spp. are capable of aerobic growth in media 
supplemented with fumarate and lactate or pyruvate.

Key Words: Campylobacter, fumarate, lactate, pyruvate, aerobic growth
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227   A survey of ostrich producers, handlers and processors for 
developing indicators to assess welfare related management and 
processing practices in ostrich production.  M. Bejaei* and K. M. 
Cheng, University of British Columbia, Vancouver, Canada.

Welfare of an animal is a complex qualitative issue. Various stakeholders 
(policy makers, welfare experts and farmers) have different opinions/
understanding regarding the welfare of an animal and the lack of agree-
ment can cause inappropriate actions. Ostrich production is a relatively 
young industry in North America and their welfare issues are not much 
studied. Appropriate management of an ostrich’s exposure to stressors 
during production, shipment and processing will improve its well-being 
and its product quality. The objective of our research is to develop indi-
cators to assess welfare related management and processing practices. 
We hope that translating a qualitative issue into a quantifiable issue will 
improve ostrich well-being and the quality of its products. The first step is 
to identify existing ostrich production norms using a producers/handlers/
processors’ survey. Indicators will be developed based on the informa-
tion obtained from this survey, farm visits, expert interviews, literature 
review and review of Codes of Practices. For this survey, a questionnaire 
was designed. The questionnaire had 4 sections: 9 general questions, 37 
production questions, 25 shipping questions and 20 processing questions. 
We used mail and internet survey methods to gather data from ostrich 
producers, handlers and processors in the US and Canada. There were high 
variations in net income resulted from various ostrich farming products. 
Producers considered the unique quality of ostrich products, higher con-
sumer demand than supply, and high efficiency of ostrich farming as the 
strengths of the industry. However, lacking a strong association, lacking 
research/government support and lacking proper processing facilities 
were identified as the weaknesses. Influences of multiple factors will be 
considered in developing welfare indicators such as size and density of 
rearing and holding pens, access to feed/water, tagging, bedding material, 
feed/water withdrawal, capturing, producers’ behavior, loading, trailer/
transportation condition, unloading, lairage and processing methods.

Key Words: ostrich, welfare, producer, processor, survey

228   Effects of transport and nutrient supplementation on 
hematology, blood biochemistry and live weight loss in adult 
ostriches.  M. Bejaei*1, D. C. Bennett1, A. Schaefer2, and K. M. Cheng1, 
1University of British Columbia, Vancouver, Canada, 2Agriculture and 
Agri-Food Canada, Lacombe, Alberta, Canada.

In Canada, there are very few abattoirs that process ostriches and farmers 
have to ship their birds over long distance for processing. Ostrich is a large 
bi-pedal bird, and maintaining its balance inside a trailer during transport 
is stressful and energy demanding, and may result in shrinkage, injuries 
and lower meat quality. In this study we were assessing the influence of 
transport and pre-transport nutrient supplements on hematology, blood 
biochemistry and live weight loss in ostriches. Ostriches (2.5 to 3 yrs old; 
12 males and 12 females) were shipped from a farm in Alberta to another 
farm in British Columbia in a modified horse trailer (18 h of driving). 
Birds were weighed and blood sampled (10 mL) before and after ship-
ment. Prior to shipping, each bird in the treatment group was tube-fed 1 
L of liquid nutrient supplement (water, dextrose and electrolytes). Birds 
in the control group were each tube-fed 1 L of water. Data were analyzed 
to assess the effects of sex, nutrient supplement and sample collection 
time on shrinkage. Results show that females (90 ± 1.8 kg) were heavier 

than males (83.1 ± 3.2 kg). In all birds, plasma glucose, sodium, chloride, 
bicarbonate, uric acid, creatine kinase, alanine transaminase, aspartate 
aminotransferase levels, WBC counts, percent heterophils and H/L ratios 
were significantly higher after shipment. Birds lost more than 10% of their 
live weight during the shipment and % weight loss was correlated with 
length of transportation time. After standardizing for pre-shipment body 
weight, male controls lost greater % live weight than female controls. 
Nutrient supplemented birds had lower plasma anion gap level than the 
control group. We conclude that under the present shipping conditions, 
long distance transportation is detrimental to ostrich welfare with signifi-
cant loss to farmers due to injuries and shrinkage.

Key Words: ostrich, transport, nutrient supplement, hematology, blood 
biochemistry

229   Differential expression of egg white proteins from laying 
hens treated with corticosterone.  J. M. Kim*1,2, H. S. Yoon1,2, Y. H. 
Kim1,2, and Y. H. Choi1,3, 1Division of Applied Life Sciences (BK21 pro-
gram), 2Department of Animal Science, 3Institute of Agriculture and Life 
Sciences, Gyeongsang National University, Jinju, Republic of Korea.

The objective of this study was to investigate the effects of corticosterone 
(CORT) on the expression of egg white proteins in laying hens. Twenty, 47 
week-old Single Comb Hy-Line Brown Leghorn laying hens were housed 
in individual cages in an environment-controlled room, and were provided 
with feed and water ad libitum. After a 2 week of adaptation hens were 
divided into 2 groups fed either control or CORT-containing experimental 
diet at 30mg/kg. Feed intake and egg production were monitored daily 
and body weight measured weekly. Egg weight and production were 
also measured. CORT treatment resulted in an increase in feed intake 
and body weight but a decrease in egg production. Two-dimensional 
electrophoresis, performed using egg white obtained at d 5, enabled the 
separation of 30 protein spots that were up- or down-expressed at least 
1.2 fold compared with control. Intensity of spots of 3 gel images each 
treatment was processed by an image master and statistically analyzed by a 
t-test. Seven protein spots in CORT-treated group were significantly up- or 
down-expressed (P ≤ 0.05) and 9 spots had to tendency to be significantly 
expressed. The results of the present study provide evidence showing that 
proteins in egg white are differentially expressed in response to environ-
mental stress, and have implications for the behavior and well-being of 
chicks derived from hens exposed to environmental stressors (Supported 
by an NGB21 grant PJ0080492011).

Key Words: laying hens, egg white proteins, stress, corticosterone, 
two-dimensional gel electrophoresis

230   Effects of distance and barriers between feeders and water-
ers on productive performance, carcass yield, and bone strength 
of broiler chickens.  J. Arroyo-Villegas*1,2, J. Bautista-Ortega1, A. 
Cortes-Cuevas3, A. Pro-Martinez2, and C. A. Ruiz-Feria1, 1Texas A&M 
University, College Station, 2Colegio de Postgraduados, Montecillos, 
Mexico State, Mexico, 3Universidad Nacional Autonoma de Mexico, 
Mexico DF, Mexico.

Walking ability and bone health are important in broiler production. An 
experiment was conducted to evaluate the effects of distance (D, 3 m or 
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8 m), and the presence or no presence of ramps (R; 31 cm in height, 174 
cm long) between feeders and wateres on productive performance, tibial 
breaking strength, and carcass yield. One d-old chicks (Cobb 500) were 
assigned to one of 4 treatments (2 × 2 factorial, 3m, 3mR, 8m, 8mR) with 
4 replications (54 birds each). Chicks were brooded conventionally and 
raised on identical floor pens, with free access to feed (NRC, 1994) and 
water. Body weight and feed intake was recorded weekly. At d 28 and 
49, 12 birds per treatment were killed, and tibias collected to measure 
breaking strength. At d 49, carcass yield and parts were also measured. 
Interaction effects were not significant. The BW was not affected by 
D, but birds without R were heavier than birds with R at d 28 and 49. 
However, feed conversion at d 49 was not different among treatments. 
Distance did not affect carcass yield (CY), but birds with R had higher 
CY than birds with no R. Neither drumsticks nor wings were affected by 
treatment, but birds in the 8m group had higher thigh yield than birds in 
the 3m group. There was an interaction effect for breast yield; birds in 
the 3mR group had the lowest breast yield, with no differences among 
birds in the other groups. Tibia breaking strength was not affected by 
treatment at any sampling time. Our results show that distance between 
resources did not affect BW or feed conversion, but may have some 
effects on carcass yield and parts yield. Also, distance between resources 
did not affect bone breaking strength. Other parameters related to walk-
ing ability and well being remain to be investigated.

Key Words: bone breaking strength, broilers, carcass yield

231   The effects of light intensity on the welfare and performance 
of broilers.  G. S. Archer*1, R. A. Blatchford1, C. M. Corsiglia2, R. 
O’Connor2, and J. A. Mench1, 1University of California, Davis, 2Foster 
Farms, Livingston, CA.

In commercial production, low light intensities (<5 lx) are typically used 
for growing broilers. The EU regulations and several animal welfare 

certification programs require that birds be provided with a minimum 
of 20 lx of light, although there is little research evaluating this recom-
mendation. Broilers (n = 250) raised under either 5 (Control) or 20 (Test) 
lux of light on 2 commercial farms were evaluated at 45d of growth for 
gait score (GS), pododermatitis (PD), hock lesions (HL), and feather 
cleanliness (FC). Eyes, hearts, and spleens were removed and weighed 
from 60 birds per treatment, and a blood sample taken to determine 
heterophil/lymphocyte ratios (H:L). Birds were tested for fearfulness 
using the human approach (HA) and inversion (INV) tests. Treatments 
did not differ in GS, PD, HL, or FC. Control had greater back-to-front 
(F = 29.7, P < 0.001), side-to-side (F = 12.0, P < 0.001), and corneal 
radii (F = 18.7, P < 0.001) eye dimensions than Test. There was no 
difference in spleen weights, although on one farm Test had heavier 
hearts than Control (F = 8.3, P = 0.005). H:L were higher in Test than 
Control on both farms (F = 11.6, P = 0.001 and F = 5.3, P = 0.02), but 
were within normal range(Control: 0.22 and 0.30; Test: 0.34 and 0.48. 
Test birds were more fearful than Control during both HA and INV (F 
= 10.8, P = 0.001 and F = 18.7, P < 0.001, respectively). Performance 
characteristics from more than 2.4mil birds processed over multiple 
flock cycles from 3 farms using these lighting programs were also evalu-
ated. There were no differences in final BW, BW gain, feed conversion 
or liveability. However, Test had more (F = 4.37, P = 0.04) cellulitis 
(2.7%) and also tended to have more (F = 3.26, P = 0.07) whole body 
condemnations (0.27%) than Control (2.1 and 0.21% respectively). Feed 
costs were 1.3% higher, and total variable costs 1.2% higher, for Test. 
These results indicate that providing 5 rather than 20 lx of light did not 
have negative effects on the parameters measured, except that it was 
associated with enlarged eyes. Dimmer lighting, however, decreased 
fear responses to humans and improved several aspects of performance.

Key Words: broiler, health, fear, lighting, stress
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232   Experimental power considerations—Justifying replica-
tion for animal care and use committees.  C. G. B. Demétrio* and J. 
F. M. Menten, University of São Paulo, Piracicaba, SP, Brazil.

A common practice in Poultry Science is to compare new treatments 
to a control or between treatments tested in planned experiments. The 
overall F-test from an ANOVA of the data allows the researcher to reject 
or not the null hypothesis. Multiple comparison (MC) tests are then used 
to test the difference between subgroups of treatments and “making a 
decision about which test to use is not an easy task” (Demirhan et al., 
2010, Journal of Statistical Computation and Simulation). In this work, 
we review several MC tests and study the influence of the number of 
repetitions and failures of assumptions on the power of tests using a 
simulation study (Poddlich et al., 1998, Bioinformatics), considering 
different variances and number of repetitions. The same type of proce-
dures is used to analyze several real data sets.

Key Words: multiple comparison tests, statistical power, type i error, 
repetition, heterogeneity of variance

233   Experimental design and analysis with emphasis on com-
municating what has been done.  M. Y. Shim,* L. Billard, and G. M. 
Pesti, University of Georgia, Athens.

Statistical analyses are important methods for interpreting results of 
agricultural experiments for scientific writing, which should clearly 
communicate the particulars of the research being described in a way 
that it can be precisely repeated. Probabilities (p-values) are often 
described in articles in Poultry Science and related journals to compare 
treatment means to each other and to compare regression coefficients 
to zero. Most published data are subjected to ANOVA or regression 
models using the GLM (general linear models) procedures of the SAS 
(Statistical Analysis Software) program to determine the probabilities 
that means are different. Different statistical models and programming 
statements may lead to quite different conclusions. Several ANOVA 
and regression models are reported here. Data from an experiment 
with 2 independent variables (x1 and x2) and one dependent variable 
(y) were analyzed. Designs with 2 or more factors are frequent players 
in the world of experimental design. The computational burden of the 
attendant ANOVA is somewhat eased by the presence of statistical pack-
ages. Contrary to expectation, it is not clear from texts or the Manual(s) 
how the package(s) can be used to find components of the interaction 
effects, whether the factors are qualitative or quantitative factors. We 
show how SAS can be persuaded to calculate these components (A × 
Linear B, etc., when A is a qualitative and B is a quantitative factor, and 
Linear A × Linear B, etc., when both A and B are quantitative factors). 
The procedure can be adapted to fit other packages which have provision 
for contrast calculations. The choice of an appropriate statistical model 
is important because conclusions from the subsequent analyses depend 
on the particular model used.

Key Words: ANOVA, regression, qualitative and quantitative factors, 
A× linear B, linear A× linear B contrasts

234   Methodological considerations when determining nutrient 
bioavailability.  K. C. Klasing,* University of California, Davis.

The term bioavailability means the degree to which a nutrient in a par-
ticular source can be absorbed and utilized for its required purposes by 
an animal. Bioavailability is expressed as a percent of an established 
“reference standard,” which is usually the form that was used to assess an 
animal’s dietary requirement for that nutrient. Experimental approaches 
(i.e., bioassays) to determine bioavailability must carefully considered 
unique nutritional characteristics of each nutrient source. The source’s 
purity, chemical structure, physical characteristics, accompanying carrier 
and metabolic steps necessary for utilization all interact to determine 
its bioavailability. These factors also interact to determine the shape 
of the relationship between the dietary level (dose) of a source and the 
response variable chosen to indicate its successful utilization. Thus, 
the experimental design of the bioassay and the statistical approach to 
analyze the results must be informed by the unique nutritional charac-
teristics of the source being evaluated as well as the reference standard. 
For example, the design and statistical analysis of a bioassay used to 
compare a nutrient source that is chemically identical to the reference 
standard but differs in particle size or carrier attributes will often differ 
from the design and analysis used to assess a nutrient source that follows 
differing absorptive and metabolic pathways than the reference standard. 
Examples of the latter include seleno-DL-cystine vrs sodium selenite 
and methionine-hydroxy analog vrs D, L methionine. In each of these 
comparisons, either the test source or the reference source has multiple 
chemical forms. Each form has very different absorptive and metabolic 
paths and there is no reason to expect that their dose response relation-
ships should be similar. Statistical processes for unbiased selection of 
the best fit models that describe the test source and also the reference 
standard should be employed to determine the bioavailability at the 
dietary level at which it will be fed in practice.

Key Words: bioassay, statistics, nutrition, reference standard, ingredient

235   Interpreting experimental data on egg production—
Modeling considerations.  J. France*1, S. Lopez2, and J. Dijkstra3, 
1University of Guelph, Guelph, ON, Canada, 2Universidad de Leon, 
Leon, Spain, 3Wageningen University, Wageningen, The Netherlands.

This contribution focuses on applying mathematical models based on 
systems of ordinary first-order differential equations to synthesize and 
interpret data from egg production experiments. Models based on linear 
systems of differential equations are contrasted with those based on non-
linear systems. Regression equations arising from analytical solutions 
to linear compartmental schemes are considered as candidate functions 
for describing egg production curves, together with aspects of parameter 
estimation. Extant candidate functions are reviewed, a role for growth 
functions such as the Gompertz equation suggested, and a function based 
on a simple new model outlined. Structurally, the new model comprises 
a single pool with an inflow and an outflow. Compartmental simulation 
models based on non-linear systems of differential equations, and thus 
requiring numerical solution, are next discussed and aspects of parameter 
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estimation considered. This type of model is illustrated in relation to 
development and evaluation of a dynamic model of calcium and phos-
phorus flows in layers. The model consists of 8 state variables represent-
ing calcium and phosphorus pools in the crop, stomachs, plasma, and 
bone. The flow equations are described by Michaelis-Menten or mass 
action forms. Experiments that measures Ca and P uptake in layers fed 
different calcium concentrations during shell-forming days are used 
to evaluate the model. In addition to providing a useful management 
tool, such a simulation model also provides a means to evaluate feeding 
strategies aimed at reducing excretion of potential pollutants in poultry 
manure to the environment.

236   Interpreting experiments on egg production—Statistical 
considerations.  L. Billard,* E. Song, M. Y. Shim, P. Sodsee, S. E. 
Aggrey, and G. M. Pesti, University of Georgia, Athens.

The effects of series of balanced dietary protein levels on egg production 
and egg quality parameters in lying hens from 18 through 74 weeks of 
age were investigated in this experiment. One hundred forty-four pul-
lets (Bovans) were randomly assigned to individual cages with separate 
feeders and were then equally assigned to 3 different protein level series 
with isocaloric diets. Diets were separated into 4 phases of 18–22, 23–32, 
33–44 and 45–74 weeks. The protein levels of high protein (H) series 
were 21.62%, 19.05%, 16.32% and 16.05%, respectively. Medium pro-
tein (M) and low protein (L) series were 2% and 4% lower in balanced 
dietary protein. The results clearly demonstrated the balanced dietary 
protein level was the limiting factor for body weight, average daily feed 
intake (ADFI), egg weight, hen day egg production (HDEP) and feed per 
kilogram eggs. Experiments designed to investigate strategies to opti-
mize the productivity of layers are relatively long-term and expensive 
to conduct. However, as the cost of research increases, mathematical 
models become valuable tools to answer research questions. A major 
application of mathematical modeling is accurate estimation of produc-
tion performance, growth, and feed consumption for poultry research 
and production. Different models have been proposed, with varying 
degrees of success, to fit those curves. Despite advantages in predict-
ing economic traits, a diversity of models can result in mathematical 
complexity and differences in interpretation. One of these models using 
repeated measures is appealing. The approximation from overall mean 
value (entire experimental period), adding 2% protein to the M series 
will increase HDEP by 2.56%, egg weight by 2.84 g and decrease feed 
intake per kilogram eggs by 127 g. Contrary to the idea of a daily amino 
acid ′requirement′, these results may be used to determine profit maxi-
mizing levels of balanced dietary protein (and therefore amino acids).

Key Words: layer, protein titration, egg production, mathematical 
equation, repeated measure

237   Design and interpretation of high throughput genomic 
analysis.  A. Zelikovsky,* Georgia State University, Atlanta.

In many applications of high throughput sequencing, sequenced samples 
contain multiple distinct but sometimes very similar sequences. Issues 
arising from several of such applications such as reconstructing viral 
quasi species, transcriptome reconstruction from RNA-Seq reads, as 
well as metagenomics, re-sequencing, and high quality scaffolding 
assembly will be addressed. Error-prone replication of RNA viruses 
with high mutation rate creates a diverse population of closely related 
variants known as quasi species. By understanding the quasi species, 
more effective drugs and vaccines can be manufactured saving the costs. 

The case study of reconstruction IBV quasi species in chicken will be 
described. Transcriptome reconstruction and quantification from RNA-
Seq reads is potentially much more accurate than expression arrays 
because they can take in account individual transcript expression as well 
discover unknown transcripts. Existing tools for analysis of RNA-Seq 
data will be described.

Key Words: RNA-seq, transcriptome, metagenomics, quasi species, 
chicken

238   From data to function: Resources for modeling poul-
try genomics data.  F. M. McCarthy,* Mississippi State University, 
Starkville.

New sequencing technologies enable us to generate genomic data not 
only for each agricultural species but also individual genomes. However 
using this data to understand how changes in the genotype affect phe-
notype is hindered by poor annotation. Via AgBase we provide data, 
tools and training to enable poultry researchers to functionally model 
their genomics data sets. We are developing new tools for functional 
annotation and developing ontologies to support annotation and analysis 
of anatomy and phenotypic data. For example, eGIFT (Extracting Gene 
Information From Text) identifies key functional terms for a gene or 
gene set based upon published literature and we are developing refer-
ence gene sets, standardized gene nomenclature and chicken anatomy 
and phenotype ontologies. We also facilitate functional modeling by 
simultaneously developing analysis tools to use these new data types 
and adapting existing tools to cope with the larger data sets generated 
by RNASeq experiments. Moreover, we are developing resources for 
comparative genomics so that functional annotation for closely related 
species can be leveraged to identify common traits. In this session I 
will discuss some of the resources available at AgBase, give examples 
of how we have used this data to model functional genomics data sets 
and describe our ongoing efforts to provide genomics resources for the 
poultry community.

239   Utilization of phenotypic, full pedigree, and genomic infor-
mation for genetic evaluation in poultry.  I. Misztal*1, I. Aguilar1, S. 
Tsuruta1, R. Rekaya1, and S. E. Aggrey2, 1Department of Animal and 
Dairy Science, University of Georgia, Athens, 2Department of Poultry 
Science, University of Georgia, Athens.

Currently, the genomic selection that exploits the SNP information is 
performed in multiple steps and involves several approximations. It is 
also hard to use for complicated models. A population-based relationship 
matrix A can be modified to include genomically-derived relationships 
and form a combined relationship matrix H. Use of H in BLUP allows 
for the genomic selection in a single-step, for a single step genomic 
BLUP (ssGBLUP). Experiences with field data in chicken, pigs and 
dairy indicate that ssGBLUP is more accurate yet much simpler than 
multi-step methods. Current limits of ssGBLUP are about 100,000 
genotypes, and 18-trait models involving 10 million of animals have 
been run successfully. The inverse of H can also be used in existing 
programs for parameter estimation but a properly scaled G is needed 
for unbiased estimation. Also, as genomic predictions can be converted 
to SNP effects, ssGBLUP is useful for GWAS. ssGBLUP makes the 
use of the genomic information in BLUP and variance-component 
programs a routine.

Key Words: SNP, GWAS, single-step BLUP
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240   Computational challenges in multiple line selection using 
genomic information in poultry.  R. Rekaya*1, I. Misztal1, and S. 
E. Aggrey2, 1Department of Animal and Dairy Science, University 
of Georgia, Athens, 2Department of Poultry Science, University of 
Georgia, Athens.

With the advent of new technologies it is now possible to efficiently 
genotype animals for thousands of single nucleotide polymorphisms 
(SNP), generating high density markers maps. These high density maps 
can enable the identification of markers in population-wide disequi-
librium with quantitative trait loci (QTL). Using groups of markers, 
the effects of genomic regions can be estimated and combined to form 
genomic estimated breeding values (GEBV). Several studies in the 
majority of animal species have shown that high accuracies for GEBV 
can be obtained in the absence of large numbers of progeny records. 
Two approaches are being used to estimate GEBVs: 1) single step pro-
cedure where phenotypic and genomic data are jointly considered in a 
general mixed linear model with modified relationship matrix and 2) a 
multi-step procedure where generally pseudo-records are regressed on 
a set of markers to estimate SNP effects followed by a validation step 
on animals not used in the first step. Several algorithms and methodolo-
gies ranging from simple regression models to Bayesian and machine 
learning procedure have developed to implement these methods. 
Differences between approaches and implementation methods are often 
small and data dependent. Although the basic methodological hurdles 
of using SNP information for genomic selection have been addressed, 
major practical and implementation issues are still not fully resolved. 
Issues such as admixed and crossbred populations in beef cattle, selec-
tive genotyping to reduce costs, especially in swine and poultry, and 
decay in accuracies as the time interval between training and validation 
animals increases are just to name few. In poultry and due to the short 
generational interval and limit economic value of any individual bird, 
following the dairy cattle example is likely not to be the best approach 
and different strategies should be pursued for t multiple line genomic 
selection and perhaps some on selective genotyping.

Key Words: SNP, multiple line selection, selective genotyping, QTL, 
GEBV

241   Applying complex models to poultry production in the 
future: Economics and biology.  H. Talpaz*1, M. Cohen2, B. 
Fancher2, and J. Halley2, 1LIDM Software Systems Ltd., Herzliya, 
Israel, 2Aviagen Inc., Huntsville, AL.

The ability to determine the optimal broiler feed nutrient density which 
maximizes margin over feeding cost (MOFC) has obvious economic 
value. To determine optimal feed nutrient density, one must consider 
ingredient prices, meat values, the product mix being marketed and 
the projected biological performance. A series of 8 feeding trials were 
conducted to estimate biological responses to changes in energy and 
amino acid density. Eight different genotypes of sex-separate reared 
broilers were fed diets varying in energy (2723–3386 kcal ME/kg) and 
amino acid (0.89–1.65% digestible lysine with all essential amino acids 
being indexed to lysine) levels. Broilers were processed to determine 
carcass component yield at many different bodyweights (1.09 - 4.70 
kg). Trials data generated were utilized in model constructed to dis-
cover the dietary levels of energy and amino acids which maximize 
MOFC on a per broiler or per broiler annualized basis (bird * number 
of cycles / year). The model was designed to estimate the effects of 
dietary nutrient concentration on broiler live weight, feed conversion, 
mortality, and carcass component yield. Estimated coefficients from 
the step-wise regression process are subsequently utilized to predict the 
optimal energy and amino acid concentration which maximizes MOFC. 
The effects of changing feed or meat prices across a wide spectrum on 
optimal energy and amino acid levels can be evaluated via parametric 
analysis. The model can rapidly compare both biological and economic 
implications of changing from current practice to the simulated optimal 
solution. The model can be exploited to enhance decision making under 
volatile market conditions.

Key Words: broiler, nutrient optimization model, parametric analysis, 
margin over feeding cost, carcass component yield
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242   Comparison the effect of medicinal plants on growth per-
formance of broiler chickens.  M. Mirzadeh, S. Rahimi,* M. Saeedi, 
S. Mazaheri, M. Hatamzade, A. Golpour, and S. Yakhkeshi, Tarbiat 
Modares University, Tehran, Iran.

The aim of this study was to examine the effects of 4 herbal products on 
growth performance of broiler chickens. A total of 150 d – old female 
broilers (Arbor Acres) were randomly divided into 5 treatments, 3 
replicates with 10 birds in each. Treatments included: control (basal 
diet without feed additives), Digestarom (commercial product of herbal 
plants), Bioherbal (garlic essence, garden thyme and other essence of 
herbal plants), Sangrovit (commercial product of herbal plant) and 
Mentofin (essential oil of eucalyptus and mentol). Treatment consist of 
the groups that consumed, basal diet (control), basal diet supplemented 
with 0.03% Sangrovit, 0.015% Digestrom, 0.1% Bioherbal and the 
group that received 250 mL per 1.000 L Mentofin in drinking water. 
Water and feed were provided ad libitum throughout the study. In this 
experiment broilers which consumed Digestarom had highest body 
weight, but control group had lowest body weight (P < 0.05). Birds 
which received Mentofin had minimum body weight in first week (P 
< 0.05). Feed intake between treatments was not different significantly 
until 14 d of age (P > 0.05), but in 21 d of age Digestarom and control 
group had highest and lowest feed intake, respectively (P < 0.05). At 
age 42 d feed intake was similar between all treatments (P > 0.05). FCR 
at ages 21 and 42 d did not differ between treatments (P > 0.05) but in 
35 d, the control group had the highest FCR (P < 0.05). The present 
results indicated that administration of diets with some medicinal plants 
improve growth performance of broiler chickens.

Key Words: medicinal plants, basal diet, broiler, growth performance

243   Dietary herbal plants and probiotics to modulate fatty 
acids profile in broiler chicken meat.  M. S. K. Sarker*1, M. F. 
Sharmin2, K. S. Huque1, and C. J. Yang3, 1Animal Production Research 
Division, Bangladesh Livestock Research Institute, Savar, Dhaka, 
Bangladesh, 2Department of Food Science and Technology, Sunchon 
National University, Jeonnam, South Korea., 3Department of Animal 
Science and Technology, Sunchon National University, Jeonnam, 
South Korea.

Two studies were conducted separately with 5 different herbal plants 
fermenting with multi probiotics (Lactobacillus acidophilus, KCTC 
3111; Lactobacillus plantarum, KCTC 3104; Bacillus subtilis, KCTC 
3239 and Saccharomycetes cerevisiae, KCTC 7915) to assess the fatty 
acids profile in meat of Ross broiler chicken. In study one, 3 levels (0.5, 
1.0 and 2.0%) of 2 herbs (Salicornia herbacia and Houttuynia cordata) 
with 4 probiotics were compared with positive and negative control in 
a trial of 175 broiler chicks. Significantly decreasing trend of saturated 
fatty acids in meat was observed in higher level of herbs and probiotics 
inoculation. The unsaturated fatty acids especially EPA (C20:5n3) in 
1% and DHA (C22:6n3) in 2% additives in breast and thigh meat were 
significantly highest compared with other groups (P < 0.05). In study 
2, similar probiotics and Ross broiler chicks were used but with 3 dif-
ferent plants (Alisma canaliculatum, Laminaria japonica and Cornus 
officinalis). Significantly highest amount of PUFA and USFA in the 
meat of Alisma probiotics group was observed compared with other 2 
groups (P < 0.05). Addition of plants and probiotics can also be sued 
as antibiotic replacer which was observed in comparison between the 

positive control (antibiotic) group with others. In both the studies, it is 
evident that these herbal plants are effective in corporation with multi 
probiotics to modulate unsaturated fatty acids and decreasing saturation 
in broiler meat.

Key Words: herbal plants, probiotics, oxytetracycline, fatty acids 
profile, broiler chicken

244   Evaluation of starting broiler performance in the pres-
ence of low-levels of aflatoxin and amelioration of toxicity using 
a calcium bentonite clay.  J. Fowler,* M. Hashim, A. Barrientos-
Velazquez, Y. Deng, and C. A. Bailey, Texas A&M University System, 
College Station.

To evaluate the efficacy of a calcium bentonite clay for the amelioration 
of the effects of aflatoxin on broiler growth performance and relative 
organ weight, a total of 288 one-day old Ross x Cobb straight-run broil-
ers were fed a commercial type corn-soy broiler starter diet formulated 
with 20% DDGS over a 3 week rearing period. Aflatoxin for this trial 
was introduced into treatment diets by inoculating yellow dent corn and 
DDGS with live fungal cultures of Aspergillus parasiticus under green-
house conditions. Four mash basal diets were prepared using various 
concentrations of clean corn and DDGS and aflatoxin-contaminated 
corn and DDGS and found to contain 16, 228, 366 and 681 ppb total 
aflatoxin in the final feed. Each diet was then divided and blended with 
0.5% of either a non-binding kaolinite (NBC) or an aflatoxin-binding 
calcium bentonite clay (4TX), which were spray-applied as a liquid 
suspension during mixing. Birds were randomly assigned 6 birds to a 
pen, with 6 pen reps per 8 dietary treatments. Weekly feed consump-
tion and body weights per pen were recorded. At day-21, all birds were 
killed and weighed individually. The liver, kidney, spleen, and bursa 
of Fabricius from each bird were weighed and relative organ weights 
calculated. Data were analyzed as a 2 × 4 factorial design with the 2 
sources of clay at 4 concentrations of aflatoxin. Means were separated 
using Duncan’s Multiple Range Tests. All levels of aflatoxin significantly 
(P ≤ 0.05) increased cumulative feed conversion and decreased broiler 
productivity index. Relative liver weights were significantly increased 
by all aflatoxin levels. Relative kidney weights were significantly higher 
beginning at 400 ppb. The relative spleen and bursa weights were unaf-
fected. The inclusion of spray-applied 4TX clay had no effect on the 
toxicity of aflatoxin in this trial.

Key Words: aflatoxin, bentonite, performance, organ weight

245   Fluoxetine increases growth and feed efficiency in broilers.  
J. Croom,* C. Nash, M. D. Koci, J. Wock, A. Ballou, D. Carver, and J. 
Brake, North Carolina State University, Raleigh.

Fluoxetine (FL), a selective serotonin uptake inhibitor (SSRI), increases 
serotonin concentrations in central nervous system synapses and has 
been used to treat depression in humans. A notable side-effect has 
been BW gain. To study the ability of FL to increase BW gain and feed 
efficiency (FCR) in broilers, 48 broiler chicks were randomly divided, 
at hatching, into 3 groups of 16 birds each. Treatments were 0 (CON), 
150 (LoD), and 300 μg FL/kg BW (HiD) for 20d. All treatments were 
administered s.c. in the breast once daily using 0.9% as the excipient. 
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Individual BW was recorded daily, for 17 d, as well as total pen feed 
consumption. At 18, 19, and 20 d of age, total bird O2 consumption 
was measured as an indicator of resting metabolic rate (RMR) and the 
broilers euthanized. Breast muscle, abdominal fat pad, heart, liver, small 
intestine and cecal weights were determined. Body weight increased 9% 
(P ≤ 0.05), feed intake increased 4.5% (P ≤ 0.05), and FCR 11–14% (P 
≤ 0.05). There was a marked, non-significant, trend for decreased whole 
body O2 consumption with increased FL dosage. Fluoxetine may increase 
growth and feed efficiency by increasing appetite and decreasing RMR.

Key Words: broilers, fluoxetine, feed conversion, body weight, 
serotonin

246   Effects of dietary antibiotics, Calsporin plus QMOS, or 
antibiotics in combination with either Calsporin or Calsporin 
plus QMOS on live performance of Cobb male broiler chicks 
on built-up litter.  G. F. Mathis*1, B. Lumpkins1, T. T. Lohrmann2, 
and J. Walls2, 1Southern Poultry Research, Inc., Athens, GA, 2Quality 
Technology International, Inc., Elgin, IL.

Antibiotic growth promoters such as BMD and Stafac are widely used 
in the broiler industry. Alternative products such as direct-fed microbials 
and yeast cell wall mannan oligosaccharide with distinctive and different 
modes of action may be complementary and additive to AGP for enhanc-
ing live performance. This pen trial evaluated 5 dietary treatments: nega-
tive control (NC), BMD 55 ppm in starter and grower (0–35 d) and Stafac 
22 ppm in finisher (35–42 d) (AGP), Calsporin (3 × 105 cfu/g feed) and 
QMOS (1 lb/ton) (CAL&QMOS), AGP plus Calsporin (AGP+CAL), 
and AGP plus Calsporin and QMOS(AGP+CAL&QMOS). The objec-
tive was to determine affects of various feed additives in combination 
when added to the diet of growing broilers. A randomized complete block 
design with 10 blocks, 5 treatments, and 10 pens/treatment was used 
(LSD; P ≤ 0.05). Each pen received 50 male Cobb chicks on built-up 
litter, and birds were grown to 42 d of age. European poultry efficiency 
factor (EPEF) = ((Livability % x BW, kg) x 100)/(Age, d x FCR); higher 
value is better. At 42 d, AGP, AGP+CAL, and AGP+CAL&QMOS 
increased (P = 0.008) BW compared with NC with CAL&QMOS inter-
mediate. The 0–42 d feed conversion ratio was decreased (P < 0.001) for 
AGP, AGP+CAL, and AGP+CAL& QMOS compared with NC group 
with CAL&QMOS intermediate. The 0–42 d mortality was variable 
(3.6 to 7.2%), but non-significantly different between treatments. Kcal/
lb BW and feed expense/lb BW (assuming $300/ton basal feed cost) 
were lower (P < 0.001) for AGP, AGP+CAL, and AGP+CAL&QMOS 
groups than for NC group with CAL&QMOS intermediate. The EPEF 

was greater (P < 0.001) for AGP, AGP+CAL, and AGP+CAL&QMOS 
than for NC with CAL&QMOS intermediate. At 42 d, best performance 
for BW, FCR, kcal/lb BW, and EPEF was with AGP+CAL&QMOS. 
Therefore, a combination of BMD 55 ppm in starter and grower (0–35 
d) and Stafac 22 ppm in finisher (35–42 d) along with Calsporin and 
QMOS is recommended to enhance live performance and profitability 
of broiler chickens.

Key Words: Calsporin, QMOS, BMD, Stafac, broiler

247   Effects of supplementing diets with Calsporin, BMD or 
Q-MOS plus Calsporin on live performance of broiler chicks.  T. T. 
Lohrmann*1 and M. D. Sims2, 1Quality Technology International Inc., 
Elgin, IL, 2Virginia Diversified Research Corp., Harrisonburg, VA.

A 42-d pen trial was conducted with 1,740 straight-run Cobb 500 broiler 
chicks using 4 dietary treatments fed a 3-phase ration program: 1) nega-
tive control (NC); 2) BMD 50 g/ton 0–30 d (not in finisher ration); 3) 
Calsporin (CSP; 300,000 cfu/g feed) and 4) 1x Q-MOS + Calsporin 
(QMOS+CSP). The objective was to determine affects of various feed 
additives when added to the diet of growing broilers. QMOS is a propri-
etary Saccharomyces cerevisiae cell wall derived product. There were 
16 replicate pens of 30 chicks for Treatments 1,2 and 3, while Treatment 
4 had 10 replicates of 30 chicks each. Each pen measured 1.22 × 1.52 
m which provided a stocking density of 0.062 m2 (0.67 ft2) per bird 
based on pen dimensions. Chicks were placed on 7.6 cm of clean litter 
initially, and at 7 d of age 0.91 kg of recycled litter was added to each 
pen. Maxiban was added at 71 g/ton in starter and 82 g/ton in grower 
rations. The 42-d BW were respectively 2.047b, 2.036b, 2.164a, 2.228a 
kg (P < 0.0001; 1-way ANOVA, LSD). The 0–42 d mortality-adjusted 
FCR were respectively 1.894, 1.877, 1.866, and 1.839 (P = 0.23). 
The 0–42 d FCR adjusted to BW of NC and using 7:1 BW:FCR were 
respectively 1.894a, 1.880ab, 1.829bc, 1.782c (P = 0.012). The 0–42 d 
mortality percentages were respectively 1.04, 1.04, 1.67, 2.67. Caloric 
conversions using mash feeds were respectively 5935, 5862, 5825, and 
5736 kcal ME/kg BW (P = 0.025). Broilers fed diets supplemented with 
CSP or CSP+QMOS had significantly improved BW and FCR adjusted 
using a common BW of NC (7:1 BW:FCR) compared with broilers 
fed NC or BMD diets, while broilers fed diets supplemented with both 
QMOS and CAL had the best calorie conversion.

Key Words: QMOS, Calsporin, broiler, antibiotic, Bacillus subtilis 
C-3102
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248   Late growth curve energy sparing and performance of 
broilers vaccinated with Coccivac-B.  R. G. Teeter*1, A. Beker1, 
K. Judd1, C. Carroway1, L. Newman2, and C. Broussard2, 1Oklahoma 
State University, Stillwater, 2Merck Animal Health, Summit, NJ.

Coccidiosis is among the major disease challenges facing the worlds 
poultry industries. Though a variety of diet delivered drugs are avail-
able to minimize coccidiosis incidence and severity, birds will normally 
develop immunity during the production cycle. Immunity development 
is critical as drugs are usually not fed continuously to processing. 
Vaccination at hatch speeds immunity. Timing of immunity develop-
ment can be critical to performance as late growth curve challenges may 
have extreme costs for birds lacking immunity. To examine the caloric 
cost of immunity development 2 groups of birds were reared in cocci 
free environments with one vaccinated at hatch (Coccivac-B) and the 
other maintained as naive to cocci. Previous work with such groups 
indicated that unless ration energy is lowered, vaccinated birds trend 
higher in body lipid content suggesting energy sparing as body protein 
was similar. In this experiment finisher rations were fed as formulated, 
or reduced by 70 kcal to test the hypothesis that energy sparing may 
occur for Coccivac-B vaccinated chicks. Birds were selected from the 
2 backgrounds at 35 d of age and placed on finisher rations plus/minus 
70 kcal metabolizable energy per kg ration. Though coccidiosis immu-
nity development occurring early in the production cycle, had small 
energy costs (3 points FCR at 28 d), this impact was eliminated by 42 
d. Further, chicks consuming finisher rations with reduced energy had 
similar body composition to non vaccinated chicks while vaccinated 
consuming normal energy trended higher in body lipid content. The 
concept of Coccivac-B vaccinated chicks sparing energy late in the 
growth curve requires additional consideration. Strategies to optimize 
metabolizable energy utilization, and lower feed cost, at constant broiler 
body composition may include early vaccination to spare late growth 
curve energy wastage and lipogenesis.

Key Words: broiler, vaccine, energy, nutrition, coccidiosis

249   Growth, performance and metabolic parameters of broil-
ers vaccinated with Coccivac-B or Coccivac-B52.  R. G. Teeter*1, 
A. Beker1, K. Judd1, C. Carroway1, J. Schrader2, L. Newman2, and C. 
Broussard2, 1Oklahoma State University, Stillwater, 2Merck Animal 
Health, Summit, NJ.

Coccidiosis is among the major disease challenges facing the poultry 
industries. Though a variety of diet-delivered drugs are available 
to minimize coccidiosis incidence and severity, birds will normally 
develop immunity during the production cycle. Research documents 
that immunity developed early in the growth curve has less performance 
consequence than that occurring late in the growth curve. Cocci chal-
lenge in non-immune chickens has greater impact on performance as 
the bird approaches processing age. Early immunity development is 
critical as anti-coccidial drugs must be withdrawn before processing. 
Vaccination at hatch with live vaccines speeds immunity develop-
ment, but may have a measurable short-term impact on bird metabolic 
parameters and performance. Coccivac-B is the first and most widely 
used coccidiosis vaccine in the US. To better address the need for early 
onset of immunity, particularly for E. maxima, a short life-cycle priming 
strain has been added to the new vaccine formulation Coccivac-B52. 
Calorimetry principles have been applied to birds housed in metabolic 

chambers to quantify the impact of live vaccine types (Coccivac-B; 
Coccivac-B52) upon metabolic costs to 28 d. In this study, chicks vac-
cinated with Coccivac-B exhibited lower (P < 0.05) live weight on d 
21 while Coccivac-B52 had a similar live weight to the nonvaccinated 
controls at 21 and 28 d. Heat Production per metabolizable energy 
consumed was elevated (P = 0.06) for Coccivac-B birds versus controls 
on d 21. The lowest net energy (P = 0.06) was exhibited by Coccivac-B 
birds on 21 d of age with Coccivac-B52 similar to controls. This impact, 
however, diminished on d 28 due to apparent compensatory gain by 
Coccivac-B vaccinated chicks. Optimization of metabolizable energy 
utilization requires approaches that minimize energy wastage. Vaccines 
protecting against coccidiosis impact energy utilization differentially 
with Coccivac-B52 having less impact than Coccivac-B early in the 
growth curve.

Key Words: broiler, vaccine, energy, nutrition, coccidiosis

250   Soybean meal quality: Parameters beyond crude protein 
content in commercial Argentine SBM versus US SBM.  N. Ruiz,* 
Nelson Ruiz Nutrition LLC, Suwanee, GA.

A study was conducted to analyze the quality control parameters used 
by the animal agriculture industry to evaluate the nutritional quality of 
soybean meal in poultry. Samples were collected from 6 commercial 
vessels containing several thousand metric tons of each Argentine origin 
and US origin commodity soybean meal (SBM). Besides proximate 
analysis, protein solubility in KOH (KOHPS) and trypsin inhibitors 
(TI) were measured in 3 samples per vessel, for a total of 36 samples. 
The ranges for TI and KOHPS values are presented in the Table. Protein 
solubility values of commercial Argentine SBM are consistently lower 
than KOHPS values of commercial US SBM. Giving the in vitro/in 
vivo correlation between KOHPS and digestible amino acids, the lower 
KOHPS values of Argentine SBM explain their lower digestibility of 
amino acids. Conversely, as KOHPS values of Argentine SBM are higher 
than 80%, TI values start to increase beyond acceptable values for high 
inclusion levels of the meal in feed formulation.

Table 1. Quality parameter variability between Argentine SBM and 
US SBM
Argentine SBM  
TI, mg/g 1.50-3.45
KOHPS, % 77-81
US SBM  
TI mg/g 1.74-2.30
KOHPS, % 80-87

Key Words: soybean meal, trypsin inhibitors, protein solubility, amino 
acid digestibility

251   Effect of increasing dietary inclusion of solvent-extracted 
B. juncea versus B. napus canola meal on broiler growth perfor-
mance, carcass traits and yield of carcass components.  M. Oryschak*1, 
B. Slominski2, and E. Beltranena1,3, 1Alberta Agriculture and Rural 
Development, Edmonton, AB, Canada, 2University of Manitoba, 
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Winnipeg, MB, Canada, 3University of Alberta, Edmonton, AB, 
Canada.

The effect of increasing dietary inclusion of novel, yellow-seeded B. 
juncea (JUN) or conventional dark-seeded B. napus (NAP) canola 
meal was evaluated in mixed-sex broilers (Ross 308; n = 1900) raised 
in bedded floor pens to 35-d of age. Dietary regimens, consisting of 
10, 20 or 30% dietary inclusions of solvent-extracted JUN or NAP or a 
0% control, were fed to 6 replicate pens per treatment in a completely 
randomized design. Diets within growth phase were formulated to 
contain similar levels of AME and digestible AA (fixed ratios to AME). 
Broilers were weighed as pen groups on d 0, 11, 22 and 35 and pen 
feed consumption was determined on d 11, 22 and 35 to calculate ADG, 
ADFI and G:F in each phase. On d 35, 15 males and 15 females per 
dietary treatment were processed under commercial conditions to obtain 
carcass measurements, including wt and yield of carcass components. 
Growth performance data were analyzed as repeated measures using 
PROC MIXED of SAS 9.1. Models included inclusion level (0, 10, 20 
or 30%), canola species (NAP or JUN) and the 2-way interaction as 
fixed effects; block as the random term and phase the repeated term. 
Carcass data were analyzed similarly, but as single measures. Overall 
ADG, ADFI and G:F were not affected by inclusion level or canola 
species (P > 0.25). Carcass traits were not affected by canola species 
(P > 0.31), but eviscerated carcass wt linearly declined (P < 0.01) 6 
g for each 10% increase in canola meal inclusion. Weight of breast 
muscles and drumsticks, and yield of breast muscles and total saleable 
components linearly increased (P < 0.01) with increasing canola meal 
inclusion. The results of this study indicate that diets formulated on a 
digestible nutrient basis to include up to 30% of JUN or NAP canola 
meal did not adversely affect broiler growth performance, carcass traits, 
or yield of carcass components.

Key Words: broilers, canola, performance, carcass

252   Biofortified maize (Zea mays L.) provides more bioavailable 
iron than standard maize: Studies in poultry (Gallus gallus) and an 
in vitro digestion/Caco-2 model.  E. Tako,* O. A. Hoekenga, L. V. 
Kochian, and R. P. Glahn, USDA-ARS, Robert W. Holley Center for 
Agriculture and Health, Ithaca, NY.

Iron biofortification is a strategy that alleviates Fe deficiency by improv-
ing staple crops, such as maize. Previously, we demonstrated that by 
using a Caco2 cell model, 2 maize varieties were developed for high 
and low Fe bioavailability, yet with similar Fe concentrations. In vitro 
and in vivo assessments of Fe bioavailability in these lines showed 
an advantage to the high Fe variety. In the current study, we tested 
bioavailable Fe in the consecutive growth cycles of these maize lines, 
in addition we compared the Fe bioavailability between cooked and 
raw maize +/− added Fe in the maize based diets. Diets were made 
with 75% w/w maize of either the low (“Low”) or high (“High”) Fe 
bioavailability maize. Broiler chicks (n = 10) were fed the maize diets 
for 7 weeks. Hemoglobin (Hb), body weight, feed consumption, liver 
ferritin and gene expression of Fe related intestinal transporters were 
measured. Duodenal DMT1, Dcytb and ferroportin were higher (P ≤ 
0.05) in the Low groups vs. the High groups, indicating adaptation to 
the Low diets. Hb concentrations, Hb-maintenance efficiency, Hb-Fe 
and liver ferritin were higher in the High groups vs. the Low groups (P 
≤ 0.05), indicating greater Fe absorption from the diet and improved 
the Fe status of the broiler chickens. We conclude that the High variety 
contains more bioavailable Fe than the Low and that maize shows 

promise for Fe biofortification. Also, the increased Fe bioavailability 
quality is kept in the biofortified maize daughter lines.

Key Words: iron, intestine, absorption, bioavailability, broiler

253   Biofortified red mottled beans (Phaseolus vulgaris L.) in a 
maize and bean diet provide more bioavailable iron than standard red 
mottled beans: Studies in poultry (Gallus gallus) and an in vitro diges-
tion/Caco 2 model.  E. Tako*1, M. W. Blair2, and R. P. Galhn1, 1USDA-
ARS, Robert W. Holley Cenetr for Agriculture and Health, Ithaca, 
NY, 2Cornell University, Ithaca, NY.

Our objective was to compare the capacities of biofortified and standard 
colored beans to deliver Fe for hemoglobin (Hb) synthesis. Two isolines 
of red mottled Andean beans (Phaseolus vulgaris L), standard (“Low 
Fe”, 49μg Fe/g) and biofortified (“High Fe”,71μg Fe/g) in Fe were used. 
Bean based diets were formulated to meet the nutrient requirements 
for broiler except for Fe (42 ± 1 and 54 ± 0.9 mg/kg). Chicks (Gallus 
gallus) were allocated to the experimental diets (n = 12). For 4 weeks, 
Hb, feed consumption and body weights were measured. Hemoglobin 
maintenance efficiency differed between groups on d 14 and 21 of the 
experiment (P ≤ 0.05). Hb-Fe contents differed between standard (12 
± 1mg) and high Fe (15 ± 0.6mg) bean groups (P ≤ 0.05). Duodenal 
DMT1, DcytB and ferroportin expressions were higher and liver fer-
ritin was lower in the standard group vs. the biofortified group. In vitro 
analysis showed lower Fe bioavailability in cells exposed to standard 
(′Low Fe′) bean diet. We conclude that this 22μg/g increase in bean Fe 
concentration delivered more absorbable Fe as indicated by our in vitro 
and in vivo models. This justifies further work on the Andean beans 
which are the staple of regions where Fe deficiency anemia is a primary 
cause of infant death and poor health status. Moreover, application of this 
screening approach should be effective in planning human efficacy trials.

Key Words: iron, bioavailability, broiler, intestine, bean

254   Omega-3 fatty acids in the feed improve broiler chick 
health.  S. Bhalerao,* M. Hegde, Y. Badhe, and S. Kadam, Bharati 
Vidyapeeth Deemed University, Pune, Maharashtra, India.

Omega-3 fatty acids (n-3FA) are known for their versatile health benefits 
world over. The objective of the study was to evaluate the impact of 
n-3FA in the chick feed on broiler bird health. One hundred and 20 broiler 
birds of commercially used Vencobb- 400 variety were randomly divided 
into control and experimental groups, with 6 replicates and 10 birds in 
each replicate. Control group was given regular diet. We replaced 5% 
finisher feed of experimental group by specially designed Enriched Feed 
Mix (EFM) derived from linseed, linseed oil and linseed cake in pellet 
form. Various health parameters such as growth performance, morbidity, 
mortality, immunity were checked. Cardiac health was evaluated using 
Power lab system. Also brain health was examined by giving trauma and 
recovery was examined histopathologically. In experimental group more 
gain in weight was recorded in 4th, 5th and 6th week than the control 
group. Average final weight on 42nd day was 2634g significantly higher 
when compared with control with P = 0.0488. The feed conversion ratio 
for experimental group was 2.06 also significantly higher than control 
with P = 0.0334. The mortality in n-3 FA fed group was reduced from 3% 
to 0.3%. Improved morbidity of n-3 FA fed group was also evidenced by 
better immunity status as significant reduction in lymphoid depletion on 
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histopathological examination of bursa, thymus and spleen tissues. With a 
concomitant increase in n-3 FA, decrease in abdominal fat was observed on 
carcass evaluation in experimental group. Better cardiac health of the n-3 
FA fed birds was evident from the lower heart beats with increased n-3 FA 
in heart tissue. So also with higher levels of n-3FA in the brain, the birds in 
the experimental group showed better capacity to withstand brain trauma. 
It can be concluded that while higher levels of omega 3 in edible tissues is 
healthier for the consumer, incidental increase in n-3 FA in other tissues 
like heart and brain is beneficial to the health of the broiler chicks also.

Key Words: omega-3 fatty acid, broiler health, brain trauma, cardiac 
health, growth performance

255   Effect of feeding varying nutrient density diets on perfor-
mance of Aseel breed of chicken during 25-40 weeks of age.  S. 
Haunshi,* A. K. Panda, M. K. Padhi, M. Niranjan, U. Rajkumar, 
M. R. Reddy, and S. K. Bhanja, Project Directorate on Poultry, 
Rajendranagar, Hyderabad, Andhra Pradesh, India.

The present study was carried out with the objective of determining 
the effect of feeding different nutrient density diets on the production 
performance of Aseel (Indian native breed of chicken) during 25 to 40 
weeks of age. At 24 weeks of age, 90 birds were randomly distributed 
into 3 groups. Each group had 30 birds distributed into 6 replicates with 
5 birds in each. Maize-soybean meal based diets with 3 different nutrient 
densities [Low-2,400 kcal/kg Metabolizable Energy (ME), and 14% CP 
(Crude Protein); Medium - 2,600 kcal/kg ME, and 15% CP; and High- 
2,800 kcal/kg ME, and 16% CP] were fed to birds. The results revealed 
that there were no significant effect of variation in nutrient density on 40 
weeks and 25–40 weeks egg production, feed conversion ratio (egg mass/
feed), egg weight, egg quality traits, liveability, immune competence traits 
(antibody response to sheep RBCs, and New Castle disease virus antigen 
and in vivo cell mediated immune response to Phytohaemaglutinin-P) and 
serum biochemical parameters (serum protein and total serum cholesterol) 
due to variation in the nutrient density of the diets. However, body weight 
gain (25–40 weeks) was significantly (P < 0.047) higher in high nutrient 
density diet compared with low nutrient density diet. Considering the 
overall performance, it was concluded that diet containing 2,400 kcal/kg 
ME, and 14% CP is adequate for Aseel breed to elicit optimum perfor-
mance during 25–40 weeks of age.

Key Words: Aseel, nutrient density, production, early laying phase

256   Broiler chick performance fed on graded replacement of 
canola meal by distillery yeast sludge.  J. I. Sultan,* I. Haider, M. 
A. Shahzad, and A. Javaid, Institute of Animal Nutrition and Feed 
Technology, University of Agriculture, Faisalabad, Pakistan.

The intent of the study was to determine the chemical profile and 
to explore the impact of replacing canola meal with Distillery Yeast 
Sludge (DYS) on hematology, histopathology, growth performance 
and economics of broiler chicks. Two hundred 40 (240) day-old broiler 
chicks were randomly divided into 20 experimental units in such a 
way that each diet was offered to 4 experimental units comprising 12 
chicks under completely randomized design. Five isonitrogenous (CP, 
21%) and isocaloric (ME, 3,000 Kcal/kg) broiler diets i.e., control, 
DYS5, DYS10, DYS15 and DYS20 were formulated having 0, 5, 10, 
15 and 20% DYS replacing canola meal, respectively. The trial was 42 

d long. Feed intake didn,t differ among the dietary treatments. Weight 
gain of chicks fed control diet was higher (P < 0.05) than those fed 
DYS20, however, there was non-significant difference in weight gain 
in birds fed C, DYS5, DYS10 and DYS15 diets.Feed conversion ratio 
was lower (P < 0.05) in chicks fed control diet than those fed DYS20, 
however, it was similar across other diets. Red blood cells, white blood 
cells, packed cell volume and hemoglobin values remained unchanged 
with increasing the inclusion level of DYS in the diet. No pathological 
lesions on heart, kidney and liver were observed across any diet. Feed 
cost per kg live weight gain decreased (P < 0.05) as the level of DYS 
was increased in the diet. Outcome of the study indicated that DYS is 
an economical protein source and can effectively replace canola meal up 
to 15% without any deleterious effect on performance of broiler chicks.

Key Words: distillery yeast sludge, canola meal, hematology, broilers 
performance

257   Investigation on effects of diet fat source on broiler chick-
ens performance.  A. R. Seidavi,* M. R. Poorghasemi, and A. A. A. 
Qotbi, Department of Animal Science, Rasht Branch, Islamic Azad 
University, Rasht, Guilan, Iran.

Aim of this experiment was investigation on effect of diet fat source 
on broiler performance. This study was conduct based on a completely 
randomized design using 5 treatments. Each treatment was included 4 
replicate and experiment was conducted by means of 2 hindered broiler 
chickens Ross 308. Experimental treatments included (1) standard diet 
containing 4% tallow as animal fat; (2) standard diet containing 4% canola 
oil as plant fat, (3) standard diet containing 4% sunflower oil as plant fat, 
(4) standard diet containing 2% tallow as animal fat + 2% + canola oil 
as plant fat, and (5) standard diet containing 2% tallow as animal fat + 
2% + sunflower oil as plant fat. The results showed that addition of veg-
etable and animal fats, had significant effect on consumed ME efficiency 
and total period consumed ME efficiency (P < 0.05). Fat sources had a 
significant effect on the weight gain during 5th week (P < 0.05) and also 
had no significant effect on weight gain during 1st, 2nd, 3rd, 4th, and 6th 
week, and starter, grower and finisher periods (P > 0.05). The addition of 
fat sources had a significant effect on the consumed metabolizable energy 
efficiency during total period (P < 0.05), however had no significant effect 
on the consumed metabolizable energy efficiency during 1st, 2nd, 3rd, 
4th, 5th, and 6th week, and starter, grower and finisher periods (P > 0.05). 
The addition of fat sources had a significant effect on consumed protein 
efficiency during total period (P < 0.05) and had no significant effect on 
consumed protein efficiency during 1st, 2nd, 3rd, 4th, 5th, and 6th week, 
and starter, grower and finisher periods (P > 0.05). As conclusion, fat type 
in diets can change broiler performance economically.

Key Words: fat, oil, broiler, performance, ME

258   Withdrawn.

259   Nutritional improvement of Arabi chicken performance in 
Kuwait: I. Growing period.  H. S. Alkhalifa,* A. Y. AlNasser, and M. 
Mashaly, Kuwait Institute for Scientific Research, Kuwait city, Kuwait.

The local Arabi Chickens were long been important to Kuwait’s society 
for both food and entertainment uses. The main objective of the current 
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study was to investigate whether or not increasing or decreasing protein 
levels in the diet of the local Arabi Chickens relative to the standard 
commercial, would affect their body weight gain, feed efficiency and 
mortality under Kuwait’s environmental conditions during the brood-
ing period (0–3 weeks of age). A total of 175 one-day old Arabi chicks 
were randomly housed in 9 brooding pens, 19 chicks per pen (120x60 
cm2 each). The 3 different levels of protein used in the diet were (18% 
lower than the standard level, 21% standard commercial level, and 22% 
higher than the standard level). Temperature, relative humidity and 
mortality were monitored and recorded on a daily basis. Body weight 
gain and feed efficiency were calculated on weekly basis. There was 
no significant difference of the 3 dietary treatments on the previously 
mentioned parameters (P = 0.05). Accordingly, using a dietary treatment 
with 18% protein is recommended to lower cost of brooding of Arabi 
Chickens under the environmental conditions of Kuwait.

Key Words: Arabi chickens, feed efficiency, mortality, brooding

260   Blood parameters, growth and performance of turkey 
starters fed rations supplemented with Mexican sunflower leaf 
(MSL).  A. H. Ekeocha,* University of Ibadan, Ibadan, Oyo, Nigeria.

A 56-day feeding trial was conducted to evaluate Mexican Sunflower 
Leaf (MSL) ‘Tithonia diversifolia’ as dietary fiber source in turkey diets. 
Five straight diets were as formulated to contain the MSL at dietary 
levels of 0, 3.5, 7.0, 10.5, and 14.0% as a replacement for maize, soymeal 
and GroundnutCake. One hundred fifty (150) day-old male poult were 
randomly allotted to the 5 diets containing 3 replicates per treatment 
with 10 poults per replicate in a completely randomized design (CRD). 
Feed and water were provided ad-libitum and routine medications and 
vaccinations administered. The study investigated the performance and 
hematological responses of the birds to the diets. The results shows 
a significant (P < 0.05) decrease in all the parameters measured for 
performance characteristics. The final body weight, daily weight, daily 
feed intake and daily protein intake were generally higher in the birds 
fed control diet (0%MSL). There were significant (P < 0.05) differences 
in daily feed intake and daily protein intake between the group on diet 
3 and the other groups, while daily weight gain, feed conversion ratio 
and protein efficiency ratio were statistically the same (P > 0.05) across 
board. Digestible crude fiber values significantly (P < 0.05) decreased 
with increasing levels of MSL in the diets while the other digestibility 
percentages were comparable (P > 0.05) in all dietary treatments. Values 

for the hematological parameters and blood serum chemistry did not 
deviate (P > 0.05) statistically from established normal values for turkey. 
The results suggest that Mexican Sunflower Leaf (MSL) could replace 
maize, soymeal and groundnut cake in turkey diet up to 7.0% as a dietary 
fiber source without eliciting any adverse effect.

Key Words: Mexican sunflower leaf, performance, blood parameters, 
turkey

261   Hematology, growth and performance of turkey finishers 
fed rations supplemented with Mexican sunflower leaf (MSL).  A. 
H. Ekeocha* and O. T. Bankole, University of Ibadan, Ibadan, Oyo, 
Nigeria.

A study was conducted for 8 weeks to investigate the effect of feeding 
Mexican Sunflower Leaf (Tithonia diversifolia) as a dietary fiber source 
in turkey diets. One hundred and 50 8 weeks old male poult were used. 
The male poults were randomly assigned to 5 treatments, A, B, C, D 
and E of 30 birds per treatment such that each treatment had 3 replicates 
of 10 birds. The first ration was the standard finisher ration and served 
as control. The other rations contained 3.5%, 7.0%, 10.5% and 14.0% 
Mexican sunflower leaf (MSL) respectively as graded replacement (w/w) 
for maize, soyameal and GroundnutCake. Feeds and water were provided 
ad-libitum and the routine vaccinations / medications followed standard 
procedures. The study investigated the performance and hematologi-
cal responses of the birds to the diets. Mexican Sunflower Leaf Meal 
supplementation did not improved performance characteristics over 
basal diets and significantly (P < 0.05) decreased feed intake, weight 
gain, except at 7.0% levels where birds were comparable to the control 
diet, but significantly (P < 0.05) enhanced feed conversion ratio while 
hematological parameters were largely unaffected except for an increase 
in the eosinophil and lymphocyte concentration of MSL meal fed turkey. 
Digestible crude fiber values significantly (P < 0.05) decreased with 
increasing levels of MSL in the diets while the other digestibility per-
centages were comparable (P > 0.05) in all dietary treatments. Mexican 
Sunflower Leaf meal supplementation was comparable to the control 
diets and could replace maize, soymeal and groundnut cake in turkey 
diet up to 7.0% as a dietary fiber source without any deleterious effect.

Key Words: Mexican sunflower leaf, performance, hematological 
parameters, turkey
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Metabolism and Nutrition: Enzymes II

262   Enzyme effects on ADG, FCR and effective caloric value 
in broilers exhibiting coccidiosis within the 42 day growth curve.  
R. Teeter*1, C. Carroway1, K. Hilton1, A. Beker1, and N. E. Ward2, 
1Oklahoma State University, 2DSM Nutritional Products Inc.

Current economic conditions necessitate that energy costs be established 
for nutritional and nonnutritional aspects of broiler production. Effective 
caloric value (ECV) enables energy cost quantification by placing 
caloric density equivalents upon such husbandry components as lighting 
program, pellet quality and bird health. Among health considerations 
coccidiosis mediated by the protozoan Eimeria is of concern. Metabolic 
costs of coccidiosis include appetite suppression and malabsorption, both 
of which may be impacted by dietary enzyme fortification. A 3-compo-
nent 42-d factorial treatment arrangement was employed with used litter 
to examine the impact of cocci challenge (+ Monteban) X 2 nutritional 
planes (low, high) X 2 enzyme fortification levels (none, fortified). 
The low and high nutrition planes differed by 70 kcal/kg while enzyme 
effects were provided by a DSM mixture (Ronozyme AX, Roxazyme 
G2G, ProAct). Chicks lacking protection from Eimeria and fed the low 
nutrition plane exhibited the worst 42 d performance (P < 0.05) with 
live weight reduced 9.2%, and FCR elevated by 10.3 points. The best 
overall performance was achieved with high nutrition + enzymes + 
Monteban. However, enzyme fortification was observed to especially 
elevate performance of the low energy group. Just as the deleterious 
impact of coccidiosis appears of greater significance late in the growth 
curve, enzyme benefits were also enhanced. At 42 d ECV was reduced 
(P < 0.05) by 504 kcal with cocci challenge while enzymes elevated (P 
< 0.05) ECV 204 kcal averaged over cocci challenge. There is underly-
ing value in minimizing coccidiosis consequence by fortifying rations 
with the aforementioned enzyme mixture. To optimize metabolizable 
energy utilization requires approaches that minimize energy wastage and 
exogenous enzymes appear to efficaciously participate in that strategy.

Key Words: broiler, nutrition, enzyme, coccidiosis, Eimeria

263   Effects of non-starch polysaccharide enzyme on growth 
performance of broilers fed reformulated corn distillers dried 
grain with solubles (DDGS) and soybean meal-based diets con-
taining poultry fat or vegetable oil.  A. Preynat*1, D. McIntyre2, 
G. Mathis3, B. Lumpkins3, P. Dalibard1, and E. Devillard1, 1Adisseo 
France SAS, Antony, France, 2Adisseo USA, Alpharetta, GA, 3Southern 
Poultry Research, Athens, GA.

This experiment was designed to investigate the effects of a multi-
enzyme complex (Rovabio® Excel) containing carbohydrases (from 
Penicillium funiculosum) on the performance of broilers fed reformu-
lated corn/corn DDGS/soybean meal diets containing poultry fat or 
vegetable oil. Two thousand 4 hundred Cobb 500 male broilers were 
distributed into 6 treatments (8 replicate pens, 50 birds each). The 2 
positive control (PC) diets were formulated to be adequate in nutrients, 
and differed by the nature of fat (vegetable oil versus poultry fat). The 2 
negative control (NC) diets, similar to PC, but with a lower metaboliz-
able energy (AME; −130 kcal/kg) were obtained by decreasing fat con-
tent. Finally, the last 2 treatments were the NC diets supplemented with 
Rovabio® Excel, supplying 1,100 visco units of endo-β-1,4-xylanase 
and 100 AGL units of endo-1,3(4)-β-glucanase per kg of feed. Body 

weight and feed intake were determined at 21, 39 and 45 d. At 21 d, the 
energy reduction significantly increased feed conversion ratio for both 
NC diets. Supplementation of the NC diets with the multi-enzyme fully 
and partially restored feed conversion ratio to that of the PC group (P < 
0.05) in diets containing vegetable oil and poultry fat, respectively. By 
45 d, birds fed poultry fat diets had lower body weight gain than birds 
fed diets with vegetable oil (P < 0.05). Also, reformulations significantly 
affected weight gain and feed conversion (P < 0.001) rate without affect-
ing feed intake. These parameters were fully compensated by enzyme 
addition (P < 0.05) and there was no interaction between the effects 
of fat source and enzyme supplementation. These results suggest that 
the efficiency of multi-enzyme complex containing NSP-enzymes to 
reduce energy specifications of corn and corn-DDGS-based diet without 
performance loss, is verified on different fat sources.

Key Words: NSP-enzymes, broilers, formulation matrix, growth, 
corn-DDGS

264   Comparative efficacy of Buttiauxella and E. coli phytase 
on growth performance in broilers.  A. Kumar*1, R. M. Bold2, and P. 
W. Plumstead2, 1School of Animal Studies, University of Queensland, 
Gatton, Australia, 2Danisco Animal Nutrition, Marlborough, United 
Kingdom.

An experiment compared 2 different phytases, Buttiauxella spp. 
expressed in Trichoderma reesei or commercial E. coli phytase to 
replace energy, amino acids (AA), and Ca + P from inorganic sources in 
corn/soy-based broiler diets. Male Ross broilers were placed in 96 floor 
pens from 0 to 42d (12 treatments, 8 pens/treatment). Treatments 1–5 
constituted a positive control (PC) diet meeting breed nutrient specifi-
cations, and 4 negative controls (NC1–4). Compared with PC, NC1–4 
was reduced in ME (60kcal/kg feed), and ~2% AA. NC2 to NC4 had 
reduced Available P (AvP) of 0.1%, 0.14% and 0.17% respectively, and 
0.09%, 0.13% and 0.16% lower Ca respectively vs. both PC and NC1. 
Treatments 6 to 12 had similar nutrient content to NC4 but contained 
Buttiauxella phytase (250, 500, 1000, 2000 FTU/kg feed) or E. coli 
phytase (250, 500, 1000 FTU/kg). Broiler feed conversion ratio (FCR) 
was poorer (P < 0.05) in NC1 vs. the PC. Removing inorganic P in NC2 
to NC4 reduced 42d body weight (BW) gain by 263g and increased BW 
corrected FCR by up to 10 points. Addition of phytase to NC4 improved 
(P < 0.05) BW gain and FCR in a step-wise manner to the highest dose 
of each phytase. 250 FTU/kg Buttiauxella phytase, or 500 to 1000 FTU/
kg E.coli phytase to NC4 was able to fully restore 21 and 42-d FCR 
to the same level as the P-adequate NC1 diet. Compared with the PC 
diet that also had higher ME and amino acids, phytase addition of ~500 
FTU Buttiauxella phytase, or 1000 FTU/kg E.coli phytase was required 
to obtain similar 42-d FCR. Broiler performance improved further 
with Buttiauxella phytase to 2000 FTU/kg, resulting in heaver BW by 
190g vs. the PC (P < 0.05). In summary, both phytase sources added to 
diets reduced in ME, AA, Ca, and P improved broiler performance in 
a dose-dependent manner (P < 0.05). However, significantly less (P < 
0.05) Buttiauxella vs. E. coli phytase was required to achieve similar 
performance responses, which suggests higher efficacy of Buttiauxella 
at improving dietary nutrient availability in broiler diets.

Key Words: broiler, phytase, phosphorus, energy, phytase dose
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265   Effect of dietary enzyme and lactose supplementation on 
growth performance and gut health of broilers.  F. Yan,* J. Dibner, 
M. Vazquez-Anon, and C. Knight, Novus International Inc., St. 
Charles, MO.

A battery study was conducted with 576 male broilers to study the effect 
of an enzyme cocktail of xylanase, β-glucanase, and α-galactosidase 
(CIBENZA CSM, Novus International, Inc.) and lactose on growth 
performance and gut health of young broilers. Rye, wheat and soybean 
meal based diet was formulated to meet or exceed nutrient requirements 
of broilers. High level of rye (38%) and wheat (23%) inclusion along 
with a mild mixed species Eimeria challenge on d 0 were employed 
to create enteric challenge characterized by dysbacteriosis in broilers, 
in which effect of dietary enzyme, lactose and their interaction were 
tested. The study consisted of 4 dietary treatments in a 2 × 2 factorial 
arrangement with 2 levels of enzyme (0, 500 g/ton) and 2 levels of 
lactose (0, 0.1%). Each diet was fed to 16 replicate pens of 8 broilers 
from 0 to 29 d of age. Growth performance, including body weight, 
feed intake, FCR, and mortality was determined at d 7, 13, 21, and 
27. Serum α-1 acid glycoprotein, ileal Clostridium perfringens, cecal 
pH, ileal lactobacilli, and digesta viscosity were measured on d 12, 
15, 23, 28, and 29 respectively. Enzyme supplementation significantly 
increased body weight, feed intake, and improved FCR of broilers 
on each weigh day whereas lactose improved FCR in the absence of 
enzyme supplementation after d 13 (lactose x enzyme, P < 0.05). Birds 
fed diets supplemented with enzyme had significantly lower serum α-1 
acid glycoprotein concentration, less ileal Clostridium perfringens and 
reduced digesta viscosity regardless of lactose supplementation (P < 
0.05). None of the gut health parameters measured were significantly 
affected by lactose. In summary, in a broiler enteric dysbacteriosis model, 
nonstarch polysaccharides (NSP) degrading enzymes were effective in 
improving growth performance and gut health of broilers and lactose 
was also able to recover some performance loss when dietary NSP 
enzymes were not present.

Key Words: broiler, gut health, nonstarch polysaccharides enzyme, 
lactose

266   Use of a slope ratio assay to determine comparative efficacy 
of E. coli vs. Buttiauxella phytases in broilers.  P. W. Plumstead*1, 
C. Kwakernaak2, and J. D. van der Klis2, 1Danisco Animal Nutrition, 
Marlborough, UK, 2Schothorst Feed Research, PO Box 533, 8200 AM 
Lelystad, the Netherlands.

A new 6-phytase derived from Buttiauxella spp. expressed in 
Trichoderma reesei has been developed and shown previously to be 
more effective vs. E.coli phytase sources at hydrolyzing phytate P in 
vitro. The objective of the present study was compare in vivo efficacy 
of the new phytase vs. E. coli derived phytase from 3 different sources 
using a slope ratio analysis. Three broiler trials were conducted. In each 
trial, 9 dietary treatments were fed to Ross 308 male broilers from 5 to 
21d of age. A basal diet (negative control, NC) deficient in Ca and P 
was used. Phytase products and diets were analyzed for phytase activity 
according to the AOAC method and added to the basal diet to provide 
4 graded doses from ~250 to ~1000 FTU/kg from either Buttiauxella 
or E. coli. Ileal P digestibility and tibia ash was determined at 21d of 

age. Data from the 3 trials were analyzed as a single data set to assess 
relative bioefficacy of Buttiauxella vs. E. coli phytase using the slope 
ratio test following the procedures by Littell et al. (1997) and tests 
conducted to ensure data met the required validity checks for the slope 
ratio assay (linearity, common intercept, and equality of the basal diet 
mean to the common intercept). To further ensure all phytases were 
assessed over a similar dose range, observations in which the analyzed 
phytase dose of individual treatments was outside the range of 250 to 
1200 FTU/kg feed were removed from the data set. Parameter estimates 
for calculation of the relative efficacy of each phytase were obtained by 
multiple linear regression with Trial included as a random effect in the 
mixed model. The interaction of phytase dose*dependent variable was 
significant (P < 0.001) for both tibia ash and ileal P digestibility, with a 
higher slope for Buttiauxella vs. E. coli phytase. This can be interpreted 
as Buttiauxella phytase being significantly better than E. coli phytase 
in increasing dietary P utilization in broilers.

Key Words: broiler, phytase, phosphorus, digestibility, bioefficacy

267   Effect of a commercial enzyme on energy cost and endog-
enous losses of fat and protein in broiler chicks.  S. Cerrate,* K. 
Vignale, R. Ekmay, J. England, and C. Coon, University of Arkansas.

A factorial method was developed to measure the net energy for main-
tenance (NEm) based on heat production and ME intake. An isotope 
dilution technique with 15N-threonine enrichements and a regression 
method were assayed to determine the endogenous losses of protein 
(ELP) and the latter method to determine the endogenous losses of fat 
(ELF). Chicks were fed isocaloric pair-fed diets increasing the content 
of fat, protein, or fiber by adding poultry fat, soybean meal, pro-plus, 
or barley and these diets mixed with 0.05% of Robavio Max. Chicks 
fed diets without enzyme showed a significant higher NEm (135 vs 53 
kcal/BW0.75) than those chicks fed diets with enzyme. The ELF were 
less (P < 0.05) when chicks fed diets with enzyme (1.9 g/kg DMI) than 
when they were fed diets without enzyme (6.4 g/kg DMI). The ELP 
determined by the isotope dilution technique were reduced (P < 0.05) 
when chicks fed diets with enzyme (23.5 g/kg DMI) compared with those 
birds fed diets without enzyme (33.5 g/kg DMI). A similar pattern was 
observed between the regression method and isotope dilution technique 
but ELP by the regression method were significantly similar (24.8 vs 
33.5 g/kg DMI). The ME system may overlook the energy cost from 
the gastrointestinal tract. The energy cost calculated from ELF and ELP 
produces a potential energy use of 104 kcal/ kg DMI [(33.5–24.2)g x 
5.66kcal/g+(6.4–1.9)g x 9.35kcal/g] for diets with enzyme. The sparing 
of endogenous protein or fat in these diets may be directed to carcass 
protein (CP) or fat (CF) gain (0.16 g CP/digested protein, P-value < 
0.001; 0.286 g CF/digested fat, P-value = 0.008) and computes an extra 
of 20 kcal of NE for gain/kg DMI. Further, the reduced secretion of 
endogenous protein or fat by the gastrointestinal tract may also reduce 
concomitantly the NEm. Thus the NEm in diets without enzyme was 61 
(135x0.441kg BW0.75/0.979kg DMI) and with enzyme 24 (53x0.445kg 
BW0.75/0.981kg DMI), sparing 37 kcal/kg DMI for diets with enzyme. 
In this study, the enzyme supplementation reduced the NEm, ELP, and 
ELF saving 57 kcal/kg DMI.

Key Words: enzyme, net energy for maintenance, endogenous nutrients
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P268   The effects of environmental enrichment devices on 
feather picking in commercially raised Pekin ducks. S. Colton* 
and G. S. Fraley, Biology Department & Neuroscience Program, Hope 
College, Holland, MI.

Similar to other poultry species, Pekin ducks occasionally show feather 
picking. Self-picking can lead to reduced feather quality and poor overall 
health of the bird. Although the reasons underlying feather picking are 
not clear, it appears to occur when the ducks are transitioning between 
downy feathers and adult plumage. We hypothesized that giving Pekin 
ducks environmental enrichment devices (EEDs) during this time would 
decrease feather picking and improve feather quality and duck well-being. 
The EEDs were red plastic balls, each threaded with 4 zip-ties. The zip 
ties were either red or white to begin to determine if the ducks have a 
color preference. The EEDs were placed in barns with 2 pens of ducks, 
each pen holding 4000–6000 ducks. EEDs were placed in the barn on d 
14 of age and remained until processing at around 35 d of age. One half 
of each barn received the EEDs, the other half was used as control, thus 
minimizing management differences across barns. A total of 6 barns were 
used in this study and there were approximately 120 ducks per EED. Upon 
placement of EEDs, each side of the barn was videotaped for a total of 2 
h per day and duck behaviors scored by an individual unaware of treat-
ment groups. In addition, an individual live-scored these behaviors for a 
one-hour period per pen in each barn. These observation periods occurred 
twice between d 14–35. The physical characteristics of 100 ducks per 
pen were scored at ages 7, 21, and 35 d. Results showed a significant (P 
< 0.05) decrease in both self-picking and conspecific-picking (picking 
at neighboring ducks), and a slight, though not significant, preference 
for red-colored EEDs over white ones. Although no differences in physi-
cal scores were observed at age 7, at d 21 ducks with EEDs showed 
significantly (P < 0.05) improved feather quality and cleanliness scores 
compared with ducks without EEDs. These results suggest that providing 
environmental enrichment may minimize feather picking and improve 
feather quality and, putatively, duck well-being.

Key Words: well-being, aggression, environmental enrichment

P269   Descriptive analyses of the development of gait in Pekin 
ducks from hatch to market weight. S. Colton*1, C. Campbell1, 
R. Haas1, S. M. Fraley1,2, and G. S. Fraley1, 1Biology Department & 
Neuroscience Program, Hope College, Holland, MI, 2South Crossing 
Veterinary Center, Kentwood, MI.

During recent studies it was determined that there exist many different 
opinions among investigators and within the literature as to the nature 
of “normal gait” in Pekin ducks. Of particular import was a debate as to 
what degree of metatarsal adduction (MA, aka “pigeon toed”) impacts 
a duck’s well being. Thus, we set out to characterize the range of gait 
patterns of commercially obtained Pekin ducks in an aviary setting. Day 
old hatchlings (n = 105) were obtained and housed in floor pens under 
environmental conditions that closely approximate industry standards. 
Students spent time with the ducks to habituate them to investigators 

and analytical equipment. Beginning on d 3, weekly footprint analyses 
were completed by allowing ducks to casually walk down a paper-lined 
runway after their feet were painted with ink. Semiquantitative analyses 
revealed that ducks fell into 3 general categories in a normally distributed 
manner: 1) wide stance (14%; > 1 foot-width between tarsal pads), 2) 
common stance (73%; < 1 foot-width between tarsal pads), and 3) narrow 
stance (13%; virtually inline placement of tarsal pads). Although all ducks 
show MA while casually walking, 9–15% of ducks show excessive MA 
in one or both feet (>40 degree inward rotation) independent of stance 
width. Observed percentages persisted regardless of age. Also weekly, 
beginning with d 1, a subset of ducks across gait categories (n = 10) were 
weighed and were analyzed for pelvic limb structure and presence of tibial 
dyschondroplasia (TD). No differences in body weights were observed 
among gaits, regardless of degree of MA. Each week, approximately 30% 
of dissected birds showed minimal signs of TD. Although TD may be 
slightly more prevalent in ducks with excessive MA, TD is also observed 
in ducks regardless of degree of MA. At this time we conclude that TD 
may not be a causative factor in the development of excessive MA; and 
similar to other bipedal species, the presence of MA may not of itself be 
indicative of lameness or a lack of well being.

Key Words: duck, musculoskeletal, motor control, lameness

P270   Effects of modifying cages with perches on neuroendocrine 
homeostasis of White Leghorn pullets. F. F. Yan*1, P. Y. Hester1, S. 
A. Enneking1, and H. W. Cheng2, 1Purdue University, West Lafayette, 
IN, 2United States Department of Agriculture, West Lafayette, IN.

The neuroendocrine system controls animals’ adaptability to their envi-
ronments by releasing psychotropic compounds such as catecholamines 
(epinephrine, norepinephrine, and dopamine) and serotonin. Changes 
of these neuronal compounds have been used as biomarkers of animals’ 
stress responses associated with their well-being. This study evaluated 
the welfare of White Leghorn layer pullets housed in conventional cages 
modified with perches by examining changes in their neuroendocrine 
homeostasis. A total of 1,064 1-d-old chicks was randomly assigned 
to 28 cages with or without perches. In each of the 14 cages of the 
perch group, 2 parallel perches were installed, providing 155 cm2 
floor space per pullet originally, and 233 and 310 cm2 after sacrifices 
at wk 3 and 6, respectively. Two chickens from each cage were sacri-
ficed at 3, 6, and 12 wk post-treatment. Heterophil:lymphocyte (H:L) 
ratio, and blood concentrations of serotonin, tryptophan, epinephrine, 
norepinephrine, and dopamine were determined. Data were analyzed 
using an ANOVA. Compared with controls, pullets with perches had 
lower blood concentrations of epinephrine (P < 0.05) and a trend for 
decreased blood norepinephrine levels (P < 0.1) at 12 wk, but not at 3 
and 6 wk of age. Pullets with perches also had a trend toward higher 
concentrations of plasma dopamine than the controls at 6 wk of age 
(P < 0.1). There were no significant differences in H:L ratio or blood 
concentrations of serotonin and tryptophan between pullets with perches 
and controls (P > 0.05). These results indicate that perch installation 
affects catecholamine homeostasis. Pullets provided with perches may 
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be less stressed as evidenced by decreased blood concentrations of 
epinephrine and norepinephrine.

Key Words: perch, pullet, catecholamine, serotonin, H:L ratio

P271   Effect of diets differing in color on performance measures 
and economic factors in broiler chicks. F. Foroudi*1, M. Chamani2, 
and M. Naryani1, 1Varamin-Pishva Branch Islamic Azad University, 
Varamin, Tehran, Iran, 2Science and Research Branch Islamic Azad 
University, Tehran, Iran.

The purpose of this experiment was to determine if there is a feed color 
preference in broiler chicks. We investigated the color preference of chicks 
offered with artificially colored diets, and on performance measures and 
carcass quality. Three hundred 60 commercial hybrids of Ross 308 broiler 
chicks were used in a complete randomized block design with 6 treatments 
and 4 replications with 15 chicks in each pen. Common diet with its natural 
color was used as control group and diets colored in yellow, red, brown, 
blue and green as the other 5 treatments with food-grade water soluble 
natural dyes. All 6 treatments had similar nutritional value and contained 
same amounts of protein, amino acids, vitamins, minerals and metabo-
lizable energy, according to Ross 308 recommendation. Each treatment 
was offered from d 1 to d 35 of a 42-d rearing period. Weight gain, feed 
intake, feed conversion ratio (FCR) and mortality were measured daily. It 
was anticipated that the color of carcasses would have abnormal changes 
due to consuming colored rations, so diet with no added color were used 
to feed the chicks from 35th day until 42 to determine the necessary 
time for disappearance of the color from carcasses. Four birds from each 
treatment were slaughtered at the 35th day and biopsy samples of muscle 
tissues were assessed by Hunter lab spectroscopy system. Results obtained 
from this study involve many differences in production performance 
measures within the starter, grower and finisher periods among the treat-
ments. For instance, weight gain of red diet-fed birds were significantly 
higher than control- fed during starter, and entire experiment period (P 
< 0.05). Furthermore, FCR of red, yellow and brown treatments during 
the 35 d of experiment showed a significant improvement relative to the 
other treatments whereas blue group had the highest FCR (P < 0.05). No 
significant difference was observed between the color of the surface and 
depth of muscle tissue among treatments. Feed cost of producing 1 kg of 
live weight varied across treatments with brown group costing the least 
and blue diet group costing the highest.

Key Words: colored diet, broiler vision, broiler performance

P272   The effect of age on the behavior of caged White Leghorn 
pullets. P. Y. Hester*1, S. A. Enneking1, M. E. Einstein1, and J. P. Garner2, 
1Purdue University, W. Lafayette, IN, 2Stanford University, Stanford, CA.

The objective of the current study was to determine age related changes 
in feeding, drinking, and activity level during the growing phase of caged 
pullets. Hy-Line W36 strain chicks were housed in 28 pullet cages using 
standard management practices relative to stocking density, lighting sched-
ule, and diet. Half of the pullet cages was equipped with perches. Perch 
effects on behavior are reported in another proceedings. For each cage, a 
Stealth Cam STC-I540IR automatic digital camera (Cabela′s Inc., Sidney, 
NE) was used for 24 h to determine drinking activity for 24 h at 2, 4, and 5 
wk of age and feeding and activity levels at 2, 4, 5, 6, 8, 10, 12, 14, 15, and 

16 wk of age. Two pictures, taken within seconds of one another, were made 
at 5 min intervals if activity was occurring within the cage. If there were no 
movements in the cages, then no pictures were taken providing opportunity 
to assess activity level. Data were subjected to an ANOVA using the mixed 
model procedure of SAS. When averaged over age, the proportions of pul-
lets drinking, eating, and active during photophase were 2.00 ± 0.06, 14.0 
± 0.2, and 93 ± 1%, respectively, while at night these activities were lower 
(0.05 ± 0.07, 0.5 ± 0.2, and 69 ± 1%, respectively, P < 0.0001). Drinking 
activity from 2 to 5 wk of age did not change as the pullets aged (P = 0.49). 
Unlike dark hours, the % of pullets eating during photophase varied with 
age with peak activity at 12 wk of age (light by age interaction, P < 0.0001). 
During photophase, the proportion of chickens that were active changed 
little with age. In contrast, during scotophase, the proportion of pullets that 
were active increased up to 10 wk of age after which no further increases 
were noted to 16 wk of age (time of day x age interaction, P < 0.0001). It 
is concluded that hens spend considerably more time eating than drinking 
and that these behaviors are mostly expressed during the time that the lights 
are on. The relatively high level of activity during night (69 ± 1%) was not 
due to eating or drinking, but rather to bird disturbances as adjustments 
were made among pullets in the sharing of space.

Key Words: behavior, pullet, White Leghorn, eating, drinking

P273   Influence of pre-transport handling and holding time on pre-
transport hematological stress indicators and post-transport body 
condition of ostriches. M. Bejaei*1, D. C. Bennett1, A. Schaefer2, and K. M. 
Cheng1, 1University of British Columbia, Vancouver, Canada, 2Agriculture 
and Agri-Food Canada, Lacombe, Alberta, Canada.

Domesticated ostriches are less tame than chickens and are highly sus-
ceptible to stress. Moving birds, separating pen-mates, mixing unfamiliar 
birds, increasing bird density, transport and feed or water withdrawal are 
all stress factors that can influence their welfare. The objective of this 
study is to assess the influence of handling and length of times kept in 
the holding pen on pre-transport hematology and blood biochemistry of 
ostriches and post-transport body condition. Twenty-four ostriches (2.5 
to 3 yrs old) were kept in 2 visually isolated holding pens with access to 
feed and water. On the day of shipment, birds were grabbed by the head, 
hooded and calmed, and walked to the other side of the pen one by one 
where they were weighed and blood sampled (10 mL blood from wing 
vein) (approx. Twelve min/bird). After all the birds were sampled, they 
were shipped to another farm 1100 km away. We used the 12 birds that 
were kept in the holding pen for the shortest time (<2.5 h) before blood 
sampling as controls against the 12 birds that were kept for longer than 
2.5 h. Blood samples were analyzed to determine the concentrations of 
serum metabolites and enzymes, and the WBC counts and differentials 
were determined. Body condition of the birds was scored after arrival. 
Birds which had more cuts, bruises, injuries, feather loss and swollen 
wing or leg problems had lower scores. Results show that birds which 
were held for a longer period in the holding pen (pre-transport) had 
significantly lower post-transport body condition scores. Birds kept for 
longer than 2.5 h had significant higher pre-transport plasma sodium and 
aspartate aminotransferase levels. There were no differences between 
treatment and control in WBC counts and differentials. We conclude that 
minimizing the time that birds have to spend in holding pens before load-
ing would lessen the stress of transportation and improve their welfare.

Key Words: ostrich, well-being, pre-transport handling, holding time, 
hematological stress indicators
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P274   The effect of perches on egg production and qual-
ity in organic layers. J. Y. Hu*1, R. L. Dennis2, and H. W. Cheng2, 
1Purdue University, West Lafayette, IN, 2United States Department of 
Agriculture, West Lafayette, IN.

The housing environment affects animal welfare and productivity. This 
study examined the effect of perches on egg production and quality of 
organically reared Bovans Brown hens kept in floor pens. At 19 wk of 
age, 120 hens were randomly assigned to 12 pens either with or without 
perches. Each pen (5 ft x 8 ft), provided 5760 in2 of floor space per 
hen. In the perch group, one square smooth wood perch (2.5 in × 1.5 
in × 5 ft) was installed at 8 in above the floor surface. Egg production 
was recorded weekly. Egg quality determined by egg weight, albumen 
height, haunt unit, yolk color, egg length, egg width, shell thickness 
and shell weight was analyzed randomly from 4 eggs per pen daily for 
2 consecutive days of wk 4 and 6. Body weight was taken randomly 
from 2 hens per pen at wk 2 and 8. Data were analyzed using ANOVA. 
There were no significant differences in hens› body weight between the 
treatments at wk 2 (P > 0.05), but at wk 8, body weight was significantly 
lower in hens with perch compared with hens without perches (P < 0.05). 
There were no significant differences in the hens’ weekly egg produc-
tion between the 2 treatments (P > 0.05). However, treatment-related 
differences in the egg quality were found at wk 6, but not at wk 4. At 
wk 6, egg weight (P < 0.05), shell weight (P < 0.05) and shell thickness 
(P < 0.05) were significantly decreased in hens with perches compared 
with hens without perches. The eggs from hens with perches also had 
greater albumen height (P < 0.05) and higher haunt units (P < 0.05). 
These results indicate that perch installation increases egg quality, but 
reduces egg weight and egg shell physical characters. The changes of 
those shell parameters may be related to perching (exercise)-associated 
modification of calcium metabolism and calcium redistribution between 
egg shell and skeletal system (bones) during egg formation.

Key Words: perch, organic poultry, hens, egg quality, egg production

P275   Effects of age on behavior, body temperature and liver 
gene expression in broilers exposed to heat stress. H. S. Yoon*1,2, 
J. M. Kim1,2, Y. H. Kim1,2, H. S. Chae4, B. S. Park5, and Y. H. Choi1,3, 
1Division of Applied Life Sciences (BK21 program), 2Department 
of Animal Science, 3Institute of Agriculture and Life Sciences, 
Gyeongsang National University, Jinju, 4National Institute of Animal 
Science, RDA, 5Department of Animal Biotechnology, Kangwon 
National University, Chooncheon, Republic of Korea.

This study was conducted to determine the effects of age on behavior, 
body temperature and liver gene expression in broilers exposed to heat 
stress. Two groups of Arbor Acres broilers, with difference in age by 
2 weeks, were reared up to the age of d 21 and 35 in separate rooms, 
where room temperature was adjusted to 21 ± 2°C on d 21. After 
adjustment of density between ages, both ages of birds were housed 
together in the same room with 10 pens each room and 5 pens each 
age and then kept for 1 week to adapt to their housing environments. 
At the end of adaptation period, ambient temperature in one room was 
gradually increased to 32 ± 2°C over 4 h whereas that in another was 
maintained without change. Diet and water were provided ad libitum 
throughout the study. Rectal temperature and tonic immobility (TI) in 
response to heat stress was significantly higher in large body weight 
broilers (LBW) than in small body weight (SBW). Latency-to-lie (LTL) 
was decreased greatly in LBW exposed to heat stress, compared with 
SBW counterpart. Liver mRNA expression of heat shock protein 70, 
analyzed by quantitative real-time PCR, was decreased more in LBW 
than in SBW when exposed to heat stress (P ≤ 0.05). The present results 
show that LBW are more severely affected than SBW (i.e., broilers 2 
wk younger than LBW) when exposed to heat stress (Supported by an 
Agenda grant No. PJ0082412011).

Key Words: broiler, liver, behavior, heat stress, gene expression
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P276   A comparative study on production efficiency of two 
strains of brown and white egg laying hens in Kuwait. G. Ragheb*1, 
A. E. Al-Nasser1, F. K. Abdullah1, M. E. Al-Bahouh1, A. Al-Saffer1, 
and M. M. Mashaly1,2, 1Kuwait Institute for Scientific Research, Safat, 
Kuwait, 2Pennsylvania State University, University Park.

The high nutritional value of the eggs makes them an important part 
of the normal diet of people in general and specifically in Kuwait. The 
majority of egg consumption in Kuwait and the Gulf area is of the 
white egg type. However, it is known that the majority consumption in 
European countries and in the Middle East is of the brown egg type. 
This is could be due to high quality of brown eggs including shell thick-
ness. Therefore, the current research was conducted to assess the quality 
of brown eggs as compared with white eggs for 2 laying hen strains 
under local conditions. Furthermore, comparison between production 
efficiency of brown and white laying hens was also conducted. Hy-line 
brown and white laying hen strains were used in the current study. Six 
hundred hens from each strain were used. During the laying period 
(22–70 weeks of age), percent egg production, egg weight, egg mass, 
feed consumption, and feed efficiency were determined every 4 weeks. 
Shell weight, thickness, yolk and albumen weight and percentage, and 
Haugh unit were determined at different laying periods for both brown 
and white eggs. It was found that egg production, egg weight, and egg 
mass of the brown hens were significantly (P < 0.05) higher than that 
of the white hens. Furthermore, there were no significant differences 
(P > 0.05) in the feed consumption between brown and white hens. 
However, feed efficiency was significantly (P < 0.05) better for brown 
hens than that of the white hens. In addition, weight and percentage of 
egg yolk were significantly (P < 0.05) lower in the brown eggs than 
that in the white eggs. However, albumen weight and percentage were 
similar in brown and white eggs. It was also found that shell weight and 
percentage of shell were better in brown eggs than that in white eggs. 
Our results indicate that brown hen strain could have better production 
efficiency and higher egg quality than white hen strain . Therefore, it 
can be concluded that using brown laying hens could benefit both the 
poultry industry and consumers in Kuwait.

Key Words: brown hens, white hens, production efficiency, egg quality, 
yolk

P277   Greenhouse gas emissions from a commercial layer com-
plex. C. Dunkley,* University of Georgia, Tifton.

An evaluation of greenhouse gas emissions from an 11 house in-line 
commercial layer complex was conducted. The houses were all solid 
walled and ranged in ages from 18 to 26 years. Data was collected from 
2 questionnaires that were completed by the complex manager and super-
visors. The first questionnaire included; activity data from the complex 
(in the form of fuel bills and electricity bills), house size and age, flock 
size, number of years flocks were kept, and manure management system. 
The second questionnaire included information on refrigerant use in the 
complex. Emissions were calculated using GHG calculation tools from 
IPCC. The estimated emissions assessed were divided into 3 scopes; 
scope 1 included all the emissions that were generated on the farm. 
Scope 2 was from indirect emissions from the purchase of electricity, 
while scope 3 was from the use of refrigerant equipment. Emissions 

from scope 1 were further divided into; a) mechanical emissions from 
propane use in stationary combustion and diesel use in mobile combus-
tion, and b) non-mechanical emissions from manure management. The 
carbon dioxide, nitrous oxide and methane emissions were computed 
and a carbon footprint was determined and expressed in tonnes carbon 
dioxide equivalents (CO2e). Emissions over a period of one year were 
assessed and a total of 4546.3 tonnes CO2e was estimated to be emitted 
from this facility. Of this total 3376.5 tonnes CO2e were scope 1 emis-
sions. Emissions from manure management were responsible for 53.1% 
of the total emission from the facility, while electricity use represented 
28.4% of the total emissions. The results from the study did not only 
give us the a picture of where GHG emissions was coming from in the 
layer complex, but it also revealed the areas where most of the emis-
sions were occurring, thereby targeting areas for mitigation strategies.

Key Words: carbon footprint, laying hens, manure management, 
greenhouse gas, CO2e

P278   Effect of different housing system on performance, bone 
mineral density and yolk fatty acid composition in laying hen. 
K. Ryu,* M. R. Hassan, and K. Lee, Department of Animal Science, 
Chonbuk National University, Jeonju, Chonbuk, Republic of Korea.

This study was undertaken to investigate the effect of 3 different housing 
systems on the performance, bone mineral density and egg yolk fatty 
acid composition in laying hen. At 18 weeks of age, 450 Hy-line brown 
laying hens were randomly divided into 3 housing system (Aviary, Floor 
and Battery cage) with 6 replications having 25 birds in each room and 
were assigned to diet containing ME 2,750 kcal/kg, and 16.5% CP, 
respectively. The chickens were free access to the feed and water and 
lighting (16h) was maintained throughout the trial. Hen-day production 
and egg quality were measured from 18 and 56 wks of age. At the end of 
the trial, 10 hens per treatment were sacrificed and bone mineral density 
of the tibia was measured by bone densitometer. Egg production (%), 
daily egg mass (g) and feed conversion were significantly (P < 0.05) 
higher in battery cages (88.83, 56.83 and 2.38) than that of floor (85.77, 
53.95 and 2.506) and aviary (80.27, 49.93 and 2.783) housing system but 
egg weight (65.18g) was remarkably (P < 0.05) higher in floor system. 
Egg shell color and breaking strength were also significantly higher (P 
< 0.05) in floor system (27.10 and 4.71 kg/cm2). Though the albumin 
height and haugh unit were significantly higher (P < 0.05) in battery 
cages (8.79 mm and 91.77) than those of aviary (8.06 mm and 87.10), 
but have no differences between battery and floor system. Among the 
egg yolk fatty acid, lenoleic acid concentration was significantly higher 
in aviary (13.57%) and lenolenic acid in floor system (1.21%), but both 
were obtained lower concentration in battery cages (12.41% and 0.77%). 
Nevertheless, saturated and unsaturated fatty acid content (%) in egg 
yolk was not influenced by the housing system. However, bone mineral 
density was significantly higher (P < 0.05) in floor (0.258 g/cm2) and 
aviary housing system (0.244 g/cm2) than that of cage system (0.225 g/
cm2). As a result, the egg production and composition were maximized 
in battery cages, but higher bone mineral density and yolk fatty acids 
content in floor and aviary housing systems in laying hen

Key Words: housing system, performance, bone mineral density, yolk 
fatty acid, laying hen
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P279   Effects of breeder feed restriction programs and tempera-
ture incubation profiles on broiler performance. M. J. Da Costa*1, 
E. O. Oviedo-Rondón1, M. J. Wineland1, V. Moraes1, K. Claassen1, 
J. L. Wilson2, and E. R. Montiel3, 1North Carolina State University, 
Raleigh, 2University of Georgia, Athens, 3Merial Select, Gainesville, GA.

Breeder feeding management and incubation have been reported to 
have carryover effects on broiler performance, but these effects have 
not been entirely quantified. One experiment was conducted to evaluate 
the carryover effects of skip a day (SAD) and every day feed (EDF) 
restriction programs and 2 incubation temperature (TEM) profiles on 
progeny live performance. Fertile eggs of Cobb 500 fast feathering 
breeders, raised under similar conditions and subjected to either SAD 
or EDF programs during rearing, were collected at 60 wk of age. 400 
eggs from each group were incubated following 2 TEM profiles to 
either maintain eggshell TEM at 38.1°C (standard) or have eggshell 
TEM similar to the ones observed in multistage machines. This second 
profile had low (36.9°C) eggshell TEM for the first 3 d, and standard 
TEM until the last 3 d when they endured elevated (38.9°C) eggshell 
TEM. From each treatment combination, 72 chicks were identified at 
hatch with neck tags and placed in 12 battery cages with 6 chicks per 
cage. Individual BW and group feed intake (FI) were measured at 7 
and 21 d of age to obtain BWG, FCR and group uniformity (CV%) in 
each data collection period. All 288 chicks were fed with a common 
starter diet. Data were analyzed as a 2x2 factorial design with breeder 
feed restriction program and incubation TEM profile as main factors. 
Results indicated neither significant (P > 0.05) interaction effects nor 
carryover effects of breeder feed restriction programs on any of the 
variables evaluated in the progeny from eggs laid at 60 wk. Although 
no significant effects of treatments (P > 0.05) were detected at hatch 
on chick BW, at 7 and 21 d of age BWG, FI and FCR were affected 
(P ≤ 0.05) by incubation TEM profile. No significant effects of treat-
ments were observed on group uniformity. It was concluded that these 
2 breeder feed restriction programs did not have carryover effects on 
live performance of broiler progeny produced at 60 wk of age. It was 
corroborated that small deviations from standard eggshell TEM during 
incubation can affect broiler live performance.

Key Words: breeder restriction, incubation profiles, broiler performance

P280   Hatch and post-hatch responses to thermal stimulation 
during incubation. A. Elmehdawi*1, R. Benton2, T. Newsome2, J. 
Smith2, D. Wicker2, and D. V. Maurice1, 1Clemson University, Clemson, 
SC, 2Fieldale Farms Corporation, Baldwin, GA.

There is some evidence that thermal rhythms could be used to alter 
sex ratio and enhance hatch and post-hatch responses in birds. Two 
experiments were conducted to determine the effect of low intensity, 
short-duration thermal stimuli during the late phase of incubation on 
hatchability, sex ratio and grow-out performance of broilers under field 
conditions. Two setters of 42240 eggs each were used; one served as 
control and the other as test with the same physical environment as the 
control except that a thermal stimulus of 0.5°C for 2 h was superimposed 
each day from d 18 to d 20 and verified by the use of data loggers in 
each unit. Hatching eggs from hens aged 37–41 weeks were set and 
about 20,000 chicks from each group placed in the field weekly. The 
experiments were replicated over time with 4 or 5 replicates. Chicks 
were sampled at hatch and at one week of age and body weight, feed 
conversion and mortality measured at market age. Moisture loss, embryo 
temperature, hatchability, chick weight, chick rectal temperature, chick 

quality, and residual yolk sac weight were measured and sex determined 
after dissection. Thermal stimulation increased the proportion of hatched 
males by 3.5% (P < 0.013) and 2.2% (P < 0.008) respectively in the 
2 experiments and in Expt. Two evaluation at 7 d of age showed that 
the difference in sex ratio was still evident with 2.8% (P < 0.001) more 
males in the test group. In Expt. Two hatch residue was examined and 
the proportion of unhatched male embryos was greater in the control 
group than in the test group (P < 0.024). In both experiments the other 
responses measured at hatch or post-hatch were not influenced by 
thermal stimulation. The results demonstrated that low-intensity, short-
duration thermal stimulation during late incubation skewed sex ratio at 
hatch and at 7 d in favor of males. The gender differential at hatch was 
due to increased unhatched males in the control group.

Key Words: broilers, incubation, thermal stimulation, sex ratio

P281   Use of various morphologic traits for comparing growth 
of early chick embryos in eggs subjected to prolonged preincuba-
tion storage. K. Arora,* Fort Valley State University, Fort Valley, GA.

Eggs from 18-mo-old White Leghorn chickens exhibiting high fertility 
rates were used. The eggs were collected between 3:00 and 5:00 p.m. 
After collection, the eggs were stored for 0, 1, 7, 14, and 21 d at 55°F 
and 75% R.H. After a desired storage period, the eggs were incubated 
in an incubator at 99.5°F and 65% RH for up to 5 d. A group of 20 
eggs was included in each treatment. After incubation, the eggs were 
candled and the location of the embryos were marked on the shell. A 
small window was then cut in the shell above the embryos for in situ 
evaluation of various embryonic structures which were then measured 
under a dissecting microscope, after staining with agar impregnated with 
neutral red. Some traits were differentiating much faster than the others 
and facilitated measurement and quantification. The following traits 
were found very reliable for growth rate comparison: at the end of first 
day of incubation, the diameter of blastoderm; at the end of the second 
and third day, lengths of the embryo, area pellucida, area vasculosa and 
number of somites; and at the end of d 5, length and weight of embryo 
and length of hind limb bud. These traits were highly correlated in eggs 
stored for up to 7 d and this relationship decreased with the increase 
in of storage length. The rate of embryonic growth was reduced with 
increase in storage period. For example, at 40 h of embryonic growth 
in eggs stored for 0,1,7,14 and 21 d, an average somite count was 11.8, 
12.2, 7.8, 5.2 and 2.4; length of embryos 5.9, 6.1, 5.8, 5.4, and 3.9 mm; 
length of area pellucida 6.6, 6.8, 5.5, 3.7 and 3.1 mm; one side of area 
vasculosa 4.4, 4.4, 4.1, 3.2, and 2.3 mm whereas the dry weight of 5-d 
embryos were 15.2, 15.6, 14.4, 10.8 and 9.4 mg, respectively. The eggs 
stored for 14 d needed additional incubation of 16–19 h to reach the level 
of somite count and length of embryo found in one-day stored eggs.

Key Words: chick embryo growth, preincubation storage of chicken eggs

P282   Influence of short-term warm stimulation during the last 
3 days of incubation on hatchability and chick quality of Japanese 
quail eggs. M. I. M. El Sabry,* F. A. I. Abd El-Fattah, and F. K. R. 
Stino, Faculty of Agriculture, Cairo University, Faculty of Agriculture, 
Cairo University, Giza, Egypt.

This study aimed to elucidate the effects of thermal manipulation, 
during the last 3 d of the incubation, on quail eggs. Traits studied 
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were: hatchability, embryonic mortality, chick quality measurements, 
chick/egg weight ratio, body weight, body length, shank length and 
toe length. Two batches of Japanese quail eggs, 500 each were used. 
All eggs were incubated under standard incubation conditions (37.5°C 
and 60% relative humidity) until 14 d (D14) of incubation time. From 
D15, the eggs were divided into 2 groups; a control that continued to 
receive the recommended hatcher conditions (36.5°C and 70% rela-
tive humidity) and a treated group that was subjected to a short-term 
warm stimulation (37.5°C and 70% relative humidity) for 2hours/day 
until hatch. Hatchability, embryonic mortality and chick/egg weight 
ratio of the warm stimulated eggs were positively affected. However, 
there were no significant differences in the body weight and chick 
quality between the 2 groups. It was concluded that short-term warm 
stimulation during the last 3 d of incubation improved the quail hatch-
ing performance.

Key Words: quail, hatchability, embryonic mortality, weight, warm 
stimulation

P283   Effect of non-ventilation during the first 10 days of incu-
bation on embryonic development and hatch weight in broilers. K. 
Lassiter,* D. E. Yoho, A. Piekarski, S. Abou-Saad, R. K. Bramwell, 
and W. G. Bottje, Department of Poultry Science, Center of Excellence 
for Poultry Science, University of Arkansas.

In commercial poultry operations, although non-ventilation (NV) of 
broiler breeder eggs during the first 10 d of incubation (embryonic 
growth, E10) that raises CO2 CO2 to ~1% CO2 (10,000 ppm) improves 
hatch and growth performance, mechanisms responsible for the 
improved performance are not known. Thus, 2 experiments were 
conducted in a modified Jamesway P5 single stage research incuba-
tor (5040 egg capacity) designed to replicate industry conditions. 
Embryonic tissues obtained during each study were flash frozen and 
stored at −80 C for later analysis. In both studies, eggs were obtained 
from a single parent breeder flock in peak production. In Exp. 1, CO2 
in the incubator was 0.3% on E10 and reached the target level of 1% 
on E13. In Exp. 2, a CO2 tank was used to supplement incubator CO2 
levels enabling the 1% CO2 level to be reached at E10. After the non-
ventilation period, control (CON) and NV eggs were randomly placed 
in a single incubator with 8 trays of 86 eggs/tray for each group in the 
incubator. In Exp. 1, CON embryos were heavier (P < 0.05) on E14 
and E20 compared with NV embryos. On E20, there were more (P 
< 0.05) early hatched chicks in the CON compared with those in the 
NV group. The earlier hatch in the CON group probably contributed 
to the lower (P < 0.065) hatch weights compared with the NV group. 
In Exp. 2, embryos in the Con group were heavier (P < 0.05) than the 
NV group on E11 but there were no differences between groups on 
E13, E15, E 17, or E20. As in Exp. 1, there were more (P < 0.07) early 
hatched chicks in the CON group compared with the NV group with 
hatch weights being heavier (P < 0.05) in the NV compared with CON 
group. There were no differences in growth performance (to 6 wk) or 
yield in Exp. 2, however. The results of this study suggest that with 
regard to chick quality, non-ventilation for the first 10 d of incubation 
appears to delay embryonic development such that NV chicks may 
spend less time in the incubator after hatch and therefore are heavier 
when the hatch is pulled.

Key Words: incubation, non-ventilation, embryonic development, hatch

P284   The effect of pre-storage warming on the hatchability of 
eggs laid by 40 and 50 week old broiler breeder hens. R. E. Horil* 
and D. R. Ingram, Louisiana Experiment Station, Louisiana State 
University Agricultural Center, Baton Rouge.

This experiment was conducted to determine if pre-storage warming 
can improve the hatchability of eggs laid by 40 and 50 week old broiler 
breeder hens. Three trials were completed using 1,800 freshly laid eggs 
from Ross 708 broiler breeders, which were approximately 40 weeks and 
50 weeks of eggs. For each trial, the eggs were transported for approxi-
mately 4 h to LSU, where they were numbered, randomized, and placed 
into a cooler set at 15.5°C with 60% relative humidity, until treatments 
began 24 h later. The eggs were then warmed for either: 0, 5, or 10 h. All 
the eggs, except for the control treatment, were warmed in a Natureform 
Setter 2000 at 37.5°C and 60% relative humidity for the specified dura-
tion and then placed back into the cooler. After the warming period, the 
eggs were stored for 3 d and then set in a Natureform Setter at the same 
temperature/humidity used during the treatments. On the 7th and 14th 
day, the eggs were candled and the infertile and fertile dead eggs were 
removed. These eggs were broken to determine true fertility or time of 
embryo mortality. On the 18th day, the remaining eggs were transferred 
into a Natureform Hatcher at 37.5°C and 75% relative humidity. After 
21 d of incubation, all unhatched eggs were broken to determine time 
of embryo mortality. A 2x3 factorial in a randomized block design was 
used for statistical analysis. A block, which contained an individual 
level in the incubator, consisted of an experimental unit of 30 eggs each 
for all treatments. Before analysis, all percentages underwent arcsine 
conversion. The trials were combined since no significant trial by age or 
time interactions were found. Fertile hatchability, early dead (pre-blood 
and post-blood), mid dead, late dead, internal pips, pips, and total dead 
were measured for all 3 trials. Pre-storage warming for either 5 or 10 
h did not significantly (P > 0.05) improve fertile hatchability for either 
age group. Pre-storage warming did not significantly (P > 0.05) affect 
any of the other variables measured.

Key Words: broiler breeder, hatchability, embryo mortality, pre-storage 
warming, incubation

P285   Enterobacteriaceae and Salmonella recovered from non-
sanitized and sanitized broiler hatching eggs. M. T. Musgrove*1, C. 
B. Stephens2, N. A. Cox1, J. M. Mauldin2, and R. J. Buhr1, 1USDA-ARS, 
Athens, GA, 2University of Georgia, Department of Poultry Science, 
Athens.

Inhibiting Salmonella contamination of hatching eggs could reduce the 
chance of broiler chicks becoming colonized during incubation and 
hatching. An experiment was conducted to determine the efficacy of a 
quaternary-biquanide sanitizer (1,200 ppm) applied as foam or spray in 
reducing Enterobacteriaceae (EB) or Salmonella from broiler hatching 
eggs. Eggs were treated prior at setting and transfer. Two buggies (5040 
eggs/buggy) were treated during each of 4 repetitions (2 with spray, 2 
with foam). Untreated eggs were used as controls. From each buggy, 20 
eggs were collected aseptically into individual bags and transported to 
the laboratory. Sampling was conducted by 2 methods. Eggs were rinsed 
in 20 mL buffered peptone (BP) for 1 min or shells and membranes were 
placed in tubes with 20 mL PBS and macerated for 1 min. A one mL 
portion of each sample was pour-plated using violet red bile glucose agar 
with an overlay. After incubation at 37°C for 24 h, positive samples were 
recorded and colonies were counted. A pool of 10 eggs rinsed or crushed 
was enriched for Salmonella. Each pool was pre-enriched in buffered 
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peptone water, selectively enriched in Rappaport-Vassiliadis and TT 
broth, and plated onto BGS and XLT-4 agar plates. All incubations were 
18–24 h at 37°C except for selective enrichment (42°C). Samples with 
presumptive colonies were put on TSI and LIA slants. Salmonella iden-
tifications were confirmed serologically and sero-grouped. EB counts 
were too low for accurate enumeration. Combing both reps, foamed 
or control eggs were 0 and 12.5% of EB positive at set, 10% and 30% 
at transfer. For sprayed or controls 5 and 22.5% were EB positive at 
set and 40% and 30% were positive at transfer. Salmonella was only 
recovered at transfer: Three of the foam treated and one foam control; 
and a single spray control. Only sero-groups B and C1 were recovered. 
Though neither application affected Salmonella prevalence, in terms of 
decreasing EB prevalence, foam application was effective at setting and 
transfer while spray application was effective at setting only.

Key Words: Salmonella, Enterobacteriaceae, broiler hatching eggs, 
microbiology

P286   No evidence for temperature-dependent sex determina-
tion or sex-biased embryo mortality in the chicken. K. E. Collins,* 
B. J. Jordan, K. J. Navara, R. B. Beckstead, and J. L. Wilson, The 
University of Georgia, Athens.

Skewing the sex ratio in commercial poultry would be economically 
beneficial to the poultry industry. Reptiles, fishes, amphibians, and 
lizards are able to skew their offspring sex ratio based on egg incu-
bation temperature. This mechanism is uncertain in birds. Previous 
studies testing for temperature-dependent sex determination (TSD) 
in the chicken within a narrow range of incubation temperatures 
(0.8°C) were inconclusive. In this study, broiler eggs were exposed to 
a wider range in incubation temperatures (+ or - 0.8°C from 37.5°C) 
to determine if sex ratio of broilers would be skewed. Ross 708 eggs 
were set in 3 Natureform single stage incubators with temperature 
profiles at 38.3°C for the hot temperature treatment, 37.5°C for the 
standard, and 36.7°C for the cool. On 7 sample days during incu-
bation, 3 embryos per treatment were removed from the egg and 
weighed. At hatch, chicks were vent sexed. Two trays per treatment 
were sex separately reared to 14 d and necropsied to determine the 
accuracy of the vent sexer. All mortality was necropsied to determine 
sex, and dead embryos were sexed by PCR. Vent sexing was 99.9% 
accurate. No differences in the vent sexed male ratios were observed 
(52.5% for the hot, 51.6% for the standard and 52.3% for the cool 
temperature treatment); the percent hatch by treatment was 92.6%, 
91.5% and 92.2% respectively. The sex ratios of the mortality were 
not significantly different by treatment, signifying that sex-biased 
embryo mortality did not occur within this temperature range. Embryo 
weights were significantly different among the treatments. Embryos 
from the hot incubation treatment were the heaviest and those from 
the cool were the lightest. The embryos in the standard temperature 
were intermediate. These data indicate that temperature did have an 
effect on embryonic growth rate but not sex. Within a range of 1.6°C 
variation in incubation temperature, there is no evidence for TSD or 
sex-biased embryo mortality in chickens.

Key Words: temperature-dependent sex determination, broiler, sex, 
embryo, polymerase chain reaction

P287   Alternative bedding sources for rearing broiler chickens. 
D. B. Gholap,* S. F. Bilgili, J. B. Hess, K. S. Macklin, J. P. Blake, J. L. 
Sibley, and G. B. Fain, Department of Poultry Science, Department of 
Horticulture, Auburn University, Auburn, AL.

The high cost of pine shavings in recent years has spurred interest in 
producing and using alternative sources of bedding materials for broiler 
production. This trial compared several alternative bedding materials 
for rearing broiler chickens. Bedding treatments included pine shavings 
(PS), peanut hulls (PH), rice hulls (RH), wood pellets (WP), pine bark 
(PB), sawdust (SD), ground whole pine (GWP) and ground cedar (GC). 
Each bedding type was replicated in 6 pens of 25 broilers in an enclosed 
environmentally-controlled house. Birds were reared on a 3 stage feed 
program (starter feed (1.5 lb/bird), grower (7 lb/bird) and withdrawal (until 
end of trial). With the exception of WP (2.5 cm), all bedding materials 
were placed in pens 10 cm deep. Bedding material bulk density and 24 
and 48 h water retention were determined before bird placement. Bedding 
moisture was determined on d 0, 14, 28, and 42. Pen BW, FC, FCR and 
percent mortality were calculated on d 42. Foot pad dermatitis (FPD) 
incidence and severity were determined at 14, 28, and 42 d. Bulk density 
was highest in WP (54 g/cc), while initial moisture was high in PB (48%), 
SD (50%), GWP (23%) and GC (26%). Moisture retention was high for 
all products (65–89%) and was highest for SD, GWP and GC. No differ-
ences were noted between treatments for BW, FI or FC. Mortality was 
elevated in the PB (1.33%) and GC (1.00%) over PH (0.00%) although 
mortality was low in general. Moisture content of PB (30.1%), SD (27.8%) 
and GC (20.0%) were non-significantly (P = 0.1538) elevated over other 
treatments (generally 11–16%). FPD was low, with GC showing a higher 
percentage of lesions (6%) compared with other treatments (0–3%). All 
bedding materials performed acceptably in this fall growout.

Key Words: bedding materials, litter, peanut hulls, rice hulls, broiler 
chicken

P288   Effect of monochromatic light on growth performance of 
broilers. M. J. Kim,* J. H. Kim, H. K. Kang, D. W. Kim, J. C. Na, J. 
Hwanbo, and H. C. Choi, National Institute of Animal Science, RDA, 
Cheonan, South Korea.

Lighting is an essential part of the physical environment in modern 
poultry husbandry. The chicken eyes are visually well developed and 
the light plays a vital role in their health, reproduction and growth per-
formance. Therefore, a study was conducted to evaluate the effect of 
monochromatic light on growth performance of broilers. A total of 360 
broiler chicks were allocated in 6 light treatment groups with 3 replicates 
(20 birds per replication) from 1 to 35 d (d) of age. A 60 W incandescent 
light bulb (IL) as a control, and white light (WL), blue light (BL), red 
light (RL), green light (GL) and yellow light (YL) using light emitting 
diode(LED) lamps were installed in each treatment groups. From 7 to 35 
d of age, no significant difference in body weight of all treated groups 
was found. Body weight gain at the 14 d and 35 d of age was signifi-
cantly (P < 0.05) higher in birds reared under YL compared with other 
treatment groups. The feed intake was significantly (P < 0.05) higher 
when birds reared under YL compared with other light treatments at 14 
d of age. These results suggest that yellow-colored LED has stimulating 
effect on the growth of broiler chickens.

Key Words: monochromatic light, LED, broilers, growth performance
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P289   Infrared thermography to evaluate thermal status of 
broilers on response of climatic environment variability on hous-
ing. L. S. Martello, S. L. Silva, C. S. S. Araujo, C. L. Oliveira, T. F. 
Canata, C. L. S. Meireles, A. F. Arruda, and L. F. Araújo,* University 
of Sao Paulo, Pirassununga, SP, Brazil.

In commercial flocks it is commonly to find a variability of climatic 
environment along the housing even in controlled environment as tunnel 
ventilating. Although body core temperature is the best parameter to 
monitor broiler thermal status it is not a practical measurement to be 
applied in commercial conditions. Infrared thermography (IRT) has 
been studied to monitor the skin surface temperature (SST) and has 
been associated with body core temperature in broilers. The IRT is a 
noninvasive technique, easily obtained and could be used as an alterna-
tive for monitor thermal status of broilers. The aim of this study was 
to evaluate the IRT technique to measure skin temperature broilers on 
response of climatic environment variability at different places of hous-
ing. Three hundred 20 male broilers, Cobb 50, were reared from 1 to 
42d of age in an experimental broiler house distributed in 32 pens (10 
broiler each pen). Two different regions of broiler house (middle and 
beginning) were considered as treatments. Environmental data were 
collected automatically by data loggers in both locals. One broiler per 
treatment was randomly chosen to record the IRT images (Flukeo TI 20) 
for average (AV), maximum (MAX) and minimum (MIN) temperatures 
of head (HE), body (BO) and leg (LE) determinations. Images were taken 
once a day (13h) during 4 non consecutive days. The effect of local pen 
on IRT was evaluated by ANOVA using SAS software. The mean air 
temperature was lower (P < 0.001) for BH (28°C) than for CH (29°C) 
indicating variability of environment throughout the housing. The AV 
temperatures of HE (37,8°C), BO (35,2°C) and LE (39,7°C) were lower 
(P < 0.001) for broilers on BH than those on CH (38.2°C, 35.5°C and 
40.2°C, respectively). Similarly, MAX and MIN IRT of all body regions 
were lower for broilers on BH than for CH. Infrared thermography was 
effective to detect differences in surface skin temperature of broilers 
in different locals of the housing, indicating that IRT is useful tool to 
detect differences in skin temperature of broilers which can be use as 
an indicative of thermal comfort in commercial broilers.

Key Words: body temperature, environment

P290   Effect of in-house windrow composting on odors during 
land application. S. Winkler*1, C. Coufal1, D. Harmel2, and E. 
Caraway3, 1Texas A&M University, College Station, 2USDA-ARS, 
Temple, TX, 3West Texas A&M University, Canyon.

Managing odors associated with livestock feeding operations can be dif-
ficult, especially as urban growth expands into traditionally agricultural 
areas. A frequent cause of nuisance odor complaints is the land applica-
tion of poultry litter. Composting is an aerobic process known to stabilize 
organic wastes and reduce the potential for offensive odors. In-house 
windrow composting (IWC) of poultry litter has become a common 
litter management practice in the poultry industry. An experiment was 
conducted to determine if IWC could influence odors during the land 
application of poultry litter. A commercial broiler house was divided in 
half lengthwise. The litter on one side of the house was formed into a 
windrow (treated litter) and the other half of the house was not disturbed 
(raw litter). The windrow was turned on d 4, and both types of litter were 
removed from the house and hauled to the litter application site on d 
9. Both types of litter were land applied to separate, nonadjacent fields 
the following day. Volatile gases were collected onto sorbent tubes from 

wind tunnel flux chambers placed directly on litter piles before applica-
tion. The concentrations of 13 compounds commonly associated with 
animal manure were then determined by GC/MS. Concentrations were 
converted to odor activity values (OAV) by dividing the concentration 
of each compound by a detection threshold value. Human panelists also 
assessed odor concentration by taking edge-of-field measurements using 
Nasal Ranger Field Olfactometers. Results of GC/MS analysis indicated 
that OAV values for butyric, isobutyric, isovaleric and hexanoic acids 
were greater in the treated litter compared with the raw litter by 325, 
1164, 58 and 82%, respectively. However, phenol, P-cresol, 4-ethyl-
phenol, 2-aminoacetophenone, and indole OAV values for the treated 
litter were 57, 54, 74, 79, and 97%, respectively, lower than the raw 
litter. Panelist data indicated higher odor concentrations at the treated 
litter field. These data indicate that IWC treatment of litter can alter the 
odor profile, but may not reduce the total amount of volatiles released 
during land application.

Key Words: litter, windrowing, composting, odor, land application

P291   Serotypes of Salmonella enterica isolated from mice 
caught on poultry farms from 1995–1998. J. Guard,* T. Stewart, 
and R. Sanchez-Ingunza, US Department of Agriculture, Agricultural 
Research Service, Athens, GA.

Salmonella enterica is a persistent and pervasive pathogen that impacts 
the safety of the food supply, especially in regards to poultry and poultry 
products. The house mouse Mus musculus is a recognized risk factor 
for introduction on-farm. More information is needed about Salmonella 
serotypes that are circulating in mouse populations caught on-farm to 
more accurately assess the risk that rodents present to maintaining a safe 
food supply. Mice were caught on-farm from 38 different poultry farms 
located in the Northeast United States between March of 1995 and May 
of 1998. Spleens and intestines were cultured and broth cultures from 
positive samples were frozen pending further processing. Intergenic 
Sequence Ribotyping (ISR) linked to the dkgB gene (Morales et al., 
2006. FEMS Microbiol. Lett. 264:48–58) was used to establish serotype. 
The ISR method was developed and evaluated against accepted meth-
ods such as the Kauffman-White scheme and AOAC approved DNA 
microarray. RESULTS: During a sampling time spanning 3 years and 2 
mo, 822 mice were caught. Of these mice, 192 were culture positive for 
Salmonella enterica. ISR genotyping of 88 positive cultures indicated 
that 9 serotypes could be identified from mice caught in the on-farm 
environment of poultry. These serotypes were, from greatest to least 
percentage, respectively: S. Pullorum (22.1%), S. Enteritidis (19.8%), 
S. Schwarzengrund (19.8%), S. Heidelberg (17.4%), S. Typhimurium 
(8.1%), S. Typhimurium 1,4,[5],12:i- (4.7%), and S. Agona (2.3%). Two 
unique serotypes were 3.4% and 2.3% of totals. CONCLUSION: The 
house mouse Mus musculus appears to be an important reservoir for 
pathogenic serotypes of Salmonella enterica in the poultry environment. 
In addition, the mouse appears to be a reservoir for S. Pullorum on-farm, 
which is a risk to the health of poultry although it does not cause human 
disease. Rodent control should be emphasized in biosecurity programs.

Key Words: poultry, mouse, Salmonella, serotype, environment
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P292   Reduction in daily feed allocation and performance 
of broiler chickens. M. A. Silva*1, L. P. Urrea-B2, A. D. Parra -D2, 
D. A. Cadena-R2, and D. A. Serrano-B2, 1Aviagen Inc., Huntsville, 
AL, 2Avicola Colombiana, Bogota, Colombia.

Two experiments (Exp. 1 and Exp. 2) were conducted to evaluate the 
effect of reducing the daily feed allocation (DFA) during Starter (0–10d), 
Grower (11–24d) and Finisher (25–42d) phases on performance of 
Ross × Ross308 broiler chickens. A total of 9600 females (Exp. 1) 
and 9600 males (Exp. 2) were equally distributed in 60 pens under 
a 4-stage feeding program: Starter (150 g), Grower (850 g females 
and 1000 g males), Finisher 1 (1000 g females and 1200 g males) 
and Finisher 2 (until 42 d provided twice a day). A full-factorial 23 in 
central composite design was adopted with 5 levels of DFA reduction 
in relation to 2007 Ross 308 Guide (Guide = 0, 6%, 15%, 24%, and 
30%) in each phase. Statistical analysis were performed using the code 
matrix (−1.68, −1, 0, +1, +1.68) being the independent variables the 
level of DFA in Starter (S), Grower (G) and Finisher (F) converted 
to the actual values by the function (DFA/8.9–1.685) in the equa-
tions. At d 42, 3 birds/pen were taken for processing only in Exp2. 
The DFA affected the body weight gain (BWG) of males and females 
only in Finisher phase (P < 0.01). Adjusted feed conversion for 2.3 
kg (adjFCR) was linearly (L) influenced during Grower and Finisher 
phases (P < 0.01) both in males and females. However, mortality and 
carcass yield (Exp. 2) were not affected (P > 0.05). The response sur-
face equations for BWG were Exp. 1 = 2226.3–7.0*S-1.6*S2+4.3*G-
29.4*G2+34.3*F+17.4*F2+6.5*S*G-1.8*S*F-22.7*G*F, (R2 = 0.57) 
and Exp. 2 = 2515.0–8.1*S+24.9*S2+1.7*G+12.1*G2-45.8*F-5.0*F2-
7.9*S*G-28.6*S*F+10.7*G*F, (R2 = 0.53). As for adjFCR, the equations 
obtained were Exp. 1 = 1.711–0.004*S+0.0001*S2-0.059*G+0.030*G2-
0.152*F-0.016*F2-0.0114*S*G-0.0004*S*F+0.027*G*F (R2 = 0.91) 
and Exp. 2 = 1.612–0.003*S-0.0200*S2-0.047*G-0.008*G2-0.076*F-
0.001*F2+0.002*S*G+0.024*S*F-0.007*G*F (R2 = 0.82). The reduc-
tion of DFA up to 30% in the different phases decreased daily BWG 
by approximately 6 g and improved the adjFCR up to 500 g, suggesting 
that when there is enough operative capacity adjusting DFA is a feasible 
strategy to reduce the cost of feeding broilers.

Key Words: feed restriction, feeding strategy, nutrition, optimizing 
process, response surface method

P293   Biometry of intestine and intestinal segments in broilers 
reared under simulated conditions of heat waves. J. L. M. Mello*1, 
H. Borba1, R. C. Dourado1, M. P. Berton1, E. T. Santos1, A. Giampietro-
Ganeco1, P. A. Souza1, M. M. Boiago2, and M. R. F. B. Martins3, 
1Universidade Estadual Paulista-UNESP, Jaboticabal, Sao Paulo, 
Brazil, 2Universidade do Estado de Santa Catarina, Chapeco, Santa 
Catarina, Brazil, 3Universidade Estadual Paulista-UNESP, Botucatu, 
Sao Paulo, Brazil.

The intestinal integrity of birds is an important aspect of digestion physi-
ology and may have an effect on the animal feed conversion. This study 
was conducted to evaluate the effect of heat waves on the development 
of the intestine in broilers. Five hundred, 1-d-old, Cobb-500Â broilers 
males were used in this study. Birds were randomly assigned to each 
one of 2 climatic chambers, one equipped with coolers and heaters (to 
promote heat only during the simulation of heat wave) and other with 
coolers (to promote thermal comfort temperature), in 10 experimental 
units with 25 birds each. At 35-d-old the birds were submitted to heat 

stress (32°C) for 72 h characterizing a heat wave. After 24, 48 and 72 h, 
10 birds of each treatment were slaughtered without fasting, for obtaining 
the biometric measurements of intestine and of each intestinal segment 
(duodenum, jejunum, ileum and right cecum). The gastrointestinal 
tract was removed after laparotomy. The intestine and the intestinal 
segments were weighed on a digital balance accurate to 0.001 g and 
the length measured using a ruler. The design used was a completely 
randomized design with a 2 × 4 factorial arrangement (2 temperatures 
x 4 heat stress periods) done in 10 replications. There was significant 
interaction between the treatments and the periods of heat stress for the 
variables intestinal weight and intestinal length. Birds exposed to heat 
stress for 24 h showed lower intestinal weight (197 g) and intestinal 
length (137 cm) than birds reared in thermal comfort (242 g and 170 
cm, respectively). There was difference between treatments for weight 
of jejunum, length of jejunum, of ileum and of right cecum. Birds reared 
under thermoneutral conditions showed greater weight and length of 
jejunum and greater length of ileum and right cecum. The duodenum 
and jejunum weights, as the right cecum length, increased with periods 
of exposure to heat stress, probably by the natural growth of the birds 
over the days and not due the environmental temperature. Heat waves 
influence the growth of broilers and consequently the development of 
intestine.

Key Words: heat stress, intestinal mucosa, thermoneutrality

P294   Evaluation of a candidate Bacillus-vectored coccidiosis 
vaccine expressing putative conserved antigens in broiler chick-
ens. L. R. Bielke*1, S. Shivaramaiah1, J. R. Barta2, L. R. Berghman3, 
W.-K. Chou3, O. B. Faulkner1, N. R. Pumford1, M. J. Morgan1, G. 
K. Kallapura1, A. D. Wolfenden1, G. I. Tellez1, and B. M. Hargis1, 
1University of Arkansas, Fayetteville, 2University of Guelph, Ontario, 
Canada, 3Texas A&M University, College Station.

Coccidiosis is caused by apicomplexan parasites of the genus Eimeria. A 
novel member of the Thrombospondin-related adhesive protein (TRAP) 
family of micronemes, associated with host cell invasion and parasite 
gliding motility, and a candidate peptide antigen (CNP), vectored in 
a novel Bacillus platform, were evaluated as potential vaccines for 
control of coccidiosis in broilers. The recombinant vaccine contained 
predicted antigenic sequence portions of TRAP and CNP, plus portions 
of high mobility group protein B1 (HMGB1), TRAP plus HMGB1, or 
CNP plus HMGB1, inserted for surface expression in a Bacillus subtilis 
isolate. Vaccine cultures were combined with a modified chitosan-based 
adjuvant. Broiler chicks were vaccinated at 4 and 14 d of age with the 
respective vaccine in the drinking water at a dilution of 1:128 (5 X 105 
cfu/chick) for 24h. At 21d of age, all groups were weighed and chal-
lenged with 4x104 sporulated oocysts of E. maxima by oral gavage. 
At 28d of age, body weight (BW) and body weight gain of survivors 
(BWG) were recorded during the challenge period. Additionally, mor-
tality was documented to determine vaccine candidate efficacy. Data 
were subjected to one-way ANOVA (SAS, 2009) and partitioned means 
were deemed significant at P < 0.05. Eight days post-challenge BW was 
significantly higher in chicks vaccinated with TRAP-CNP-HMGB1 and 
CNP-HMGB1 when compared with non-vaccinated chicks. BWG was 
significantly higher for all vaccinated groups 8d post-challenge when 
compared with controls. Mortality was also significantly lower in the 
TRAP-CNP-HMGB1 and CNP-HMGB1 vaccinated groups with the 
unvaccinated group. Further studies will evaluate the ability of this 
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vector to provide protection against alternate species of Eimeria in 
addition to characterization of host immune response.

Key Words: Eimeria, coccidiosis, Bacillus, vaccine, broilers

P295   Antimicrobial activity of KEM SAN liquid antimicrobial. 
L. Wonderling,* T. Truong, and M. Stange, Kemin, Des Moines, IA.

Reducing bacterial contamination in drinking water is an important part 
of a total pathogen reduction strategy for poultry producers. KEM SAN 
liquid antimicrobial is a blend of organic acids used to reduce microbial 
growth in poultry drinking water. A series of microbiological tests were 
performed to evaluate the ability of KEM SAN to inhibit and/or kill 
bacteria in water. Microbial growth inhibition was tested by adding 
KEM SAN at the lowest recommended inclusion rate of 0.33 oz. per 
gallon of water and spiking with high (1x 106 cfu/ml) or low (1 × 104 
cfu/ml) levels of either Salmonella enterica ATCC 13076, Escherichia 
coli ATCC 25922, or Staphylococcus aureus ATCC 25923. After 24 h 
of incubation, microbial growth was measured by optical density and 
compared with samples with no added KEM SAN. Results indicated 
that KEM SAN at the lowest recommended inclusion level completely 
inhibited growth of all bacterial strains tested. To evaluate microbial 
kill, a similar test was undertaken and samples were removed at various 
time points from treated and untreated water samples for plate counts 
on tryptic soy agar. The results of the kill assays indicated that KEM 
SAN killed >99% of E. coli and S. aureus within 4 h of treatment at 
37°C. The same level of KEM SAN killed >98% of S. enterica within 
8 h of treatment at 37°C. When the microbial kill assay was performed 
at ambient temperature (25°C), KEM SAN at the lowest recommended 
level killed > 99% of E. coli and S. aureus and > 98% of S. enterica 
within 12 h of treatment. These data indicate that KEM SAN can be 
used to effectively reduce microbial contamination of drinking water.

Key Words: antimicrobial, water, organic acids, Salmonella, pathogen

P296   Fusarium mycotoxins are widespread in South Asian feed-
stuffs. H. V. L. N. Swamy*1, A. Shuaib2, A. Bhat2, and T. Ao3, 1Alltech 
Canada, Guelph, ON, Canada, 2Veterinary College, Bangalore, 
Karnataka, India, 3Alltech USA, Lexington, KY.

There is a need for testing South Asian feedstuffs for several Fusarium 
mycotoxins, including DON (vomitoxin), T-2 toxin, zearalenone and 
fumonisins, along with aflatoxins and ochratoxins. To do so, Alltech 
India collaborated with Bangalore Veterinary College, KVAFS 
University to analyze 14 mycotoxins using LC-MS/MS equipment. 
For the ease of understanding of the total toxicity to animals, the toxins 
of similar structure and effects were further clubbed into groups. Only 
one sample out of 176 tested was negative for all the mycotoxins tested 
giving 99% as level of contamination. Aflatoxins were detected in 89% 
of the samples followed by Type B mycotoxins (56%), fumonisins 
(54%) and ochratoxin A (OA, 52%). Zearalenone (ZEA) and Type A 
mycotoxins were detected at 36% and 28%, respectively. On an aver-
age, fumonisins were present at the highest concentrations (137ppb) 
followed by Type B mycotoxins (97ppb) and aflatoxins (60ppb) (Table 
3). A maximum concentration for an individual sample was recorded 
for fuminisins (2910ppb) followed by aflatoxins (1979ppb) and Type 
B mycotoxins (1400ppb). Only 6.8% of the samples tested contained 
one mycotoxin. The highest percentage of samples, 19.3, contained 4 
mycotoxins followed by 17.6, 15.3 and 13.1 percentage of samples 
containing 5, 7 and 6 mycotoxins, respectively. One sample contained as 
high as 13 mycotoxins. The detection levels of aflatoxins and ochratoxin 
A were expected due to tropical weather and poor storage conditions in 
South Asia. The key findings of this survey are the higher incidences 
of Type B trichothecene mycotoxins (DON) and fumonisins in South 
Asian feeds and feed ingredients. It can be concluded that South Asian 
feedstuffs should be analyzed for various Fusarium mycotoxins (DON, 
T-2 toxin, 15-Acetyl DON, fumonisins B1 and B2, zearalenone etc) 
along with aflatoxins and ochratoxins and the mycotoxin prevention 
strategies should cover wide range of mycotoxins.

Key Words: aflatoxins, fumonisins, Fusarium, mycotoxins, survey
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P297   New eXtension community of practice for small and back-
yard poultry flocks. J. P. Jacob* and A. J. Pescatore, University of 
Kentucky, Lexington.

With increasing interest in small and backyard poultry nationwide, there 
is a need for educational resources targeting this group. According to 
the 2007 Ag Census there were more than 143,000 farms in the US with 
laying flocks of less than 20,000 hens and of these 125,195 had <50. 
More than 10,000 farms sold <16,000 broilers during the year, with the 
majority of those farms selling <2,000. In addition, there were 5,500 
farms selling <2,000 turkeys each year. For many new farm owners it is 
their first experience with farming. Many are either beginning farmers 
or retired professionals who are not from farm backgrounds. Small flock 
owners turn more frequently to the internet as a source of information 
but there is a lot of misinformation available online as well. eXtension 
(www.eXtension.org) is an interactive learning environment delivering 
research-based knowledge in a timely fashion. eXtension is different 
from other search engines or information-based websites since it is a 
place where university content providers can gather and produce new 
educational and information resources on a wide-range of topics. The 
website is available to anyone, at any time, from any internet connec-
tion allowing eXtension to solve real-life problems in real time. A new 
Community of Practice (CoP) has been developed to meet the needs 
of poultry owners with small- to medium-sized production flocks and 
those with backyard flocks. We have completed 295 glossary terms, 285 
FAQs and 126 articles. Each piece of information created is reviewed 
twice before released to the public site. More material is continually 
being developed. When you join the eXtension network you bring 
your unique education, skills and experience to a wide community of 
interested users. You can collaborate with colleagues and consumers 
enabling you to reach a larger audience.

Key Words: small flocks, eXtension, backyard flocks

P298   Collection of microorganisms of interest for swine and 
poultry industries— CMISEA: Creation and maintenance. F. B. 
O. Santos,* M. Lazzarotti, M. L. F. Ramenzoni, P. A. Esteves, C. S. 
L. Vaz, J. D. Kich, C. S. Klein, J. R. C. Zanella, D. Voss-Rech, L. 
L. Beisus, M. F. Schiochet, and T. A. P. Klein, Brazilian Agricultural 
Research Corporation, Concordia, SC, Brazil.

The development of modern microbiology and biotechnology has led 
to an increasing demand on culture collections for authenticated and 
reliable biological material. Furthermore, worldwide recognition of the 
necessity to preserve the microbial genetic information for future studies 
and exploitation has contributed for de creation of centers of expertise in 
culture isolation, maintenance, identification and taxonomy. Microbial 
resource centers are becoming essential elements for the support of 
scientific development in the food industries, especially the poultry and 
swine. For that reason the EMBRAPA Swine and Poultry microbial col-
lection (CMISEA) has been created and accredited by the Council for 
the Management of Genetic Patrimony (CGEN) as a trusted depository 
institution of microorganisms. CMISEA has capacity for storage and 
conservation of approximately 12,000 microorganisms and its main goal 
is to identify, characterize and maintain isolates that are pathogenically 

important for the poultry and swine industries, and to support research 
by providing reliable microbial cultures. Microorganisms require special 
preservation methods to ensure optimal viability, purity and stability. 
Therefore, a system of storage and maintenance was adopted to improve 
quality and reliability of the isolates, which includes preservation of 
isolates by at least 2 different procedures and at least one of them being a 
long-term storage procedure, such as lyophilization or cryopreservation, 
to minimize the risks of genetic changes. In addition, when an isolate 
is held in the collection, it receives a standard code, is cataloged in the 
database that contains all the information regarding that specific iso-
late, and 6 subsamples of it are stored. All the storage equipment, such 
as liquid nitrogen tanks, ultra-freezers, freezers and refrigerators are 
coded and mapped so subsamples can be easily deposited and located. 
Currently, the collection holds 491 different microorganisms within 
16 different genera and the most representative of them is Pasteurella 
(26%), followed by Bordetella (23%) and Salmonella (18%).

Key Words: culture collection, pathogens, research, industry, CMISEA

P299   Problem-based learning: An effective method to assist in 
the development of higher order thinking skills in undergraduate 
poultry science students. C. N. Crozier,* K. A. McCraw, and J. B. 
Golden, North Carolina State University, Raleigh.

Bloom’s Taxonomy of learning domains classifies learning objectives 
into 6 categories which include: remembering, understanding, applying, 
analyzing, evaluating, and creating. While many undergraduate courses 
focus solely on remembering, understanding, and applying facts and 
concepts, undergraduate students are often limited in opportunities to 
develop higher order thinking skills such as analysis, evaluation, and 
creation through traditional didactic lectures. One teaching method that 
promotes the development of higher order thinking skills is Problem 
Based Learning (PBL). In PBL teaching modules, students learn actively 
by working in groups to make decisions about real-world dilemmas that 
they must solve. By creating an environment where students are required 
to act as if they are in a professional setting, they are encouraged to 
develop analytical problem-solving skills. To assess the impact of PBL 
teaching methods in the development of higher order thinking skills in 
Introductory Poultry Science students, 2 Introductory Poultry Science 
courses were utilized in this educational study. One Introductory Poultry 
Science course served as the control group where students were taught 
in a traditional lecture format while the second Introductory Poultry 
Science course served as the experimental group where students were 
taught using PBL instruction. Students from each course were tested 
using identical examinations with questions that were coded as being 
lower order (remembering, understanding, applying) or higher order 
(analyzing, evaluating, and creating). Differences in student performance 
between the traditional versus PBL Introductory Poultry Science Courses 
were assessed to determine if teaching with PBL improved performance 
on higher order questions. Students taught with PBL showed up to 15% 
improvement on higher order problem based questions. This study sup-
ports the use of PBL teaching methods in undergraduate poultry courses 
to enhance the development of higher order thinking skills.

Key Words: problem-based learning, higher order thinking
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P300   Creative inquiry—Undergraduate research on the hen as 
a model for ovarian adenocarcinoma. G. Birrenkott* and J. Fain, 
Clemson University, Clemson, SC.

In 2005 Clemson University implemented a plan to encourage and sup-
port undergraduate scholarship under the heading of Creative Inquiry. 
These are learning experiences where small-groups of students interact 
with faculty, graduate students and staff to explore a specific topic. 
This teaching model was used to engage undergraduates in the study 
of spontaneous ovarian adenocarcinoma in the aging laying hen. The 
hen is the only (spontaneous) experimental model for human ovarian 
adenocarcinoma because of the number of times that the ovarian surface 
epithelium is broken at ovulation and heals. A group of undergraduate 
students in Animal & Veterinary Sciences completed certification pro-
grams in zoonotic diseases, medical surveillance and animal care and 
use before being added to an ongoing Institutional Animal Care and 
Use Committee Protocol (IACUC) at Clemson University. Students 
were involved in necropsy of young and old SCWL hens and became 
familiar with both normal and abnormal ovarian morphology. Students 

were taught how to perform sonograms on cadavers (transabdominal and 
transrectal) excised ovaries and both hard-shelled and soft-shelled (SS) 
eggs. Both color Doppler and grayscale ultrasonography showed clear 
opacity differences in small-white ovarian follicles and the blastodisc 
region compared with the large, yellow-yolk follicles in the rapid growth 
phase of folliculogenesis. These differences in opacity were also noted 
in the yolk components of SS and broken-out eggs. Hens with ovarian 
cancer had numerous abdominal masses that appeared on sonograms 
similar in character to those of the small (white) ovarian follicles but 
were diffusely located in the abdominal cavity. Creative Inquiry proj-
ects are a great way to engage students in learning about avian biology 
and applying their knowledge base to asking and solving real-world 
questions. Because Creative Inquiry projects can run for consecutive 
semesters, these undergraduate group projects can systematically explore 
large topics by breaking them down into smaller experiments that fit 
within a single-semester timeframe.

Key Words: undergraduate research, ovarian cancer, ultrasonography, 
ovarian pathology, laying hen
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P301   454-Pyrosequencing-based transcriptome profiling analy-
sis of the pituitary in emu (Dromaius novaehollandiae). J. Kim*1, F. 
C. Leung2, J. Jiang2, A. H. Y. Kwok2, D. C. Bennett1, and K. M. Cheng1, 
1University of British Columbia, Vancouver, BC, Canada, 2University 
of Hong Kong, Hong Kong SAR, China.

Emus are farmed for their back and abdominal fat which is rendered 
to oil for pharmaceutical and cosmetic purposes. Our previous study 
observed that emu oil has anti-inflammatory, anti-oxidant, as well as 
cell growth-promoting properties. Fat metabolism and the intricate 
signaling pathways involved therein have been an important research 
area, given concerns over obesity in human. The objective of this study 
is to explore the emu pituitary transcriptome for functional genomic 
elements affecting beneficial traits for selective breeding. In this study, 
mRNA from emu pituitary tissue was subjected to 454-pyrosequencing 
to provide a better understanding of the gene expression profile in emu 
pituitary. We sequenced cDNA libraries from pooled pituitaries of both 
male and female emus using Roche 454 Jr. Sequencer. The raw read data 
set was assembled by aligning with the RefSeq database of 7 species 
as references. The result showed that there were 81,788 reads (~400bp 
read length) in emu. The total mapped reads to the RefSeq database of 
7 species are human (22,141), mouse (19,054), chicken (10,035), zebra 
finch (1,440), drosophila (292), turkey (188), and C. elegans (162). We 
annotated 6,669 genes from these 7 species. Because human, mouse and 
chicken genomes have been sequenced with higher quality than those 
of other species, we aligned the RefSeq database of these 3 species and 
obtained 3,826 common mapped reads and 1,232 common reference 
genes. This study revealed that a panel of tissue-specific genes, regula-
tor of G-protein signaling 2, 6, 7, 16 (RGS2, RGS6, RGS7, RGS16), 
glucagon-like peptide receptor 1, 2 (GLP1R, GLP2R) and growth 
hormone-inducible transmembrane protein (GHITM) may exist in the 
emu pituitary. Interestingly, stearoyl-coenzyme A desaturase (SCD), one 
of the key enzyme genes in emu fat metabolism, was found expressed in 
emu pituitary. This study has provided preliminary transcriptome data in 
the emu pituitary, which is the first step for functional genomics studies 
including gene expression, single nucleotide polymorphisms (SNPs) 
discovery, and quantitative trait analysis in emu.

Key Words: 454-pyrosequencing, emu, pituitary, transcriptome

P302   Identification and characterization of chicken immune 
microRNAs. M. Goher,* N. Trakooljul, and H. C. Liu, North Carolina 
State University, Raleigh.

MicroRNAs (miRNAs) are non-coding small RNA molecules of 
~22-nucleotides. MiRNAs function in post-transcriptional gene regu-
lation via association with complementary base sequence sites within 
target messenger RNAs. We have previously demonstrated the dynamic 
expression of miRNAs in the embryonic chicken bursa and spleen. To 
fully characterize the involvement of miRNA in the development of the 
avian immune system, 30 small RNA libraries were constructed and 
followed by deep sequencing from the 3 immune organs; spleen, bursa 
and thymus at 3 embryonic days and at 7 post-hatch days. Libraries 
of enriched small RNA were sequenced using a RNA Truseq Kit on 
an Illumina GAIIX platform that facilitated the profiling of the entire 
miRNA transcriptome. A range of 449,971 to 792,111 high quality 
sequencing reads were obtained for each library with an overall quality 

Phred score of ≥20. MiRanalyzer was used to identify reads represent-
ing annotated Gallus gallus miRNAs present in miRBase. At least 200 
known chicken miRNAs were found in each library. The edgeR package 
in R language was used to normalize the relative miRNA expression 
levels. Log fold change was used to identify differences in miRNA 
expression for each tissue at each stage. Paired comparison analyses 
were performed between different stages within the same tissue. Extreme 
selection of the top 2% upregulated and 2% downregulated miRNAs 
within each tissue were chosen. In addition, potential miRNA bind-
ing sites were predicted using the miRNA target prediction algorithm 
miRanda. A group of potential miRNA target genes was selected based 
on gene function and/or miRNA target site conservation in other species. 
Our study shows a wide range of miRNAs are dynamically expressed 
in the developing chicken immune system. Target prediction validation 
suggests that these miRNAs regulate toll-like recpetors and apoptotic 
pathways, coordinate a diverse range of cell functions including prolif-
eration, cell survival, degranulation, vesicular trafficking, cell migration, 
initiation of endocytosis events at the plasma membrane and stimulates 
NF-kappa-B activation.

Key Words: microRNA, immune system, gene expression, deep 
sequencing, pathway analysis

P303   Identification of chicken microRNAs associated with 
MDV vaccination and infection. M. Dort,* M. Goher, N. Trakooljul, 
and H. C. Liu, North Carolina State University, Raleigh.

The causative agent of Marek’s disease, a common lymphoprolifera-
tive disorder in chickens, is Marek’s disease virus serotype 1 (MDV-1). 
Current MDV vaccination strategies include the use of non-pathogenic 
serotypes, such as herpesvirus of Turkey (HVT). Understanding 
alterations in host gene expression upon vaccination and infection will 
provide a better understanding of both MDV pathogenesis and aid in 
the improvement of preventative strategies. MicroRNAs (miRNAs) are 
~18–23 nucleotide small RNA molecules that post-transcriptionally 
regulate the expression of target mRNAs. The objective of this study was 
to identify chicken miRNAs associated with the response to both MDV 
vaccination and infection. Total RNA was isolated from the spleens of 3 
MDV-1 infected birds and 3 controls birds at 42dpi. Small RNA popula-
tions were enriched and subjected to deep sequencing using an Illumina 
GAIIX platform. Sequences were then searched against miRBase and 
Rfam to determine sequence reads representing known miRNAs and 
other types of small RNA, using 2 server-based data analysis programs, 
DSAP and miRanalyzer. Differential expression analysis revealed an 
increased expression of miR-146b, miR-21, and miR-10b, and decreased 
expression of miR-30d, miR-128, and miR-92 in MDV-1 induced spleen 
tumor tissues. qRT-PCR was employed to further characterize the 
expression of a select group of these differentially expressed miRNAs 
in immune tissues from either birds vaccinated with HVT alone, birds 
vaccinated with HVT followed by infection with MDV-1, birds infected 
with MDV-1 alone, or control birds, at 0dpi, 7dpi, 14dpi or 42dpi. The 
expression analysis results suggest that changed miRNA expression is 
likely involved in not only MDV pathogenesis but also in the response 
to vaccination.

Key Words: microRNA, HVT, immune system, deep sequencing, 
Marek’s disease virus
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P304   Development of SNP assays to determine genetic resis-
tance to ALV-A in chickens. Q. M. Xie1,3, S. Chang1,2, and H. M. 
Zhang*1, 1USDA-ARS, Avian Disease and Oncology Laboratory, 
Lansing, MI, 2Animal Science Department of Michigan State 
University, Lansing, 3South China Agriculture University, Guangzhou, 
China.

Avian leukosis virus (ALV) is an oncogenic retrovirus. Six subgroups 
of ALV, namely, A, B, C, D, E, and J were found in chickens. Although 
ALV subgroup A most commonly causes tumors primarily in egg-
layer type of chickens, it is, just like the other subgroups, controlled 
by eradication schemes. ALV-A infection of chicken is mediated by a 
cellular host receptor encoded by the tumor virus A (TVA) gene. Two 
DNA polymorphisms reportedly alter the structure and function of 
the receptor. The wild type of TVA allele, TVA*S, encoded receptors 
permit ALV-A infection of chickens. The TVA with a single base muta-
tion, designated as TVA*R1, encodes a non-functional receptor, which 
blocks the virus entry of infection. The TVA with a 4-base insertion, 
designated as TVA*R2, also encodes a non-functional receptor. We 
developed a PCR-RFLP and a Pyrosequencing assay that can be used to 
quickly assess chicken DNA samples to determine the TVA genotypes 
of chickens. We used these 2 assays to SNP-type chickens from our line 
6 (susceptible to ALV-A), line 7 (resistant to ALV-A) and several other 
lines, which are segregating for resistance and susceptibility to ALV-A. 
Those chickens were also challenged with RSV (RAV-1) in wing-web. 
The TVA genotypes of the tested chickens were in good agreement with 
the tumor status observed. It is anticipated that these 2 assays should 
be instrumental in genetic improvement for ALV resistance in chickens 
by selection.

Key Words: SNP assays, genetic resistance, A subgroup avian leukosis 
virus (AVLV-A), TVA genotypes, chicken

P305   Quantitation of Marek’s disease virus in vaccinated popu-
lation of resistant and susceptible chicken samples using real-time 
PCR. S. Chang1,2, Q. M. Xie1,3, and H. M. Zhang*1, 1USDA-ARS, 
Avian Disease and Oncology Laboratory, East Lansing, MI, 2Michigan 
State University, East Lansing, 3South China Agriculture University, 
Guangzhou, Guangdong, China.

Marek’s disease (MD) is a lymphoproliferative disease of chicken 
caused by cell-associated α-herpesvirus, known as Marek’s disease virus 
(MDV). Virus load of MDV challenged chickens were well reported 
but the virus load of vaccinated MD resistant and susceptible chickens 
remain poorly understood. In this study, we quantitatively evaluated 
virus load in feather tip samples and dander samples taken from HVT 
or CVI988/Rispens vaccinated and unvaccinated MD resistant and 
susceptible chickens challenged with very virulent plus MDV. The 
quantitative evaluation was done by qPCR. Differences in virus load 
were detected between the MD resistant and susceptible lines of chick-
ens. The virus load of the MD resistant line of chickens (Line 6) was 
significantly lower than the MD susceptible line of chickens (Line 7). 
The virus load between the vaccinated groups, however, remains unclear 
based on the preliminary data we have so far. The virus load difference 
between different vaccine groups will be re-evaluated as soon as new 
data become available in the near future.

Key Words: Marek’s disease, real-time PCR, absolute quantitation, 
feather tip, dander

P306   A genetic perspective of using SNPs of TYR and MC1R 
genes in Korean native chicken. M. N. Park,* K. T. Lee, T. H. Kim, 
and H. H. Seong, National Institute of Animal Science, Suwon, Korea.

WoorimatdagTM was made by 3-way crossbreeding with one Korean 
native chicken (KNC_R) breed and 2 endemic chicken breeds (KNC_C 
and KNC_H) to improve the commercial values of KNCs. Genetic mark-
ers to fix the colors of shank and feather in WoorimatdagTM should be 
developed in Korean market. The melanocortin-1 receptor (MC1R) gene 
plays an important role in pigmentation and melanin production in skin, 
hair and feathers and mutations in this protein appear to correspond to 
light or dark phenotypes in any different animals. Tyrosinase (TYR) 
is described as a key enzyme in melanin biosynthesis. We aligned the 
sequences of MC1R and TYR genes obtained from NCBI database and 
found 3 SNPs in those genes, respectively. The primers of TYR and 
MC1R genes were designed to amplify each SNP region of 647 bp in 
TYR and 934 bp in MC1R. PCR products were purified and subjected 
to sequencing using ABI-3130xl Genetic Analyzer. In total, 11 breeds 
for TYR gene and 4 breeds for MC1R gene were genotyped with the 
population of 120 and 221 chickens, respectively. Three SNPs in TYR 
gene showed high heterozygosity (YYR) of 60% to100% in Ross, Avian, 
Harvard, Abor Acres, and WoorimatdagTM. However, the homozygous 
haplotypes of CCA was relatively presented 90% in KNC_C. It was 
suggested that KNC_R and KNC_H should be fixed with one kind of 
haplotype (TTG) in TYR gene. In 3 SNPs of MC1R gene, it was shown 
that several haplotypes (TGG, CAA, and YAA) were specifically fixed 
in KNC_C and Silky fowl, but not in KNC_H. Although 3 SNPs in TYR 
and MC1R genes were observed not to be associated with color traits of 
feather and shank, it was speculated that one kind of haplotype in each 
breed will be fixed for preparation of a commercial breed. Moreover, 
the number of experimental chickens was not sufficient to deduce the 
relationship of SNPs in TYR and MC1R genes with color traits of 
feather and shank. WoorimatdagTM has been well established by just 
phenotypic selection, but recently needed genetic fixation using DNA 
markers. Both the phenotype and genotype selection process will be 
helpful tools in the production of the new breeds from restored KNCs.

Key Words: Korean native chickens, SNP, TYR, MC1R, color

P307   Genes in the mTOR pathway affect feed efficiency 
in meat-type chickens. J. Lee,* A. B. Karnuah, and S. E. Aggrey, 
Department of Poultry Science, University of Georgia, Athens.

The mammalian target of rapamycin (mTOR) is a serine/threonine 
kinase complex that integrates multiple signals from upstream pathways 
including insulin, growth factors (e.g., IGF1 and IGF2), and amino acids 
to promote protein synthesis, growth and proliferation commensurate 
with nutrient availability or catabolic processes when conditions are 
unfavorable. mTOR comprises of 2 molecular complexes, mTOR 
Complex 1 (mTORC1) which includes regulatory-associated protein 
of mTOR (Raptor) and mammalian LST8/G-protein β-subunit like 
protein (mLST8/GβL). mTOR Complex 2 (mTORC2) comprises of 
mTOR, rapamycin-insensitive companion of mTOR (Rictor), GβL, 
and mammalian stress-activated protein kinase interacting protein 1. 
We investigated the differential gene expression of genes in the mTOR 
signaling pathway using duodenum tissue in a chicken line selected for 
high or low feed efficiency. Our results indicated that IGF1, AKT1 and 
mTOR were upregulated in the high feed efficiency line compared with 
the low feed efficiency line, whereas AKT2, AKT3, EEF2, EIF4EBP1, 
RPS6 and RPS6BP1 were upregulated in the low feed efficiency line 
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compared with the high feed efficiency line. The differences in gene 
expression reflect the nutritional and energetic status of the chicken 
lines. The dietary nitrogen retained was significantly higher in the high 
feed efficiency line than the low feed efficiency line. Genetic markers 
in the differentially expressed genes can be developed to assist in the 
improvement of feed efficiency in meat type chickens.

Key Words: feed efficiency, mTOR, IGF1, nutrient sensing, energy 
sensing

P308   Effect of crossing on broilers slaughter performance. F. S. 
Nassar,* A. M. Abdou, F. R. M. Hassan, and F. K. R. Stino, Department 
of Animal Production, Faculty of Agriculture, Cairo University, Giza, 
Egypt.

Numerous broiler crosses are commercially available. It is of major 
economic importance to determine the slaughter performance of these 
crosses. A cross between the Cairo B-2 line, a local broiler female 
line selected for 3 generations for increased 6-wk body weight and 
Hubbard commercial broiler parent males was used to produce the 
Cairomix broilers. In the first experiment the second Cairo B-2 selected 

generation females were used. In the second experiment the third Cairo 
B-2 selected generation females were used to produce the Cairomix 
broilers. Hubbard commercial broilers were used as control groups for 
both experiments to evaluate the improvement of Cairo B-2 line from 
one generation to the next. In both experiments, all birds were sexed 
at hatch, weighed, wing-banded, and approximately similar numbers 
of sexes were placed in 4 replicate rooms. The chicks were reared, 10 
birds/m2 with free access to feed and water on deep litter, until 6 wks 
of age. Cairomix broilers slaughter performance was evaluated. At 6 
wks of age, 40 males, selected at random, were slaughtered from each 
strain to evaluate live BW and carcass parts weights. Data were analyzed 
as a one way ANOVA using the SAS software. All data were presented 
as least squares means ± SE. The results indicated that Cairomix male 
broilers had significantly higher BW (1402 vs 1719 g), carcass weight 
(785 vs 1123 g), dressing (60 vs 69%), breast meat (13.7 vs 15.4%), 
and leg meat (13.5 vs 15.5%) percentages in the second experiment 
than the first experiment. The results of this study indicated that, after 
a few generations of selection, for increased 6-wk body weight in the 
Cairo B-2 line, body weight, breast meat and dressing percentages of 
the Cairomix broilers will approach that of the Hubbard broilers.

Key Words: broilers, crosses, body weight, carcass, breast meat
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P309   Heightened innate immune responsiveness in Smyth line 
chickens before onset of autoimmune vitiligo. K. A. Byrne,* L. 
Dong, F. Shi, R. L. Dienglewicz, and G. F. Erf, University of Arkansas, 
Division of Agriculture, Department of Poultry Science, Fayetteville.

Innate immunity, while not self-reactive, has been shown to play a 
role in the development of autoimmune diseases. The Smyth line (SL) 
chicken is an animal model for human autoimmune vitiligo, a pigmen-
tation disorder resulting in development of white areas of the skin. To 
compare innate immune activity in SL chickens that developed vitiligo 
(SLV) to those that did not (non-SLV), blood was collected from SLV 
and non-SLV chickens at 6 wks of age, when none of the chickens 
exhibited signs of vitiligo, and again at 14 weeks of age when half (n = 
6) of the chickens had developed SLV. Peripheral blood mononuclear 
cells (PBMC) were isolated and cultured with and without lipopolysac-
charide (LPS) stimulation to examine production of nitric oxide (NO) 
and reactive oxidative species (ROS), as well as, cytokine expression 
at the transcriptome level by quantitative RT-PCR. While there were 
no differences in PBMC ROS production between SLV and non-SLV 
chickens at both ages, PBMC NO production was higher in SLV com-
pared with non-SLV, independent of LPS stimulation and age (main 
effect P < 0.05). Additionally, compared with PBMC from non-SLV 
chickens, gene-expression of interleukin-1 (IL-1), IL-4, IL-8, IL-10 and 
inducible nitric oxide synthase was higher (P < 0.05) in LPS-stimulated 
PBMC from SLV chickens. This was especially evident at 6 wks of age 
before the chickens exhibited signs of vitiligo (i.e., loss of pigmentation 
in growing feathers). The heightened innate immune responsiveness 
observed in SL chickens that eventually developed vitiligo suggests a 
role of innate immunity in vitiligo onset in this chicken model.

Key Words: autoimmune disease, Smyth line chicken, innate immunity, 
nitric oxide, cytokines

P310   Oral antibody to interleukin-10 prevents growth sup-
pression by coccidia infection. J. Sand,* S. Hidayati, and M. Cook, 
University of Wisconsin, Madison.

Coccidiosis (Eimeria sp. infection) has been estimated to cost the 
poultry industry $1 billion annually. Recent work suggests that IL-10 
knockout mice are more resistant to protozoan infection. Induction of 
IL-10 has been implicated as a strategy used by coccidia to suppress 
inflammation and evade immune detection. Here we attempt to decrease 
growth suppression due to coccidial infection using antibody to chicken 
interleukin-10 (IL-10), a cytokine responsible for downregulation of 
inflammatory processes. Egg antibody directed against 4 hydrophilic, 
antigenic and accessible peptides of IL-10 were produced in Single 
Comb White Leghorn laying hens and measured using enzyme-linked 
immunosorbent assay. Egg yolks were collected and lyophilized; the 
yolk powder was added to feed at 3.41g/Kg feed to determine broiler 
growth response following a mild coccidia infection. Chicks fed the anti-
IL-10 antibodies (plus control antibody, n = 40/diet) were challenged 
(d3) orally with either sterile saline or a 10X attenuated coccidia vaccine 
(Advent, Novus Intl.) and weights were measured one week post vac-
cination. Dietary anti-IL-10-peptide 2 (VLPRAMQT) antibody, but not 
other dietary antibodies, was effective at preventing coccidia-induced 

suppression of weight gain. Control antibody fed and challenged chicks 
grew 17% slower than those challenged with saline (P < 0.05), whereas 
the difference between growth of saline and coccidia challenge chicks 
fed anti-peptide 2 was only 3% (P > 0.05). To determine if anti-peptide 2 
adversely affected the adaptive immune response to d3 challenge, chicks 
fed control or anti-peptide 2 and challenged with saline or 10X coccidia 
on d3 received (within each treatment group at d3) either saline or 10X 
coccidia at d21 and growth during subsequent week was determined. 
Growth rates of chicks receiving a second challenge of 10X coccida 
were similar in both the control and anti-peptide 2 fed chicks. Hence, 
dietary anti-peptide 2 did not appear to effect adaptive immunity. In 
summary, the feeding of antibody to a specific peptide on chicken IL-10 
prevented coccidia-induced decreases in weight gain without affecting 
adaptive immunity.

Key Words: coccidiosis, antibody, growth, interleukin-10

P311   Immunity aspects of Saudi, Leghorn and Lohmann laying 
hens with special reference to cell mediated response. M. M. Fathi1, 
A. Al-Moshawah*1, and H. A. Yacoub2, 1Dept. of Animal Breeding 
and Production, Qassim University, Buridah, Al-Qassim, Saudi 
Arabia, 2Dept. of Biological Sciences, King Abdul Aziz University, 
Jeddah, Saudi Arabia.

An experiment was conducted to determine the immunocompetence of 3 
chicken breeds (Baladi, Leghorn and Lohmann) raised under high ambi-
ent temperature of Al-Qassim province, Saudi Arabia. Four hundred fifty 
female chicks (150 each) were kept in littered floor pens and transferring 
to individual wire cages thereafter. At 6 weeks of age, 15 birds from 
each breed were randomly selected and slaughtered. Lymphoid organs 
including thymus, spleen and bursa of Fabricius were collected, weighed 
and expressed as a percentage of live body weight. Response induced 
in vivo by mitogen was evaluated by injection of phytohemagglutinin-P 
(PHA-P) into the wattle of laying chickens. Fifteen laying hens from 
each breed at 36 weeks of age were used. Each hen was intradermally 
injected in the right wattle with 100 µg PHA-P (Sigma Chemical Co., 
St. Louis, MO 63178) in 0.1 mL of sterile saline. The resultant swelling 
was measured with a constant tension caliper before injection and at 
24, 48 and 72 h post PHA-P injection. The wattle swelling was calcu-
lated as the difference between the thickness of the wattle before and 
after injection. The current results revealed that the Saudi laying hens 
recorded significantly (P < 0.01) higher cellular mediated response 
(higher swollen) compared with Leghorn and Lohmann layers particu-
larly at the later period. Lower spleen percentage was associated with 
Saudi breed compared with the other 2 breeds. Bursa percentage did 
not record a significant difference among breeds. On the other hand, 
significantly higher percentage (P < 0.05) for thymus was observed in 
Lohmann and Saudi chickens compared with Leghorn counterparts. We 
conclude that the Saudi laying hens exhibited the highest cell mediated 
response, although there was no a constant trend for the relative weight 
of lymphoid organs among breeds.

Key Words: Saudi chicken, cell mediate, immune, Leghorn, lymphoid 
organs
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P312   Improved resistance to Eimeria maxima and Eimeria 
tenella infection in chickens due to dietary supplementation with 
Curcuma longa (turmeric). D. K. Kim*1, H. S. Lillehoj1, S. H. Lee1, 
and D. Bravo2, 1Animal Parasitic Diseases Laboratory, Animal and 
Natural Resources Institute, USDA, Beltsville, MD, 2Pancosma SA, 
Geneva, Switzerland.

The effects of orally administered Curcuma longa (turmeric) on the 
chicken immunity during experimental Eimeria maxima (EM) or 
Eimeria tenella (ET) infection were evaluated. Broiler chickens con-
tinuously fed from hatch with Curcuma longa supplemented diet and 
orally challenged with live EM or ET had increased body weight gain, 
greater antibody responses to microneme protein 2 from ET (EtMIC2) 
compared with chickens fed a non-supplemented diet. However, the 
chickens fed turmeric-supplemented diet shed significantly decreased 
fecal oocyst excretion only in ET infected chickens, not in EM infection 
group. Differential gene expression by microarray hybridization using 
a cutoff of >2.0-fold changes identified 601 transcripts whose levels 
were significantly altered in intestinal lymphocytes of turmeric-fed birds 
without Eimeria infection compared with non-supplemented controls 
(287 upregulated, 314 downregulated). Biological pathway analysis 
identified the most significant function belonging to the categories of 
“Disease and Disorder” as “Nutritional Diseases.” The levels of local 
cytokine transcripts of IL-1β, IL-6, IL-15, and IFN-γ were consistently 
greater in the turmeric-fed no-infection group compared with the con-
trols fed only the standard diet. These results suggest the immunologic 
and gene expression changes that occur in chickens following dietary 
supplementation of turmeric that are relevant to protective immunity 
during avian coccidiosis.

Key Words: Curcuma longa, turmeric, chicken, Eimeria maxima, 
Eimeria tenella

P313   The β-defensin expression profiles in necrotic enteritis in 
commercial broiler chickens. Y. H. Hong*1, D. T. Hue1, S. H. Lee2, 
and H. S. Lillehoj2, 1Department of Animal Science and Technology, 
Chung-Ang University, Anseong, Gyeonggi-do, Republic of 
Korea, 2Animal Parasitic Diseases Laboratory, Agricultural Research 
Services USDA, Beltsville, MD.

In the world, necrotic enteritis (NE) is among the most important infec-
tious diseases in chickens. Recently, NE has re-emerged as a significant 
problem as a result of restricted use of in-feed antibiotics, high-density 
housing conditions, and re-use of litter. Thus, there is an urgent need to 
develop rational, and alternative immunological management strategies 
not only to control, but also to prevent NE. Thus, better understanding 
of host-pathogen, as well as pathogen-pathogen (Clostridium-Eimeria) 
interactions in NE will be required to realize these goals. In this report, 
changes in the expression levels of avian β-defensin (AvBD) mRNAs 
were evaluated in NE disease model in 2 genetically disparate broiler 
chicken lines. NE was initiated in the gut by a previously established 
co-infection model using oral Eimeria maxima (E. maxima) infection 

followed by a C. perfringens challenge. Among the 14 avian β-defensin 
types examined, there was a tissue-specific expression of AvBD tran-
scripts: AvBD1, AvBD7, and AvBD13 in the intestine and AvBD1 
and AvBD7 in the spleen. The 2 different commercial broiler chicken 
lines showed differential gene expression patterns of AvBD transcripts 
following co-infection with E. maxima and C. perfringens, with Ross 
(R) line chickens generally showing higher expression levels than the 
Cobb (C) strain. Both chicken strains showed enhanced gene expression 
levels of pro-inflammatory cytokines such as IL-1β, IL-6, IL-17F and 
TNFSF15 in spleen, and TNFSF15 in intestine, whereas IL-17F was 
significantly increased only in the intestine of R line chickens following 
NE infection. Taken together, tissue- and strain-dependent expression of 
AvBD transcripts are induced in broiler chickens following NE infec-
tion suggesting that the local expression of these antimicrobial peptides 
could be important in the regulation of host innate immunity to this 
infection. (This project was supported by the NRF grant funded by the 
Korea government (MEST) (No. 2012–0002910), Republic of Korea).

Key Words: chicken, β-defensin, cytokine, Eimeria maxima, 
Clostridium perfringens

P314   Loxoribine pretreatment reduces Salmonella Enteritidis 
organ invasion in day-old chickens. C. L. Swaggerty,* H. He, K. J. 
Genovese, S. E. Duke, and M. H. Kogut, USDA/ARS/SPARC, College 
Station, TX.

Young poultry exhibit a transient colonization by some foodborne 
pathogens, including Salmonella, during the first week of life that stems 
from immature innate and acquired defense mechanisms. Consequently, 
modulation of the hosts’ natural immune response is emerging as an 
important area of interest for food animal producers including the 
poultry industry. Toll-like receptor (TLR) agonists have been shown to 
boost the innate immune response in young chickens and increase their 
resistance to colonization by Salmonella enterica serovar Enteritidis 
(S. Enteritidis). The purpose of the present study was to determine if 
pretreatment with loxoribine, a TLR7 agonist and immune modulator, 
protects young chicks from S. Enteritidis organ invasion. Loxoribine 
(0–100 μg) was administered intra-abdominally (IA) to day-old broiler 
chicks and 4 h later the birds were challenged orally with S. Enteritidis. 
Twenty-four h post-challenge, birds were euthanized and the liver 
and spleen aseptically removed and cultured for S. Enteritidis. This 
was carried out on 3 separate occasions using 26–50 chicks per dose 
per experiment. Pre-treatment of chicks with loxoribine (6.25–25 μg) 
significantly (P ≤ 0.05) reduced liver and spleen organ invasion by S. 
Enteritidis. Higher doses (50–100 μg) of loxoribine had no effect. In 
conclusion, the results obtained in this study indicate there is a potential 
application for using loxoribine to increase protection of young chicks 
when they are most susceptible to infections with Salmonella.

Key Words: chicken, immunomodulation, loxoribine, Salmonella 
Enteritidis, toll-like receptor
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P315   The effect of organic acids mixture and two methionine 
supplements on performance and organ characteristic of broiler 
chickens. M. Eftekhari*1, A. A. Saki1, and K. Pournia2, 1Department 
of Animal Science, Bu-Ali Sina University of Hamadan, Hamadan, 
Iran, 2The Excellence Centre for Animal Sciences and Department 
of Animal Science, Faculty of Agriculture, Ferdowsi University of 
Mashhad, Mashhad, Iran.

A study was carried out to investigate the effect of organic acids 
mixture and 2 methionine supplements (DL-Methionine and Alimet) 
on performance and organ characteristic of broiler chickens. Six hun-
dred unsexed day-old Ross 308 broiler chicks were used in factorial 
arrangement (3 × 2) based on completely randomized design (CRD) by 
4 replicates and 25 chicks in each. Experimental diets consisted of: 0% 
organic acids mixture+DL-methionine (treatment 1), 0% organic acid 
mixture+Alimet (Treatment 2), 0.5%organic acid mixture+DL-methi-
onine (Treatment 3), 0.5% organic acid mixture+Alimet (Treatment 
4), 1% organic acid mixture + DL-methionine (Treatment 5), 1% 
organic acid mixture+Alimet (Treatment 6). The variables studied 
include weight gain, feed intake, feed conversion ratio and mortality. 
The performance of carcass, breast, tight (ratio carcass weight) were 
recorded in the end of rearing period (2 birds were randomly selected 
and slaughtered from each replicate in 21 and 42 d). Body weight 
gain (BWG) significantly increased and feed conversion ratio (FCR) 
significantly improved (P ≤ 0.05) by the level of 0.5 and 1% organic 
acid mixture at 42 d of age. BWG and FCR in treatments 1 and 2 were 
lower than the other treatment at 42 d of age (P < 0.05). No significantly 
differences of feed intake and mortality were observed at 42 d of age (P 
> 0.05). The carcass weight at 42 d of age significantly increased by the 
1% of organic acid than the other levels (P < 0.05). However treatment 
6 and 4 have shown higher carcass weight than the other treatment. 
Alimet have a better weight of carcass than the DL- methionine in the 
42 d of age (P < 0.05). The breast weight significantly increased by 
the level of 0.5 and 1% organic acid mixture at 42 d of age. The breast 
weight in treatments 1 and 2 were lower than the other treatment at 
42 d of age (P < 0.05). The results of this study have shown that dif-
ferences reaction in performance and organ characteristic by organic 
acids and 2 sources of methionine in broiler chicken.

Key Words: organic acid, methionine sources, performance, broiler

P316   Reducing crude protein and supplementing with crystal-
line amino acids had variable effects on growth performance and 
nutrient utilization of turkey poults. O. A. Olukosi,* N. Asheen, 
N. Sparks, and F. Khattak, Avian Science Research Centre, Scottish 
Agricultural College, Edinburgh, Scotland, UK.

Two experiments were conducted to investigate the possible effect 
of reducing crude protein and supplementing with crystalline amino 
acids on the growth performance and nutrient utilization in young 
turkeys. Seven-day-old BUT 10 turkey poults were used for both 
experiments using randomized complete block design. In experiment 
1, one hundred 20 poults were allocated to 4 treatments. In experiment 
2, 90 6 poults were allocated to the same treatments as in experiment 
1. For both experiments, each treatment had 6 replicate cages with 5 

birds per replicate pen (Experiment 1) and 4 birds per replicate cage 
(Experiment 2). The treatments were a diet adequate in protein and 
amino acids (diet 1) according to the breed specification and 3 other 
diets (diets 2, 3 and 4) that were formulated to have stepwise reduction 
of at least 1.4 protein level from the previous diet such that the last diet 
had approximately 4% lower protein level than the first diet. The diets 
were supplemented with appropriate crystalline amino acids that were 
in deficient supply and all diets were formulated on digestible amino 
acid basis. For experiment 1, growth performance data were collected 
on d 28 of age, whereas for experiment 2, excreta were collected on 
d 19 to 21 and ileal digesta was collected on d 21 of age. For experi-
ment 1, reducing crude protein reduced (P < 0.01) weight gain but had 
no effect on gain/feed. There was also reduction (P < 0.01) in water 
consumption and increase in protein efficiency ratio with decreasing 
protein content. In experiment 2, decreasing crude protein improved 
(P < 0.01) protein digestibility and increased (P < 0.05) ileal digest-
ible energy but there were no effects on total tract nutrient retention. 
It was concluded from these studies that reducing crude protein and 
supplementing with crystalline amino acids improved protein utiliza-
tion efficiency for growth but the effect on ileal and total tract nutrient 
utilization is variable.

Key Words: amino acids, crude protein, growth, nutrient retention, 
turkey

P317   The effects of dietary valine-lysine ratio in starter period 
on performance measures and serum antibody titer in broiler 
chicks. F. Foroudi*1 and P. Rezamand2, 1Varamin-Pishva Branch 
Islamic Azad University, Varamin, Tehran, Iran, 2University of Idaho, 
Moscow.

The present study was carried out to examine the effect of supplemental 
dietary valine in starter diet of broilers (0–15 d of age) on performance 
and antibody response to Newcastle disease virus vaccination. The 
experiment was conducted using 300 Ross 308 male broiler chicks. 
One-day-old chicks were randomly allotted to 3 groups; each group 
consisted of 5 replicate pens with 20 birds per pen. Chickens were fed 
one of 3 dietary treatments with varying valine-lysin ratios based on 
standardized ileal digestible amino acids. The valine-lysine ratios in the 
starter diets were 0.74, 0.80 or 0.86. An isocaloric-isonitrogenous experi-
mental diet based on corn and soybean meal was formulated to meet or 
exceed all marginal amino acids (QuickChick, 2006) except for valine. 
Diets contained 22.6% crude protein and 2900 Kcal/kg metabolizable 
energy. At d 10, chicks were vaccinated for Newcastle by eye drop. At 
d 15, blood from 2 birds per replicate was sampled for antibody titer 
against Newcastle disease by Hemagglutination-Inhibition (HI) test. The 
results showed that dietary valine-lysin ratio did not alter either weight 
gain or feed conversion ratio during starter period. Hemagglutination 
Inhibition titer was significantly increased when valine-lysin ratio was 
highest in the diet (P < 0.05). We conclude that the valine-lysine ratio 
recommendation may need to reach 0.86 for improved immune response 
of Ross 308 male broilers from 0 to 15 d of age.

Key Words: lysine-valine ratio, antibody response, broiler performance, 
valine
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P318   Effect of dietary supplementation levels of methionine in 
broilers diet on immune system and performance. A. Safaei*1, F. A. 
Khesht2, F. Froudi3, M. R. Abedini3, and S. M. Rahanjam3, 1Department of 
Animal Science, Islamic Azad University, Science and Research Branch, 
Tehran, Iran, 2Department of Animal Sciences, Faculty of Agriculture, 
Ferdowsi University of Mashhad, Mashhad, Iran, 3Department of 
Animal Science, Islamic Azad University, Varamin, Iran.

In this study, we evaluated the effects of dietary supplementation 5 
levels of methionine on performance and immunity system of broil-
ers. A total of 250 one-day-old including male and female of Ross 308 
broilers were randomly allocated in a completely randomized design 
that consisted of with 5 treatments (110,115,120,125,130% of NRC 
recommended methionine level) and 5 replicates of 10 birds each was 
carried out. Average of feed intake, body gain, feed conversion ratio 
in starter, grower, finisher and total period and average antibody titer 
against Newcastle at 13-d, SRBC at 25 d of age and weight of Bursa of 
fabricius at 42-d were calculated. Results showed that supplementation 
of diet with different levels of methionine had no significant (P > 0.01) 
effect on feed intake in total period of study. In relation to body weight, 
the highest body weight was recorded for broilers fed diet supplemented 
with 115% NRC recommended methionine in total period of study. Feed 
conversion ratio were improved significantly (P < 0.01) with the use 
of 115% NRC recommended methionine level in total period of study. 
Antibody titer against Newcastle at 13-d and weight of bursa of fabricius 
at 42-d improved following 120% of NRC recommended methionine. 
Supplementation of diet with different levels of Met had no significant 
(P > 0.01) effect on SRBC antibody titer. The final result show that 
supplementation of diet with different levels of methionine had signifi-
cant effect on growth performance in total period of study and 115 and 
120% NRC recommended methionine level improves average antibody 
titer against Newcastle at 13-d and weight of bursa of fabricius at 42-d.

Key Words: broiler, methionine, performance, immune system

P319   Crude protein reduction and amino acids supplementa-
tion for Japanese quails of 1 to 14 days. D. G. V. Vieira, J. H. V. Da 
Silva,* T. S. Melo, Y. M. G. Santos, J. J. Filho, and P. B. De Lacerda, 
Universidade Federal da Paraiba.

It was evaluated if reduction of crude protein (CP) and amino acid (AA) 
supplementation affect the nitrogen excretion (NE) of diet in 600 Japanese 
quails distributed according to the randomized design. The experimental 
plan consisted of the 5 treatments: T1- Normal CP (NCP) diet - 25%; 
T2 – 20% CP + AA mixture; T3 - T2 + L-Gly; T4 - T2 + Glu; and T5 - 
T4 + L-Gly, each with 8 replicates of 15 birds. Diets were formulated of 
agreement requirements of the main amino acids. Diets which CP was 
reducing (T2, T3, T4 and T5), the amount of amino acids was corrected 
when necessary with L-Gly (T3), Glu (T4) or both (T5), the glutamic acid 
was added to correct the deficit of nitrogen in diet 4 and 5. Birds had diets 
and water ad lib. and light for 24 h. The Glu or Glu+Gly supplementation 
decreased feed intake (FI) in comparison to NCP, but the live weight (LW) 
and weight gain (WG) increased with NCP and 20% CP+AA and 20% 
CP+AA+Glu+Gly (Table 1). However, the feed conversion (FC) was 
similar between NCP and 20% CP diets, except the 20% CP +AA+Gly 
(2.34ab; 2.39ab; 2.46a; 2.31ab; and 2.13b). The addition of L-Gly reduces 
NE, on the other hand, the addition of glutamate to correct the deficit of 
nitrogen increases the excretion of the same, but when added both amino 
acids, the nitrogen excretion reduces again, showing that L-Gly take a 
important role in improves efficiency of utilization of nitrogen.

Table 1. Feed intake (FI), N-excretion (NE), and weight gain (WG) 
by Japanese quail
Diet FI, g/d NE, % WG, g/d
T1 6.7a 2.9c 2.9a

T2 6.5ab 2.9c 2.8ab

T3 6.5ab 2.6d 2.6bc

T4 6.1bc 3.4a 2.6c

T5 5.7c 3.2b 2.7abc

Key Words: glutamato, glycine, nitrogen excretion, crude protein reduction

P320   Performance and carcass yield of broilers fed diets with 
different amino acids profile and energy levels. S. L. Vieira,* D. J. 
A. Miranda, A. Favero, R. F. A. Cruz, and H. S. Cemin, Universidade 
Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil.

An experiment was conducted evaluating effects of ideal amino acid 
(AA) density and metabolizable energy (ME) in broiler diets. A total of 
1800 one-day-old Cobb × Cobb 500 male chicks were used and fed a 
typical feeding program formulated with AA and ME data averaged from 
Brazilian nutritionists (60% of domestic production). Dietary treatments 
had variations in AA and ME. Amino acid density was based to the values 
of digestible lysine (dig. Lys) and its ratios with other amino acids. The 
experimental design was completely randomized in factorial arrangement 
with 3 AA and 3 ME and a 4-phase feeding program: pre starter, 1 to 7 d 
(1.15, 1.25, 1.35% dig. Lys and 2,900; 3,000; 3,100 kcal/kg of ME); starter, 
8 to 21 d (1.05, 1.15, 1.25% dig. Lys and 3,000; 3,100; 3,200 kcal/kg of 
ME); grower, 22 to 35 d (0.95, 1.05, 1.15% dig. Lys and 3,100; 3,150; 
3,200 kcal/kg of ME) and finisher, 36 to 42 d (0.85, 0.95, 1.05% dig. 
Lysine and 3,200; 3,250; 3,300 kcal/kg of ME). No significant differences 
(P > 0.05) were found for interaction between AA and ME. Greater body 
weight gain was observed for broilers fed diets with high AA (P ≤ 0.05) 
and ME (P ≤ 0.001). At 42 d of age, broilers have regulated feed intake 
according to the treatments, having consumed less for the diets with high 
AA (P ≤ 0.001) and ME (P ≤ 0.05). Improvement in feed conversion ratio 
was observed for broilers fed diet of higher AA (P ≤ 0.001) and ME (P 
≤ 0.001). Broilers fed diets of high AA had higher breast meat yield (P 
≤ 0.001) and breast fillets (P ≤ 0.05), with less deposition of abdominal 
fat (P ≤ 0.001) when compared with the other AA. Regarding the ME 
significant effect was observed for abdominal fat (P ≤ 0.05), in which there 
was a greater deposition of fat for broilers fed diets high ME. Therefore, 
diets with high AA improve performance and favor the yield of breast 
meat with lower deposition of abdominal fat, as long as balanced in a 
way that meets the requirements of all AA.

Key Words: ideal protein, metabolizable energy, feed conversion, 
breast yield

P321   Responses in broiler chickens growth and carcass yield 
to methionine+cystine dietary levels. D. C. Z. Donato*1, N. K. 
Sakomura1, M. A. Bonato1, R. M. Gous2, N. J. Peruzzi1, and M. A. N. 
Guagnoni1, 1Universidade Estadual Paulista, Faculdade de Ciências 
Agrárias e Veterinárias, Jaboticabal, Brazil, 2University of KwaZulu-
Natal, Pietermaritzburg, South Africa.

Amino acids are required for protein synthesis and body deposition, 
and its correct supplementation is essential to increase the poultry 
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productivity reducing its production cost. A study was conducted to 
determine the methionine+cystine (M+C) requirements for males and 
females broilers to initial (1–14 d), growth (15–28 d) and finish (29–42 
d) phases, based on performance and carcass weight. 1,280 Cobb 
broilers were randomly assigned to 14 treatments, in a 2x7 factorial 
arrangement (2 sexes and 7 levels of M+C), with 4 replicates. Diets 
were formulated using dilution technique, on a digestible basis. M+C 
intake ranged from 68 to 355, 235 to 759 and 453 to 1,602 mg/day/
bird to initial, growth and finish phases, respectively. Seven math-
ematical models were fitted to the responses. In estimating the optimal 
level of exponential non-linear models was considered 95% of the 
asymptotic response. Akaike criterion and R2 were used to select the 
model best fitted. Based on body weight gain, in the initial phase the 
best responses were obtained with the sigmoid model (P < 0.0001), 
whereas the requirements were 244 mg/bird/day for both sexes. In 
the growth phase the quadratic polynomial model (P < 0.0001 for 
both sexes) showed the best responses, being the requirements 735 
and 660 mg/bird/day for males and females, respectively. In the final 
phase the best responses were obtained with a combination of broken 
line and quadratic polynomial models (P < 0.0001 for both sexes), 
whereas the requirements were 1,381 and 1,110 mg/bird/day, for males 
and females, respectively. Based on carcass weight the requirements 
were 1,071 mg/bird/day for males, obtained by exponential model (P 
< 0.0001) and 890 mg/bird/day for females, obtained by broken line 
model (P < 0.0001). Considering this results, we can conclude that 
the requirements of M+C to initial, growth and final phases, for males 
and females, are respectively 244; 735 and 660; and 1,381 and 1,110 
mg/bird/day, which correspond to 0.705; 0.679 and 0.681; and 0.753 
and 0.667% of M+C in the diet.

Key Words:  amino acids, broiler chicken, carcass yield, 
methionine+cystine, performance

P322   Lysine levels for male broilers from 11 to 21 days of age. 
A. F. Arruda, C. M. S. Meireles, T. C. F. Carlos, J. J. M. Furlan, N. B. 
P. Utimi, C. S. S. Araujo, and L. F. Araujo,* University of Sao Paulo, 
Pirassununga, SP, Brazil.

Lysine needs for broilers have been studied widely. However, many 
factors can affect lysine requirements for chicks and studies evaluating 
these needs are fundamental to achieve better performance. One trial 
was conducted to evaluate the effect of digestible lysine levels in dietary 
corn-soybean meal-based supplemented with industrial amino acids 
on performance of male broilers from 11 to 21 d of age. Four hundred 
chicks were distributed in a randomized experimental design, with 
5 treatments (1.00, 1.11, 1.22, 1.33, and 1.44% of digestible lysine), 
with 8 replications with 10 birds each, raised in battery cages. It was 
observed a linear decrease on feed conversion (P < 0.033)as effect of 
the dietary lysine levels. However, weight gain increased (P < 0.012) 
in a linear way as effect of dietary lysine levels increase. Results dem-
onstrated that the estimated digestible lysine levels of 1.44% showed 
the best responses on weight gain and feed conversion of broilers fed 
corn-soybean meal-based diet.

Key Words: amino acid, chicks, performance

P323   Digestible tryptophan:lysine ratio to layers diets in 
second cycle of production. F. G. Perazzo-Costa*1, A. S. Cardoso1, E. 
T. Nogueira2, M. Kutschenko2, C. S. Santos1, M. R. Lima1, A. Lopes1, 
and R. C. L. Neto1, 1Federal University of Paraiba, Areia, Paraiba, 
Brazil, 2Ajinomoto do Brasil, Sao Paulo, SP, Brazil.

The aim of this study was evaluate the nutritional requirement of digest-
ible tryptophan for layers. A total of 180 layers Dekalb White from 60 
to 76 weeks of age, were distributed in a completely randomized design 
with 5 increasing levels of digestible tryptophan (0.167, 0.175, 0.183, 
0,191 and 0.199%) with 6 replicates of 6 birds per replicate. Treatments 
consisted of a level of 0.759% digestible lysine for all diets. After deter-
mination of lysine, the diets were formulated keeping relations amino 
acids: lysine, except for tryptophan, which has growing relations in 
22.23, 24, 25 and 26%. It was evaluated feed intake (g/bird/day), produc-
tion (%), weight (g), egg mass (g/bird/day), egg mass conversions(kg/
kg), egg dozen conversions (kg/dz), weight (g) and percentage (%) of 
yolk, albumen and shell, shell thickness (mm), specific gravity. The data 
was evaluated with derivated polinomial equations, linear or quadratic 
effects. The results showed quadratic effect (P < 0.01) of tryptophan 
levels on egg production, egg mass, conversion mass egg and egg dozen 
conversion and effect linear on egg weight. The results obtained it was 
estimated for laying hens in the second cycle level of 0.200% digestible 
tryptophan, corresponding to a threonine:lysine ratio of 26.4%.

Key Words: amino acids, eggs, performance

P324   Methionine plus cystine for pullets from 7 to 12 weeks 
of age. F. G. Perazzo-Costa*1, J. P. F. Junior1, M. H. M. Santana1, 
Y. Mercier2, A. P. Gereart2, M. L. Ceccantini3, G. V. B. Lobato1, M. 
R. Lima1, and S. B. Neto1, 1Federal University of Paraiba, Areia, 
Paraiba, Brazil, 2Adisseo France, Antony, France, 3Adisseo Brasil, 
Sao Paulo, SP, Brazil.

A perusal in the literature shows that there is little research on the sulfur 
amino acid requirement of commercial egg-type pullets. The aim of this 
study was to evaluate the total sulfur amino acid (TSAA) requirement 
of light pullets from 7 to 12 weeks of age. A total of 540 birds were 
distributed in a completely randomized block design with 6 treatments 
and 6 replicates of 15 birds each. Dietary treatments included one posi-
tive control diet formulated to meet the NRC (1994) recommendation 
for TSAA, and 5 other diets formulated to meet or exceed (80, 90, 100, 
110 and 120%) the digestible TSAA suggested by the Brazilian Tables 
for Poultry and Swine (Rostagno et al., 2005). Final body weight (FBW), 
weight gain (WG), feed intake (FI) and feed conversion ratio (FCR) 
were assessed during experimental phase. According to the Dunnet test, 
treatments with 100, 110 and 120% digestible TSAA showed significant 
differences (P < 0.05) compared with control diet for WG. Significant 
differences (P < 0.05) with control diet were obtained with treatments 
110 and 120% for FBW and with treatment 120% for FCR. Based on 
regression analysis, it was observed a significant quadratic effect (P 
< 0.01) of digestible TSAA on FBW (R2 = 0.98), WG (R2 = 0.98) 
and FCR (R2 = 0.99), being maximized at 0.55%, 0.55% and 0.53%, 
respectively. In conclusion, digestible methionine plus cystine require-
ment was estimated from this experiment, at 0.53% for light pullets in 
the period from 7 to 12 weeks of age.

Key Words: amino acids, growth, ideal protein, laying hens, nutritional 
requirements
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P325   Tryptophan:lysine ratio constant on performance of 
Japanese quails. M. R. Lima1, F. G. Perazzo-Costs*1, L. S. Dantas1, 
L. E. Cavalcante1, R. M. Correia1, A. P. B. Silva1, J. G. V. Junior1, G. 
S. Lima1, E. T. Nogueira2, and L. Sa2, 1Federak University of Paraiba, 
Areia, Paraiba, Brazil, 2Ajinomoto do Brasil, Sao Paulo, SP, Brazil.

The aim of this work was to determinate the tryptophan requirements 
on performance of Japanese quails in production phase fed with tryp-
tophan: lysine ratio constant. A total of 240 Japanese quails at 125 d of 
age were allotted to a completely randomized design with 5 treatments 
and 6 replications of 8 birds each. The experiment was divided into 5 
phases of 21 d each, totaling 105 d. The treatments consisted of a diet 
formulated with corn and soybean meal, supplemented with amino 
acids L-lysine, DL-methionine, L-tryptophan, L-arginine, L-Isoleucine 
and L-valine to meet the nutritional requirements for Japanese quail. 
The diets had the same ratio amino acids: lysine in accordance with 
the recommendations suggested by the NRC (1994), except for tryp-
tophan: lysine than was fixed at 21%. The amino acids: lysine ratios 
were 70, 78, 126, 92, 90 and 21% for methionine + cystine, threonine, 
arginine, valine, tryptophan and isoleucine, respectively. Tryptophan 
levels increased with constant ratio than influenced the performance of 
Japanese quail, especially in egg production (P < 0.01), egg mass (P < 
0.01) and egg mass conversion (P < 0.05). The requirement of tryptophan 
for Japanese quail is 0.216% in the diet with tryptophan: lysine ratio 
constant at 21%, or 52 mg/quail/day.

Key Words: amino acids, ideal protein, production

P326   Influence of digestible tryptophan on the reproductive 
tract of layers. M. R. Lima1, F. G. Perazzo-Costa*1, E. T. Nogueira2, 
L. Sa2, L. S. Dantas1, L. E. Cavalcante1, R. M. Correia1, A. P. B. Silva1, 
G. S. Lima1, S. B. S. Neto1, J. G. V. Junior1, and R. R. Guerra1, 1Federal 
University of Paraiba, Areia, Paraiba, Brazil, 2Ajinomoto do Brasil, 
Sao Paulo, SP, Brazil.

The aim of this work was to evaluate the digestible tryptophan: digestible 
lysine ratio constant on reproductive tract. Two hundred and 8 Dekalb 
White laying hens (29 weeks of age) were allocated in a completely 
randomized design with 5 treatments with each treatment represented 
by 14 replications of 4 birds in each experimental unit. The experiment 
was divided into 5 phases of 28 d each, totaling 140 d. Treatments con-
sisted of a diet formulated with corn and soybean meal, supplemented 
with amino acids L-Lysine, DL-methionine, L-tryptophan, L-isoleucine 
and L-valine to meet the nutritional requirements for laying hens in egg 
production. The diets had the same amino acids: lysine ratios according 
to the recommendations suggested by Rostagno et al. (2005), except for 
digestible tryptophan: digestible lysine was fixed at 24.5%. Amino acids: 
lysine ratios were 91, 66, 90, 83 and 24.5% for digestible methionine 
+ cystine, digestible threonine, digestible valine, digestible isoleucine 
and digestible tryptophan, respectively. The reproductive system showed 
histological changes (P < 0.05) in the treatments with 0.210 and 0.225% 
of digestible tryptophan, especially in the level 0.210%. In the level of 
0.210% of digestible tryptophan, the folds of the magnum is presented 
with greater (P < 0.05) amount of active glands compared with the glands 
of the treatments with 0.165, 0.180 and 0.195% digestible tryptophan. 
The treatments with 0.210% and 0.225% digestible tryptophan in the 
feed was also observed folds uterus more branched and long, mainly 
at the level of 0.210% (P < 0.05). Based on these results, we conclude 
that there is a big influence of tryptophan on the reproductive tract of 
laying hens and a level of 0.214% or 219 mg/layer/day represents the 

best results with respect digestible tryptophan: digestible lysine constant 
at 24.5%.,

Key Words: amino acids, ideal protein, eggs

P327   The impact of supplementing low protein diets with syn-
thetic amino acids on laying hen performance. A. M. Greaves,* D. 
M. Anderson, and J. L. MacIsaac, Nova Scotia Agricultural College, 
Truro, NS, Canada.

Excess dietary amino acids can be costly and wasteful, as the hens 
cannot store excess amino acids. This study evaluated the effect of feed-
ing low protein diets supplemented with synthetic amino acids (lysine, 
methionine, threonine and tryptophan) on laying hen performance. 
Two hundred and 40, Lohmann Lite, laying hens were used in a 2 × 2 
factorial analysis (grain X protein level) over 4 production phases with 
performance data being collected every 28 d for 13 collection periods. 
Diets containing protein levels below the breeder recommendations, 
supplemented with synthetic amino acids (L), and diets which met the 
breeder recommended protein level (H) were formulated with either 
corn (C) or wheat (W) as the basal grain, resulting in the following 
diets CL, WL, CH, WH, that adjusted throughout the phases to meet 
the bird’s requirements. Hens fed H diets had higher egg production 
(94.6% H, 93.2% L) (P ≤ 0.05). Feed consumption on the CL diets were 
higher than the WL diets 120 g/hen/day CL, 111 g/hen/day WL during 
period 11, and 123 g/hen/day CL, 114 g/hen/day WL during period 13 
(P ≤ 0.05). The hens fed H diets had a higher body weight, 1,814 g H, 
1,736 g L during period 10, and 1,822 g H, 1,751 g L during period 
11, while during period 13 birds fed W diets had a higher body weight 
(1,861 g W, 1,763 g C) (P ≤ 0.05). Egg breaking strength was higher in 
the W diets during period 2 compared with the C diets (7.32 kg force 
W, 6.48 kg force C) (P ≤ 0.05). Albumen height was higher when the 
hens were fed C diets throughout the trial (7.7 mm C, 7.5 mm W) (P 
≤ 0.05). Eggs produced by hens fed a H diet were heavier than those 
from L diet birds (61.9 g H, 60.9 g L)and those fed C diets had higher 
egg weights than those fed W (61.8 g C, 60.9 g W) (P ≤ 0.05). Specific 
gravity decreased as the birds aged (P ≤ 0.05). Bone breaking strength 
did not differ among treatments (P ≤ 0.05). Although there were some 
significant differences among the performance variables, feeding low 
protein diets resulted in excellent production and may allow for a more 
cost effective diet which produces minimal waste.

Key Words: low protein diets, laying hen performance, Lohmann Lite, 
nutrient requirements

P328   The effect of feeding low-density diets to Hy-Line W-98 
and Brown laying hens on production performance with or 
without the use of perches. A. Antunes1, E. Baez*1, A. Gernat1, 
N. O’Sullivan2, and J. Arango2, 1Escuela Agricola Panamericana/
Zamorano, Tegucigalpa, Honduras, 2Hy-Line International, Dallas 
Center, IA.

The use of low density diets may be effective in maintaining egg pro-
duction and egg weight than high density nutrient diets. The presence of 
perches in commercial operations is widely being used to improve health 
and well-being of the hen. The objective of this study was to determine 
what effect the presence of perches has on laying hens fed low density 
diets on productivity and egg quality. The study consisted of 10 treatment 
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combinations used on both Hy-line W-98 and Hy-line Brown strains. 
The treatments were derived from the factorial arrangement of 2 perch 
treatments without or with perch x 5 treatment diets formulated to contain 
85, 90, 95, 100, and 105% of the energy and nutrient recommendations 
stated in Hy-line management guide. Production performance was mea-
sured from 18 to 30 weeks of age for both strains. At 18 wk of age, laying 
hens were weighed and randomly allocated to 10 replicate groups (cages 
containing 7 hens per cage of the W-98, 60.9 × 50.8 cm and 6 hens per 
cage of the Brown) in a complete randomized block design. No signifi-
cant differences were found for egg production or egg quality parameters 
with or without the use of perches, egg production among the different 
nutrient density diets or feed consumption with the W-98 hens. Brown 
hens consumed more (P < 0.05) feed on the lower density diets. Feed 
efficiency improved (P < 0.01) as nutrient density of the diets increased 
for both strains. Egg weight was heavier (P < 0.05) for the W-98 hens fed 
the higher nutrient dense diets. These results show that the use of perches 
had no effect on production parameters. Feeding W-98 and Brown hens 
lower nutrient density specifications than control may compromise pro-
duction performance. Increasing nutrient density in the diets of a laying 
hen will positively affect egg production, egg weight and feed efficiency.

Key Words: laying hens, low density diets, egg production, perches

P329   A determination of order of limiting amino acids in a low 
crude protein diet for laying hens. J. H. V. Da Silva,* T. S. Melo, D. 
V. G. Vieira, P. B. De Lacerda, J. J. Filho, J. M. F. Brito, E. Y. G. S. 
Cruz, A. N. Da Silva, and G. M. Dantas, UFPB, Bananeiras, Paraíba, 
Brazil.

Assessed the order of limiting amino acids in a low crude protein diet 
(LCP) compared with normal crude protein (NCP) based on corn and 
soybean meal (corn-SBM) was the principal objective this study. A 
total of 324 hens were randomly placed in 54 pens. The experimental 
first diet was assumed as NCP (16.2% CP, 0.71% Met+Cys, 0.78% Lys, 
0.59% Thr, 0.18% Trp, and 0.74% Val, 0.59% Ile) and the second as 
LCP (14.2% CP, 0.42% Met+Cys, 0.60% Lys, 0.48% Thr, 0.15% Trp, 
and 0.60% Val, 0.53% Ile). The LCP diet was supplemented with several 
amino acids sources (Met, Lys, Thr, Trp, Ile, Val, and Ile) to produce 
the third experimental diet; fourth diet, LCP+Met, Lys, Thr, Trp; fifth 
diet, LCP+Met, Lys, Thr; sixth diet, LCP+Met; seventh diet, LCP+Lys; 
eighth diet, LCP+Thr; ninth diet, LCP+Trp. Laying hens were feeding 
for 8 weeks, however only 4 weeks were considered for evaluation of 
effects of diets. The birds fed LCP diet had to worse (P < 0.05) feed 
conversion per egg mass (2.269 vs 1.922 kg/kg) and lower feed intake 
(100.9 vs 111.6 g), egg production (74.7 vs 89.2%), egg weight (59.6 
vs 65.2 g), and albumen weight (37.4 vs 42.4 g) than birds fed NCP. 
Simple Met supplementation had similar impact on performance than 
amino acid mixture and NCP diet, but improved bird performance (P < 
0.05) compared with simple Lys, Thr or Trp supplementation. The order 
of limiting amino acid in the LCP diet based on Corn-SBM (14.2% CP) 
for laying hens was Met (as sulfur amino acid) is the first, Lys is the 
second, Thr is the third, Trp is the fourth and Ile, Val mix is the fifth 
limiting amino acids. Layer hens fed 14.2% crude protein diet have a 
similar performance that those fed 16.2% when methionine alone or a 
mixture of Met, Lys, Thr, Trp, Val and Ile are supplemented. The daily 
amino acids requirements of laying hens were determined to be 790 
mg of Met, 870 mg of Lys, 658 mg of Thr and 200 mg of Trp, 658 mg 
of Ile, and 825 mg of Val.

Key Words: essential amino acids, egg production, ideal protein

P330   Threonine requirements for pullets based on protein 
deposition and efficiency of dietary threonine. M. A. Bonato*1, 
N. K. Sakomura1, E. P. Silva1, D. C. Z. Donato1, and F. Liebert2, 
1Universidade Estadual Paulista, Faculdade de Ciências Agrárias 
e Veterinárias, Jaboticabal, Brazil, 2Georg-August-Universität, 
Göettingen, Germany.

The aim of this study was to estimate the threonine (THR) requirements for 
pullets based on protein deposition and efficiency of THR dietary, based 
on Göettingen University approach. Three assays of nitrogen balance were 
conducted with White Dekalb pullets, according to age periods: 26–36 (I), 
58–73 (II) and 93–108 d (III). In each experiment, 56 birds were distributed 
in a completely randomized design, with 7 treatments and 8 replications. 
The treatments consisted of 6 diets with different nitrogen levels (1.11, 2.05, 
3.04, 4.06, 5.0, 6.0%) keeping constant the ideal ratio (amino acid/lysine), 
except THR, which was limiting (0.19, 0.37, 0.56, 0.75, 0.94, 1.13%). A diet 
consisting at the first level which was added 2.04 g L-threonine/kg for the 
confirmation of this amino acid was limiting. The datas of nitrogen intake 
(NI) and nitrogen excretion (NEX) were colleted and fitted by exponential 
equation (NEX = NMR × eb × NI), for each period to determine the NMR 
(nitrogen maintenance requirement). The maximum theoretical potential 
for nitrogen retention (NRmaxT) was determined by the exponencial rela-
tion between NI and nitrogen deposited (ND) (ND = NRmaxT × (1-e-b × 

NI)-NMR) for each period. Based on diets limiting in THR, the efficiency 
(b) was obtained by equation b = (lnNRmaxT-ln(NRmaxT-NR))/NI. The 
quality of dietary protein (b) is dependent on concentration of the limiting 
amino acid in the protein of the diet (c). Intake limiting amino acid (LAAI) 
is obtained by the equation LAAI = (lnNRmaxT-ln(NRmaxT-NR))/16.
bc−1. All fitted equations were significant (P < 0.01). The NMR determined 
were 125, 213 and 150 mg/kg0.67/day, and NRmaxT were 2856, 2024 and 
710 mg/kg0.67/day, for each period. The b values were estimated for each 
period: 0.00009, 0.00013, and 0.00041. These parameters were used in the 
formula and LAAI was determined considering THR 50, 60 and 70% of 
NRmaxT for the periods I, II and III, respectively. THR requirement were 
512, 494 and 220 mg/kg0.67/day, equivalent to 112, 310 and 187 mg/day 
for periods I, II and III.

Key Words: nitrogen balance, nitrogen retention, nitrogen maintenance 
requirement, quality of dietary protein, intake limiting amino acid

P331   Comparison of two techniques for describing the nitro-
gen deposition potential in pullets. E. P. Silva*1, N. K. Sakomura1, 
J. A. Araujo1, J. C. P. Dorigam1, D. C. Z. Donato1, and A. Sünder2, 
1Universidade Estadual Paulista, Faculdade de Ciências Agrárias 
e Veterinárias, Jaboticabal, Brazil, 2George-August Universität, 
Göttingen, Germany.

The objective of this research was to compare the nitrogen deposition poten-
tial using nitrogen balance (NB) and comparative slaughter (CS). Assays 
were performed in phases I (14–28 d), II (56–70 d) and III (98–112 d-old), 
using 168 Dekalb White chicks. The experiment was completely random-
ized with 7 treatments and 8 replicates. The dietary treatments consisted 
of protein levels of 435, 364, 292, 220, 150 and 75 g/kg of dry matter, 
limiting in methionine+cystine (Met+Cys). The variables collected by CS 
were nitrogen intake (NI) and nitrogen deposited (ND). In nitrogen balance 
trials were collected NI and nitrogen excretion (NEX) (ND = NI-NEX). 
Based on the exponential equation between NI and ND were estimated 
maximum deposition of nitrogen (NDmaxT) and rate of decay of the func-
tion (b) as the model ND = NDmaxT . (1-exp-b . NI). The models obtained by 
different techniques, were compared by test for equality of parameters and 
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the identity of non-linear regression models using chi-squared X2 statistic. 
The Goettingen method was applied to estimate Met+Cys requirements 
considering 60% of NDmaxT. The parameter b did not differ between tech-
niques (P > 0.05) in the 3 phases, the parameter NDmaxT differed between 
techniques (P < 0.05), indicating the techniques described differently the 
nitrogen deposition potential. The Met+Cys estimated requirements based 
on 60% of NDmaxT to NB and CS were 169 and 160 in phase I, 256 and 259 
in phase II and 378 and 433 mg/day in phase III, respectively. Therefore the 
requirements were similar for both techniques, except in phase III, in which 
the CS technique promoted higher estimate. In conclusion, the evaluated 
techniques described different protein deposition potential.

Key Words: methionine+cystine, nitrogen balance, comparative 
slaughter

P332   Effect of dietary threonine on duck performance, yield, 
and intestinal characteristics. Q. Zhang*1, L. Xu1, A. Doster2, R. 
Murdoch2, K. Daugherty2, A. Gardner2, and T. J. Applegate1, 1Purdue 
University, West Lafayette, IN, 2Mapleleaf Farms, Leesburg, IN.

A study was conducted to evaluate and establish the optimal dietary 
threonine (Thr) concentration for Pekin ducks from 15 to 35 d of age. 
Experimental diets were formulated to contain 0.55, 0.60, 0.65, 0.75, and 
0.85% Thr (0.57, 0.60, 0.64, 0.72, and 0.80% on an analyzed basis) and 
were fed to 10 replicate pens of 52 drakes per pen. At 35 d of age, 24 ducks 
were processed for carcass yield determinations. Maximal Thr (analyzed 
basis; quadratic function) responses ranged between a high of 0.76% for 
maximizing BW gain and carcass weight to a low of 0.69% for maximizing 
the length of the 4th primary wing feather (P ≤ 0.05). However, feeding 
0.72% vs 0.64% Thr improved BW gain by 55 g, reduced feed-to-gain 
by 0.039, and improved carcass and breast meat yields by 22 and 24 g, 
respectively (P ≤  < 0.05). On a percentage improvement basis, breast meat 
yield were improved by 1.2 and 8.0 percent respectively when dietary Thr 
increased from 0.64 to 0.72% (P ≤ 0.05). While increases in Thr improved 
efficiency of meat yield, it did come at a cost to that of carcass fat. The 
increased dietary threonine from 0.64 to 0.72% reduced breast skin fat (% 
of carcass) by 5 percent (P ≤ 0.05). Dietary Thr had no influence on ileal 
expression of MUC2 or jejunal morphological characteristics. Crude mucin 
or sialic acid concentrations from ileal digesta were not influenced by dietary 
Thr. A subsequent digestibility study was utilized, wherein 0.5% chromic 
oxide was mixed into the experimental diets and fed from 15 to 19 d of age 
(6 ducks per pen, 5 pens per diet). Apparent ileal threonine digestibility of 
the prior experiment were determined to be 0.456, 0.461, 0.495, 0.525, and 
0.665%. Thus, maximal productive responses were obtained when 0.69 to 
0.76% Thr (0.51 to 0.59% apparent ileal digestible Thr) was fed.

Key Words: Pekin duck, amino acid digestibility, mucin, threonine

P333   Digestible threonine:lysine ratio to layers diets in second 
cycle of production. A. S. Cardoso1, F. G. Perazzo-Costa*1, P. E. N. 
Givisiez1, E. T. Nogueira2, L. Sa2, C. S. Santos1, M. R. Lima1, R. C. L. 
Neto1, and A. Lopes1, 1Federal University of Paraiba, Areia, Paraiba, 
Brazil, 2Ajinomoto do Brasil, Sao Paulo, SP, Brazil.

The objective this research was to determine the nutritional requirements 
of different digestible threonine:lysine ratio for laying hens in second pro-
duction cycle. A total of 180 Dekalb White were used in a period from 60 
weeks of age, distributed in a completely randomized design with 5 levels 

of threonine (0.523, 0.546, 0.569, 0.592 and 0.615%), 6 replicates and 6 
hens/replicate. The treatments consisted of 0.759% of digestible lysine level 
for all diets. After obtaining the lysine, the diets were formulated keeping 
relations amino acids: lysine, except for threonine, which had growing 
relations in 69, 72, 75, 78 and 81%. Starch is used to maintain isoenergetic 
diets. It was evaluated feed intake (g/bird/day), production (%), weight 
(g), egg mass (g / bird / day), egg mass conversions(kg / kg), egg dozen 
conversions(kg / dz), weight (g) and percentage (%) of yolk, albumen and 
shell, shell thickness (mm) and specific gravity. The data was evaluated 
useing derivated polinomial equitions. Threonine levels in the diet present 
showed linear effect to feed intake (P < 0.05) and effect quadratic (P < 
0.01) on egg production, egg mass, feed conversion per egg mass and feed 
conversion per dozen eggs. The level recommended was 0.569% digestible 
threonine, which corresponds threonine: digestible lysine ratio of 75%.

Key Words: amino acids, eggs, performance

P334   L-[13C1]methionine degradation pathway into the 
blood plasma of broiler chickens at the first week of age. A. C. 
Stradiotti*1,2, V. C. Pelícia1, P. C. Araujo1, C. C. Miranda1, L. V. C. 
Girão1, T. C. Putarov1, M. M. Aoyagi1, E. O. L. Caldas1, J. C. R. 
Rezende1, G. E. M. Pimenta1, V. B. Fascina1, I. M. G. P. Souza1, B. C. 
S. Fernandes1, F. Vercese1, A. C. Pezzato1, 1São Paulo State University, 
School of Veterinary Medicine and Animal Science, Botucatu Campus, 
Botucatu, SP, Brazil, 2FAPESP.

The use of labeled compounds as tracer in biological studies allows a greater 
understanding of their metabolism and poultry organism’s degradation. The 
aim of this study was to use stable isotope methodology to assess the rate 
of degradation pathway of labeled methionine in blood plasma of broilers 
aged 1–7 d old. A total of 51 one-d-old male Cobb chicks were housed 
(density = 12 birds/m2) and selected with an initial BW of 45 ± 1.125 g. 
The diet was formulated based on corn and soybean meal and supplied ad 
libitum. To promote tissue enrichment, we used a dosage of 29 µmol of 
L-[13C1]methionine/kg BW/h, administered orally within 6 h (99 atom% 
13C; Cambridge Isotope Laboratories, Inc.). At the times 0 (control), 0.5, 
1, 2, 3, 4, 5, 6, 8, 10, 12, 16, 20, 24, 48, 72 and 96 h after initial dosing, 
3 birds per time point were slaughtered for sampling of blood plasma for 
carbon isotope ratio analysis using a mass spectrometer. The isotope ratios 
obtained were analyzed by a first-order exponential equation expressed 
as: δ13C(t) = δ13C(f) + [δ13C(i) - δ13C(f)]e-kt, which enables calculation of 
the half-life of carbon-13 (t = ln2/k), obtained using a software packate 
(OriginPro 8 Professional). The results of δ13C blood plasma from the 
maximum enrichment resulted in the following equation: δ13C = −18.51 
– 2.82 e-0.040t, with a carbon half-life calculated as 17.33 h and R2 = 0.89, 
representing the velocity of degradation pathway of methionine into tissue. 
This degradation curve was obtained from 10th h after administration of 
enriched solution. Thus, the time required for 50% of orally administered 
methionine to be degraded is approximately 17 h at this dose and age of bird

Key Words: 13C1-enriched, labeled carbon, turnover

P335   Modulation of growth and fermentative profiles by 
dietary threonine and purified fiber during a coccidiosis challenge. 
E. L. Wils-Plotz* and R. N. Dilger, University of Illinois, Urbana.

Coccidiosis is a major contributor to economic losses in the poultry 
industry due to its deleterious effects on growth performance and 
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nutrient utilization. Both fermentable carbohydrates and supplemental 
threonine (Thr) may modulate the intestinal environment and positively 
affect intestinal immune responses and barrier function to intestinal 
pathogens. We hypothesized the combined effects of supplemental Thr 
and purified dietary fiber would mitigate growth depression caused by 
an acute Eimeria maxima infection. A semi-purified, Thr-deficient basal 
diet (3.2 g of Thr/kg diet) was supplemented with 7% of either silica 
sand (control), cellulose, or high-methoxy pectin, and one of 2 levels 
of Thr (0 or 9.6 g/kg diet; 6 diets total). At d 1 post-hatch, 432 male 
crossbred chicks were randomly allotted to dietary treatments, and on 
d 10 post-hatch, an equal number of chicks on each dietary treatment 
received either 0.5 mL of distilled water or an acute dose of Eimeria 
maxima (1.5 × 103 oocytes) with 6 replicate pens of 6 chicks per each of 
12 treatments. Chicks remained on study from hatch to d 15 post-hatch, 
at which time cecal contents were collected to determine pH, and short 
chain (SCFA) and branched chain (BCFA) fatty acid concentrations. 
Body weight gain increased (P < 0.01) with added Thr, and interactions 
(P < 0.05) between fiber source and infection and fiber source and Thr 
level were noted. Feed efficiency (gain:feed) was improved (P < 0.01) 
by increasing Thr level, and by inclusion of either silica sand or cellulose 
as the fiber source. An interaction (P = 0.004) between fiber source and 
infection status was also observed. Cecal pH and total BCFA, propionate, 
and valerate concentrations were affected (P < 0.01) by fiber source, 
and total SCFA, total BCFA, acetate, and isobutyrate were increased by 
infection status (P < 0.01). A 3-way interaction (P < 0.05) was also noted 
for total SCFA, propionate, and butyrate. Overall, dietary supplementa-
tion with both purified fiber and Thr positively affected chick growth 
and cecal fermentative characteristics in E. maxima-infected chicks.

Key Words: Eimeria maxima, threonine, pectin, cellulose, short-chain 
fatty acid

P336   Responses in broiler chicken growth and carcass yield 
to threonine dietary levels. D. C. Z. Donato,* N. K. Sakomura, 
E. B. Malheiros, E. P. Silva, H. C. P. Bendezu, and J. M. Rafael, 
Universidade Estadual Paulista, Faculdade de Ciências Agrárias e 
Veterinárias, Jaboticabal, Brazil.

Threonine (Thr) is the third most limiting amino acid for poultry, which 
is used in important metabolic process and the maintenance of the diges-
tive tract. A study was conducted to determine the Thr requirements for 
males and females broilers to initial (1–14 d), growth (15–28 d) and 
finish (29–42 d) phases, based on performance and carcass weight. 
1,280 Cobb broilers were randomly assigned to 14 treatments, in a 2x7 
factorial arrangement (2 sexes and 7 levels of Thr), with 4 replicates. 
Diets were formulated using dilution technique, on a digestible basis. 
Thr intake ranged from 16 to 290, 86 to 847 and 163 to 1,354 mg/bird/
day to initial, growth and finish phases, respectively. Seven mathematical 
models were fitted to the responses. In estimating the optimal level of 
exponential non-linear models was considered 95% of the asymptotic 
response. Akaike criterion and R2 were used to select the model best 
fitted. Based on body weight gain, in the initial phase the best responses 
were obtained with the quadratic polynomial model (P < 0.0001 for 
both sexes), whereas the requirements were 270 and 229 mg/bird/day 
for males and females, respectively. In the growth phase the sigmoid 

model (P < 0.0001 for both sexes) showed the best responses, being the 
requirements 576 and 484 mg/bird/day for males and females, respec-
tively. In the final phase the best responses were obtained with a quadratic 
polynomial model (P < 0.0001) for males and a broken line model (P 
< 0.0001) for females, whereas the requirements were, respectively, 
1,204 and 738 mg/bird/day. Based on carcass weight the requirements 
were 1,207 and 977 mg/bird/day for males and females, respectively, 
both obtained by quadratic polynomial model (P < 0.0001 for both 
sexes). Considering this results, we can conclude that the requirements 
of Thr to initial, growth and final phases, for males and females, were 
respectively 270 and 229; 576 and 484; and 1,207 and 977 mg/bird/
day, which correspond to 0.750 and 0.685; 0.532 and 0.499; and 0.658 
and 0.588% of Thr in the diet.

Key Words: amino acids, broiler chicken, carcass yield, performance, 
threonine

P337   Comparison of ileal endogenous amino acid measure-
ments in growing broilers fed an N-free diet or a diet contain-
ing a source of highly digestible protein. M. Oryschak*1 and E. 
Beltranena1,2, 1Alberta Agriculture and Rural Development, Edmonton, 
AB, Canada, 2University of Alberta, Edmonton, AB, Canada.

Feeding N-free diets to measure ileal endogenous AA (EAA) secretion 
induces a catabolic state with limited relevance for growing broilers. 
Flow and composition of EAA at the terminal ileum in 21-d old broil-
ers was compared between birds fed an N-free (NF) diet or a diet that 
included enzymatically hydrolyzed casein (EHC) as a source of highly 
digestible protein (HDP). Broiler chicks (Ross 308; n = 156) were 
distributed among 12 cages on the day of hatch and fed a commercial 
starter diet to 14 d of age. From d 14 to 21, birds were fed 1 of 2 test 
diets containing 0.5% chromic oxide in a RCB design with 6 replicate 
cages per treatment. On d 21, birds were euthanized and ileal digesta 
collected to produce a pooled specimen for each test cage. Flow and 
composition of EAA were calculated for each diet using published equa-
tions. Data were analyzed using the MIXED procedure of SAS with 
diet (NF, EHC) as a fixed effect and block as random term. There was 
no difference in ADFI between NF and EHC diets (71.1 vs. 73.3 g/d; 
P > 0.31), however birds fed the NF diet lost 1.2 g/d compared with an 
ADG of 29.2 g/d for birds fed the EHC diet (P < 0.01). Flow of EAA 
(mg of AA/kg of DM intake)resulting from the EHC diet was 1.2 to 2.9 
times greater (PHE and LYS, respectively) compared with that resulting 
from the NF diet for all essential AA (P < 0.01). The proportion (% of 
total AA) of HIS, MET and TRP in digesta was not affected by diet (P > 
0.39). Higher proportions of ARG, LEU, MET+CYS, PHE and THR, but 
lower proportions of ILE, LYS and VAL were measured in digesta from 
birds fed the NF compared with the EHC diet (P < 0.01). Expressed as 
g/kg of CP, digesta from birds fed EHC diet contained greater propor-
tions of HIS, BCAA, LYS, MET and TRP compared with birds fed NF 
diet (P < 0.01). The results of this study indicate that calculated SID AA 
content of feeds would be higher when EAA is determined with diets 
containing HDP sources compared with NF diets.

Key Words: broilers, endogenous losses, N-free, hydrolyzed casein
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P338   Incorporation of wheat distillers dried grains with 
solubles and a cocktail of exogenous enzymes in the rations of 
Hy-Line W-36 hens. E. F. Nomali, H. Kermanshahi,* A. Tahmasbi, 
H. N. Moghaddam, and A. Gilani, Ferdowsi University of Mashhad, 
Mashhad, Khorasan Razavi Province, Iran.

Wheat distillers dried grains with solubles (WDDGS) is a by-product 
that can be an alternative feed ingredient for poultry. However, WDDGS 
contains non-starch polysaccharides which limit its dietary inclusion. 
The objective of the current trial was to evaluate the effect of WDDGS 
with or without Endofeed W on egg quality and performance of laying 
hens. Endofeed W is a commercial enzyme including arabinoxylanase 
and β-glucanase. A factorial arrangement in a completely randomized 
design with 4 replicates consisting of 5 levels of WDDGS (0, 5, 10, 15 
and 20%) and 2 levels of Endofeed W (0 and 0.05%) were evaluated. 
Ten mash diets were fed to 320 commercial Hy-Line W-36 hens from 
51 weeks of age for 12 weeks. Each experimental unit consisted of 2 
cages with 4 birds each. Performance criteria, such as feed intake, body 
weight and egg production, were monitored during the trial. Four eggs 
were randomly selected from each experimental unit to measure egg 
characteristics every other week. The data were analyzed using the GLM 
procedure of SAS. Hens fed diets containing WDDGS produced eggs 
lower on the Roche Yolk Color Fan scale. Endofeed W significantly 
(P < 0.05) improved overall feed efficiency and daily egg mass. There 
was no significant effect of WDDGS, Endofeed W or their interaction 
on hen-day egg production, egg weight, egg specific gravity, shell 
weight percentage, shell thickness and percentage of soft-shelled and 
cracked or broken eggs. In conclusion, WDDGS can be partly included 
in layer’s diet.

Key Words: WDDGS, Endofeed W, laying hens, egg

P339   Withdrawn.

P340   Protease improves performance and energy utilization 
in broilers fed diets with high tannin sorghum. J. G. Carvajal*1,2, 
K. A. Rincón1, and E. O. Oviedo-Rondón1,3, 1Universidad del Tolima, 
Ibagué, Tolima, Colombia, 2Novus International, Bogotá D.C., 
Colombia, 3North Carolina State University, Raleigh.

Sorghum is an important feedstuff in many regions of the world. High 
karfirin levels in sorghum varieties with high tannin contents may limit 
their use. Protease enzymes may help to break-down disulfide-bonds 
in karfirins and improve sorghum starch digestibility and broiler live 
performance. One experiment was conducted to evaluate the effects of 
adding a protease (CIBENZA DP100) in diets with increasing inclu-
sion levels of high tannin sorghum (1.63% of catequine equivalents). 
Eight dietary treatments were evaluated resulting from a 4x2 factorial 
design with sorghum inclusion level (0, 10, 20 and 30%) and enzyme 
supplementation (0 or 500 g/ton for 600,000 U/g) as main factors. 
Diets were formulated to have similar nutrient composition within both 
phases evaluated. Starter and grower diets were fed in small and large 
crumbles, respectively. Celite was added as marker to grower diets. All 
diets contained phytase and endoxylanase. A total of 448 d-old male 
Cobb-Avian broilers were individually identified and randomly assigned 
to 32 floor pens in groups of 14 per pen and 4 pens per treatment com-
bination. Individual BW and feed intake were recorded weekly up to 6 

wk of age. The BWG, FCR and flock uniformity were calculated. Distal 
ileal contents were collected at 42d to estimate ileal digestible energy 
(IDE). Results indicated no significant (P > 0.05) interaction effects. 
Independent effects (P < 0.05) of sorghum level and enzyme supplemen-
tation were observed in all phases evaluated. The BWG and FCR were 
linearly (P < 0.05) worsened as sorghum inclusion increased. Protease 
addition improved (P < 0.05) performance at all sorghum levels and even 
in the control diets without sorghum in every period evaluated. Broilers 
fed diets with protease were 270 g heavier (2,626 vs 2,356) and needed 
115 g less of feed per kg of BW (1.706 vs 1.821 FCR) at 42d. The IDE of 
all diets improved (P < 0.001) on 74 kcal due to protease addition. This 
protease improved the IDE of broiler diets with and without sorghum. 
It was concluded that the detrimental effects of high tannin sorghum 
inclusion could be overcome by addition of this protease.

Key Words: sorghum, high tannin, protease enzyme, IDE, broiler 
performance

P341   Recombinant expression of Bacillus subtilis phytase 
improves phytate degradation of Lactobacillus. T. E. Askelson,* J. 
T. Lee, and T. Duong, Texas A&M University, College Station.

Livestock animal feed is commonly supplemented with phytase to 
increase bioavailability of phytate bound phosphorous. Probiotics, 
sometimes called direct fed microbials, are live microorganisms admin-
istered to confer a health benefit upon the host. When used in poultry 
production, probiotics are effective in promoting growth and reducing 
gastrointestinal colonization by microbial pathogens. The goal of this 
study is to investigate phytate degradation as a novel probiotic function-
ality using the recombinant expression of Bacillus subtilis phytase in 
Lactobacillus. Bacillus subtilis phy was codon optimized for expression 
in Lactobacillus and cloned into the expression vector, pTRK882. The 
resulting plasmid, pTD003, was transformed into Lactobacillus acidoph-
ilus NCFM, Lactobacillus gallinarum ATCC 33319 and Lactobacillus 
gasseri ATCC 33323. SDS-PAGE revealed an approximately 44 kDa 
protein in the culture supernatants of Lactobacillus harboring pTD003. 
The phytate degrading capability of these strains was evaluated by 
determining the amount of inorganic phosphate released from sodium 
phytate. Phytase activity of Lactobacillus strains transformed with 
pTD003 was 3–5 times greater than the background activity of the empty 
vector controls. Lactobacillus acidophilus and L. gasseri produced 
similar levels of phytase activity while L. gallinarum produced less 
activity. The use of phytate degrading probiotics in poultry production 
is anticipated to provide the benefits of both probiotics and phytase in 
a single feed supplement.

Key Words: phytate, phytase, Lactobacillus, Bacillus, probiotics

P342   Comparison of different levels of canola seed on AST 
enzyme, glucose and cholesterol of broiler’s blood. W. Andalibi*1, 
S. Moradi1, and B. Darabighane2, 1Department of Animal Science, 
University of Zanjan, Zanjan, Iran, 2Department of Animal Science, 
Karaj Branch, Islamic Azad University, Karaj, Iran.

This study is to evaluate the effects of different levels of canola seed on 
AST enzyme (aspartate transaminase is an important enzyme in amino 
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acid metabolism), glucose and cholesterol of broiler’s blood at the ages 
of 26 and 41 d. In this study, 180 1-d chickens were tested. This test was 
included 6 groups, 3 repetitions, and 10 birds which were kept in 18 
cages. SAS software was used for statistical analysis. feed allowances 
were included control group (without canola) and test groups includ-
ing 5, 10, 15, 20, and 25 percent of canola seeds, which energy, protein 
and other feed materials were almost identical. Blood parameters were 
measured by Hitachi 902 Auto analyzer. The maximum and minimum 
amount of AST, cholesterol and blood sugar of boilers at the age of 26 d 
were (169, 271 International unit/l), (94, 112 mg/dL), and (225, 252 mg/
dL), respectively which were relevant to the (Control, 25%), (5%, 20%), 
and (5%, 25%) groups of canola seed. By increasing the percentage of 
canola seed, AST enzyme showed a significant difference in plasma (P 
< 0.01). Blood sugar at the age of 26 d showed a significant difference 
(P < 0.01) in different levels of seeds but no significant difference was 
seen at the age of 40 d among the groups. The results showed that AST 
enzyme was increased at the age of 26 d by increasing in the canola seed 
of the diet which indicated occurrence of liver diseases. Blood sugar was 
decreased by increasing in canola seed in the daily diet which indicated 
the fact that in young ages, high levels of canola seed due to having anti 
nutrients prevent the poultry to gain the needed energy. At the age of 
26 d, the blood cholesterol was decreased by increasing in canola seed 
level. The main reason was high amount of fiber which accelerated pass-
ing substances from digestive system and lowered the feed absorption.

Key Words: broiler, canola seed, AST enzyme, glucose, cholesterol

P343   Thermostability tests of two commercial phytase prod-
ucts. C. Schauerhuber,* S. Henikl, and G. Schatzmayr, Biomin 
Research Center, Tulln, Austria.

Phosphorus is an essential nutrient for animals and is found in plants at 
sufficient amounts to maintain health, body function and performance. 
However, the major storage form of phosphorus in plants is the indi-
gestible, organic form of phytic acid (myo-inositol hexakisphosphate). 
Phytase is a type of phosphatase enzyme that breaks down the phytic 
acid molecule in the digestive tract and provides the phosphorus for 
the animals′ metabolism. Besides the activity of a phytase product, the 
thermostability is a crucial property which facilitates its use in animal 
feed. In contrast to post pelleting enzyme spraying, eased application of 
phytase prior pelleting is possible. In this study, 2 different commercial 
phytase products (TV, TT) that claim thermostability were examined 
and compared with a non-thermostable phytase product (NT) as well 
as an instrinsically thermostable phytase product (TQ). For the test 
on thermostability, the enzyme products were dissolved in buffer and 
heated at 75°C for 5 min. Afterward, the phytase activity was determined 
by using the ISO 30024:2009 method entitled Animal Feeding Stuffs 
- Determination of Phytase Activity. The positive control TQ proved 
its high quality and best thermostable properties with a recovery rate 
of 89.37 ± 5.42%. In comparison, the negative control NT was highly 
inactivated by heating and showed a recovery rate of 11.92 ± 1.68% (P = 
0.000). The 2 phytase products TV and TT that were examined showed 
a recovery rate of 75.31 ± 5.37% and 84.65 ± 6.20%, respectively. The 
activity of the product TV differed significantly from the negative control 
NT (P = 0.000) and the positive control TQ (P = 0.030). Contrary, the 
activity of the product TT was significantly higher compared with the 
negative control NT (P = 0.000) but not significantly lower compared 
with the positive control TQ (P = 0.141). In conclusion, the claimed 
thermostability of both commercial phytase products was confirmed 
and revealed their high potential. In further experiments, the phytase 

products will be exposed to different temperatures so that a profile on 
temperature-sensitive activity can be developed.

Key Words: enzyme activity determination, thermostable properties, 
ISO 30024:2009

P344   Improving nutritive value of high tannin sorghum for 
broiler chicks using exogenous protease and phytase. F. Yan*2, S. 
Mutayoba1,3, E. Dierenfeld2, and M. Vazquez-Anon2, 1African Women 
in Agricultural Research & Development, Nairobi, Kenya, 2Novus 
International Inc., St. Charles, MO, 3Sokoine University, Morogoro, 
Tanzania.

A study was conducted to evaluate the effect of exogenous protease 
and phytase on performance of broilers fed diets containing high tannin 
sorghum (HTS) from Tanzania. The study consisted of 5 dietary treat-
ments: corn control, HTS, HTS + phytase, HTS+ protease (Cibenza 
DP100, Novus International, Inc.) and HTS + protease +phytase. All 
diets were formulated on digestible amino acid basis to meet nutrient 
requirements of broilers. A total of 240 male broiler chicks were ran-
domly allocated to 30 battery pens with 8 birds per pen. Each test diet 
was fed to 6 replicate pens from 0 to 22 d. Data were analyzed by one 
way ANOVA with pen as experimental unit and statements of statistical 
significance were based on P < 0.05. On d 14, birds fed HTS diet ate 
more and were heavier than those in corn control group possibly due 
to underestimation of amino acid digestibility of HTS, and enzymes 
did not affect body weight significantly. Feed conversion ratio from 0 
to 14 d of birds fed HTS diet was numerically higher than that of birds 
in corn control group (1.420 for HTS vs. 1.361 for corn); protease and 
phytase numerically improved FCR to 1.383 and 1.374 respectively. On 
d 21, body weight was not significantly affected by treatments. Feed 
conversion ratio from 14 to 21 d was significantly increased for birds 
fed HTS diet in comparison to that of corn control birds (1.697 for HTS 
vs. 1.552 for corn). Protease numerically improved 14–21 d FCR and 
combination of protease and phytase significantly improved it to a level 
comparable to that observed in corn group (1.619 for protease and 1.540 
for protease + phytase).The study showed that, when formulated on 
digestible amino acid basis, HTS based diet was able to support equal 
or better body weight of broilers in comparison to corn based diet, but 
FCR was compromised. Protease alone or in combination with phytase 
was able to improve the poor FCR associated with HTS.

Key Words: broiler, sorghum, protease, phytase

P345   Phytase supplementation for broiler breeder and its 
impact on progeny. C. S. S. Araujo,* A. J. T. Kawaoku, L. F. Araujo, 
R. J. G. Pereira, C. Y. Morimoto, I. S. Yo, C. C. Silva, and E. R. Afonso, 
University of Sao Paulo, Sao Paulo, Brazil.

It is well known the benefits of phytase supplementation for poultry 
production; however, the impact of maternal diet supplemented with 
this enzyme on subsequent progeny is lacking. For this reason, the 
potential of dietary phytase supplementation for broiler breeder and 
its effect on performance and carcass traits in progeny were evaluated. 
Two hundred and 40, 24-week-old, Cobb 500 breeders were allocated 
to 6 dietary groups. The experimental design consisted in a 2X3 facto-
rial arrangement with inclusion or not of phytase (0 and 500 FTU) and 
3 levels of available phosphorus (0.1%; 0.2%; 0.3%) in the maternal 
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diet. Progeny were obtained from eggs set at 35 wk and a total of 720 
chicks were placed, as straight-run, into 60 pens (6 treatments, 10 
replications, and 12 birds/replication) in a floor pen facility. Chicks 
had access to water ad libitum and to industry standard mashed diets. 
Thus, the dietary treatments of the broiler breeder flock represented the 
progeny treatments, so breeder pen was the experimental unit for the 
broilers design. Live performance parameters (feed intake, body weight 
gain and feed conversion ratio) were measured from 1 to 21 and 1 to 
43 d. On d 43, 2 birds per pen were selected randomly and processed, 

and carcass characteristics were evaluated (breast and legs yield and 
abdominal fat). There was no interaction between phytase and available 
phosphorus levels studied for performance. In addition, performance 
was not affected by any treatments. However, birds from breeders fed 
0.3% of available phosphorus plus phytase had better carcass yield 
(P < 0.05). Results showed that supplementation of phytase in broiler 
breeder diets can affect carcass characteristics of subsequent offspring.

Key Words: carcass yield, enzyme, performance, phosphorus
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P346   The effects of commercial herbal and chemical medicines 
on abdominal fat, immune system and percent of viability of broil-
ers challenged with infectious bronchitis virus. M. Hatamzade1, 
S. Rahimi*1, and M. J. Gharaguzlu2, 1Department of Poultry 
Science, Faculty of Agriculture, Tarbiat Modares University, Tehran, 
Iran, 2Department of Pathology, Faculty of Veterinary Medicine, 
University of Tehran, Tehran, Iran.

A research was conducted to evaluate the effects of commercial herbal 
and chemical medicine on growth performance, immune system, blood 
factors, intestinal morphology, intestinal selected bacterial population 
and improve the respiratory disorders in broiler chickens challenged 
with IB vaccine virus.In this study, 450 d-old female broiler chicks 
(Arian) were divided into the 10 treatments with 3 replicates of 15 
chicks per replicate in a completely randomized design. Treatments 1 to 
9 received vaccine IB – 4/91, 5 times greater than the standard dose at 
d 14. Treatment 10 received the standard dose of vaccine. Treatments 1 
to 6 received following plant medicines: Mentofin, Anzofin, Antibiofin, 
Immunofin, Broncofin, Zagrol via drinking water from d 15 until end of 
experiment. Treatments 7 and 8 were given Bromhexin and Enrofloxasin 
in drinking water from d 15 to d 20 . Treatment 9 was positive control 
and treatment 10 was negative control. The lowest abdominal fat was 
observed in Anzofin and Immunofin treatments, respectively, which had 
significant difference with negative control, possesses highest abdominal 
fat (P < 0.05). Immunofin and positive control showed the highest and 
lowest response to injection of phytohemaglotinin, respectively (P < 
0.05). The highest Heterophil/Lymphocyte ratio was observed in posi-
tive control that had significance difference with all treatments except 
of Anzofin. On 27 and 41 d of age the highest and lowest antibody 
titter against NDV was seen in Anzofin and positive control treatments, 
respectively, although it was not statistically significant (P > 0.05). The 
highest percent of viability was observed in Zagrol and Immunofin 
treatments and the lowest was related to positive control. There was 
no significant difference between treatments (P < 0.05). The results of 
this study indicated that plant medicines Anzofin and Immunofin can 
improve immune system in broilers.

Key Words: medicinal plants, abdominal fat, immune system, viability, 
broilers

P347   The effect of olive leaf as medicinal plant supplemen-
tation on carcass charactristics and mortality in broiler chick-
ens. S. Varmaghany1, S. Rahimi*1, M. A. Karimi Torshizi1, H. 
Lotfollahian2, and H. Jafari3, 1Tarbiat Modares University, Tehran, 
Tehran, Iran, 2Animal Science Researches Institute, Karaj, Alborz, 
Iran, 3Natural Resources and Agriculture Research, Ilam, Ilam, Iran.

This research was conducted to study the effects of dried olive leaf on 
carcass characteristics and mortality in male broilers (Arian strain).The 
experimental design consisted of 2 separate trials with a total of 800, 
one day old broilers, which were placed at either normal temperature 
(NT) or in a cold temperature (CT). Each temperature included 4 dietary 
treatments (0, 0.5%, 1% and 1.5% olive leaf powder) with 4 replicates 
of 25 chicks per replicate. Chicks were closely monitored for mortality 
3 times daily and all mortality removed, weighed, examined grossly 
for lesions and analysis at end of the experiment. At 42 d, 8 birds from 

each replicates were chosen and euthanized to determine the weight and 
percentage of carcass, legs, breast, neck-back, wings, and abdominal fat. 
In both trials, the results showed that percentages of these treats were 
not different between treatments (P > 0.05). However, the percentage 
of abdominal fat showed a linear decrease in birds reared in NT by the 
level of supplementation (1.618, 1.487, 1.498 and 1.293% in treatments 
NT1, NT2, NT3, and NT4 respectively). Similar trend was not observed 
in birds reared in CT. Mortality percentage were 12, 7, 8 and 6 in treat-
ments NT1, NT2, NT3, and NT4 respectively. At the 1 and 1.5% of olive 
leaf levels, reduction in mortality approached significance compared 
with control (P < 0.01). Higher rates of mortality was observed in birds 
reared in CT (38, 32, 17 and 16 for treatments CT1, CT2, CT3, and CT4 
respectively), showing a dose dependent decrease in mortality rate in 
CT condition. The effect of olive leaf supplementation on mortality per-
centage was significant (P < 0.01). Results of this experiment indicated 
that olive leaf had no effect on carcass yield in broiler chickens rearing 
in NT or CT, although the incidence of mortality could be significantly 
reduced by olive leaf supplementation.

Key Words: olive leaf, mortality, carcass, broiler

P348   Effect of bentonite, zeolite and sand on broiler perfor-
mance and blood parameters. B. Karimi, S. Rahimi,* M. Omidi, M. 
Kamely, S. Dehghan, N. S. Rohani, M. Mirzavand, M. Bagheri, and A. 
Sajadi, Tarbiat Modares University, Tehran, Iran.

The objective of this study was to evaluate the effect of zeolite, bentonite 
and sand on performance and blood factors of broilers. One hundred 
twenty day-old male broiler chicks (Ross 308) were randomly allocated 
in completely randomized design of 4 treatments with 3 replicates of 
20 birds per replicate. Chicks were assigned to the basal diet (Control) 
and basal diet supplemented with 2.5% bentonite (B), 2.5% zeoilte (Z), 
throughout the experiment. Sand was supplemented to diet as 2.5 g per 
bird from day1till d 21 and 5 g/bird from d 22 to end of trial (d 42). 
Feed intake (FI), body weight (BW) and feed conversion ratio (FCR) 
were measured in weekly basis and end of the trial. Three chicks per 
replicate were immunized with 0.1 mL of a 0.5% suspension of SRBC 
via intramuscular injection in breast. A complete randomized model 
was employed to analyze data for BW, FI, FCR, carcass characteristics, 
immune response and blood factors. The data were analyzed using the 
GLM procedure of the statistical software (SAS). Mean differences 
among treatments were evaluated through Duncan multiple range test 
at P < 0.05. Data showed no significant differences on BW, FI and FCR 
between the treatments. Also, there were no significant differences on 
carcass quality including: breast, back, thigh, wing, and neck weight. 
Carcass percentage in bentonite group was higher than others. No sig-
nificant difference was seen on length of intestine between treatments. 
Concentration of triglyceride, cholesterol and HDL did not show sig-
nificant difference between treatments. In conclusion, based on results 
of this study there were no any significant differences between treat-
ments on broiler performance, body composition, intestine length and 
blood factors (P > 0.05). It needs more study to determine the effects of 
bentonite, zeolite and sand on broiler performance, blood parameters, 
and litter quality.

Key Words: broiler, performance, bentonite, zeolite, sand
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P349   Effect of a phytogenic feed additive on performance, 
protein digestibility and nitrogen balance in broilers. L. 
Jungbauer*1, K. W. Purser2, and K. R. Wendler1, 1Delacon, Steyregg, 
Austria, 2Nutriquest, Mason City, IA.

In broiler production, feed costs are crucial and account for 60–70% of 
the total costs. Due to the increasing demand of traditional ingredients 
of broiler diets for biofuels production prices for raw materials have 
increased dramatically versus historical norms. Thus, it is necessary to 
optimize broiler nutrition and especially nutrient utilization. Phytogenic 
Feed Additives (PFA) like Biostrong 510 (Delacon, Steyregg, Austria) 
can be added to diets to increase nutrient digestibility and thus, improve 
feed conversion and reduce feed costs. Biostrong 510 has also been 
shown to reduce nitrogen excretion and ammonia emissions. To evalu-
ate the effects of the PFA Biostrong 510 on bird performance, protein 
digestibility and the nitrogen balance in broilers a review including 
18 trials was carried out. For each study, the absolute effects per treat-
ment, and the effects relative to the unsupplemented control diet, were 
calculated. Variance analysis (ANOVA) was applied to determine dif-
ferences between performance data and protein digestibility values of 
the control groups and the Biostrong 510 treatment groups. Corrections 
for differences between experiments were performed by taking the 
experiment number as a block factor into account. The summarized data 
show, that there is no effect on feed intake by feeding the PFA, which 
results in a similar nitrogen intake in control and treatment groups. 
Final body weight and feed conversion ratio of birds fed Biostrong 510 
were improved (P < 0.001) by +2.8% and −3.6%, respectively as was 
digestibility of crude protein (P < 0.001) by 7.3%. The effect of the 
PFA on nitrogen balance was calculated using performance and protein 
digestibility data. The results showed that feeding the PFA increased N 
retention by 5.5% while N excretion was reduced 7.8% compared with 
birds fed without the phytogenic feed additive. It can be concluded that 
the addition of Biostrong significantly improves protein digestibility 
and thereby improves performance, especially feed conversion, and 
reduces nitrogen excretion. These changes lead to reduced feed costs 
and reduced ammonia emissions

Table 1. Effects of Biostrong 510 on performance and nutrient digest-
ibility in broilers
 BW, g FCR, g/g CP digest, %
Cont 1624 1.57 72.3
BSG 1669 1.51 77.6
P <0.001 <0.001 <0.001

Key Words: phytogenic, broiler, performance, digestibility, protein

P350   Effect of milk and molasses Kefir grains as a probiotic on 
performance and serum biochemical parameters in broiler chicks. 
M. Modaresi*, M. Toghyani, and S. K. Mousavi, Department of Animal 
Science, Khorasgan Branch, Islamic Azad University, Isfahan, Iran.

This experiment was conducted to investigate the effect of milk and 
molasses kefir grains as a probiotic on performance and serum bio-
chemistry parameters in broiler chicks. One hundred and ninety two 
day-old broiler chicks were divided randomly into 4 treatment groups 
included: control, probiotic (Protexin), milk kefir grains and molasses 
kefir grains at levels of 2% in drinking water. All of broiler chicks had 

free access to feed and water throughout the experiment. Feed con-
sumption, body weight gain and feed conversion ratio were measured 
in different growth periods. Serum concentration of protein, albumin, 
globulin, triglyceride, cholesterol, LDL and HDL cholesterol were 
determined at 42 d. Results showed that body weight of broilers fed 
milk kefir and probiotic tended to increase in comparison to the control 
(P < 0.05). Feed intake and feed conversion ratio were not significantly 
affected by dietary treatments. Serum cholesterol and LDL cholesterol 
concentration significantly decreased and HDL cholesterol increased 
in broilers received molasses kefir (P < 0.05). In milk kefir treatment, 
serum triglyceride and cholesterol significantly decreased (P < 0.05). 
Protein, albumin and globulin concentration were not affected by dietary 
treatments. These results suggest that addition of milk kefir grains seem 
to have a positive effect on body weight and could be considered as a 
probiotic potential for broiler chicks.

Key Words: broiler, kefir, probiotic, performance, serum biochemistry 
parameters

P351   Effect of soy isoflavones on performance of male 
broiler chicks. F. Alipour,* H. N. Moghadam, and H. Kermanshahi, 
Department of Animal Sciences, Faculty of Agriculture, Ferdowsi 
University of Mashhad, Mashhad, Iran.

This experiment was conducted to evaluate dietary levels of soy iso-
flavones (SI) on performance of male broiler chicks. A range of soy 
isoflavones (20, 40, 80 and 160 mg kg-1) were supplemented to a 
basal diet (corn-soybean). Dietary control treatments involve, negative 
control with no feed additive and 2 positive controls supplemented 
with virginiamycin antibiotic premix 10%, and zinc bacitracin. Total 
of 3 hundred and 50 d-old male broiler chicks (Ross × Ross 308) were 
weighted, and distributed randomly to 7 treatments with 5 replicates 
(10 chicks in each replicate pen) in each treatment. Randomization of 
experimental pens was performed in according to completely random-
ized designs (CRD). Although the performance parameters were not 
affected by dietary treatments during the starter phase, soy isoflavones 
decreased (P < 0.05) feed intake at grower period. Weight gain was also 
influenced by dietary soy isoflavones fortification during entire (1–42 
d) period. Soy isoflavones had no effect on cholesterol concentration 
in chicks. However, HDL concentration increases with higher levels of 
soy isoflavones (P < 0.01). Dietary supplementation with 160 mg kg-1 
soy isoflavones had lower concentration of LDL in comparison to nega-
tive and positive controls. Alkaline phosphates concentration decrease 
with soy isoflavones supplementation (P < 0.01). Soy isoflavones 
had no significant effect on pancreas, heart, carcass and thigh weight 
on 42 d old broilers. Dietary supplementation with 160 mg kg-1 soy 
isoflavones was associated with significant increase (P < 0.01) in rela-
tive breast weight and decrease (P < 0.01) in liver percentage. During 
Grower phase, soy isoflavones decreased (P < 0.05) feed intake. Weight 
gain during total phase was influenced by dietary soy isoflavones; diet 
content soy isoflavones coursed significant increase (P < 0.05) in grows 
rate. Feed conversation ratio was affected by dietary soy isoflavones in 
Grower phase, so that diet contains soy isoflavones improvement feed 
efficiency. Results suggest dietary supplementation of soy isoflavones 
in replacement of antibiotics can improve performance and blood 
parameters in broiler chicks.

Key Words: broiler chicks, soy isoflavones, performance
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P352   Comparison the effects of medicinal plants on carcass 
characteristics, serum lipids and immune system in broiler chicks. 
M. Saeedi, S. Rahimi,* M. Mirzadeh, S. Mazaheri, M. Hatamzade, 
A. Golpour, and S. Yakhkeshi, Tarbiat Modares University, Tehran, 
Tehran, Iran.

In this study the effect of 4 herbal products consists of Mentofin (essen-
tial oil of eucalyptus and mentol), Digestrom (commercial product 
of herbal plants), Bioherbal (garlic essence, garden thyme and other 
essence of herbal plants), Sangrovit (commercial product of herbal 
plants) on carcass characteristics, serum lipids and immune system of 
broilers were investigated. Total of 150 female broiler chicks (Arbor 
Acres) were randomly divided into 5 treatments with 3 replicates in a 
completely randomized design. Treatments were basal diet (control), 
basal diet supplemented with 0.03% Sangrovit, 0.015% Digestrom, 0.1% 
Bioherbal and the group which received 250 mL per 1000 L Mentofin in 
drinking water. During the experiment feed and water were provided ad 
libitum. The lowest level of cholesterol and serum LDL were observed 
in Digestrom and Bioherbal respectively. The lowest amount of LDL 
and the highest amount of HDL were seen in Bioherbal treatment, 
which did not show significant difference with other treatments (P > 
0.05). Body weight in Sangrovit, Mentofin, and Digestrom treatments 
were more than control group (P < 0.05), but Bioherbal did not show 
significant difference with control. Breast weight in Mentofin group 
was significantly more than control group (P < 0.05), but other groups 
did not show significant differences. The highest antibody titer to NDV 
and SRBC on d 28 was belonged to Digestrom treatment compared with 
control (P < 0.05). The relative weight of bursa of Fabricius and spleen 
did not show significant difference between the treatments (P > 0.05). 
According to results of this experiment some of the above mentioned 
commercial products of medicinal plants decrease blood lipids and 
improve immune response in broilers.

Key Words: medicinal plants, serum lipids, carcass characteristics, 
immune system, broiler chicks

P353   Effects of soybean oil and genistein on growth perfor-
mance and immune responses of Male broiler chickens under heat 
stress. F. A. Khesht*1, H. Hassanabadi1, M. A. Khesht2, and S. Moradi1, 
1Department of Animal Sciences, Faculty of Agriculture, Ferdowsi 
University of Mashhad, Mashhad, Iran, 2Faculty of Veterinary 
Medicine, Ferdowsi University of Mashhad, Mashhad, Iran.

Genistein is a natural isoflavone phytoestrogen present in soybean seeds 
and flour, and the structurally similar coumestrol is found in alfalfa. This 
experiment was undertaken to evaluate the effect of dietary soybean oil 
and Genistein on growth performance and immune response of male 
broilers under heat stress (HS). A total of three hundred day-old Ross 
male broilers were randomly assigned to 3 dietary treatments consisted 
of 5 replicates of 10 birds each. The birds received 3 diets, basal diet 
(control), basal diet + 20 mg/kg genistein and basal diet + 5% soybean 
oil under 2 ambient temperatures (22°C and 32°C). On d 13 and 23, 
chicks were vaccinated against Newcastle disease virus (NDV) and 
infectious bronchitis virus disease (IBV), respectively. The 10 chicks 
from each dietary treatment (2 per pen replicate) were bled on d 6 and 
12 after vaccinations. Sera samples were use in hemagglutination inhi-
bition test for NDV and ELISA test for IBV. Data were analyzed in a 
completely randomized design as a 2 × 3 factorial arrangement. There 
were no significant differences (P > 0.05) in feed intake, body weight 

gain and FCR between treatments in starter phase. But, broiler that fed 
by soybean oil had higher (P < 0.01) feed intake in grower phase at 
heat stress condition (32°C). Dietary supplementation with soybean 
oil had higher body weight gain in comparison to control treatment 
in 32°C and 22°C. However, FCR decrease (P < 0.05) with genistein 
supplementation in grower phase and during entire (1–42 d) period in 
2 ambient temperatures. Dietary treatments with 20 mg kg-1 genistein 
increase (P < 0.01) in antibody titers against Newcastle and infectious 
bronchitis diseases viruses on 12 d after vaccine administration in 32°C. 
Results of the present study conclude that in broiler chicks reared under 
heat stress 20 mg of genistein can be improved immune responses and 
growth performance.

Key Words: broilers, genistein, soybean oil, performance, immune 
responses

P354   The effects of Mentha longifolia, Petroselinum crispum, 
Ocimum basilicum L., Anethum graveolens L., Allium sativum L., 
and Coriandrum sativum L. powder on broiler growth performance. 
M. Mirzavand, S. Rahimi,* M. A. Sahari, and B. Karimi, Tarbiat 
Modares University, Tehran, Iran.

The experiment was conducted to evaluate the effects of Mentha 
longifolia, Petroselinum crispum, Ocimum basilicum L., Anethum 
graveolens L., Allium sativum L., Coriandrum sativum L. and antibiotic 
Virginiamycin on broiler growth performance. Total of 480 one-day 
old broilers (Ross 308) were randomly assigned in 8 dietary treatments 
including: basal diet (control), Mentha longifolia, Petroselinum crispum, 
Ocimum basilicum, Anethum graveolens, Allium sativum, Coriandrum 
sativum, and antibiotic Virginiamycin with 3 replicates of 20 birds per 
pen. Basal diet was supplemented with 15 ppm Virginiamycin and1.5 
percent of each medicinal plant. The experiment was allocated in 3 
phases: starter (0 – 10), grower (11 - 35) and finisher (35 – 42) days. 
Feed and water were supplied ad libitum throughout the experiment. 
Data were pooled and analyzed using the general linear model of SAS 
and the multiple ranges of Duncan’s test. Body weight, weight gain 
and feed intake were significantly higher in Virginiamycin group in 
compare with other treatments (P > 0.05), while feed conversion ratio 
was not significantly affected by treatments (P < 0.05). According to 
results of present study the above mentioned medicinal plants can be 
used as antibiotic alternatives in poultry diets.

Key Words: medicinal plants, broiler, performance

P355   Effect of Echinacea purpurea on immune response of broiler 
chickens. F. A. Khesht*1, A. Parandeh2, M. R. Abedini2, S. Yosefi2, 
and A. Safaei3, 1Department of Animal Science, Faculty of Agriculture, 
Ferdowsi University of Mashhad, Mashhad, Iran, 2Department of 
Animal Science, Islamic Azad University, Varamin, Iran, 3Department 
of Animal Science, Islamic Azad University, Science and Research 
Branch, Tehran, Iran.

This experiment was conducted to evaluated the effects of Echinacea 
purpurea (EP) fermented juice supplementation through drinking water 
on broiler performance and immune responses of broiler chickens. A 
total of 200 d-old Ross male broilers were randomly assigned to 3 
dietary treatments consisted of 5 replicates of 10 birds each. Dietary 
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treatments included a control group with no feed additive in their water 
and 3 groups that received EP fermented juice in drinking water at 3 
levels (0.05, 0.1 and 0.2%). On d 13, chicks were vaccinated against 
Newcastle disease virus (NDV). The 10 chicks from each dietary treat-
ment (2 per replicate) were bled on d 6 and 12 after vaccinations. Sera 
samples were use in hemagglutination inhibition test for NDV and 
ELISA test for IBV. At 25 d of age, chicks were injected with 0.5 mL 
of 10% Sheep Red Blood Cells (SRBC) suspension. Feed intake of the 
chicks under varying treatments did not differ statistically (P > 0.05) 
over all experimental periods. Weight gain of broilers under varying 
treatments did not differ statistically (P > 0.05) during starter phase. 
Broilers fed on the diets containing 0.2%, however, showed the higher 
(P < 0.05) weight gain in comparison to the chicks on control treatment 
during grower and all experimental periods. Feed conversion ratio was 
not affected by treatments during all experimental periods. In addition, 
inclusion of 0.2% EP fermented juice in drinking water resulted in the 
higher (P < 0.05) total immunoglobulin response in primary antibody 
titer against sheep erythrocytes compared with other dietary treatments. 
Dietary supplementation with 0.2% EP fermented juice in drinking water 
caused increases (P < 0.01) in antibody titers against Newcastle diseases 
viruses at d 12 after vaccine administration. However, treatments had no 
significant effect on blood leukocyte sub-populations and heterophil to 
lymphocyte ratio. The present study suggest that water supplementation 
with EP fermented juice especially at the levels of 0.2% can improve 
immunological responses of broiler chicks.

Key Words: broiler chicks, Echinacea purpurea, performance, immune 
responses

P356   Effects of aflatoxin from naturally contaminated corn on 
growth, organ weights, serum proteins and the ameliorative effect 
of Calibrin-A in ducks. S. L. Johnston*1, X. L. Wan2, Z. B. Yang2, and 
F. Chi1, 1Amlan International, Chicago, IL, 2Shandong Agricultural 
University, Tai′an, China.

This 21-d experiment investigated the effects of increasing levels (0, 
25, 50, 100 ppb) of aflatoxin (AFL) on growth, organ development, and 
serum proteins of ducks with or without 0.1% addition of Calibrin-A 
(CA), a thermally processed montmorillonite clay. One thousand, 2 
hundred and 80 1-d-old ducks were randomized into 8 treatments of 8 
replications of 20 ducks in a 2 × 4 factorial. Average daily gain decreased 
linearly (P < 0.05) as AFL increased in diets without CA, with values for 
gain ranging from 66.61 to 64.13 g/d. Adding CA to the diets decreased 
(P < 0.05) the effect of AFL on gain with values from 67.94 to 65.53 
g of gain/d. Feed conversion ratio numerically (P = 0.12) improved by 
2.5% in ducks fed diets with CA. Duck beak color score decreased (P 
< 0.05) by 74% and mortality increased (P < 0.05) from 0 to 1.25% as 
AFL increased from 0 to 100 ppb. Adding CA to the diets alleviated 
(P < 0.05) these effects as beak color scores dropped only 39% and 
mortality only reached 0.21% when birds were fed CA in addition to 
AFL. Liver and small intestine wt were lower (P < 0.01) and lung (P = 
0.07) and kidney (P = 0.10) weights were numerically lower in ducks 
fed 0% CA diets. Relative liver and lung wt decreased (P < 0.05) as 
AFL increased in diets without CA; this resulted in a significantly 
lower relative liver wt in the 100 ppb AFL fed birds. Adding CA to 
the diets alleviated this effect (P < 0.05). Feeding 0.1% CA to ducks 
significantly ameliorated the negative effects of 25, 50, and 100 ppb 
dietary AFL on serum proteins. Relative small intestine wt was lower 
(P < 0.05) when CA was fed. In conclusion, increasing dietary AFL (0 
to 100 ppb) showed negative effects on growth performance, mortality, 

and organ development of ducks, adding Calibrin-A protected against 
the negative effects of aflatoxin.

Key Words: aflatoxin, Calibrin-A, duck, organ weight

P357   Effect of bacteriocinogenic Lactobacillus salivarius 
administration on the intestinal microbiota of broiler chickens. 
J.-H. Kim*1, Y.-S. Lim1, S. Oh2, D. Y. Kil1, and G.-B. Kim1, 1Chung-
Ang University, Anseong, Gyeonggi-Do, Korea, 2Chonnam National 
University, Gwangju, Korea.

This study was conducted to investigate the effect of dietary supplemen-
tation of bacteriocin-producing Lactobacillus salivarius strain on the 
intestinal microbiota and growth performance in broilers. L. salivarius 
CAU302 was isolated from chicken intestinal materials with potential 
probiotic applications as an alternative feed additive for broiler produc-
tion. The bacteriocin produced by L. salivarius CAU302 displayed a 
broad range of inhibitory activity against pathogens including Bacillus 
cereus and Listeria monocytogenes. Activity of the bacteriocins 
remained stable after heat treatment or exposure to organic solvents, 
but diminished after treatment with proteolytic enzymes. In the in vivo 
trial, 150 one-day-old Ross broiler chicks (75 birds of each sex) were 
randomly assigned for a period of 5 weeks to 3 dietary groups: C (control 
diet); AB (control diet + avilamycin, 6 mg/kg); LS (control diet + L. 
salivarius, 1 × 107 cfu/mL of water). At 3- and 10-d of age, the microbiota 
composition was determined by pyrosequencing of 16S rRNA gene 
amplicons from fecal samples. During the whole period (0~5 wk), birds 
from antibiotics treatment had higher body weight gain and feed conver-
sion efficiency (P < 0.05) than the other groups. Probiotic-fed group 
was not significantly different from the control on growth performance. 
However, the results show that L. salivarius CAU302 administration 
had a significant effect on the microbiota composition of broilers at the 
species level. At d 3, L. salivarius was the predominant species in the 
LS group, but not in the C and AB groups. At d 10, the proportion of L. 
salivarius was 51.7% (reads 2,383 / total reads 4,611). Throughout the 
feeding trials, the salivaricin gene was detected from the fecal sample 
of the LS group. Based on the result of this study, it is speculated that 
the gut microbiota of broilers could be manipulated by feeding to a 
bacteriocinogenic Lactobacillus strain at an early stage of life.

Key Words: probiotics, Lactobacillus, bacteriocinogenic, microbiota, 
poultry

P358   The effects of Allium sativum L., Glycyrrhiza glabra L., 
Bunium persicum (Boiss.), Matricaria chammomilla, Achillea mille-
folium L., Eucalyptus globulus L. extract and antibiotic Virginiamycin 
on broiler performance. B. Karimi, S. Rahimi,* M. A. K. Torshizi, and 
M. Mirzavand, Tarbiat Modares University, Tehran, Iran.

The experiment was conducted to evaluate the effects of Allium sati-
vum L., Glycyrrhiza glabra L., Bunium persicum (Boiss.), Matricaria 
chammomilla, Achillea millefolium L., Eucalyptus globulus L. and 
Virginiamycin on broiler performance. In this experiment, 480 one-day 
old male broiler chickens (Ross 308) were randomly assigned in dietary 
treatments with 3 replicates of 20 birds per replicate. The experiment was 
conducted in 3 periods: starter (0 – 10), grower (11 – 35) and finisher 
(35 – 42) days. Basal diet supplemented with 15 ppm Virginiamycin and 
0.1 percent of the each plant extract. Feed and water were supplied ad 
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libitum. Data were pooled and analyzed using the general linear model of 
SAS and the multiple ranges of Duncan’s test. Mean of body weight at 
starter and finisher periods were higher in Virginiamycin group compared 
with other treatments (P > 0.05). Feed intake was significantly higher 
in Virginiamycin group at starter and grower periods (P > 0.05). Feed 
conversion ratio was not significantly affected by treatments, only in 
grower period it was higher in Virginiamycin group (P < 0.05). Results 
of this experiment indicated that above mentioned medicinal plants can 
be used as antibiotic alternatives in poultry diets.

Key Words: medicinal plants, antibiotic, broiler, performance

P359   Effect of different levels of edible mushroom On 
Performance and immune system of broiler chickens. A. Safaei*1, 
F. A. Khesht2, and A. Parandeh3, 1Department of Animal Sciences, 
Faculty of Agriculture, Research Science of Azad University, Tehran, 
Iran, 2Department of Animal Sciences, Faculty of Agriculture, 
Ferdowsi University of Mashhad, Mashhad, Iran, 3Department of 
Animal Science, Islamic Azad University, Varamin, Tehran, Iran.

With regards to recent increasing tendency for use of mushrooms in 
Iranian poultry industry, we studied the growth performance and immune 
system of broiler chicken supplemented with the mushroom Agaricus 
bisporus. One hundred fifty 1-d-old mixed-sex Ross 308 broiler chicks 
were randomly allocated to 3 experimental treatments. Each treatment 
consisted of 5 replicates of 10 birds, each were given a nutritionally bal-
anced basal diet or the basal diet supplemented with 15 and 30 g of dried 
mushroom/kg of feed for 6 wk ad libitum basis. Average feed intake, 
body weight gain, feed conversion ratio in starter, growing, finisher and 
total period and average antibody titer against Newcastle at 13-d, sheep 
red blood cells (SRBC) at 25 d of age and weight of bursa of Fabricius 
at 42 d were calculated. Dietary mushroom inclusion of 30 g/kg dried 
mushroom significantly (P < 0.05) improved growth performance com-
pared with control diet at 42d. Utilization of 30 g dried mushroom/kg 
improved (P < 0.01) antibody responses against Newcastle at 13-d and 
immune response against SRBC compared with control group at 25 d. 
Furthermore, weight of bursa of Fabricius increases significantly (P < 
0.05) in compared with normal size at 42 d of age. The present results 
suggest that dietary supplementation with dried mushroom especially 
at levels of 30 g/kg can improve performance and immunological 
responses of broiler chicks.

Key Words: mushroom, Agaricus bisporus, immune system, 
performance

P360   The effects of garlic herb in comparison with organic sele-
nium and vitamin E on carcass fat and performance of broilers. H. 
H. Bilandi, S. Rahimi,* S. Yakhkeshi, and K. G. Naseri, Department of 
Poultry Science, Faculty of Agriculture, Tarbiat Modares University, 
Tehran, Iran.

Garlic herb (Allium sativum) has several beneficial effects for both 
humans and animals having antimicrobial and antioxidant properties. 
It has been found to demonstrate antimicrobial activity, possess lipid 
lowering effects and improves productive performance of broilers. This 
work was conducted to study the value of garlic herb in comparison 
with organic selenium and vitamin E as different dietary antioxidants on 

the performance parameters, abdominal fat deposition and liver lipids 
concentration in broilers. The experiment was conducted using a total 
of 192 d-old male broiler chicks (Ross 308). Birds were randomly allo-
cated to one of 4 treatments and 3 replicates in a completely randomized 
design. Treatments were control, garlic (15g/kg), organic selenium (0.3g/
kg) and vitamin E (2g/kg). On d 42, 3 broilers from each pen killed and 
dissected to evaluate the abdominal and carcass fat. The liver lipids were 
extracted by chloroform/methanol. The results indicated significant (P 
< 0.05) reduction in abdominal fat deposition of the chicken carcasses 
due to the influence of dietary supplementation of garlic herb. Vitamin 
E indicated significant (P < 0.05) reduction in abdominal fat content 
and enhanced carcass mass of broilers but organic Se had no significant 
effect on abdominal fat or performance of broilers. In conclusion, garlic 
herb could be used as antilipidemic agents in broiler diets to lower 
abdominal fat and in fattening increase the carcass mass and improve 
performance of broilers.

Key Words: garlic, organic selenium, vitamin E, abdominal fat, broiler

P361   Growth performance and immunity of broilers fed 
Toyocerin- supplemented diets. D. Solà-Oriol1, R. Dolz2, M. 
Nofrarias2, M. Castillo*3, and A. C. Barroeta1, 1Universitat Autònoma 
de Barcelona, Bellaterra, Spain, 2Centre de Recerca en Sanitat Animal, 
Bellaterra, Spain, 3Rubinum Animal Health S.A., Rubí, Spain.

The aim of the present work was to study the effect of dietary Toyocerin 
supplementation on gastrointestinal tract health and performance in 
broilers. A total of 264 one-day old male broilers (Ross 308; average 
BW = 46.5g) were used from 1 to 35 d of age. There were 2 feeding 
periods: 1 to 21d (3,000 kcal AMEn/kg, 22% CP, and 1.23% total lys) 
and 21 to 35d of age (3,148 kcal AMEn/kg, 19.0% CP, and 1.10% total 
lys) and 2 experimental treatments: 1) cereal and SBM based diet 
(Control) and 2) Control + 0.1% of Toyocerin (B. cereus var. toyoi; 
109). Animals were distributed into 12 floor pens (6 per/treat; 3 blocks 
(4 pens of 22 birds each) according to individual body weight. Feed 
intake and individual weight were recorded weekly by pen (on d 7, 14, 
21, 28 and 35). Four birds/pen on d 7 and 2 birds/pen on d 14, 21, 28 
and 35 were euthanized for digesta and mucosa tissue collection. From 
1 to 7d of experiment, higher body weight (BW; 151.7 vs. 139.7; P < 
0.001), average daily gain (ADG; 15.0 vs 13.3; P < 0.05) and average 
daily feed intake (ADFI; 21.6 vs. 20.0; P < 0.05) was observed for birds 
fed the Toyocerin supplemented diet than those fed the control diets. 
Toyocerin supplemented birds also showed higher average daily gain 
(ADG) and improved feed conversion ratio (FCR) from 14 to 21 d (P 
< 0.05). For the first feeding period (1 to 21d) higher ADG and lower 
FCR were observed for birds fed the Toyocerin supplemented diet (P 
< 0.05). Overall (1 to 35 d) lower ADFI (P < 0.01) and FCR (P < 0.05) 
were observed for the birds fed the Toyocerin supplemented diet. At 7d, 
higher villus height to crypth depth ratio was observed for Toyocerin 
supplemented birds and goblet cells tended to be increased over the 
control group. The IgA concentration in bile tended to be increased in 
those animals fed the Toyocerin supplemented diet (P = 0.107) and the 
number of antibodies against IBV (14d) and IBDV (35d) was higher (P 
< 0.05). Moreover, higher ileal TRFLP similarity was observed for this 
group at 35d. According to the results, dietary Toyocerin supplementa-
tion may improve broiler performance and immune response mainly 
when it is included during the first days.

Key Words: broiler, B. cereus var toyoi, immune response, performance
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P362   Effect of a phytobiotic, Sangrovit, on performance mea-
sures, small intestine morphology and serum antibody titer in 
broiler chicks. F. Foroudi,* M. R. Abedini, and M. Karimi, Varamin-
Pishva Branch Islamic Azad University, Varamin, Tehran, Iran.

The current study was conducted to investigate the effect of Sangrovit 
as a phytobiotic supplement on performance, small intestine morphol-
ogy and immune response of broiler chicks. Three hundred commercial 
hybrid of Ross 308 were allocated in a complete randomized design with 
3 treatments and 4 replicates in 12 floor pens with 25 chicks in each pen 
at d 1. Treatments contained control group (no supplement), Sangrovit 
at 0.05% and Sangrovit at 0.1% of feed (as fed) and the experiment 
was carried out for 42 d. Diets were fed during starter (0–10 d), grower 
(11–24 d) and finisher (25–42 d) periods that were prepared from the 
same batch of ingredients and had the same nutrient composition. Birds 
were weighed and feed consumption was recorded at 1, 10, 24 and 42 d 
of age. Feed conversion was corrected for mortality by considering the 
weight of dead birds. Two birds per replicate (8 birds per treatment) with 
body weights close to the pen average were selected for carcass evalua-
tion and intestinal morphology after a feed deprivation of approximately 
8 h at d 42. Results showed that there were no significant differences 
among treatments in total feed intake (4085, 4224, 4177 g for 0, 0.05 or 
0.1% Sangrovit, respectively), feed conversion ratio (2.08, 2.07, 2.02, 
respectively) or small intestine morphology (villous height in ileum, 
villous width and crypt depth in jejunum). However, Sangrovit at 0.1% 
had significantly better weight gain during the starter period (P < 0.05) 
although this was not carried over to the entire growing period. Upon 
carcass quality analysis, Sangrovit at 0.05% showed significant increase 
in thigh weight (P < 0.05). Hemagglutination inhibition (HI) antibody 
titer against Newcastle disease was significantly higher (P < 0.05) on d 
35 and 42 of experiment for Sangrovit 0.05% as compared with other 
groups. We conclude that inclusion of Sangrovit in broiler diet at 0.05% 
can improve immune response.

Key Words: antibody titer, small intestine morphology, phytobiotic, 
sangrovit, broiler

P363   Effects of saponin and herb oil extracts mixed with 
feed on broiler performance and carcass characteristics. M. 
Yaghoobzadeh1, K. Ghazvinian2, M. Choobchian1, A. Mahdavi2, F. 
Alemi*2, and B. Darabighane3, 1Islamic Azad University-Ghaem 
Shahr Branch, Ghaem Shahr, Mazandaran, Iran, 2Semnan University- 
Faculty of Veterinary Medicine and Animal Husbandry, Semnan, 
Iran, 3Department of Animal Science, Karaj Branch, Islamic Azad 
University, Karaj, Iran.

Medical pressure and interest resulted in the systematic removal of 
antibiotics from poultry diet. Consequently, the poultry industry sought 
substances that could replace antibiotic as growth promoters. The objec-
tive of this study was to evaluate growth and the carcass characteristics 
under commercial conditions and with herb oil and saponin as feed 
additives. In total, 200 one-day-old Ross broiler chicks (average weight: 
40 ± 2gr) in a completely randomized design were used in this study. 
The birds were randomly distributed in groups with 4 replicates. The 
additives were provided as commercial diluted solutions. Diets were 
formulated based on the catalog for Ross 308. The experimental groups 
included the control group (0% oil extract and saponin), and groups 2, 
3 and 4 were fed with saponin supplemented with 0.75, 1 and 1.25% 
oil extract derived from thyme, rosemary and eucalyptus, respectively. 

The feed for chickens in the fifth group was supplemented with antibi-
otic (Erythromycin). During the 42 d of our experiment, performance 
and carcass were measured. The mean body weight gains (MBWG) in 
all of the experimental groups were significantly different (P < 0.05). 
Compared with the control group, T4 had a higher MBWG in all peri-
ods. The feed intake data in starter did not reveal significant difference 
among the groups. The highest feed conversion ratio was obtained in 
T5 and T4, respectively. These findings suggest that adding 1.25% of 
herb mixture of oil and saponin improves performance. Highest carcass 
percentage was observed in the groups T4 as compared with T1- T4. 
However, no significant difference was observed among the groups 
T1-T3 based on the data obtained in ANOVA (P > 0.05). All groups that 
received the herbal mixture of oil and saponin had better performance 
than the control group. Our results show that oil extract and saponin 
may be considered as a potential natural growth promoter for broilers.

Key Words: medicinal herb, performance, carcass characteristics, 
broiler

P364   Effects of single or mixed organic acids on growth per-
formance, fecal and digesta microbial number in Salmonella 
typhimurium and Escherichia coli challenged broilers. M. E. 
Hossain,* G. M. Kim, and C. J. Yang, Sunchon National University, 
Suncheon, Jeonnam, Korea.

The study was conducted to examine the effects of single or mixed 
organic acids on growth performance, fecal and digesta microbial count 
in Salmonella typhimurium (ST) and Escherichia coli (EC) challenged 
broilers. A total of 60 one-day old Ross broiler chicks were assigned 
to 5 dietary treatments in 3 replications with 4 birds per replication 
over a period of 4 weeks. The dietary treatment groups included: NC 
(negative control; basal diet), PC (positive control; basal diet+0.002% 
apramycin), T1 (basal diet+0.5% citric acid), T2 (basal diet+0.4% formic 
acid, propionic acid, lactic acid and phosphoric acid) and T3 (basal 
diet+1.0% formic acid, citric acid, lactic acid and acetic acid). After 
feeding experimental diets for 4 d, all chicks were orally challenged 
with 2 mL culture fluid containing 5.9 × 108 cfu/mL of ST or 2.3 × 108 
cfu/mL of EC KCTC 2571 strain. Fecal ST, EC, Lactobacillus spp. and 
Bacillus spp. were counted in every week, and for digesta at the end of 
the experiment. Results indicate that final body weight, body weight 
gain and feed conversion ratio increased in organic acids group compare 
with the NC group, whereas feed intake increased compare with the PC 
group. Fecal ST and EC number were higher in the NC group compare 
with the other groups, while PC diet showed the highest inhibition effect 
followed by the T3, T2 and T1 diets. Lactobacillus spp. and Bacillus 
spp. increased in the organic acid groups than NC and PC groups. In 
digesta microbial count, EC number was higher in the NC group, but no 
differences were observed among the other groups. PC diet decreased 
ST more than the other groups. Lactobacillus spp. increased in T3 group 
compare with the NC and T1 group, whereas Bacillus spp. was lower 
in the NC group compare with the T3 group. The results suggest that 
citric acid or mixed organic acids positively affect growth parameters 
in challenged condition. In addition, mixed organic acids can decrease 
ST and EC number, and improve Lactobacillus spp. and Bacillus spp. 
in both feces and digesta more than single organic acid.

Key Words: organic acid, Salmonella typhimurium, Escherichia coli, 
challenge, broiler
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P365   Comparison the effects of medicinal plants on serum 
lipids and immune system in broiler chicks. M. Saeedi, S. Rahimi,* 
and F. Shariatmadari, Tarbiat Modares University, Tehran, Iran.

Increasing rates of antibiotic resistance have been reported throughout 
the world. Today, there is a high demand to use traditional medicine and 
herbs. This interest to use the medicinal plants is mainly due to safety 
and less cost of herbs compared with synthetic chemical drugs. Some 
of the medicinal plants decrease the level of serum lipids and lead to 
improve immune function in humans as well as animals. The study was 
conducted to investigate the effects of 4 herbal products and antibiotic 
on serum lipids and immune response of broilers. A total of 360 d old 
male broilers (Arian strain) were randomly divided into 6 treatments, 
with 3 replicates of 20 birds in each. Treatments included: negative con-
trol (basal diet without any additives), positive control (Virginiamycin 
antibiotic) and 4 commercial herbal plants: Digestarom, Bioherbal, 
Sangrovit, and Biostrong510.The highest antibody titers against 
Newcastle dieses vaccine were observed in Sangrovit, Virginiamycin 
and Digestarom treatments compared with negative control (P < 0.05). 
The lowest Heterophil/Lymphocyte ratio were seen in Bioherbal and 
Digestarom treatments compared with negative control (P < 0.05). The 
relative weight of spleen was not affected by the treatments (P > 0.05), 
but relative weight of bursa Fabricious was significantly different in 
Bioherbal, Sangrovit, Digestarom and Virginiamycin in comparison 
to negative control (P < 0.05). Response to phytohemaglutenine injec-
tion and antibody titer against SRBC did not affected by treatments (P 
> 0.05). The levels of triglyceride, cholesterol and LDL did not have 
significant difference between treatments, but the highest HDL level 
was seen in Sangrovit treatment (P < 0.05). It has been concluded that 
the medicinal plants have positive effects on broilers blood parameters. 
Thus these can be used as antibiotic alternatives in broilers feed.

Key Words: medicinal plants, virginiamycin, immune system, serum 
lipids, broilers

P366   Effects of cysteamine on growth performance, and soma-
tostatin and insulin-like growth factor-1 mRNA expressions in 
broiler chickens. C. Y. Yang,* A. Chen, J. Liu, and Q. Hong, College 
of Animal Sciences, Zhejiang University, Hangzhou, China.

Two hundred forty 1-d-old male Avian broiler chickens were used to 
investigate the effects of cysteamine on growth performance, and soma-
tostatin and insulin-like growth factor-1 (IGF-1) gene expressions. Birds 
were randomly assigned into 2 treatments with 20 birds per pen and 6 
replicate pens per treatment, and offered the same basal diets for 42 d. 
The treatments were no addition (Control) and 60 mg cysteamine/kg 
of diet. Six birds per treatment were selected randomly to collect hypo-
thalamus on d 7, 14, 21, 35 and 42. The somatostatin and IGF-1 mRNA 
expressions were performed by real time PCR. Supplementation with 
cysteamine increased average daily gain (ADG) by 4.35% (P < 0.05) 
compared with the control diet from d 1 to 42 (P < 0.05). From d 1 to 
21, diet with cysteamine decreased (P < 0.05) feed to gain ration (F:G) 
compared with the control diet. The addition of cysteamine decreased 
somatostatin mRNA expressions by 66% (P < 0.05), 50% (P < 0.05), and 
48% (P < 0.05) on d 7, 14, and 28 respectively. However, no significant 
differences were observed in somatostatin mRNA expressions on d 35 
and 42 between the control and treatment groups. Birds fed cysteamine 
had greater (P < 0.05) IGF-1 mRNA on d 7 and 14 compared with the 
control birds. Treatments did not affect IGF-1 mRNA on d 21, 28, 35 
and 42. The results indicate that dietary cysteamine improve the growth 

performance may be due to affect the somatostatin and IGF-1 gene 
expressions in hypothalamus of broiler chickens.

Key Words: cysteamine, somatostatin, insulin-like growth factor-1, 
broiler chicken, growth performance

P367   Effects of a multispecies probiotic and an essential oils 
supplementation on growth efficiency and performance of turkey 
hens. A. Jordan*1, M. Mohnl2, and R. M. Hulet3, 1Biomin USA, San 
Antonio, TX, 2Biomin Holding GmbH, Herzogengurg, Austria, 3Penn 
State University, Department of Poultry Science, University Park.

Consumer fear of a possible increase in antibiotic-resistant bacteria has 
encouraged a search for alternatives for use in the diets of commercial 
poultry and other livestock. Probiotics, prebiotics, and essential oils 
influence the microbial population and intestinal tract in a positive way 
thus improving the health, well-being and performance of animals. An 
experiment was conducted to investigate the effects of a multispecies 
probiotic and separately the supplementation of essential oils on growth 
efficiency and performance of turkey hens fed to 98 d of age. 1,080 
one-day old commercial poults (Hybrid) were randomly assigned to 3 
dietary treatments with 6 replicates per group and 45 birds per replicate. 
Animals of all groups were fed a standard commercial antibiotic free diet 
in a 4 diet feeding program. Feed and water was provided to all turkeys 
ad libitum. Experimental group 1 received the synbiotic multispecies 
product via the drinking water at a concentration of 20 g /1000 birds/
day at d 1, 2, 3, 7, 13, 14, 15, 21, 28, 35, 41, 42, 43, 49, 56, 63, 69, 
70, 71, 77, 84, 91 while the control group was given diets without the 
stated preparation. The essential oils supplement was included in the 
diet at a dosage of 150 g/t in the pre-start, starter and grower diet, and 
100 g/t in the finisher diet. The birds were kept under observation for 
98 d and performance parameters were determined. By the addition of 
the synbiotic product and the essential oils the final body weight was 
significantly increased in comparison to the control group (P < 0.05) 
and mortality was numerically lower. The results of the trial show that 
the supplementation of the multispecies probiotic or this unique blend 
of essential oils is effective in improving turkey performance.

Key Words: probiotic, multispecies, essential oils, performance, turkey

P368   Effects of essential oil concentration and grain type 
on broiler performance. K. Claassen*1, M. J. Da Costa1, E. O. 
Oviedo-Rondón1, and B. Turner2, 1North Carolina State University, 
Raleigh, 2DSM Nutritional Products, Parsippany, NJ.

Diet grain type may influence responses to feed additives like essential oils 
(EO). One trial was conducted to evaluate the effects of EO concentration 
in corn (C)- or wheat (W)-based diets on broiler performance. Basal diets 
containing either C or W were formulated to have similar nutrient compo-
sition for starter (0–14d), grower (14–35d) and finisher (35–47d) phases. 
The specific EO blend containing benzoic acid (Crina Poultry Plus) was 
added to obtain concentrations of 0, 150, or 300ppm. A total of 720 Ross 
708 day-old male broilers were identified, and placed in 72 floor pens with 
recycled litter. BW, feed intake (FI) and FCR were calculated for each phase 
and for overall grow out (0–47d). Individual BW were recorded at 47d to 
calculate flock uniformity. Data were analyzed as a 2 × 3 factorial design 
with grain type and EO concentration as main factors for a total of 6 treat-
ment combinations with 12 replicates of 10 broilers each. Interaction effects 
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were observed in FI and FCR in starter and finisher phases, and in overall 
grow out. In general, broilers fed W diets had lower FI (P < 0.05) and better 
FCR (P ≤ 0.001) as EO increased, but no significant (P > 0.05) differences 
due to EO concentration were detected when chickens were fed C diets. 
The EO at 300ppm improved BWG (P < 0.05) independently of the grain 
type, only in the starter phase. No effects of EO (P > 0.05) on BWG were 
observed in other phases. Broilers fed W-based diets had higher (P < 0.01) 
BWG in all phases and overall, than chickens fed C-based diets, but FCR 
was better (P ≤ 0.001) in broilers fed C diets for all phases. Treatments had 
no significant effects on flock uniformity or mortality. Although broilers 
fed W-based diets were heavier, the FCR was better when feeding C diets. 
Broilers fed diets with EO had improved FCR over chickens not fed EO, but 
only when using W-based diets. It was concluded that EO reduced broiler FI 
and improved FCR without significantly affecting BWG; dietary grain type 
affected responses to EO, observing more significant and positive effects 
of EO in W-based diets compared with C-based diets.

Key Words: essential oil, broiler, grain type, performance

P369   Effects of a phytogenic feed additive on performance 
in broilers. K. W. Purser*1, L. Jungbauer2, and K. R. Wendler2, 
1Nutriquest, Mason City, IA, 2Delacon, Steyregg, Austria.

In today′s market using feed additives to improve feed conversion often 
has a much greater return than just a few years ago. The phytogenic feed 
additive (PFA) Biostrong 510 (Delacon, Steyregg, Austria) has been shown 
to improve feed conversion by enhancing nutrient utilization in poultry. The 
aim of this study was to evaluate the effects of Biostrong 510 on performance 
in broilers fed a diet based on corn and soybean meal. A total of 480 male 
Cobb 500 broilers were randomly allotted to 2 dietary treatments. Birds 
were fed a starter (0–19 d), grower (19–35 d) and finisher (35–42 d) diet 
without or with 300 mg/kg Biostrong 510 in the starter diet and 150 mg/kg 
Biostrong 510 in the grower and finisher diets. All diets contained bacitracin 
methylene disalicylate (55 mg/kg) during the starter and grower phase and 
virginiamycin (22 mg/kg) during the finisher phase. Phytase (Ronozyme) 
and carbohydrase (Hemicell) were also included. At day of hatch chicks 
were spray vaccinated with the label recommended dosage of Coccivac-B. 
Feed and water were available ad libitum. Data derived from the experi-
ment were analyzed by statistical package SAS (SAS 1988). Means were 
compared by the usual test procedures (Tukey test) and significance level 
was set at P ≤ 0.05. During the starter and grower phase there were no 
differences in performance for the birds fed the PFA-supplemented diets 
and the control diets. During the finisher phase daily weight gain (DWG) 
and feed conversion ratio (FCR) were significantly improved by 14% (P = 
0.028) and 16% (P = 0.010), respectively. Overall, from d 1 to 42 no effect 
on daily feed intake (DFI) (P = 0.717) was observed, whereas DWG was 
significantly improved by 4.4% (P = 0.001) and FCR was improved by 4.9% 
(P = 0.001). A calculation with current prices for feed and the presented 
performance results has shown that the addition of Biostrong 510 reduced 
feed cost by $0.02/kg gain. It is concluded, that the addition of Biostrong 
510 significantly improved performance and reduced feed cost.

Table 1. Effect of Biostrong 510 on performance in broilers
 Control Biostrong 510 P-value
DFI (g/d) 106 106 0.717
DWG (g/d) 56.8b 59.3a 0.001
FCR (g/g) 1.85a 1.76b 0.001

Key Words: phytogenic, feed additive, broiler, performance

P370   Effect of dietary inclusion of a botanical blend on growth 
performance and processing yield in broiler chickens. J. Klein*1, 
M. B. Farnell1, M. P. Williams1, J. Hoffman1, S. Kellner2, T. Hopson2, 
and J. T. Lee1, 1Poultry Science Department, Texas AgriLife Research 
and Extension, Texas A&M System, College Station, 2Lohmann Animal 
Health International, Winslow, ME.

An experiment was conducted to evaluate the inclusion of a specific 
botanical blend (Spicemaster-P) on performance, processing yield, and 
histological development in coccidiosis vaccinated broilers reared on 
used litter. The botanical blend is a combination of a specific brown 
algae, essential oils, and herbs. Treatments consisted of a non-medicated 
control (NC), a medicated positive control diet (PC) (50 g/ton of BMD 
in the starter and grower phases, 20 g/ton of virginiamycin in the fin-
isher 1 and 2 dietary phases), and the botanical blend (NCB) included 
in the negative control diet at 400 g/ton. Each treatment consisted of 
8 replicate pens each containing 54 sexed chicks placed (1,296 total 
broilers placed). Average broiler body weight and feed consumption 
from each replicate pen were determined on days of dietary changes. 
Six male and female broilers per replicate were processed at the termi-
nation of the study and carcass characteristics evaluated. Body weight 
was increased (P < 0.05) with the inclusion of the medication program 
in the PC diet as compared with the NC diet throughout the experi-
ment. The inclusion of the botanical blend increased (P < 0.05) body 
weight to a level comparable to the PC on each sampling day. The NC 
diet yielded the highest observed FCR through 29 d of age while the 
inclusion of the botanical blend decreased (P < 0.05) FCR. Cumulative 
FCR was decreased (P < 0.05) throughout the remainder of the experi-
ment following the finisher 1 and finisher 2 diets with the inclusion of 
the botanical blend as compared with the NC. Observed FCR for the 
NCB treatment was similar to the FCR for the PC broilers throughout 
the trial. Processing data were similar to body weight data, the PC and 
NCB treatments yielded increased (P < 0.05) carcass and breast fillet 
weights as compared with the NC diet. No significant differences were 
observed with regard to histological development. These data suggest 
that the inclusion of this specific botanical blend may result in similar 
performance and processing parameters compared with a medication 
program including bacitracin methylene disalicylate and virginiamycin.

Key Words: broiler, growth, processing, botanical blend

P371   Effect of medicinal plant, antibiotic and probiotic on 
microbial population, intestinal morphology and performance of 
broilers. S. Yakhkeshi, S. Rahimi,* and K. G. Naseri, Tarbiat Modares 
University, Tehran, Tehran, Iran.

Sangrovit is a phytogenic feed additive that is extracted from some 
plants including Sanguinaria Canadensis. It has been shown that 
Sanguinarine suppresses the growth of some bacteria, enhance appe-
tite, and promotes growth. The objective of this study was to compare 
the effects of Sangrovite, probiotic (Primalac) and Virginiamycin on 
growth performance of broiler chickens. A total of 240 one-day old 
male broilers (Cobb 500) were randomly allocated to 3 treatments, 
with 4 replicates of 15 birds in each. Dietary treatments were basal diet 
(control), Virginiamycin (15 ppm in diet), Primalac (0.1% in diet), and 
Sangrovit (35g/ton in diet). The highest and lowest weight gain was 
achieved in Virginiamycin and control at 28–42 and 1–42 d of ages, 
respectively (P < 0.05). The highest feed conversion ratio were obtained 
by control at 28–42 and 1–42 d of age (P < 0.05). The lowest and high-
est coliforms bacteria counts in ileum at 21 d of age were achieved 
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in Virginiamycin and control, respectively (P < 0.05). Moreover, the 
highest and lowest lactic acid bacteria in crop, ileum and cecum at 21 
d of age were observed in Primalac and Virginiamycin, respectively (P 
< 0.05). The highest and lowest villi height in duodenum and jejunum 
were attained by Primalac and control at 21 and 42 d of age, respectively 
(P < 0.05). Greatest villi height: crypt depths in jejunum were obtained 
by Primalac at 21 d of age (P < 0.05). Furthermore, Greatest villi height: 
crypt depth in duodenum and jejunum were obtained by Primalac (P 
< 0.05) which was not differ with Sangrovit at 42 d of age (P > 0.05). 
According to results of this experiment it can be recommended that 
probiotics additives, herbal extracts and organic acids can be used as 
antibiotic alternatives in broilers feed.

Key Words: sangrovite, Primalac, Virginiamycin, broiler, performance

P372   Development of an in vitro model of probiotic adherence 
and colonization for poultry. M. Spivey* and T. Duong, Texas A&M 
University, College Station.

Probiotics are live microorganisms which when consumed in adequate 
amounts confer a health benefit upon the host. In poultry production, 
probiotics are an important alternative to the use of antibiotic growth 
promoters. While adherence and colonization are critical to their 
functionality, the mechanisms responsible for probiotic colonization in 
chickens are poorly understood. The goal of this study was to develop 
an in vitro model to investigate adherence and colonization of probi-
otic Lactobacillus using the chicken LMH cell line. We evaluated the 
effect of co-incubation time, number of post incubation washes, and 
bacteria-cell multiplicity on the adherence of Lactobacillus crispatus 
ST1 to LMH cells. A significant decrease in adherent bacteria was 
observed with prolonged incubation time. Adherent bacteria were found 
to decrease with increasing numbers of post incubation washes. There 
was no significant difference between 5 and 8 washes, indicating that 
most of the non-adherent bacteria have been washed off after 5 washes. 
Adherence was found to be dose dependent, increasing with bacteria-cell 
multiplicity. We evaluated the adherence of 4 model poultry probiotic 
Lactobacillus strains (L. crispatus ST1, Lactobacillus crispatus JCM 
5810, Lactobacillus gallinarum ATCC 33199, Lactobacillus gal-
linarum JCM 8782) to chicken LMH cells using Salmonella enterica 
Typhimurium as a positive control. All Lactobacillus strains were 
found to adhere to LMH cells at 106 cfu. Additionally, adherence of 
L. crispatus ST1 was significantly greater than other lactobacilli. The 
development and validation of this model in live poultry is expected 
to support the development of novel and improved probiotics for use 
in poultry production.

Key Words: probiotics, Lactobacillus, adherence, colonization, poultry

P373   Effects of aloe vera gel (mixed with drinking water) on 
humoral immune response, relative weight of lymphoid organs, 
and blood parameters in broilers. B. Darabighane*1, S. Moradi2, 
and W. Andalibi2, 1Department of Animal Science, Karaj Branch, 
Islamic Azad University, Karaj, Iran, 2Department of Animal Science, 
University of Zanjan, Zanjan, Iran.

Aloe vera gel (AVG) contains a widely known polysaccharide called 
acemannan which is composed of mannose units that can attach to man-
nose receptors in macrophages, thereby stimulating immune system. The 

objective of this study is to examine effects of different levels of AVG 
mixed with drinking water on stimulating immune system in broilers. 
In this study, we carried out experiments on 240 male chickens from the 
strain Ross 308 in a completely randomized design with 4 groups each 
with 4 replicates of 15 chickens. The chickens were grouped as follows: 
control group (basal diet) and 3 groups with different levels of AVG (1%, 
2%, and 3%) mixed with drinking water. On d 16, the broilers were fed 
with Newcastle disease vaccine (LaSota) through drinking water and 10 
and 20 d later, 2 birds were selected from each replicates for drawing 
blood samples from the vein under the right wing. To determine white 
blood cells (WBCs), red blood cells (RBCs), and hemoglobin counts, 
2 birds were selected from each replicate on d 10, 24, and 42. On d 42, 
2 birds were randomly selected from each replicate and sacrificed to 
examine relative weight of lymphoid organs (spleen and bursa). Our 
findings indicated that on d 26 and 36, groups treated with AVG had 
significantly increased antibody titer against Newcastle disease virus 
(NDV) compared with the control group. In addition, the highest level 
of antibody titer against NDV was observed in the 3% AVG group. 
Higher levels of antibody titer against NDV led to significant increase 
in WBCs count on d 10, 24, and 42 for the AVG groups compared with 
the control group. No significant different was observed between the 
groups on d 10, 24, and 42 regarding RBCs and hemoglobin counts. 
Moreover, on d 42, relative weight of spleen and bursa in 2% and 3% 
AVG groups showed significant increase compared with the control 
group. Therefore, it can be argued that the polysaccharide contained in 
AVG, as a stimulant of immune system, increases antibody titer against 
NDV as well as WBCs count in broilers.

Key Words: aloe vera, humoral immune response, lymphoid organ, 
blood parameter, broiler

P374   Artemisia annua as a phytogenic feed additive in broiler 
chickens. G. Cherian*1, I. C. Burke2, and W. L. Pan2, 1Oregon State 
University, Corvallis, 2Washington State University, Pullman.

Increasing consumer and governmental pressure on the broiler industry 
to ban the inclusion of antimicrobials in poultry feed has prompted 
poultry scientists to look for natural, safer alternatives for enhancing 
gut health in poultry. In this context, phytogenic feed additives are 
gaining popularity as alternatives to antibiotics, probiotics, and prebi-
otics. Dried leaves of Artemisia annua have been used for medicinal 
purposes in oriental medicine due to their antimicrobial activity. 
However, information on Artemisia annua as a feed additive in poultry 
is very limited. In the current study, the effect of including Artemisia 
annua in broiler diets on bird performance, gut pH, tissue lipids and 
lipid oxidation products are investigated. A total of 96 broiler chicks 
were kept in 48 cages (8 replications/treatment) and were fed corn-soy 
diets containing 0 (Control), 2, (ART2) or 4% (ART4) dried Artemisia 
annua leaves from d 14 through d 42. Artemisia addition did not affect 
final body weight, weight gain, feed consumption, carcass weight, or 
feed:gain. No difference was observed in the relative weight of liver, 
abdominal fat, spleen or heart tissue. Cecal digesta pH was lowest in 
birds fed the ART4 diet (P < 0.02). The pH of ileal digesta was lowest 
in ART2 (P < 0.01). No difference was found in the total fat content 
of liver, abdominal adipose, breast or thigh muscle (P > 0.05). Lipid 
oxidation products measured as thiobarbituric acid reactive substances 
(TBARS) were lower in the breast and thigh muscle of birds fed ART2 
and ART4 diets when compared with Control (P < 0.0001). Gastric 
acidity is protective against intestinal colonization and translocation 
of pathogenic bacteria. Therefore, gut pH and muscle tissue TBARS 
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reduction in ART2 and ART4 suggest that Artemisia annua may prove 
useful as a natural phytogenic feed additive with antioxidant potential 
that could be incorporated into poultry diets.

Key Words: Artemisia annua, pH, thiobarbituric acid reactive 
substances, ceca

P375   Minimum inhibitory concentrations of Farmatan dried 
all-natural tannic acid (flavoring) feed additive on pathogenic 
strains of Clostridium perfringens and Escherichia coli plus iso-
lates of four Salmonella species in vitro. V. Bole-Hribovsek1, M. 
Drobnic-Kosorek1, J. Ponebsek2, D. Moran3, and D. M. Hooge*4, 
1Ljubljana University, Gerbiceva, Slovenia, 2Tanin Sevnica, Sevnica, 
Slovenia, 3Prinova USA, Inc., Carol Stream, IL, 4Hooge Consulting 
Service Inc., Eagle Mountain, UT.

A dried tannic acid (flavoring; Farmatan, Tanin Sevnia; ~75% tannins) 
product from specific hardwood trees in Europe was used to determine 
minimum inhibitory concentrations (MIC) against several enteric bacte-
ria. Pathogenic strains of Clostridium perfringens (type C; ATCC 51880) 
and Escherichia coli (138:K81, 88a) which cause necrotic enteritis and 
diarrhea, respectively, in piglets, plus isolates of Salmonella enteriditis, 
typhimurium, seftenberg, and livingstone, were tested. Farmatan tan-
nins concentrations used were: 0.0015625% to 0.5% for Clostridium 
perfringens; 0.05%, 0.5%, and 2.5% for Escherichia coli; and 0.5% for 
Salmonella species. The effect on growth was examined by suspending 
bacteria in liquid culture medium, then adding Farmatan and bacterial 
suspension to culture medium (BHI agar for clostridia and salmonella, 
and BHI, Paromycin-Vancomycin, or TSB agar for E. coli). Media 
were incubated for 12 h for C. perfringens, 8 h for E. coli, or 24 h for 
Salmonella. After incubation, either 0.01 mL of the cultures of C. per-
fringens or Salmonella or 0.02 mL of E. coli were inoculated on solid 
culture medium. Counts of colony forming units (cfu) by treatments 
showed inhibitory activity. Tannins concentrations of 0.05%, 0.025%, 
and 0.0125% decreased the number of cfu by more than 54-fold (under 
the detection limit) whereas 0.00625% allowed a minimal increase, 
0.003125% reduced growth by 2.7-fold, and 0.0015625% reduced 
growth by 1.7-fold. For E. coli, 0.05% tannins had little effect, 0.5% 
increased cfu by 4- to 91-fold depending on agar, and 2.5% reduced 
cfu by 218- to 1090-fold (pH decreased with increased tannins). For 
Salmonella, 0.5% tannins reduced cfu to 36 to 64% of control count. 
Tannins at concentrations of 0.0125% or higher had bactericidal activity 
against C. perfringens.

Key Words: Clostridium perfringens, Farmatan, minimum inhibitory 
concentration, pathogen, tannin

P376   Early nutrition of broilers. L. C. G. S. Barbosa,* A. J. A. 
Kawaoku, E. R. Afonso, R. Barbalho, C. S. S. Araujo, R. Albuquerque, 
and L. F. Araujo, Universidade de São Paulo, Pirassununga, São 
Paulo, Brazil.

The first week after hatch is a critical period for birds because their 
performance during this period greatly affects livability and flock 
uniformity It could be assumed that the nutritional profile of the diets 
used during this period will play an important role in the overall per-
formance of the birds For various reasons, the time between hatching 

transport and housing of the bird can vary from 10 to 60 h, generating 
the consequences to initial development, which will be disastrous in its 
performance. The field of animal nutrition seeks to improve the utiliza-
tion of dietary nutrients. In this context, the yeast plays an important 
role due to its nutritional and pharmacodynamic characteristics. This 
study aimed to assess the impact of early nutrition on development 
of broiler chickens. 1,100 fertile eggs, Cobb, were incubated and just 
840 birds distributed in design completely randomized in factorial 
scheme with 5 levels of inclusion yeast (0%, 0.25, 0.50%, 0.75% and 
1%) and 2 sex. Treatments contained 7 replications of 12 birds each. 
After hatching, the birds were distributed in boxes according to the 
treatments and received 120 g of a pre-starter diet. The birds were 
kept in boxes for 5 h before placement. Weight gain, feed conversion 
and feed intake in the period 1–43 d were evaluated as measures of 
performance. At d44, one male bird was randomly taken from each 
pen and weighed and tagged individually for processing. Carcass 
weight, breast meat yield, leg yield and abdominal fat were measured. 
Difference in live performance (body weight, feed conversion and 
feed intake) were not observed (P > 0.05) on 1 to 43 d. There was no 
significant (P > 0.05) difference in carcass weight, breast and legs 
yields and abdominal fat between the treatments. Future work using 
different experimental designs would be recommended to determine 
any potential benefits from feeding chicks yeast diets before placement 
on subsequent performance and carcass yields. 

Key Words: yeast, baby chicken, nutrition, additives

P377   The influence of different levels of probiotic (PrimaLac) 
on growth performance and ileum E. coli contents of male broiler 
chicks. A. Karimimanesh, A. Karimi,* G. A. Sadeghi, A. Vaziry, and T. 
Azizi, University of Kurdistan, Sanandaj, Kurdistan, Iran.

This experiment was conducted to determine the effect of different 
levels of a commercial probiotic product (PrimaLac) on broiler chicks 
performance and ileum E. coli contents. A total of 180 one-day old male 
broiler chicks (Ross 308) randomly distributed among 3 treatments 
with 4 replicates of 15 birds each, in a completely randomized design. 
The 3 treatments included: (1) basal diet or control, (2) control plus 
manufacturer recommended level of probiotic (0.9, 0.45, and 0.225 g/
kg during 1–21 d, 21–42 d, and 42–49 d, respectively), and (3) control 
plus twice the recommended level of probiotic (1.80, 0.90, and 0.45 
g/kg during 1–21 d, 21–42 d, and 42–49 d, respectively). The results 
indicated that supplementation of probiotic at recommended level had 
no significant negative or positive effects (P > 0.05) on broiler body 
weight, daily gain, and feed conversion ratio during different growth 
phases; but significantly decreased birds feed intake during 42–49 d. 
Addition of probiotic at twice of the recommended level, significantly 
(P < 0.05) decreased birds body weight at 42 d, daily gain during 21 to 
42, and feed intake during 42–49 d. In addition feed conversion ratio 
during 1 to 21 d and 21 to 42 d, significantly (P < 0.05) increased at 
higher level of probiotic supplementation compared with the control or 
recommended level. The results showed that addition of probiotic to the 
basal diet at both levels had not significant effects (P > 0.05) on ileum 
E. coli contents at 16 d of age. More research is needed to clarify the 
reason behind observed negative effects of extra dose of probiotic on 
broiler performance during this experiment.

Key Words: broiler, E. coli, performance, probiotic
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P378   Evaluation of the efficacy of Myco-Ad in preventing 
fumonisin toxicity in broiler chicks. C. A. Mallmann1, P. Dilkin1, L. 
Giacomini1, R. H. Rauber1, and D. Zaviezo*2, 1Universidade Federal 
de Santa Maria, Laboratorio de Analises Micotoxicologicas (LAMIC), 
RS. Brasil, 2Special Nutrients, Miami, FL.

The dietary use of 0.25% Myco-Ad has been proven to effectively prevent 
the toxic effects of aflatoxin, ochratoxin and T-2 toxin in broilers. Studies 
were conducted to evaluate the fumonisin (FUM) adsorption capacity of 
Myco-Ad and its efficacy in preventing the deleterious effects of high 
levels of FUM in broiler chicks; as part of the regulatory anti-mycotoxin 
additives (AMA) approval process in Brazil. Six hundred day-old Cobb 
male chicks were placed in battery cages randomly distributed into 5 treat-
ments with 12 replications each and fed a basal corn-soy diet containing 
or exceeding NRC recommendations. All ingredients used were tested 
free of mycotoxins contamination. Treatments were: 1 basal diet; 2 basal 
+ 0.5% Myco-Ad; 3 basal + 100 ppm FUM; 4 basal + 100 ppm FUM + 
0.25% Myco-Ad and 5 basal + 100 ppm FUM + 0.5% Myco-Ad. FUM 
was obtained from a culture of Fusarium moniliforme containing 94.4% 
Fumonisin B1 and 5.6% Fumonisin B2 produced in LAMIC. Myco-Ad 
adsorption capacity of 2.5 ppm FUM was 74.6% at pH3. Results at 21 
d of age indicated that broiler fed 100 ppm FUM contaminated diet pre-
sented significant lower feed intake (4.5%), smaller body weight (9.1%), 
poorer feed conversion (5.6%) and altered sphinganine:sphingosine ratio 
in blood (31.4%) than chicks fed the control diet. The addition of either 
0.25% or 0.5% Myco-Ad significantly improved the feed intake (2%), 
body weight (4.6%) and sphinganine:sphingosine ratio in blood (54.3%) 
observed in chicks fed the FUM contaminated diet. Liver size and plasma 
proteins were not significantly affected by the treatments. The addition of 
0.5% Myco-Ad to the chick diet did not show any statistical difference 
in the parameters measured compared with the control diet, demonstrat-
ing its lack of interference with the absorption of nutrients. These results 
indicated that 0.25% Myco-Ad was effective in reducing the toxic effects 
of FUM in broiler chicks; and therefore met the requirements for AMA 
registration in Brazil.

Key Words: Myco-Ad, fumonisin, broilers

P379   Effects of fulvic acid on growth performance and nutri-
ent digestibility in broiler chickens. H. J. Zhang*1, J. Wang1, L. 
Xu1, S. G. Wu1, H. Y. Yue1, G. H. Qi1, C. Y. Wei2, and C. Q. Yu2, 
1Key Laboratory of Feed Biotechnology of Ministry of Agriculture, 
Feed Research Institute, Chinese Academy of Agricultural Sciences, 
Beijing, China, 2Inner Mongolia Yongye Nongfeng Biotechnology Co. 
Ltd., Beijing, China.

This study was conducted to investigate the effects of fulvic acid, a 
natural additive extracted from lignite, on growth performance and 
nutrient digestibility in broiler chicken. Six hundred day-old Arbor Acre 
broiler chickens (half male and half female) were randomly allotted into 
5 dietary treatments supplemented with 0 (control), 50mg aureomycin, 
120mg, 240mg or 480 fulvic acid in per kilogram diets. Each treatment 
contained 6 replicates with 20 birds each. The study duration was 6 
weeks. The results showed that chicks fed fulvic acid diets had higher 
average daily gain (ADG) and superior feed conversion ratio during the 
starter phase (0~3 wk), which were comparable to chicks fed aureomycin 
diet. With the increasing level of fulvic acid addition, ADG and feed 
efficiency decreased slightly during the grower phase (3~6 wk). Fulvic 
acid at dosage of 240mg/kg resulted in improved feed efficiency than 
chicks fed control or aureomycin diet during the starter (0~3 wk) or the 

whole experimental phase. Chicks fed 240mg/kg fulvic acid had 8.01% 
and 6.57% increased crude protein digestibility compared with chicks 
fed control or auromycin diet during 28~31 d of age (P < 0.05). Carcass 
composition and immune organs indices did not vary among treatments. 
Serum total superoxide dismutase activity and lysozyme were elevated 
in chick fed 480 mg/kg fulvic acid diet than chicks fed aureomycin diet 
on d 42 (P < 0.05). Taken together, the overall results suggested that 
fulvic acid could act as a potential growth promoter in broiler chickens.

Key Words: broiler chicken, fulvic acid, growth performance, nutrient 
digestibility

P380   Effects of pyrroloquinoline quinone on laying perfor-
mance, egg quality, and antioxidant capacity in laying hens. G. H. 
Qi*1, H. J. Zhang1, L. Xu1, S. G. Wu1, H. Y. Yue1, W. Jing1, S. Y. Fu1, 
and L. L. Sun2, 1Key Laboratory of Feed Biotechnology of Ministry of 
Agriculture, Feed Research Institute, Chinese Academy of Agricultural 
Sciences, Beijing, China, 2Shanghai Medical life Science Research 
Center Co. Ltd., Shanghai, China.

This study was designed to examine the effects of dietary pyrrolo-
quinoline quinone (PQQ) on laying performance, egg quality and 
systemic antioxidant capacity in laying hens. HyLine Grey hens (n = 
540, 25-week-old; average egg production, 82.5 ± 2.0%) were allotted 
into one of the 5 dietary treatments, which were supplemented with 0 
(control), 100 mg vitamin E / kg diet (vitamin E group, VE), 0.04 mg 
PQQ / kg diet (low PQQ group, LP), 0.08 mg PQQ / kg diet (medium 
PQQ group, MP),or 0.12 mg PQQ / kg diet (high PQQ group, HP). 
Each treatment contained 6 replicates with 18 birds each. Experiment 
duration was 24 wks. PQQ or VE addition did not affect the ADFI and 
egg weight during the experimental phase. MP diet resulted in decreased 
feed: egg ratio compared with control diet during 17~24 wks of the 
experiment (2.21 vs 2.41) (P < 0.05). For the whole 24 wks periods, 
chicks fed VE and MP diet exhibited preferable feed:egg ratio (2.38 
and 2.35 vs 2.46), and egg production ratio was increased by 2.75% 
and 3.57% in VE and MP group than control group (P > 0.05). Egg 
quality parameters including albumin height, yolk color, Haugh unit 
and eggshell strength were not affected within treatments. The eggshell 
thickness was elevated in chicks fed MP diet at 8 and 24 wk. Plasma 
total superoxide dismutase activity and total antioxidant capacity were 
enhanced and malondialdehyde content decreased in MP and HP group 
as well as VE group compared with control group on wk 8, 12 and 24 (P 
< 0.05). Overall, these results indicated that dietary PQQ could improve 
the egg production and enhance the antioxidant ability in laying hens. 
Dietary PQQ may act as a powerful antioxidant in laying hens.

Key Words: pyrroloquinoline quinone, performance, egg quality, 
antioxidant capacity, laying hen

P381   Effect of N,N-dimethylglycine in broiler diets based on corn 
and soybean meal with different levels of vegetable oil on carcass 
characteristics. L. Boemo*1, A. Rosa1, A. Lauwaerts2, T. Braz1, J. G. 
Barbosa1, F. Guiliane1, H. Menezes1, P. Aristimunha1, D. da Rosa1, T. 
Branco1, V. Manfio1, and C. Santos1, 1Federal University of Santa Maria, 
Santa Maria, Rio Grande do Sul, Brazil, 2Taminco, Ghent, Belgium.

N,N-Dimethylglycine (DMG) is an intermediary metabolite in cellular 
choline to glycine metabolism. N,N-Dimethylglycine is reputed to be 
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involved in a variety of biological processes. The objective of the present 
study were to evaluate the addition of DMG (as Taminizer_D) in broiler 
diets, on the performance parameters of broilers and on their carcass qual-
ity. This study was carried out at Poultry Science Laboratory (LAVIC) of 
Federal University of Santa Maria-Brazil. Two thousand three hundred 
and four day-old male broiler chicks were used. A factorial arrangement 
2 × 3 was used, where 2 (without or with addition of 1.000mg DMG/
kg of diet) and 3 levels of vegetable oil (3, 6 and 9%), totalizing 6 treat-
ments with 6 replicates of 64 chicks each. The diets were based on corn 
and soybean meal, with different levels of vegetable oil, but same energy 
and nutrient levels. Growth performance parameters were recorded at the 
end of each phase of production. At the end of the experiment, on d 42, 3 
birds per pen were selected for the carcass analysis. Carcass percentage 
was calculated as the ratio between the eviscerated carcass and live body 
weight (BW) after fasting. The relative weight of breast, legs, back, wings 
and abdominal fat were calculated as a percentage of eviscerated carcass. 
The data were submitted to ANOVA and Tukey test. At 42d, broilers fed 
with 3%, 6% and 9% vegetable oil had 2677g, 2638 and 2490g of BW, 
respectively (P < 0.0001). Interaction between the oil level and the addi-
tion of DMG was observed. Birds fed with diets with DMG and 3%oil 
had higher carcass percentage than birds without DMG and 3%oil. The 
addition of DMG increased body weight of 2586g to 2617g (P = 0001), 
carcass weight of 1809 to 1832g (P = 0001), breast weight of 684.52 to 
710.68g (P = 0001), carcass percentage of 70.89 to 71.63% (P = 0022) and 
breast percentage of 37.82 to 38.76% (P = 0003). Taminizer D addition 
to the diets increased body weight and improved carcass characteristics.

Key Words: N,N-dimethylglycine, broiler, carcass, breast, performance

P382   The effects of misting Avi-Lution on broilers and subse-
quent Salmonella levels. M. D. Sims*1 and D. A. Spangler2, 1Virginia 
Diversified Research Corp., Harrisonburg, 2Agri-King, Fulton, IL.

Prior studies have shown reduced of Salmonella (SA) in broilers given 
the direct fed microbial Avi-Lution (AvL). Other research has shown that 
dietary AvL resulted in broilers with heavier body weight (BW) and lower 
feed conversion (FC) than non-treated broilers. Components of AvL are 
effective in competing for intestinal sites utilized by SA. When AvL has 
been administered before SA exposure, fewer SA colony forming units 
(cfu/g) were found. Two studies were conducted to evaluate the effects 
of AvL on SA shedding. In Study 1, 2 groups of 50 1-d-old broiler chicks 
were weighed, misted with Distilled Water (DW) or DW + AvL (AvL-Mst) 
and placed into study pens. Birds were group weighed at 0d, 3d and 7d 
and individually weighed at 13d. The weight gain (WG) of the AvL-Mst 
group vs. the DW group at 3d and 7d were 27.3 g vs. 20.8 g and 91.6 g vs. 
84.4 g, respectively. At 13d, WG of AvL-Mst was greater (P ≤ 0.05) than 
DW (274.9 g vs. 249.5 g). The 3d, 7d and 13d FC of AvL-Mst vs. DW 
were 1.05 vs. 1.04, 1.25 vs. 1.22 and 1.31 vs. 1.40, respectively. Study 2 
was a 41d trial with 400 broilers (Cobb 500) treated with AvL-Mst, feed 
grade AvL (AvL-Fd) and AvL-Mst+AvL-Fd to evaluate SA shedding, 
BW, FC and mortality. At 41d, BW of both AvL-Mst+AvL-Fd (1.79 Kg) 
and AvL-Fd alone (1.85 Kg) were heavier (P ≤ 0.05) than both AvL-Mst 
alone (1.73 Kg) and NC (1.69 Kg). The 41d FC adjusted for mortality 
weight of the 3 groups AvL-Mst+AvL-Fd (1.798), AvL-Fd alone (1.830) 
and AvL-Mst alone (1.850) were lower (P ≤ 0.05) than NC (1.955). Final 
data at 41d showed SA shedding of AvL-Mst alone (4.86 Log SA cfu/g) 
was significantly higher (P ≤ 0.05) than both AvL-Mst+AvL-Fd (4.27 
Log SA cfu/g) and AvL-Fd alone (4.18 Log SA cfu/g) and those 3 groups 
were lower (P ≤ 0.05) than NC (5.63 Log SA cfu/g). Mortality was not 
a factor in both trials. In study 1, 13d WG of AvL-Mst was greater (P ≤ 

0.05) than DW. Study 2 demonstrated improved BW and FC at 41d for 
both AvL-Fd and AvL-Mst+AvL-Fd compared with AvL-Mst alone. Study 
2 litter swabs from broilers provided AvL-Fd and AvL-Mst+AvL-Fd had 
more than a Log fewer SA cfu/g than NC.

Key Words: Avi-Lution, litter, Salmonella, broilers, misting

P383   Performance and visceral organ characteristics of broil-
ers submitted to diets containing different types of adsorbents. 
E. C. Lopes1, M. C. M. M. Ludke1, J. V. Ludke*2, C. S. Lima1, J. E. 
Serafim1, C. R. C. Oliveira1, and A. F. Fireman3, 1Universidade Federal 
Rural de Pernambuco, Recife, Pernambuco, Brasil, 2Embrapa Suínos 
e Aves, Concórdia, Santa Catarina, Brasil, 3Nutriad Nutrição Animal 
Ltda, Campinas, São Paulo, Brasil.

The aim of this trial was to evaluate performance from 8 to 21 d and organ 
weights at 21 d in broilers fed diets containing 3 types of adsorbents. Diets 
were formulated using corn naturally contaminated with mycotoxins, 
supplemented or not with adsorbent and a positive control using normal 
corn. Ross male broilers (n = 420) were used in a completely random-
ized trial design, allotted in 5 treatments with 6 replicates and 14 birds 
per experimental unit. The experimental diets were T1: positive control 
of corn-soybean meal diet containing normal corn, T2: negative control 
diet corn-soybean meal diet using contaminated corn, T3, T4 and T5: 
negative control diet added with 3 types of adsorbents. The contaminated 
corn used had 16.8 μg/kg and 1.1 μg/kg of AFB1 and AFB2 (Aflatoxin 
B1 and B2, respectively), 721 μg/kg and 257 μg/kg of FB1 and FB2 
(Fumonisin B1 and B2, respectively), and 94.7 μg/kg of Cyclopiazonic 
Acid. The diet T1 (even considered positive control) had 189 μg/kg FB1 
and diet T2 (negative control) had 347 μg/kg of FB1 and 130 μg/kg of 
FB2. Adsorbents in T3, T4 and T5 were added at level of 1%. At 21 d of 
age 2 birds per replicate were slaughtered and internal organs (liver, empty 
gizzard, proventriculus, heart, spleen, bursa, intestine and pancreas) were 
weighted and expressed as percentage of live weight. Data analysis were 
performed by ANOVA and means compared by Tukey Test. Neither the 
performance traits nor the organ percentages were different (P > 0.05) 
among treatments. Means of feed intake (g), weight gain (g), feed to gain 
ratio (g/g) and percentage values (%) for liver, gizzard, proventriculus, 
heart, spleen, bursa, intestine and pancreas were 1115, 794, 1.404, 2.68, 
2.86, 0.68, 0.68, 0.10, 0.24, 5.75 and 0,34, respectively. Results indicated 
that under the conditions of this trial there was no apparent positive effect 
by using any kind of adsorbents in the diets.

Key Words: corn, feed additive, mycotoxins, poultry, weight gain

P384   Evaluation of probiotics effects on growth performance, 
fecal and digesta microbial number in Salmonella typhimurium 
and Escherichia coli challenged broilers. M. E. Hossain,* G. 
M. Kim, and C. J. Yang, Sunchon National University, Suncheon, 
Jeonnam, Korea.

A study was conducted to evaluate the effects of single or mixed probiotics 
on growth performance, fecal and digesta microbial count in Salmonella 
typhimurium (ST) and Escherichia coli (EC) challenged broilers. Sixty 
one-day old Ross broiler chicks were assigned to 5 dietary treatments in 3 
replications with 4 birds per replication for 4 weeks. The dietary treatment 
groups included: NC (negative control; basal diet), PC (positive control; 
basal diet+0.002% apramycin), T1 (basal diet+0.5% Lactobacillus reuteri 
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avibro 1010 cfu/g), T2 (basal diet+0.04% Bacillus subtilis 3.2 × 109 cfu/g 
and B. licheniformis 3.2 × 109 cfu/g), T3 (basal diet+0.2% B. subtilis 3.5 
× 1011 cfu/g, L. plantarum 2.0 × 1011 cfu/g, Enterococcus faecium 2.0 × 
1011 cfu/g and Saccharomyces cerevisiae 1.0 × 1010 cfu/g). After feeding 
experimental diets for 4 d, all chicks were orally challenged with 2 mL 
culture fluid containing 5.9 × 108 cfu/mL of ST and 2.3 × 108 cfu/mL of 
EC KCTC 2571 strain. Fecal ST, EC, Lactobacillus spp. and Bacillus spp. 
counted in every week, and at the end of the experiment for digesta samples. 
Results indicate that body weight and body weight gain increased (P < 0.05) 
in the probiotics group, whereas feed conversion ratio improved (P < 0.05) 
in the supplemented group compare with the NC group. Fecal ST and EC 
number were higher in the NC group, and lower in the PC group compare 
(P < 0.05) to the other groups. Highest (P < 0.05) Lactobacillus spp. and 
Bacillus spp. found in the T3 and T2 group respectively, while lowest 
value was in NC group followed by PC group. In digesta microbial count, 
ST and EC number were decreased (P < 0.05) in PC group, while among 
the probiotics group, lowest value was in T3 group. Highest Lactobacillus 
spp. and Bacillus spp. were also same as fecal sample. These data suggest 
that single or mixed probiotics positively affect growth related parameter 
in challenged condition. Moreover, a probiotic complex is more effective 
in ST and EC inhibition and improve Lactobacillus spp. in both feces and 
digesta more than single probiotic species.

Key Words: probiotics, Salmonella typhimurium, Escherichia coli, 
challenge, broiler

P385   Impact of vegetal extract supplementation on corn soy-
bean meal broiler diets on ileal digestibility of nutrients. T. C. 
F. Carlos2, N. B. P. Utimi1, J. J. M. Furlan2, E. R. Afonso2, L. C. G. 
S. Barbosa2, C. S. S. Araujo2, R. Albuquerque2, and L. F. Araujo*1,2, 
1University of Sao Paulo, FZEA, Pirassununga, SP, Brazil, 2Universtiy 
of Sao Pauulo, FMVZ, Pirassununga, SP, Brazil.

The apparent ileal digestibility of gross energy (GE) and amino acids 
(AA) of corn-soybean meal-based diets using different vegetal extract 
inclusion levels were studied in broiler chicks. Extract was composed of 
specific plants: capsicum oleoresin (chili pepper), carvacrol (oregano), 
and cinnamaldehyde (cinnamon). Four hundred 1-d-old male broiler 
chicks, Cobb 500, were randomly assigned according to similar body 
weight to 4 dietary treatments (0, 75, 150, and 225 mg/kg). Chicks were 
fed a commercial starter diet from 1 to 16 d of age and then received their 
respective experimental diets for 5 d. At d 21, contents were collected 
from the distal ileum and the digestibility of nutrients was determined. 
Diets that included extract demonstrated an improvement on gross 
energy (9%) and amino acids (3%) digestibility. We conclude that GE 
and AA digestibility can be improved in broiler diets using vegetal 
extract. Acknowledgment: FAPESP 2011/19063-7.

Key Words: amino acid, carvacrol, chili pepper, cinnamaldehyde, 
gross energy

P386   Quantitative determination of agglutinating ability of 
at three mannanoligosaccharide (MOS) products tested against 
four enteric bacterial strains. T. T. Lohrmann,* Quality Technology 
International, Elgin, IL.

An in vitro study was conducted to quantitatively determine the ability of 
3 commercial MOS products to agglutinate enteric bacterial suspensions. 

The 3 MOS products were: QMOS (Quality Technology International, 
Inc.) and 2 commercial MOS products (MOS1 and MOS2). The bac-
teria species tested are known to adhere to a host cell structure using 
ATCC a fimbrae attachment system. The 4 species of bacteria were: 
Salmonella dublin, No. 15480; Salmonella typhimurium, ATCC No. 
14028; Escherichia coli K99 and ATCC No. 31619 enteritidis, NCSU, 
RADDL obtained from the American Type Culture Collection (ATCC) 
and the poultry diagnostic lab at North Carolina State University, 
respectively. The MOS products were compared using an in vitro 
agglutination screening assay. Each MOS product was suspended in 
sterile phosphate buffered saline (PBS). Negative controls consisted 
of each bacterium in PBS. Bacterial stocks were grown overnight on 
blood agar, resuspended in PBS, and standardized to a concentration 
of approximately 1 × 108 bacteria/mL. The control consisted of each 
bacterial suspension mixed with an equal volume of PBS. An aliquot 
was removed from each sample and used to determine the Salmonella 
concentration via hemacytometer. The concentration of bacteria counted 
in the MOS samples was compared with the bacteria in the respective 
PBS controls incubated for the same length of time. For each MOS 
product, 3 replicate assays were completed at separate time points and 
the average percentage of agglutination was calculated. The percentage 
of bacteria agglutinated by each MOS product was calculated by dif-
ference. Bacterial agglutinations (%) with QMOS, MOS1, and MOS2 
were: E. coli 43, 30, and 25; S. Dublin 36, 10, and 16; S. enteritidis 
38, 28, and 19; and S. typhimurium 28, 28, and 7, respectively. These 
results suggest that there are agglutination differences between MOS 
products and across pathogenic enteric bacteria, and bacterial agglu-
tination percentages for QMOS were equal to or greater than those of 
MOS1 and MOS2 products.

Key Words: agglutination, Escherichia coli, mannanoligosaccharide, 
MOS, Salmonella

P387   Effects of dietary corticosterone on egg production, quality 
and liver gene expression in laying hens. Y. H. Kim*1,2, J. M. Kim1,2, 
H. S. Yoon1,2, J. W. Kim4, and Y. H. Choi1,3, 1Division of Applied Life 
Sciences (BK21 program), 2Department of Animal Science, 3Institute 
of Agriculture and Life Sciences, 4Department of Animal Bioscience, 
Gyeongsang National University, Jinju, Republic of Korea.

The objective of this study was to investigate the effects of dietary corti-
costerone (CORT) on egg production, quality and liver gene expression in 
laying hens. Twenty, 47 weeks-old Single Comb Brown Hy-Line Leghorn 
laying hens were housed in individual cages in an environment-controlled 
room, and were provided with feed and water ad libitum. After a 2 week 
of adaptation hens were divided into 2 groups fed either control or CORT-
containing experimental diet at 30mg/kg. Feed intake and egg production 
were monitored daily and body weight measured weekly. Egg weight, rate 
and egg quality were also measured. CORT treatment resulted in an increase 
in daily feed intake and a decrease in egg production in laying hens, com-
pared with control. Albumen height and Haugh unit, but not egg weight, 
were significantly decreased in CORT-consuming hens. Yolk color, redness 
and shell thickness were increased in eggs from CORT-treated hens (P ≤ 
0.05). Quantitative real-time polymerase-chain reaction was performed to 
estimate relative expression of genes against glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) in the liver collected from chickens fed either 
control or CORT-containing diet. mRNA expression of the genes for acetyl 
CoA carboxylase (ACC), fatty acid synthase (FAS), carnitine palmitoyl 
transferase (CPT)-1, and liver-type fatty acid-binding protein (L-FABP) 
was significantly upregulated where that of heat shock protein 70 (HSP70) 
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and peroxisome proliferators-activated receptor (PPAR)- γ was not changed. 
The results of the present study indicate that dietary CORT plays a key role 
in the regulation of egg production in both quantity and quality and in gene 
expression involved in lipid metabolism in the liver of laying hens.

Key Words: chicken, liver, differential gene expression, corticosterone, 
stress

P388   Effects of Curcuma longa with and without Saccharomyces 
cerevisiae on performance, blood parameters and immune system of 
broiler chicks. F. Ahmadi* and O. Khosravifar, Department of Animal 
Science, Shabestar Branch, Islamic Azad University, Shabestar, Iran.

This study was conducted to investigate the effects of turmeric rhizome 
(Curcuma longa) with and without Saccharomyces cerevisiae on per-
formance, blood parameters, and immune system indices of broilers. A 
total of 300 one-old-day mail broilers allocated in a completely random-
ized design consisted of 5 treatments, 4 replicates, and 15 birds in each 
pen. Experimental diets were: 1) basal diet, 2) basal diets+15mg VIR/
kg, 3) basal diet+1g SAC/kg, 4) basal diet+2gCL/kg, and 5) basal diets 
plus blend additives (SAC+CL). Performance traits as weekly recorded, 
and in 42d of study, 5 birds from each treatment (one bird per replicate) 
randomly selected. Blood samples collected from brachial vein, serum 
removed by centrifuge and stored at −20°C until further analysis. After 
blood sampling, birds slaughtered and fat pad, small intestine, liver, giz-
zard, pancreas and immune organs such as bursa, spleen, and thymus, 
removed. Relative weights of mention organs calculated based on LBW. 
Saccharomyces cerevisiae and Curcumin longa alone not only had sig-
nificantly improved (P < 0.05), BWG, FCR and FI in comparison with 2 
control treatment but also the highest improved performance observed in 
birds feeding blend additives (P < 0.01). Relative weight of liver, gizzard, 
pancreas, and bursa Fabricius of T5 treatment had significantly increased 
(P < 0.05) compared with other treatment. The lowest relative weight of 
small intestine and fat pad observed in T4 and T5 (P < 0.05) among treat-
ments. Total protein, HDL, Hct, Hb, albumin, globulin, and total count 
of WBC and RBC, in birds that fed diet of T4 and T5 had significantly 
increased (P < 0.05) compared with control. Also, triglyceride (TG) and 
cholesterol value in birds that fed diet supplemented with combination 
additives had significantly decreased compared with other treatments 
(P < 0.05). In conclusion, although Curcuma longa and Saccharomyces 
cerevisiae alone had significantly improved the mention parameters, 
but results showed those effects synbiotic was relatively better among 
experimental treatments.

Key Words: broiler, turmeric rhizome, Saccharomyces cerevisiae, 
immune system, blood

P389   Effect of Lactobacillus probiotics on broiler performance and 
processed meat yields when placed under typical broiler grow-out pro-
cedures. C. A. Jamison*1, D. R. Ware1, and J. L. McNaughton2, 1Nutrition 
Physiology Co. LLC, Guymon, OK, 2AHPharma, Inc., Salisbury, MD.

A trial designed to assess performance effects and dosage level effects of live 
Lactobacillus (strain NP51) added to diets of broiler type chickens reared 
on built-up litter. Four study treatments each consisted of 12 replicates of 
30 bird, mixed sex (15 female, 15 male) groups, for a total of 1440 birds on 
study. Chicks were randomly assigned to groups on hatch. Treatments were 
control, 104, 105, and 106 Lactobacillus added to commercial starter crumble 

and grower/finisher pellet feed. Treatments started on d 0 and ended d 42. A 
common diet was fed to all groups d 43 through 49. Processing occurred at 
d 49–50. Body weight and feed consumption were measured on trial d 21, 
42, and 49. Mortality was recorded for all treatments. Carcass characteristics 
were recorded at processing from 10 male birds and 10 female birds from 
each replicate. Feed conversion was calculated for d 0–21, d 22–35, and 
d 36–49. Intestinal lesion scoring was performed at trial d 14 on 2 males 
and 2 females from each replicate. No other feed additives or medications 
were used in the trial. Significant (P < 0.05) differences were observed in 
weight gain and feed conversion when at least 104 Lactobacillus per bird 
per day were added to the diet. Maximum live performance occurred at 106 
Lactobacillus per bird per day. Dry yield (without giblets) was significantly 
(P < 0.05) improved when at least 105 Lactobacillus were fed. No statisti-
cal difference in dry yield was seen between 105 and 106 being fed. Total 
breast yield and major pectoral yield (live weight %) showed significant 
improvements for birds fed at least 104 Lactobacillus daily. No differences 
were found in minor pectoral yield. No differences were found in litter 
condition scores or mortality. Lesion scores significantly improved in all 
groups receiving Lactobacillus vs. control. As Lactobacillus dose increased, 
lesion scores decreased. Results suggest feeding 106 live Lactobacillus to 
broilers in starter, grower, and finisher rations results in increased efficiency 
and meat yield when birds are reared on built-up litter.

Key Words: poultry, probiotic, Lactobacillus, broiler, efficiency

P390   Effects of a Saccharomyces cerevisiae fermentation prod-
uct on volatile fatty acid production and growth of Salmonella in 
a complex fecal microbial population in vitro. J. Broomhead,* D. 
Severson, J. Butler, and J. Frank, Diamond V, Cedar Rapids, IA.

We sought to determine whether a Saccharomyces cerevisiae fermentation 
product (Diamond V Original XPC) could influence volatile fatty acid 
(VFA) and lactate production, as well as growth of Salmonella enteritidis 
(SE) in an in vitro poultry intestinal model. Fresh excreta from laying hens 
fed a diet with (0.075%) or without (Control) XPC was used as a source of 
complex microbial population, representative of the lower intestinal tract of 
poultry. Under anaerobic conditions, a buffered (pH 6.8), excreta slurry was 
filtered and dispensed into vessels containing predigested (pepsin, pH 2.0; 
pancreatin, pH 7.0) control feed with or without XPC (n = 8). SE was then 
added to each vessel to give a final starting concentration of 1 × 104 cfu/ml 
and the mixtures incubated for 24-h at 39°C, with continuous mixing. VFA 
and lactate concentrations were then determined and SE enumerated using 
a selective medium (XLT4). Results were analyzed using the GLM model 
of JMP (SAS). The experimental design was a 2 × 2 factorial arrangement 
and the statistical model included the main effects of excreta source (hen 
effect) and treatment (of fecal inocula). VFA and lactate concentrations were 
greater (P ≤ 0.001) with XPC addition for both hen and fecal inocula main 
effects. VFA production, including butyrate, was increased in XPC treated 
samples (P < 0.001). There was a hen × treatment interaction (P < 0.05) 
resulting from a greater increase in VFA production from XPC addition 
to fecal inocula from hens fed XPC compared with the control diet. There 
was a tendency for reduced (P = 0.07) SE growth using fecal inocula from 
hens fed XPC supplemented diets compared with hens fed control diets. 
Growth of SE was suppressed 1 log (90%) by the addition of XPC to fecal 
inocula regardless of the hen excreta source (P < 0.001). Results suggest 
that XPC possesses qualities that can shift the intestinal microbial popula-
tion to preferentially exclude Salmonella growth in vitro.

Key Words: Saccharomyces cerevisiae fermentation product, volatile 
fatty acid, Salmonella, in vitro
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P391   Hematology, growth and performance of duck fed rations 
supplemented with Mexican sunflower leaf (MSL). A. H. Ekeocha,* 
University of Ibadan, Ibadan, Oyo, Nigeria.

A 84 – day feeding trial was conducted to evaluate mexican sunflower 
leaf (MSL; Tithonia diversifolia) as dietary fiber source in duck diets. 
Five straight diets were formulated to contain the MSL at dietary levels 
of 0%, 2.5%, 5.0%, 7.5% and 10.0% as a replacement for wheat bran. 
Ninety (90), day - old duckling and wing-banded for individual identi-
fication were randomly allotted to the 5 diets containing 3 replicates per 
treatment with 6 Ducklings per replicate in a completely randomized 
design (CRD). Feed and water were provided ad-libitum and routine 
medications and vaccinations administered. Data were analyzed using 
descriptive statistics and ANOVA. The study investigated the per-
formance and hematological responses of the birds to the diets. The 
results shows substantial decreases in all the parameters measured for 
performance characteristics. The final body weight, daily weight, daily 
feed intake and daily protein intake were generally higher in the birds 
fed control diet (0%MSL). There were significant (P < 0.05) differ-
ences in daily feed intake and daily protein intake between the control 
diet and the other groups, while daily weight gain, feed conversion 
ratio and protein efficiency ratio were statistically the same (P > 0.05) 
across board except at 10% level where there was a fall in weight gain. 
Digestible crude fiber values significantly (P < 0.05) decreased with 
increasing levels of MSL in the diets while the other digestibility per-
centages were comparable (P > 0.05) in all dietary treatments. Values 
for the hematological parameters and blood serum chemistry though 
different in hemoglobin and white blood cell count did not deviate (P > 
0.05) statistically from established normal values for duck. The higher 
hemoglobin concentrations in the MSL supplemented meals may suggest 
improved iron, copper or mineral profile in those rations. The results 
suggest that MSL could replace wheat bran in duck diet up to 7.5% as 
a dietary fiber source.

Key Words: lesser known sunflower, hematology, performance, duck

P392   Utilization of Mexican sunflower leaf (Tithonia diversifolia 
Hemsley A Gray) on average production cost and returns of duck. 
A. H. Ekeocha,* University of Ibadan, Ibadan,Oyo,Nigeria.

A 84-day feeding trial was conducted to evaluate the utilization of 
Mexican sunflower leaf (MSL; Tithonia diversifolia) as dietary fiber 
source and economic of gain in duck diets. Five straight diets were 
formulated to contain the MSL at dietary levels of 0%, 2.5%, 5.0%, 
7.5% and 10.0% as a replacement for wheat bran. Ninety (90), day-old 
duckling and wing-banded for individual identification were randomly 
allotted to the 5 diets containing 3 replicates per treatment with 6 
Ducklings per replicate in a completely randomized design (CRD). Feed 
and water were provided ad-libitum and routine medications and vac-
cinations administered. Data were analyzed using descriptive statistics 
and ANOVA. The study investigated the performance and economic 
of gain. The results shows a significant (P < 0.05) decrease in all the 
parameters measured for performance characteristics. The final body 
weight, daily weight, daily feed intake and daily protein intake were 
generally higher in the birds fed control diet (0%MSL). There were 
significant (P < 0.05) differences in daily feed intake and daily protein 
intake between the control diet and the other groups, while daily weight 
gain, feed conversion ratio and protein efficiency ratio were statistically 

the same (P > 0.05) across board except at 10% level where there was 
a fall in weight gain. Digestible crude fiber values significantly (P < 
0.05) decreased with increasing levels of MSL in the diets while the 
other digestibility percentages were comparable (P > 0.05) in all dietary 
treatments. Cost per kg feed decreased as the level of MSL inclusion 
in the diets increased while the cost per kg weight gain showed that 
birds fed on diet C (5.0% MSL) were the most economical to produce. 
Based on the results of this experiment and due to substantial decreases 
in intake, performance and profit margin, the decision to use Mexican 
sunflower leaf at above 7.5% inclusion level as a dietary fiber source 
in feeding programs for duck should rest on economics.

Key Words: Mexican sunflower leaf, economics of gain, duck

P393   Effect of feeding Mexican sunflower leaf (Tithonia diver-
sifolia Hemsley A Gray) on carcass characteristics of duck (Anas 
platyrynchos). A. H. Ekeocha,* University of Ibadan, Ibadan, Oyo, 
Nigeria.

A study was conducted for 12 weeks to investigate the effect of feed-
ing Mexican Sunflower leaf (MSL; Tithonia diversifolia) on carcass 
characteristics of Duck. Ninety day-old ducklings and wing-banded 
for individual identification were used. The ducklings were randomly 
assigned to 5 treatments, A, B, C, D and E. Treatment A served as control 
while birds in treatments B, C, D and E received MSL at 2.5, 5.0, 7.5 and 
10.0% respectively. Feeds and water were provided ad libitum and the 
routine vaccination/medication followed the standard procedures. The 
results shows a decrease in most of the parameters measured for carcass 
characteristics (shank, head, thigh, crop, drumstick, wings, breast, back, 
abdominal fat, spleen, heart, lung, liver, intestine and proventriculus) 
where cut parts of birds on the control diet were relatively higher than 
the MSL inclusion diets except for the neck weight (270.13g) where 
birds on treatment B (2.5%MSL) obtained the highest neck weight and 
the gizzard with highest weight (6.05g) obtained in treatment C (5.0% 
MSL) and both measures were significant (P < 0.05). The liver and 
spleen weights significantly increased (P < 0.05) across the dietary 
treatments while other organs observed did not differ significantly (P 
> 0.05) in weight across the treatments. However, the carcass quality 
shows no significant (P > 0.05) difference in Head weight, Drumstick 
weight, thigh and breast muscle weight. The results of this study show 
that inclusion of MSL at 2.5, 5.0, 7.5 and 10.0% had almost no effect 
on the carcass characteristics whereas there was more impact on the 
carcass quality of the ducks under study.

Key Words: carcass characteristics, Tithonia diversifolia, duck

P394   Hematology, growth and performance of goose fed rations 
supplemented with Mexican sunflower leaf (MSL). A. H. Ekeocha,* 
University of Ibadan, Ibadan, Oyo, Nigeria.

A 112-day feeding trial was conducted to evaluate Mexican sunflower 
leaf (MSL; Tithonia diversifolia) as dietary fiber source in geese diets. 
Five straight diets were formulated to contain the MSL at dietary levels 
of 0%, 2.5%, 5.0%, 7.5% and 10.0% as a replacement for wheat bran. 
Seventy-five (75), day-old goslings and wing-banded for individual 
identification were randomly allotted to the 5 diets containing 3 replicates 

133Poult. Sci. 91(Suppl. 1)



per treatment with 5 goslings per replicate in a completely randomized 
design (CRD). Feed and water were provided ad-libitum and routine 
medications and vaccinations administered. Data were analyzed using 
descriptive statistics and ANOVA. The study investigated the perfor-
mance and hematological responses of the birds to the diets. The results 
shows a progressive reduction in all the parameters measured for per-
formance characteristics up to 5.0% MSL and a significant (P < 0.05) 
decrease at levels above 5.0% MSL. The final body weight, daily weight, 
daily feed intake and daily protein intake were generally higher in the 
birds fed diet A (0%MSL). There were significant (P < 0.05) differences 
in daily feed intake and daily protein intake between the control, diets 
B and C and the other groups, while daily weight gain, feed conversion 
ratio and protein efficiency ratio were statistically the same (P > 0.05) 
across board. The results in this study for feed conversion ratio though 
better for birds in diets B (2.5%MSL) and diets C (5.0% MSL) did not 
differ statistically as was reported above. The feed conversion trends 
observed in this study suggested that geese gained weight in relation to 
their feed intake. Digestible crude fiber values significantly (P < 0.05) 
decreased with increasing levels of MSL in the diets while the other 
digestibility percentages were comparable (P > 0.05) in all dietary 
treatments. Values for the hematological parameters and blood serum 
chemistry did not deviate (P > 0.05) statistically from established normal 
values for geese. The results suggest that MSL could replace wheat bran 
in geese diets up to 7.5% as a dietary fiber source.

Key Words: lesser known sunflower, hematology, performance, goose

P395   Utilization of Mexican sunflower leaf (Tithonia diversifolia 
Hemsley A Gray) on economic indices of goose. A. H. Ekeocha,* 
University of Ibadan, Ibadan, Oyo, Nigeria.

A 112-day feeding trial was conducted to evaluate the utilization of 
Mexican sunflower leaf (MSL; Tithonia diversifolia) as dietary fiber 
source and economic of gain in geese diets. Five straight diets were 
formulated to contain the MSL at dietary levels of 0%, 2.5%, 5.0%, 
7.5% and 10.0% as a replacement for wheat bran. Seventy-five (75), 
day - old gosling and wing-banded for individual identification were 
randomly allotted to the 5 diets containing 3 replicates per treatment with 
5 Goslings per replicate in a completely randomized design (CRD). Feed 
and water were provided ad-libitum and routine medications and vac-
cinations administered. Data were analyzed using descriptive statistics 
and ANOVA. The study investigated the performance and economic of 
gain. The result shows a progressive reduction in all the parameters mea-
sured for performance characteristics up to 5.0% MSL and a significant 
(P < 0.05) decrease at levels above 5.0% MSL. The final body weight, 
daily weight, daily feed intake and daily protein intake were generally 
higher in the birds fed control diet (0%MSL), diets B(2.5% MSL) and 
diets C(5.0% MSL) while daily weight gain, feed conversion ratio and 
protein efficiency ratio were statistically the same (P > 0.05) across 
board except at 10% level where there was a fall in weight gain. Final 
live weights and growth rates decreased linearly as MSL increases in 
the diets but there was no effect of diet on feed conversion. Digestible 
crude fiber values significantly (P < 0.05) decreased with increasing 
levels of MSL in the diets while the other digestibility percentages 
were comparable (P > 0.05) in all dietary treatments. Cost per kg feed 
decreased as the level of MSL inclusion in the diets increased. Control 
diet (0% MSL) had the highest profit margin followed by diets B, C, D 
and E respectively. Cost to produce 1kg live weight and cost per unit 
gain was more economical in control diet followed by diets B, C, D and 
E respectively. The results suggest that MSL could replace wheat bran 

in geese diets up to 10.0% as a dietary fiber source before envisaging 
deleterious effect.

Key Words: Mexican sunflower leaf, economic indices, goose

P396   Effect of feeding Mexican sunflower leaf (Tithonia diver-
sifolia Hemsley A Gray) on carcass traits of goose. A. H. Ekeocha,* 
University of Ibadan, Ibadan, Oyo, Nigeria.

A study was conducted for 16 weeks to investigate the effect of feeding 
Mexican sunflower leaf (MSL) on carcass traits of geese. Seventy-five 
day-old goslings and wing-banded for individual identification were 
used. The goslings were randomly assigned to 5 treatments, A, B, C, D 
and E. Treatment A served as control while birds in treatments B, C, D 
and E received MSL at 2.5, 5.0, 7.5 and 10.0% as graded replacement 
w/w for wheat bran(WB). Feed/ water were provided ad libitum and 
routine vaccination/medication followed the standard procedures. Data 
were analyzed using descriptive statistics and ANOVA. The results 
shows a significant (P < 0.05) decrease in all the parameters measured 
for carcass traits except for the thigh and breast muscle. The reduced 
weight gain associated with increasing level of MSL corresponds 
mainly to a reduction in carcass fat and that the weight of the thigh and 
breast muscle decreased very slightly. Control diet had a higher body 
weight at slaughter. There were no differences in feed conversion rates 
of the geese but liver weights significantly (P < 0.05) increased. The 
comparison for carcass index showed that there were differences and 
similarities observed among the 5 diets. However, the carcass traits 
shows no significant (P > 0.05) difference in head weight, drumstick 
weight, thigh and breast muscle weight. There were no differences 
between mean carcass percentages among the 5 treatments. There were 
no differences for mean breast weight between diets B, C, D and control; 
however diets E breast weight was significantly (P < 0.05) lower than the 
4 other diets. The mean leg and thigh weight, and fat weight followed 
identical trends. These results suggests that WB fed restriction levels 
of 2.5%, 5.0% and 7.5% below control diet do not have any significant 
effect on carcass traits, however, at 10.0% MSL replacement for WB, 
carcass traits were significantly (P < 0.05) lower than the control diet 
with the exception in the carcass percentages (%) and this suggests that 
carcass % index are relatively constant in the breed of geese regardless 
of feeding regimens and body weight differences.

Key Words: carcass traits, Tithonia diversifolia, goose

P397   Cost analysis of poultry feed formulated with fly larvae. 
R. A. Holser and D. Samuel,* USDA-ARS, Athens, GA.

Fly larvae were evaluated as an alternative protein source for use in 
poultry feeds. Larvae contain approximately 55 wt% protein (db) and 14 
wt% lipids (db). The composition of the larval protein and lipid fractions 
display favorable amino acid and fatty acid profiles, respectively. The 
larvae also contain numerous trace elements and vitamins. An economic 
analysis was performed to examine the cost benefit of replacing soybean 
meal with fly larvae in a starter feed ration. The cost of a standard poultry 
feed was estimated from component costs and compared with feed that 
replaced the soybean meal component with fly larvae. A value of 285 
USD/T soybean meal was used as the basis in a starter feed containing 
24% protein. This formulation would require 120 kg soybean meal/T 
feed. Commercial bulk starter crumble cost ranges from 300 – 400 
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USD/T (FOB). The results of our cost analysis indicated that a savings of 
8.5% – 11.4% per kg feed could be obtained by replacing soybean meal 
with fly larvae as the protein source. This analysis assumed that larvae 
were available on-site as a by-product of a litter treatment system. The 
additional benefits of the litter treatment system were not considered 
in the analysis. These results demonstrated the economic advantage of 
insect larvae as an alternative protein source to replace commodity feed 
ingredients such as soybean meal. This approach supports sustainable 
agricultural practices and is currently under development at commercial 
scale in South Africa.

Key Words: soy meal, insect larvae, protein, formulation, costing

 
P398   Changes in cecal digesta pH, short chain volatile fatty 
acids, tissue lipid components and muscle oxidative stability in 
broilers as affected by dietary plant or marine fats. A. E. Aziza, N. 
Quezada, and G. Cherian,* Oregon State University, Corvallis.

The effects of qualitative modulation of dietary fat on gastrointestinal 
tract health in poultry remain largely unexplored. Use of plant or marine 
fats in broiler diet on changes in cecal digesta pH, short chain volatile 
fatty acids (SCVFA), and tissue lipid components are investigated. One 
hundred and 20 8 one-day-old Cobb chicks were randomly assigned to 
one of 4 treatments with 4 replications of 8 birds in each replicate. The 
experimental diets were: corn-soybean meal based with 3.2% corn oil 
(Control) or 3.2% fish oil (FO), corn oil +10% Camelina meal (CAM), 
or FO +10% Camelina meal (FO+CAM). Corn oil and CAM are used 
as sources of linoleic (18:2 n-6), and linolenic (18:3 n-3) acids and FO 
is used as a source of eicosapentaenoic (20:5 n-3) and docosahexaenoic 
acids (22:6 n-3). The diets were formulated to contain 22% CP and 
3,200 kcal of ME/kg. Body weight, weight gain, feed consumption, and 
feed:gain were highest in the Control and CAM birds compared with 
those fed FO+CAM or FO diets (P < 0.05). Cecal digesta pH was lowest 
in CAM birds (P < 0.05). Significant increases of acetic, propionic, 
iso-butyric, butyric, iso-valeric and valeric acids and total SCVFA were 
observed in Control and CAM compared with FO+CAM and FO birds 
(P < 0.05). The FO diet led to increases in deposition of 20:5 n-3, 22:5 
n-3 and 22:6 n-3 acids in the duodenal mucosa, white and dark meat 
while the CAM diet led to increases in 18:3 n-3. The n-6:n-3 ratio was 
lowest in all tissues of birds fed the FO+CAM and FO diets (P < 0.05). 
Total tocopherol content of white and dark meats was highest in CAM 
birds (P < 0.0001). The content of TBA reactive substances during 
short-term (5 d) storage was lowest in birds fed the Control and CAM 
diets (P < 0.05). SCVFA produced in the hindgut have been shown to 
have antibacterial actions. Therefore, maintaining SCVFA production 
in the hind gut through provision of dietary substrates will limit the 
colonization of pathogens while producing wholesome fresh poultry 
foods for human consumption.

Key Words: short-chain volatile fatty acids, camelina, fish oil, TBA 
reactive substances, tocopherol

P399   Influence of feed form and source of soybean meal of the 
diet on growth performance of broilers from one to forty-two days 
of age. M. P. Serrano1, D. G. Valencia2, J. Mendez3, R. Lazaro1, and 
G. G. Mateos*1, 1Departamento de Produccion Animal, Universidad 
Politecnica de Madrid, Ciudad Universitaria, Madrid, Spain, 2Nutral 

S. A., Madrid, Spain, 3Coren, Santa Cruz de Arrabaldo, Ourense, 
Spain.

In total, 3,120 broilers were used in a pen study to evaluate the effects 
of feed form and source of soybean meal (SBM) of the diet on growth 
performance. From 1 to 21 d of age, there were 12 dietary treatments 
arranged factorially with 3 feed forms (mash, crumbles, and pellets) 
and 4 commercial sources of SBM that differed in the CP content [48.1 
and 46.2% CP from USA (USA-1 and USA-2), 47.6% CP from Brazil 
(BRA), and 46.3% CP from Argentine (ARG)]. From 21 to 42 d of age, 
diets were fed as pellets, exclusively. Diets were formulated assuming 
that all SBM and feeds had similar AA content per unit of protein. No 
interactions between SBM source and feed form were detected for any 
of the growth performance traits studied and therefore, only main effects 
are presented. From 1 to 21 d of age, chicks fed crumbles or pellets had 
higher (P < 0.001) BW gain (BWG) than chicks fed mash. Also, chicks 
fed pellets had better (P < 0.001) feed conversion ratio (FCR) than 
chicks fed crumbles, and both better than chicks fed mash. However, 
from 21 to 42 d of age, chick previously fed mash had better FCR than 
chicks fed crumbles or pellets (P < 0.001). For the entire experimental 
period, broilers that were fed crumbles or pellets from 1 to 21 d of age 
had higher (P < 0.001) BWG than broilers that were fed mash. Also, 
broilers that were fed pellets had better (P < 0.05) FCR than broilers 
fed mash or crumbles. Broilers fed USA-2 meal had higher (P < 0.01) 
BWG than broilers fed BRA or ARG meals, with broilers fed USA-1 
meal being intermediate. Also, FCR tended (P = 0.06) to be poorer in 
broilers fed the BRA meal. The results indicate that pelleting improved 
growth performance from 1 to 42 d of age with effects being less evident 
at 42 d than at 21 d of age. Source of SBM affected growth performance, 
indicating the need for a better control of the chemical composition and 
quality of this ingredient before its use in poultry diets.

Key Words: broiler, feed form, growth performance, soybean meal

P400   The effect of manipulation pellet diameter and length 
on physical quality of pellets and, performance and nutrient 
utilisation in broilers fed corn-based diets. M. R. Abdollahi, V. 
Ravindran*, T.J. Wester, G. Ravindran, and D.V. Thomas, Institute of 
Food, Nutrition and Human Health, Massey University, Palmerston 
North, New Zealand.

Application of high temperatures during pelleting improves the physi-
cal quality of pellets, but may lower nutrient availability which may 
counterbalance the benefits of pelleting. A 2 × 2 factorial arrangement of 
treatments was used to evaluate the effect of pellet diameter (3 and 4.76 
mm) and pellet length (3 and 6 mm) on pellet quality and, performance 
and nutrient utilization in broilers. From 0 to 9 d of age, the birds were 
offered a common starter diet. Broiler grower (d 10 to 21) and finisher (d 
22 to 42) diets, based on corn, were formulated to meet Ross 308 strain 
recommendations and then subjected to the 4 treatments. The diets were 
steam-conditioned at 60°C before pelleting. In grower diets, increasing 
pellet diameter and pellet length reduced (P < 0.001) gelatinized starch 
content of the diets. In finisher diets, gelatinized starch content of pellets 
was not influenced (P > 0.05) by neither main effects nor the interaction. 
In grower and finisher diets, increments in pellet durability index and 
pellet hardness with increasing pellet length were greater in pellets with 
3-mm diameter than those with 4.76-mm diameter. During the grower 
period, birds fed 3-mm diameter pellets had lower feed per gain (P < 
0.01, 1.383 vs. 1.403) than those fed pellets with 4.76-mm diameter. 
During the finisher and whole trial (d 10 to 42) periods, neither main 
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effects nor the interaction were significant (P > 0.05) for weight gain, 
feed intake and feed per gain. Increasing the pellet diameter from 3 to 
4.76 mm decreased (P < 0.001) the AME (13.98 vs. 13.70 MJ/kg DM). 
Neither main effects nor the interaction were significant (P > 0.05) for 
the ileal digestibility of nitrogen. Numerical reductions were observed 
in the ileal digestibility of starch in birds fed 3-mm diameter pellets with 
increasing the pellet length, while the reverse was observed in birds fed 
4.76-mm diameter pellets. Overall, small diameter die holes and longer 
pellet lengths can favor the manufacture of high physical quality pellets 
under low conditioning temperatures.

Key Words: pellet diameter, pellet length, pellet quality, performance, 
broilers

P401   Raw full-fat soybean or toasted in the feeding of broilers. 
C. Rocha*1, F. L. P. Valle1, I. J. M. Bueno1, J. F. Durau1, A. Maiorka1, 
and F. Dahlke2, 1Universidade Federal do Paraná, Curitiba, Paraná, 
Brazil, 2Universidade Federal de Santa Catarina, Florianópoilis, 
Santa Catarina, Brazil.

The soybean has a high concentration of protein and energy, however, 
has antinutritional factors (e.g., trypsin inhibitor, lectin, phytate) which 
limits its use in poultry feed when not subjected to processing. This 
research evaluated the influence of the use of raw full-fat soybean, 
toasted full-fat soybean and over processing full-fat soybean on the small 
intestinal morphology, sialic acid concentration, and pancreatic weight of 
broilers from 1 to 21 d of age. Twenty-four male broilers were distributed 
in a completely randomized experimental design containing 4 treatments 
and 6 replicates. The experimental diets consisted of addition of 15% 
of toasted full-fat soybean (TFS), 10%TFS+5% of raw full-fat soybean 
(RFS), 15% RFS and 10%TFS+5% over processing full-fat soybean 
(PFS). The over processing full-fat soybean was obtained by dry heat 
at 180°C for a period of 4 h. Birds fed diets containing RFS produced 
higher amounts (P ≤ 0.01) of sialic acid in the ileal content than birds 
fed with diets containing TFS and PFS. The number of goblet cells in 
the ileum was increased (P ≤ 0.01) by adding 15% of RFS in the diet. 
The height of the villus in the ileum of birds fed 15% RFS was lower 
(P < 0,05) in relation to treatment 10%TFS+5%RFS. The crypt depth 
in the ileum was not affected by the treatments (P > 0.05). The pancreas 
of birds fed diets containing 15% RFS was significantly heavier (P < 
0.05) than birds fed diets containing TFS and PFS. It was conclude that 
the under processing of full-fat soybean affect the intestinal homeostasis 
and pancreatic weight of broiler chickens.

Key Words: Glycine max, sialic acid, intestinal health, processing

P402   Nutrient digestibility in air-classified pulse protein con-
centrates and wet-fractionated soy protein concentrate for 15-d-
old broiler chicks. M. Oryschak*1, D. Korver2, and E. Beltranena1,2, 
1Alberta Agriculture and Rural Development, Edmonton, AB, 
Canada, 2University of Alberta, Edmonton, AB, Canada.

Nutrient and energy digestibility in commercially-available, air-classi-
fied field pea (PPC) and zero-tannin fava bean (FPC) protein concentrates 
(Parrheim Foods; Saskatoon, SK) were compared with that of wet-
fractionated soy protein (SPC) concentrate (ADM Company; Decatur, 
IL) in 15 d-old broiler chicks. On the day of hatch, male broiler chicks 
(Ross 308; n = 225) were distributed among 18 battery cages and fed a 

commercial starter ration until 8 d of age. Cages were then assigned to 
1 of 3 test diets for 7 d in a RCB design with 8 replicate cages per treat-
ment. Test diets consisted of 80% of a basal concentrate, which included 
2% celite, and 20% of 1 of 3 test ingredients (PPC, FPC or SPC). On 
d 15, birds were euthanized and ileal digesta collected. Excreta was 
collected for the 48-h period before digesta collection and both digesta 
and excreta were pooled to produce a single specimen of each per test 
cage. Nutrient digestibility in the basal concentrate had previously been 
measured permitting nutrient digestibility in the test ingredients to be 
calculated by the difference method. Nutrient digestibility coefficients 
were compared using PROC MIXED of SAS 9.1. Models included test 
ingredient (PPC, FPC or SPC) as a fixed effect and block as the random 
term. Total tract digestibility of GE and DM were similar among test 
ingredients (P < 0.10), however ileal CP digestibility was greater for 
PPC compared with FPC or SPC (P < 0.05). Apparent ileal digestibility 
(AID) of ARG, HIS, LYS and THR did not differ among test ingredients 
(P > 0.25). As expected for pulses, AID of MET and MET+CYS was 
lower for PPC and FPC compared with SPC (P < 0.01). Due to lower 
AID of sulfur AA, replacing soy-based protein in broiler diets with FPC 
or PPC would require additional supplementation with MET to achieve 
an optimal digestible AA profile for chicks.

Key Words: broilers, digestibility, protein concentrates, pulses

P403   Nutritional evaluation of alternative soy processing tech-
niques for poultry. K. J. Bolek,* R. Lemoine, T. Wang, S. Jung, and 
M. E. Persia, Iowa State University, Ames.

A method of soybean fractionation has been developed using enzymes 
and water to extract soybean oil. This process allows for oil extraction 
without using industrial chemicals such as hexanes, yielding byproducts 
including soluble protein (soy skim) and soy fiber portions. The objec-
tive of this experiment was to test the suitability of these byproducts 
for use in poultry diets. Soy skim contained 52.5% crude protein (CP), 
1.04% methionine, 3.53% lysine, 2.02% threonine, 0.14% Ca, 0.92% P 
while soy fiber contained 14.1% CP, 0.30% methionine, 0.89% lysine, 
0.52% threonine, 0.37% Ca, and 0.72% P. Amino acid digestibility was 
determined using cecectomized roosters and was found to be 72.9, 79.5, 
and 73.4% for skim and 69, 52, and 72.3% for fiber for methionine, 
lysine, and threonine digestibility, respectively. A chick experiment 
was conducted to determine the protein efficiency ratio (PER) and net 
protein ratio (NPR) for soy skim compared with commercial soybean 
meal (SBM). Both PER and NPR at 4% and 8% CP were lower for the 
soy skim compared with SBM. In a second chick experiment, soy skim 
and soy fiber were incorporated into corn-SBM diets at 4% and 8% to 
determine safe, efficient feeding concentrations. There were no differ-
ences in body weight gain or feed intake among any of the soy skim, 
soy fiber, or corn-SBM meal diets (P > 0.05). Feed efficiency (FE) was 
similar among all treatments except that the 4% soy fiber diet increased 
feed efficiency by 8.4% compared with the corn-SBM control diet (P ≤ 
0.05). This increase in FE is unexpected due to the low nutrient content 
and poor utilization of fiber by chickens, but may be due to prebiotic 
effects of the fiber. The soy skim was found to contain appreciable 
amount of nutrients, but reduced amino acid quality compared with 
commercial soybean meal. The soy fiber was found to contain low 
nutrient concentrations, but possible prebiotic effects. Both fractions 
can be fed in poultry diets up to 8% of the diet.

Key Words: soluble soy protein, soy fiber, poultry, amino acid 
digestibility
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P404   Screw-pressed Camelina sativa meal as feedstuff for broil-
ers: Effects of graded dietary inclusion on organ weights and 
post-mortem signs of toxicity. M. Oryschak*1, C. Annett1, and E. 
Beltranena1,2, 1Alberta Agriculture and Rural Development, Edmonton, 
AB, Canada, 2University of Alberta, Edmonton, AB, Canada.

The effect of increasing dietary inclusion of screw-pressed Camelina 
sativa meal (CAM; 17% residual oil, 34% CP) on clinical signs of toxic-
ity and wt of selected organs was evaluated in broilers (Ross 308; n = 
725). Birds housed in battery cages were fed diets containing 0, 8, 16 or 
24% CAM for 42-d in a RCB design with 6 replicate cages per treatment. 
Diets consisted of 76% of a concentrate and cornstarch in reciprocal 
amounts to CAM to comprise the remaining 24%. Six birds from each 
cage were removed on d 14, 28 and 42 of the experiment. Three of these 
birds were euthanized by injectable barbituate to preserve the integrity 
of the thyroid and were sent intact for post-mortem examination by a 
veterinary pathologist (blind to treatment). The other 3 birds removed 
on each day were euthanized by cervical dislocation and dissected to 
remove selected organs, which were weighed. Results of post-mortem 
examinations were analyzed using appropriate non-parametric tests. 
Organ weights were analyzed using PROC MIXED in SAS 9.1, with 
CAM inclusion as fixed effect, block as the random term, and BW as 
a covariate. There was no relationship between dietary CAM inclusion 
level and post-mortem findings of any key organs or tissues. Increasing 
dietary CAM inclusion linearly reduced liver wt, but only at 14 d of age 
(P < 0.01). Heart wt increased by 4% for each 8% increase in dietary 
CAM inclusion, but only at 28 d of age (linear; P < 0.02). Dietary CAM 
inclusion level did not affect spleen wt at any age (P > 0.31). For each 8% 
incremental increase in dietary CAM inclusion, pancreas wt increased 
by 27 and 21% at 28 and 42-d of age, respectively (linear; P < 0.01). 
Changes in organ wt were likely induced by differences in digestible 
protein and fat content among test diets, rather than CAM toxicity. In 
conclusion, dietary inclusion of up to 24% CAM did not cause any gross 
morphological changes in organs that would indicate toxicity.

Key Words: broiler, Camelina, organ weights, toxicity

P405   An evaluation of the single or combined use of soybean 
by-products on performance and carcass characteristics of broiler 
chickens: acidulated soap stock, lecithin and glycerol. S. L. Vieira,* 
J. E. M. Peña, M. E. Mayorga, D. J. A. Miranda, A. Favero, and F. V. 
F. Furtado, Universidade Federal do Rio Grande do Sul, Porto Alegre, 
RS, Brazil.

Acidulated soap stock (ASS) and lecithin (LEC) are by-products from 
the soybean oil industry whereas glycerol (GLY) is separated from the 
soybean oil (SO) through transesterification in the production of biodiesel. 
An experiment was conducted using 1,750 one-day-old Cobb × Cobb 
500 slow feathering male broilers to evaluate the effects of the soybean 
oil industry by-products: ASS, LEC, GLY as well as for their mixture 
(MIX – 85% ASS, 5% LEC and 10% GLY) to mimic the composition 
of these compounds in the triglyceride molecule in crude soybean oil. 
Live performance and carcass yields were evaluated. A 4 phases feeding 
program was used. Control diets (Control) formulated with degummed 
soybean oil (DSO) were used in a feeding program of 4 diets: 1 to 7, 8 to 
21, 22 to 35 and 36 to 40 d of age. Five dietary treatments were formulated 
with DSO, ASS, LEC, GLY and MIX in fixed inclusions of 2% (1 to 7 
and 8 to 21 d) and 4% (22 to 35 and 36 to 40 d) whereas 4 treatments had 
inclusion of ASS, LEC, GLY, MIX in diets having DSO to reach apparent 
metabolizable energy (AME) levels of the Control. The 10 treatments 

with 7 replicates of 25 birds as the experimental unit were distributed 
in a completely randomized block design. Animals fed diets with DSO, 
ASS, LEC and MIX with fixed energy level showed, reduced body weight 
gain from 7 to 21 d (P ≤ 0.05), improved fed intake, and had similar fed 
conversion ratio (P ≤ 0.05), from 21 to 39 d when compared with the 
Control, however, GLY had the worst values for these variables. Blends 
of DSO+by-products and their mixture showed similar performance than 
Control treatment from 1 to 39 d. Dietary energy source affected carcass 
yield, however no significant differences were reported for abdominal 
fat and commercial cuts.

Key Words: acidulated soap stock, lecithin, glycerol, metabolizable 
energy, carcass yield

P406   The effect of dietary glycerol in the starter phase on 
turkey hen production. E. Y. Opoku,* H. L. Classen, and T. A. Scott, 
University of Saskatchewan, Saskatoon, Canada.

Glycerol, a co-product from bio-diesel production, has the potential to 
be an energy source for turkey production. Presently, it is not recog-
nized as a feed ingredient by the Canadian Food Inspection Agency; 
and therefore this research was undertaken to build a scientific basis 
for the acceptability of glycerol in turkey feeding. In the present study, 
a total of 96 Hybrid Converter female turkey poults were fed a wheat 
and soybean meal basal diet containing different levels of glycerol (0, 
2.5, 5.0 and 7.5%) from 7 to 21 d of age. Diets in mash form were bal-
anced with different levels of canola oil, to maintain a similar energy 
content for all diets. The 4 diets were each randomly assigned to 6 cages 
(4 poults per cage). Feed and water were available on an ad libitum 
basis. There were no adverse effects of glycerol inclusion on growth 
performance. There was no mortality in the study. Data was analyzed 
by linear regression. There was no significant difference in 21 d body 
weight (g) or feed intake (g/b/d). However, there was a significant linear 
effect (P < 0.05) of glycerol level on 7–21d feed conversion ratio (y 
= 1.54–0.0114*glycerol level; R2 = 0.31). There were no significant 
effects of glycerol level on AME (kcal/kg diet). There was a (P = 0.06) 
linear effect of glycerol on nitrogen retention (y = 53.9+0.88*glycerol 
level; R2 = 0.15). Relative to 21d body weight gut measurements (i.e., 
empty gizzard and proventriculus weight, and duodenal, jejunal, ileal 
and ceca length) were not affected (P > 0.05) by the level of glycerol. 
In conclusion, the data suggest that glycerol can be incorporated in 
the diet of hen turkeys as high as 7.5% without detrimental effect on 
growth performance.

Key Words: glycerol, turkey poults, growth, feed conversion efficiency, 
gut measurements

P407   Effects of increasing levels of biodiesel glycerin in broiler 
diets on carcass characteristics and breast meat composition. K. 
C. Zavarize*1,2, J. F. M. Menten2, L. W. Freitas2, G. R. Goretti2, R. 
Pereira2, Y. K. Carvalho3, and S. R. A. Rosa4, 1State University of 
Goias, Sao Luis de Montes Belos, Goias, Brazil, 2University of Sao 
Paulo, Piracicaba, Sao Paulo, Brazil, 3Federal University of Acre, 
Rio Branco, Acre, Brazil, 4Montes Belos College, Sao Luis de Montes 
Belos, Goias, Brazil.

Glycerin obtained from biodiesel production has been shown to be a 
highly available energy source for animals. It can potentially be used as a 
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substitute for other energy sources such as corn. Glycerin is absorbed by the 
gastrointestinal tract and is gluconeogenic. The objective of this study was 
to determine the effects of diets containing increasing levels of glycerin on 
carcass and parts yield and breast meat composition. Treatments consisted 
of a control diet without glycerin and diets formulated with increasing 
levels of biodiesel glycerin (2.5, 5.0, 7.5, 10.0 and 12.5%). The glycerin 
was analyzed to contain 80.7% glycerol, 12.6% moisture, 2.3% sodium and 
80 ppm methanol; its metabolizable energy content had been previously 
determined to be 3,145 kcal/kg. The diets were isonutritive and were based 
on corn, soybean meal and corn oil and were supplemented with nutrients 
to meet the nutritional requirements of chickens. The chickens were raised 
in floor pens with rice hulls as litter material. Feed and water were offered 
ad libitum. At 41 d of age, after 8 h of fasting, 6 birds per treatment were 
slaughtered for determination of carcass and parts yield. Breast muscles 
were collected for chemical analyzes (dry matter, mineral matter, crude 
protein and ether extract). Carcass and parts yields were not influenced by 
treatments (P > 0.05). There was a tendency for diets with 10 and 12.5% 
glycerin to decrease carcass yield compared with control (71.2 and 70.8 
vs.73.4%). Live weight (avg. 2,386 kg) was not affected by glycerin levels 
(P > 0.05). No differences were found (P > 0.05) in breast chemical analy-
sis. Even without significant difference, the 12.5% glycerin diet resulted 
in crude protein 2.4% higher (84.7 vs. 82.7%) compared with control. The 
data suggest that feeding diets containing biodiesel glycerin up to a level 
of 5.0% does not present any detrimental effects on carcass characteristics 
and breast meat composition.

Key Words: alternative feeds, carcass yield, chemical composition, 
glycerol, poultry

P408   Performance and egg stability of laying hens fed different 
source of lipid and glycerol. J. H. V. Da Silva,* R. P. Soares, E. M. B. 
Filho, G. R. B. Cruz, P. B. De Lacerda, D. V. G. Vieira, and T. S. Melo, 
Universidade Federal da Paraiba.

The soybean oil is an important energy source to poultry diet, but cur-
rently alternatives lipids or energy sources have attracted the attention of 
poultry industry. This experiment evaluated performance of laying hens 
fed diet with different lipids sources and glycerol. Three hundred sixty 
Dekalb White hens (63 weeks of age) were randomly placed and fed 5 
isonutritive based corn-SBM diets. Diet 1 had 2% of soybean oil (SBO) 
and diets 2, 3, 4, and 5 the SBO was replacement (%/w) respectively by 
broiler fat (BF); linseed (LSO) and fish oil (FO), and glycerol (GLC). The 
effects of diet, time (1 and 30 d) or storage local, room (24°C) or refrigerate 
(8°C) on Haugh unity (HU) and malonaldehyde acid (MDA/kg of yolk 
content) at 1 and 20 d was studying by broken 16 eggs per treatment. 
The glycerol decreased FI (101.2a; 100.7a; 101.4a; 100.3a and 95.9b g), 
and LSO and FO increased EP and PF and GLC decreased (79.5b; 74.3c; 
84.6a; 84.0a and 76.1c%), LSO influenced better EW than SBO (65.0b; 
65.6ab; 66.8a; 66.0ab and 65.8ab g), however, LSO and FO improved EMW 
and BF and GLC lowed (51.7b; 48.8c; 56.6a; 55.5a and 50.0bc g). Finally, 
the best FCEM was in FO and LSO and worse in BF (1,95b; 2,06a; 1,79c; 
1,80c e 1,91b kg/kg). The HU at 1 d was better in LSO and FO and worse 
in SBO (85.6b; 87.0ab; 88.2a; 85.7ab and 85.8ab). After 30 d of storage at 
room the better HU was to GLC and worse to SBO (24.7d; 37.0b; 36.9b; 
28.8c and 46.7a). At refrigerate there are no difference (81.3; 80.1; 79.0; 
79.1 and 79.6). The MDA at 1 d was highest in PF and LSO and lowest 
in SBO and GLC (0.49c; 0.55a; 0.51b; 0.57a and 0.46c), and at 20 d at 
room the MDA increased in LSO and decreased in FO and GLC (0.83b; 
0.87b; 0.98a; 0.75d e 0.80cd) and refrigerate increased MDA in LSO and 
decreased in FO, SBO and GLC (0.77c; 0.84b; 0.93a; 0.69d e 0.76c). The 

glycerol kept the freshness and low levels of oxidation of egg storage at 
room and refrigerate. The highest unsaturated fatty acids of linseed oil 
increase performance and lipid oxidation in egg content.

Key Words: broiler, lipids, glycerol, egg production, egg stability

P409   Algae biomass as an energy source for animal feeds. A. M. 
Evans*1, K. D. Baldock2, D. L. Smith2, and J. S. Moritz1, 1West Virginia 
University, Morgantown, 2Eastern New Mexico University, Portales.

Algae is a top alternative fuel source to crude oil for several reasons: 1) 
algae has a short growing cycle; 2) algae production does not require 
arable land or potable water; 3) algae is an efficient photosynthetic plant 
that requires no energy for making roots, stems, seeds, or flowers. In 
general, the algae are harvested from ponds and the cell walls are broken 
to extract the oil; after extraction, the remaining biomass is composed of 
a mixture of proteins, carbohydrates, and residual oil. The algae biomass 
is a co-product that has the potential to be used in various animal feeds 
including: poultry, swine, and cattle; however, several variables are 
associated with production, thus necessitating research that compares 
method of production and feeding value. Variables for consideration 
include the extraction, drying, and storage of the co-product. The objec-
tive of the current study was to conduct an initial screening of 2 algae 
co-products for nitrogen corrected true metabolizable energy (TMEn). 
A total of 10 intact Single Comb White Leghorn Roosters were preci-
sion fed algae co-products (A and B), with 5 replications per treatment. 
Excreta was collected for 48 h, dried, and analyzed for gross energy 
and nitrogen content; these values were used to calculate TMEn. Fat and 
protein content varied; 6.9%, 34.8%, and 1.8%, 43.2% for co-products 
A and B, respectively. All roosters fed co-product A died within 48 h 
after feeding. The cause of death is unknown but may be associated 
with fat-soluble toxins or toxin residue due to method of production. 
The mean TMEn value for co-product B was determined to be 1,305 
± 230.01 calories per gram. These data show a potentially significant 
draw-back to algae biomass use as well as high variability in energy 
metabolism necessitating more extensive and rigorous research before 
algae biomass is considered for use in animal feeds.

Key Words: algae biomass, true metabolizable energy, co-product, 
rooster, crude oil alternative

P410   Nutrient and energy digestibility in air-classified faba 
bean and field pea protein and starch concentrates in 21-day-old 
broilers. M. Oryschak*1 and E. Beltranena1,2, 1Alberta Agriculture and 
Rural Development, Edmonton, AB, Canada, 2University of Alberta, 
Edmonton, AB, Canada.

Nutrient and energy digestibility in air-classified starch (ST) and protein 
(PR) fractions of zero-tannin ‘Snowbird’ fava bean (FB) and ‘Cooper’ 
field pea (PEA) were measured in 21d-old broilers. On the day of 
hatch, male broiler chicks (Ross 308; n = 300) were distributed among 
24 test cages and fed a commercial starter diet until 14 d of age. On d 
14, cages were then fed 1 of 4 test diets for 7 d in with a RCB design 
with 6 replicate cages per treatment. Test diets consisted of 70% of a 
wheat-based basal diet, containing 0.5% chromic oxide as an indigestible 
marker, and 30% of 1 of 4 test ingredients (ST or PR fractions of FB 
or PEA). On d 21, birds were euthanized for collection of ileal digesta. 
Excreta was collected for 48-h before digesta collection. Digesta or 
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excreta were pooled to produce a single specimen of each per test cage. 
Nutrient digestibility in the basal diet had previously been measured, thus 
permitting nutrient digestibility in the test ingredients to be calculated by 
the difference method. Nutrient digestibility coefficients were analyzed 
using the MIXED procedure of SAS 9.1. Statistical models included the 
fixed effects of pulse crop (FB or PEA), fraction type (ST or PR), and the 
2-way interaction; block was the random term. Total tract digestibility 
coefficients for both GE and DM were greater for PR compared with 
ST (P < 0.01), but were similar between FB and PEA (P > 0.24). Pulse 
crop interacted with fraction type to affect AID coefficients for ARG, 
MET, ILE, TRP and VAL (P < 0.02). Coefficients for LYS, TSAA and 
PHE were higher in PR compared with ST (P < 0.02). In conclusion, 
low digestibility of sulfur AA indicates that diets including any of the 4 
fractions studied would require supplemental MET to achieve an optimal 
digestible AA profile for growing broilers.

Key Words: broiler, digestibility, faba bean, field pea, fractions

P411   Effects of dietary fiber source and crude protein content 
on plasma and liver lipids in broiler breeder hens fed restricted 
or ad libitum. M. Mohiti-Asli1, M. Shivazad*1, M. Zaghari1, M. 
Rezaian2, and S. Aminzadeh3, 1University of Tehran, College of 
Agriculture and Natural Resources, Animal Science Department, 
Karaj, Iran, 2Department of Veterinary Science, University of 
Tehran, Tehran, Iran, 3National Institute of Genetic Engineering and 
Biotechnology, Tehran, Iran.

This study investigated the effects of dietary fiber source, cellulose or 
inulin, as well as CP content of diet, 14.5% or 17.4%, on hepatic lipids 
and plasma metabolites in broiler breeder hens fed ether restricted (R) 
or ad libitum (AL). Hens were assigned into 60 floor pens with 6 hens 
in each, and 12 dietary treatments were applied from 43 to 55 wk of 
age. The treatments arranged factorially with 2 levels of CP (14.5 vs. 
17.4%), 3 fiber sources (0 vs. 3% inulin vs. 3% cellulose), and 2 levels 
of feed intake (160 vs. 208 g/d) that corresponded to R or AL feeding 
regimens. The experimental diets contained 2,800 kcal ME with either 
14.5% or 17.4% CP. The ratios of amino acids to CP were kept constant 
in the both diet. AL feeding of broiler breeder hens increased the liver 
weight (106.8 vs. 86.1 g; P < 0.001) and hepatic lipid deposition (51.4 
vs. 38.6%; P < 0.001), which was associated with enhances (P < 0.05) 
in plasma glucose, triglyceride (TG), total cholesterol, and low density 
lipoprotein cholesterol. Fat deposition in abdomen was also increased 
(P < 0.001) in AL fed hens which led to excessive body weight (BW). 
Increasing dietary CP from 14.5% to 17.4% decreased hepatic fat con-
tent (42.1 vs. 46.5%; P < 0.05) and it was associated with lower (P < 
0.05) liver weight, hepatic lipid accumulation and cholesterol. Plasma 
TG concentration and abdominal fat pad weight were also reduced (P 
< 0.05) by higher dietary CP content. Inclusion of inulin to the diet 
suppressed (P < 0.05) liver weight and abdominal fat weight. Cellulose 
inclusion to the diet decreased (P < 0.05) feed intake, BW, abdominal 
fat and liver weight. Cellulose was more effective than inulin in decreas-
ing feed intake and BW of hens but both were similar in suppression 
of abdominal fat and liver weight. No interaction was found between 
dietary CP content and the fiber source of diet. It is concluded that an 
increase in CP content of the diet alleviates hepatic lipid content in 
broiler breeder hens but inclusion of inulin or cellulose in the diet did 
not suppress liver and plasma lipids.

Key Words: broiler breeder hen, crude protein, dietary fiber, plasma 
metabolites

P412   Evaluation of pressed, dehulled cottonseed meal on 
growth performance when included broiler diets. J. Pieniazek*1, 
R. Stipanovic2, L. Puckhaber2, M. B. Farnell1, and J. T. Lee1, 1Poultry 
Science Department, Texas AgriLife Research and Extension, Texas 
A&M System, College Station, 2USDA-ARS, College Station, TX.

An experiment was conducted to evaluate the effect of pressed, dehulled 
cottonseed meal on broiler growth performance and residual tissue gos-
sypol. Cottonseed meal was included at 2 inclusion rates (5 and 10%) 
either for the first 21 d or for the entire 41 d trial and compared with an 
industry type corn soybean meal diet yielding a total of 5 dietary treat-
ment groups. Each treatment contained 6 replicate pens with each pen 
containing 30 straight-run broilers for a total placement of 900 broil-
ers. A starter diet was fed through 21 d of age, a grower diet through 
35 d of age and a finisher diet through 41 d of age. Body weight and 
feed consumptions were determined on d 10, 21, 35, and 41. Muscle 
and liver samples were collected from one broiler per replicate pen to 
determine the presence of gossypol. No differences were observed in 
growth performance at 10 d of age. Body weight was reduced (P < 0.05) 
with the inclusion of 10% pressed, dehulled cottonseed meal at 21 d 
of age, however, no growth depression was observed following 21 d 
of age within any of the treatment groups. Feed conversion ratio was 
decreased (P < 0.05) through 35 d of age in the 5 and 10% continuous 
inclusion treatment groups. At the conclusion of the trial, no differences 
were observed (P > 0.05) in body weight or feed conversion ratio. These 
data indicate that pressed, dehulled cottonseed meal can be included at 
up to 10% inclusion without negatively affecting growth performance, 
however further research needs to be conducted to determine the exact 
nutrient value of pressed, dehulled cottonseed meal and to identify the 
maximum level of inclusion in broiler diets.

Key Words: broiler, cottonseed meal, performance

P413   Comparison of fresh and stored egg in laying hen fed cot-
tonseed meal supplemented with lysine and enzyme. K. Pournia*, 
A. A. Saki, and P. Zamani, Department of Animal Science, Bu-Ali Sina 
University of Hamadan, Hamadan, Iran.

Cottonseed meal (CSM) could be a favorable alternative protein source 
for layers diets, but in regarding to presence of the potentially toxic 
agent, gossypol, has limited its uses.Eighty White Leghorn hens (80 
weeks old) were used in this study for 12th weeks. Hens were randomly 
divided into 4 treatments and 5 replicates with 4 birds in each. The 
experiment was conducted in 2 × 2 factorial experiment in completely 
random design (CRD). The hens were fed by mash basal diet supple-
mented with 1% lysine + 0% enzyme (Treatment 1), 1% lysine+0.025% 
enzyme (Treatment 2), 2% lysine+0% enzyme (Treatment 3), 2% 
lysine+0.025% enzyme (Treatment 4). Water and feed were offered ad 
libitium. The light program was 16 h per day. House’s temperature and 
humidity were recorded during the experiment. Average ambient rela-
tive humidity house inside and daily temperature were 65 ± 5% and 18 
± 1°C, respectively. Body weights were recorded at the beginning and 
at the end of study. Feed intake was measured weekly. Egg production 
and egg weight from all birds were tested daily through the experiment. 
Egg mass was calculated. Net feed conversion ratio (NFCR) was ana-
lyzed. The result have indicated that protein content in magnum was 
not significantly affected by different levels of lysine and enzyme (P 
> 0.50). Although magnum Protein: RNA ratio increased with 2% of 
lysine as compared with 1% (P < 0.50). Moreover, result have shown 
that jejunum DNA concentration was not significantly affected by 
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lysine (P > 0.50). Also jejunum RNA: DNA ratio increased with 2% 
of lysine (P < 0.50). Performance specificity significantly improved by 
2% of lysine and 0.025% of enzyme (P < 0.50). The results of current 
study have shown that diets supplemented with 2% lysine and 0.025% 
enzyme could improve performance, some egg characteristics and 
increased magnum protein synthesis and jejunum cell efficiency. It was 
concluded that laying hen performance improved by cottonseed meal 
supplemented by 2% lysine and 0.025%enzyme.

Key Words: cottonseed meal, egg, laying hen

P414   Determination of the apparent metabolizable energy of 
corn using three experimental methods in broilers. C. Gady,* E. 
Tormo, F. Rouffineau, P. Cozannet, and P. Dalibard, Adisseo France 
SAS, Antony, France.

Corn is the most commonly used cereal grain in poultry diets worldwide 
and brings most of the energy required by birds. The objective of this 
study was to compare different approaches for the determination of the 
apparent metabolizable energy corrected for nitrogen balance (AMEn) 
of 2 corn samples using 23-d-old growing broilers. Experiments were 
designed to determine AMEn with ad libitum feeding and total excreta 
collection using the European Reference Method. A basal diet contain-
ing corn (58.9%), soybean meal (31.3%), minerals and vitamins was 
used. Evaluation of 2 corn batches (corn 1 and corn 2) was done by 
substituting various levels of the basal diet (25, 50% and 15, 30, 50% 
for corn 1 and 2, respectively). In addition, 12 diets were prepared from 
12 ingredients (wheat, barley, wheat bran, corn 1 and 2, soybean meal, 
vegetable oil), the inclusion levels of these ingredients being indepen-
dent of each other. The apparent metabolizable energy values were first 
calculated by difference based on diet including 50% corn, and second 
by regression based on the control/corn ratios and third by the iterative 
Marquardt method. No effect of the methodology was observed either 
on animal feed consumption or animal variability within experimental 
treatment. Results showed that AMEn values obtained for the evaluation 
of the corn 1 were 3,802; 3,805 and 3,689 kcal/kg DM for the methods by 
difference, by simple regression and by multiple regression, respectively. 
The methods by difference and by simple regression gave very close 
results while the multiple regression gave lower AMEn value (- 115 kcal/
kg DM). For corn 2, AMEn values were 3,683; 3,703 and 3,734 kcal/kg 
DM depending on respective approaches. Average values (coefficients 
of variation) issued from the 3 methods were 3,765 (1.8%) and 3,707 
(0.7%) for corn 1 and 2, respectively. The results obtained in this study 
showed that the 3 experimental approaches tested were consistent and 
that the method by difference (50% substitution of the basal diet) could 
be used as a routine evaluation.

Key Words: corn, energy, broilers, methodology

P415   The net energy values of corn and soybean meal for 
dwarf laying hens using indirect calorimetry method. D. Ning,* Y. 
M. Guo, Y. W. Wang, and Y. Z. Peng, China Agricultural University, 
Beijing, China.

The study was conducted to estimate the net energy (NE) values of 
corn and soybean meal for laying hens based on indirect calorimetry 
method and nitrogen balance measurements. A total of 288 28-wk-old 
Nongda 3 dwarf laying hens were randomly assigned to 2 groups with 

4 replicates each fed with corn-soybean-meal diet (basal diet) and corn 
diet,respectively. After a 10 d adaptation period,each replicate of 36 
hens from the 2 groups were simultaneously arranged into 2 respira-
tion chambers to measure the heat production (HP) for 3 d in hens fed 
the 2 diets, including HP following a 72 h of fast after feeding basal 
diet. The equilibrium fasting HP (FHP) may provide an estimate of NE 
requirements for maintenance (NEm). The NE intake from diets was 
determined by factorial method that combines NEm and energy reten-
tion, and the NE values of corn and soybean meal was estimated using 
the difference method. When considering the effect of light and fasting 
time on HP and respiratory quotient(RQ), the data were analyzed by 
2-way ANOVA with SPSS 17.0. Results showed that hens fed basal diet 
had a 0.06 Mcal/kg greater heat increment and 3.43% lower NE/ME 
ratio (P < 0.05) than giving corn diet. Hens had a pronounced diurnal 
rhythm in HP during both feeding and fasting state, the HP during fast-
ing period was increased by 0.72 kcal/kg BW0.75per h in the light than 
that during dark period (P < 0.01). Hens had lower HP and RQ on the 
3rd day of fasting than that on the 2nd day (P < 0.01). It was suggested 
that the HP associated with feeding had not been eliminated until by 52 
h of fast. The NEm of hens was estimated to be 63.47kcal/kg BW0.75per 
d at 20 ± 1°C. The estimated AME, NE values and NE/AME ratio were 
3.42, 2.59Mcal/kg and 75.62% for corn, 2.86, 1.78Mcal/kg and 62.08% 
for soybean meal,respectively. In conclusion, compared with corn, the 
energy value of protein-rich soybean meal for hens was overestimated 
when expressed on AME basis. Duration of adaptation of hens to diet 
and fasting time as well as difference method should be considered 
when using indirect calorimetry method to estimate diet NE content, 
NEm and NE values of feedstuffs.

Key Words: net energy, laying hens, corn, soybean meal, heat 
production

P416   Dietary energy and performance of broiler chickens from 
8 to 28 days of age. M. A. Silva*1, T. M. Filho1, A. V. C. Souza2, and R. 
V. Nunes3, 1Aviagen Inc., Huntsville, AL, 2Poli-Nutri Animal Nutrition, 
Sao Paulo, SP, Brazil, 3Unioeste, M.C. Rondon, PR, Brazil.

The aim of this trial was to evaluate the effects of different energy levels 
during Grower (8-to-21d) and Finisher (22-to-28d) phases on perfor-
mance of 2160 female broiler chicks (RossxRoss308). Basal practical 
mash diets (lower and higher energy) based on corn (3,360 kcal/kg), 
soybean meal (2,430 kcal/kg), and refined soy oil (8,880 kcal/kg) were 
produced and blended to achieve calculated apparent metabolizable 
energy (AME) values of 2,926, 2,980, 3,113, 3,245, and 3,300 kcal/kg 
for Grower diets and 2,951, 3,016, 3,175, 3,334, and 3,400 kcal/kg for 
Finisher diets. At d-8, all birds were weighed and distributed equally 
according to a 22 full-factorial arrangement in central composite design 
with 12 runs (8 treatments+4 center points) with 4 replicates per run. Six 
birds were randomly taken from each pen at d-29 for processing. The 
statistical analyses were performed and significant effects considered in 
the prediction equations based on the code matrix (−1.41,−1,0,+1,+1.41). 
There was a linear effect (L) of dietary energy (P < 0.01) on body 
weight gain (BWG = 1,162.91+26.79*G R2 = 0.76) in Grower phase. 
Quadratic effect (Q) on feed intake was observed in Grower phase (P 
< 0.01) followed by L (P < 0.01) and Q (P < 0.10) of Finisher (FI = 
1,793.49+14.23*G-18.78*G2-28.31*F-8.99*F2 R2 = 0.89). There was 
L of Grower (P < 0.05) and Finisher (P < 0.015) energy levels on feed 
conversion ratio (FCR = 1.527–0.023*G-0.0350*F R2 = 0.88). A signifi-
cant interaction (P < 0.01) between Grower and Finisher energy levels 
on carcass yield was observed (CY = 69.19+0.105*G-0.39*F+0.22*G*F 
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R2 = 0.84). To predict the performance response to specific energy level 
in each phase, G and F must be replaced by (AMEgrower/132–23.58) and 
(AMEfinisher/159–19.97), respectively. Higher energy levels in Grower 
phase (>3,150kcal/kg) are suggested for improving BWG. The final 
FCR improves 0.00174 and 0.0022 units for each increment of 10 kcal/
kg in Grower and Finisher phases, respectively.

Key Words: optimizing process, response surface method, energy 
requirement, feed conversion

P417   Effect of dietary energy level on feed intake of modern 
broilers at different ages. A. H. Ataei,* A. Golian, and H. 
Kermanshahi, Ferdowsi University of Mashhad, Mashhad, Iran.

The general opinion is that chickens are able to adjust their feed intake 
according to the dietary energy level. But it seems, the modern broilers 
due to intense genetic selection for growth and increased appetite, feed 
is consumed regardless of energy up to gut physical capacity. Hence, 
4 experiments were conducted. Trial 1 was conducted to determine the 
apparent metabolizable energy (AME) of experimental diets, by total 
excreta collection method. Briefly 72 mixed-sex of Ross broilers (15–21 
d) were randomly allocated to 12 treatments with 3 replicates of 2 chicks 
each. Total energy intake and total energy excreted from each cage were 
measured and used to calculate the AME of each diet. The 12 diets had 
about 2700, 2800, 2900, 3000, 2800, 2900, 3000, 3100, 2900, 3000, 3100 
and 3200 kcal/kg.Trial 2, 3 and 4 were conducted to study the effect of 
dietary energy level on feed intake of modern broilers in starter (5–14 d), 
grower (15–28 d) and finisher (29–49 d) periods, respectively. Each trial 
was performed with 160 mixed-sex Ross broiler chicks in a completely 
randomized design with 4 treatments and 4 replicates of 10 chicks each. 
In the second trial chickens were fed with 4 starter diets of 2700, 2800, 
2900 and 3000 kcal ME/kg, and a grower and a finisher diet according 
to Ross recommendation. In the third trial, chickens were fed with 4 
grower diets of 2800, 2900, 3000 and 3100 kcal ME/kg, and a starter 
and a finisher diet according to Ross recommendation. In the fourth trial 
chickens were fed with 4 finisher diets of 2900, 3000, 3100 and 3200 
kcal ME/kg, and a starter and a grower diet according to Ross recom-
mendation. All diets were formulated with constant energy to nutrient 
ratios. There was no significant difference on final live weight due to 
compensatory growth if starter and grower diets contained different ME 
levels (P > 0.05). The relative carcass yield and cuts were not influenced 
by dietary energy levels if the energy to nutrient ratios are constant (P 
> 0.05).The results showed that the modern broilers cannot adjust their 
feed intake according to dietary energy level during age (periods).

Key Words: energy level, feed intake, age, modern broilers, performance

P418   Post-hatch nutrition of broiler chickens. A. A. Santos Jr*1, 
F. B. O. Santos2, R. C. Freitas3, and M. M. Antunes1, 1Federal University 
Uberlandia, Uberlândia, MG, Brazil, 2Brazilian Agricultural Research 
Corporation, Concordia, SC, Brazil, 3Marfrei Consultoria, Uberaba, 
MG, Brazil.

Conditions that day-old chicks are subjected after hatch can signifi-
cantly influence their performance. Traditionally, chicks gain access 
to feed and water only at the farm after placement even though their 
gastrointestinal tract is physically complete at hatch. Although not fully 
competent, post-hatched chicks do not have significant restrictions to 

utilize exogenous nutrients. For that reason feeding chicks immediately 
after hatch became a major interest in poultry production as a way to 
increase performance. In addition, it has been shown that post-hatch 
feeding stimulates bird adaptation to the new environment. Therefore, 
the objective of the present study was to evaluate post-hatch feeding 
on performance of under-weight chicks (<40g) originated from young 
broiler breeders (27–31 wk). The experiment was conducted in a 
commercial setting, which was possible by the involvement of broiler 
producers. Chicks were fed a balanced hydrated post-hatch nutritional 
formulation during transport from the hatchery to the farms. A total of 
1,023,083 broilers were supplemented with the post-hatch feed diet, 
while a total of 1,052,845 birds served as control and did not receive any 
kind of diet before placement at the farm. Bird body weight (BW) was 
measured at 1, 7, 14, 21, 28, 35 and 45 d (d). Livability (h) and mortal-
ity (M) were recorded on the same days, except for d 1. At 45d, weight 
gain (WG), corrected feed conversion ratio (CFCR) and productivity 
efficiency index (PEI) were also measured. Supplementing chicks with 
the post-hatch feed diet improved BW at 7, 14 and 21 d compared with 
the control birds (157 vs 143g, 398 vs 374g and 801 vs 759g, respec-
tively, P < 0.05), but had no effect on M, L, WG, CFCR and PEI. Chicks 
that received the diet were not as impacted by the harmful effects of 
the starvation period between hatching and placement when compared 
with those that were not supplemented. Apparently, the post-hatch feed 
confers an energy boost allowing chicks to adapt faster to their new 
environment and perform better during the first weeks of life. However, 
more studies are needed to show other benefits that post-hatch feeding 
might have on intestinal health and broiler performance.

Key Words: early feeding, chick, diet, performance, hatchery

P419   Effect of a guanidino acetic acid, CreAmino, on per-
formance measures in broiler chicks. F. Foroudi,* A. Afsar, and 
M. Jediyatkhah, Varamin-Pishva Branch Islamic Azad University, 
Varamin, Tehran, Iran.

The current study was conducted to investigate the effect of CreAmino 
as a guanidino acetic acid supplement on performance measures, carcass 
quality and economics of broiler chicks in comparison to negative (pure 
vegetable diet) and positive (fish meal containing diet) controls. One 
hundred 80 commercial hybrid of Ross 308 were allocated in a complete 
randomized block design with 3 treatments and 4 replicates in 12 floor 
pens with 15 chicks in each pen at d 1. Treatments contained CreAmino 
at 0.05% of feed, negative control (pure vegetable diet), or positive 
control (2.5% fish meal containing diet). The experiment was carried 
out for 42 d. Diets were fed during starter (0–10 d), grower (11–24 d) 
and finisher (25–42 d) periods that were prepared from the same batch 
of ingredients. Birds were weighed and feed consumption was recorded 
at 1, 10, 24 and 42 d of age. Feed conversion was corrected for mortal-
ity by considering the weight of dead birds. Three birds per replicate 
(12 birds per treatment) with body weights close to the pen average 
were selected for carcass evaluation focusing especially on abdominal 
fat accumulation after a feed deprivation of approximately 8 h at d 42. 
Results showed that there were no significant differences among treat-
ments in weight gain (2079, 2206 and 2077 g for negative control, 0.05% 
CreAmino or positive control, respectively) but the CreAmino showed 
significant improvement in feed conversion ratio (2.04, 1.94 and 1.96 
for negative control, 0.05% CreAmino or positive control, respectively; 
P < 0.05). Upon carcass quality analysis, CreAmino birds showed sig-
nificant increase in fat deposits (P < 0.05). Feed cost of producing 1 kg 
of live weight varied across treatments with CreAmino group costing 
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the least and negative control group costing the highest. We conclude 
that inclusion of CreAmino in broiler diet at 0.05% (as fed) can improve 
the efficiency of energy utilization that may allow reducing the energy 
of diet and thus the cost of production.

Key Words: guanidine acetic acid, CreAmino, broiler performance, 
energy metabolism

P420   Nutritional evaluation of Palomys as a feed additive for 
poultry. P. Utterback*1, C. Parsons1, and T. Marsteller2, 1University of 
Illinois, Urbana, 2Elanco Animal Health, Greenfield, IN.

Two trials were conducted to evaluate the nutritional value of Palomys 
in poultry diets. Palomys is a plant-based feed ingredient rich in 
medium-chain fatty acids (MCFA). A precision-fed rooster assay was 
first conducted to determine the true metabolizable energy (En) of 
Palomys compared with soy oil. Five dietary treaents were included. 
Treaent 1 consisted of 100% corn, and, thereafter, the treaents contained 
either 5% or 10% of Palomys or soy oil mixed with corn. Roosters 
were tube-fed 30g of a diet and excreta were collected for 48 h post-
feeding. The mean En of the diets increased linearly with the addition 
of either Palomys or soy oil. The mean En of Palomys was calculated 
by difference to be 9.084 kcal/g of dry matter. This value is slightly, 
but not significantly (P > 0.05), lower than the En of soy oil. A 19-d 
growth assay was then conducted using 3-d old Ross 308 commercial 
male broiler chicks to evaluate Palomys in chick diets. Diet 1 was a 
22% CP corn-soybean meal diet containing 3.6% poultry fat as the fat 
source. Diet 2 contained soy oil in place of the poultry fat as the fat 
source. Diets 3 and 4 replaced 0.25% and 0.50% of the soy oil with 
0.25% or 0.50% Palomys, respectively. When compared with the soy 
oil diet (Diet 2), weight gain was significantly increased (P < 0.05) by 
0.50% Palomys and feed efficiency was significantly improved by both 
levels of Palomys. The results of this study indicate that Palomys is an 
excellent source of energy for poultry diets and that it also improves 
growth performance of young broiler chicks.

Key Words: Palomys, true metabolizable energy, broiler chicks

P421   The impact of diet and age on protein turnover and its 
underlying mechanisms in broiler breeders. R. D. Ekmay*1, C. 
Salas3, J. England2, S. Cerrate2, and C. N. Coon2, 1Cornell University, 
Ithaca, NY, 2University of Arkansas, Fayetteville, 3Universidad de 
Costa Rica, San Pedro, Costa Rica.

The effect of protein, energy intake, and age on protein turnover and 
its underlying mechanisms were investigated in broiler breeder hens. 
One hundred and 20 Cobb 700 broiler breeders were randomly assigned 
to one of 6 experimental diets in a 2x3 factorial fashion. Two levels 
of energy (390, 450 kcal/d) and 3 levels of protein (22,24, 26g CP/d), 
representing peak intakes, were utilized. Ten hens per treatment were 
given an intravenous flooding-dose of L-Phe (125 mM, 25% APE) at 
10 mL/kg. After 10 min, birds were slaughtered and the breast muscle 
excised and frozen in liquid nitrogen. Excreta was also collected and 
frozen. The acid-soluble fraction (2% perchloric acid) containing free 
amino acids from muscle was separated from the protein precipitate. 

The ratio of 15N:14N of each fraction was determined via GCMS and 
GC-C-IRMS, respectively. Quantification of 3-methylhistidine in both 
muscle and excreta was determined via GCMS. Protein turnover was 
determined at wk 20, 26, 31, and 44. Relative expression of calpain 
2, proteasome C2 subunit, and F box protein 32 were determined via 
RT-PCR using Taqman assay kits at wk 20, 26, and 44. Results indicated 
that there was an upregulation of protein degradation during periods of 
lower egg production. Fractional breakdown at wk 26 and 44 was higher 
than at wk 20 and 31 (P < 0.0001). There was also an overall rise in 
synthesis rates from wk 20 to peak production, before a continual drop 
thereafter (P < 0.0001). The ubiquitin-proteasome pathway appeared 
to be responsible for the observed changes in degradation. A significant 
drop in proteasome C2 subunit (P = 0.05) and F-box protein (P = 0.007) 
was seen between wk 26 and 44. However, no differences in calpain 
expression were observed. Furthermore, no differences were detected 
in the levels of fractional synthesis and degradation, or the expression 
of calpain, proteasome, and F box protein, due to protein or energy 
intake. In summary, fractional breakdown rates were upregulated 
coming into production but decreased with lower rates of egg produc-
tion. The observed changes in degradation appeared to be mediated by 
the ubiquitin-proteasome pathway.

Key Words: broiler breeders, protein turnover

P422   Evaluation of feeding different levels of distillers dried 
grains with solubles (DDGS) and soybean hulls in non-feed-with-
drawal molt programs for laying hens. K. A. Bland,* C. M. Parsons, 
and K. W. Koelkebeck, University of Illinois, Urbana.

An experiment was conducted using 504 Hy-Line W-36 hens (68 wk of 
age) to evaluate if laying hens can be successfully molted by ad-libitum 
feeding different levels of DDGS combined with corn and soybean 
hulls. The molt diet treatments consisted of a 47% corn (C):47% soy 
hulls (SH) diet, a 30% C: 44% SH: 20% DDGS diet, a 25% C: 49% 
SH: 20% DDGS diet, a 20% C: 54% SH: 20% DDGS diet, a 10% C: 
37% SH: 47% DDGS diet, and a 47% C: 47% DDGS diet. All molt 
diets were fed for 28d. At the end of this molt period, all hens were fed 
a 16% CP corn-soybean meal layer diet. Body weight (BW) loss during 
the molt period was greatest (P < 0.05) for hens fed the 47% C: 47% 
SH diet (17%). Feed consumption during the molt period was lower (P 
< 0.05) for hens fed the 47% C: 47% SH control diet than for hens fed 
the diets containing DDGS. Hens fed the 47% C: 47% SH diet had the 
lowest (P < 0.05) egg production (below 5%) during the last 3 weeks 
of the molt period. Hens on the other treatments did not have mean 
egg production below 23% for the molt period. During the first 8 wk 
of the post-molt period, egg production of hens that were fed the 47% 
C: 47% SH diet during the molt period was generally lower than that 
of hens fed the other molt diets. Egg specific gravity, egg mass, and egg 
weight measured Weeks 4 to 8 of the post-molt period did not differ 
significantly (P > 0.05) among treatments. This study showed that the 
molt diets containing 20 to 47% DDGS yielded inferior body weight, 
egg production, and feed consumption molt responses when compared 
with a 47% C: 47% SH diet even though most of the diets containing 
DDGS were calculated to contain MEn levels that were lower than the 
47% C: 47% SH diet.

Key Words: distillers dried grains with solubles, molting, laying hens
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P423   Gompertz-Laird model prediction of optimum utiliza-
tion of crude protein and metabolizable energy by Pearl Grey 
guinea fowl replacement pullets. S. N. Nahashon,* Department of 
Agricultural Sciences, Tennessee State University, Nashville.

This study was conducted to assess the influence of dietary crude 
protein (CP) and metabolizable energy (ME) on growth parameters of 
Pearl Grey guinea fowl (PGGF) replacement pullets. In a 3 × 3 facto-
rial arrangement, 180 1-d-old PGGF keets were randomly assigned to 
experimental diets comprising 2,900, 3,000 and 3,100 ME kcal/kg diet 
each containing 20, 22 and 24% CP, respectively, at 0–8 weeks of age 
(WOA), and 3,000, 3,100 and 3,200 kcal ME/kg, each containing 17, 
19 and 21% CP, respectively, at 9–22 WOA. Each dietary treatment was 
replicated 4 times, and feed and water were provided at free choice. Body 
weight (BW) and feed consumption (FC) were measured weekly. Using 
BW and feed conversion data from hatch to 22 WOA, the Gompertz-
Laird growth model was employed to estimate growth patterns of the 
PGGF replacement pullets. Mean differences in exponential growth 
rate, age of maximum growth and asymptotic BW among dietary ME 
levels were not significant. However, instantaneous growth rate, time 
of maximum growth, weight at inflection point and asymptotic BW 
were significantly higher (P < 0.05) in birds on 24% CP diet than those 
on 22 and 20% CP diets at 0–8 WOA. The Gompertz-Laird estimate 
of asymptotic BW of the PGGF on 24% CP and either 2,900, 3,000 or 
3,100 Kcal ME/kg diet was not different from the observed maximum 
BW. Feed conversion ratios (FCR) were significantly lower (P < 0.05) 
in birds fed diets containing 24% CP and those containing 3,000 and 
3,100 Kcal ME/kg diet at 0–8 WOA. Therefore, based on the Gompertz-
Laird growth model estimates, feeding 24% CP and 2,900–3,100 Kcal 
ME/kg diet at 0–8 WOA, and 21% CP with 3,000–3,200 Kcal ME/kg 
diet at 9–22 WOA can be recommended as adequate for growth of the 
PGGF replacement pullets.

Key Words: Pearl Grey guinea fowl, crude protein, metabolizable 
energy, Gompertz-Laird model, replacement pullets

P424   Effect of coccidial vaccine challenge on dry matter, 
energy, and nitrogen utilization in 21- and 42-day old broilers. 
C. L. Thomas,* S. A. Adedokun, and T. J. Applegate, Department of 
Animal Sciences, Purdue University, West Lafayette, IN.

Coccidiosis is one of the challenges poultry producers face and many 
farmers vaccinate their chickens mostly using a live attenuated multi-
species vaccine to prevent this disease. Two groups of birds (non-
challenged, NCHA, and challenged, CHA, with coccidial vaccine 
−12X) were used in this study to determine the cost of coccidial vaccine 
challenge on DM, N, and energy utilization in 21- and 42-d-old broil-
ers. Two hundred and 8 (208) broilers were obtained from a hatchery 
on the d of hatch and used in either a 21 or 42-d study. There were 8 
replicate cages of 8 birds/cage (128 birds for d 21 sampling) and 8 
replicate cages of 5 birds/cage (80 birds for d 42). Half of the broilers 
in each study were challenged with a mild (12 times recommended 
dosage) coccidial vaccine on d 15 and d35, respectively. Both CHA and 
NCHA groups of birds were fed the same diet appropriate for their age 
and met or exceeded recommended nutrient and energy requirement. 
Titanium dioxide (0.5%) was used as the indigestible marker. Excreta 
were collected on d 21 and d 42, respectively, frozen and dried. Dried 
excreta and feeds were ground and analyzed for DM, gross energy, N, 
and titanium contents. Apparent DM retention for d 21 NCHA (74%) 
birds was higher (P < 0.05) than in CHA (56%) birds. Coccidial chal-
lenge did not result in differences in DM retention in 42-d-old birds 
(average 70.4%). Coccidial vaccine challenge resulted in lower (P < 
0.05) N retention in 21-d-old CHA birds (32% vs. 62%). Apparent ME 
corrected for N was lower (P < 0.05) in CHA vs. NCHA birds (CHA 
vs. NCHA d 21; 3,076 vs. 1,889; d 42 2,914 vs. 2,746 kcal/kg). Results 
from this study showed the cost to N and energy utilization as a result 
of gut inflammation due to coccidial vaccine challenge.

Key Words: broiler, coccidiosis, nutrient utilization
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P425   Studies on egg production, egg quality, tissue mineral pro-
file and immunity during post peak phase of layers fed with HMTBa 
chelated organic trace minerals. D. N. Desai*1, B. G. Gangurde1, 
A. S. Ranade1, P. E. Avari1, M. Manangi2, M. Vazquez-Anon2, and D. 
Joardar2, 1Department of Poultry Science, Bombay Veterinary College, 
Mumbai, Maharashtra, India, 2Novus International Inc., St. Charles, 
MO.

Two trials were conducted to study the effect of chelated organic 
trace minerals such as Mintrex Zn [Zn(HMTBa)2], Mintrex Mn 
[Mn(HMTBa)2] and Mintrex Cu [Cu(HMTBa)2] and MAAC Fe on 
production performance and egg quality during post peak phase of layers 
for 16 weeks. The first trial was conducted on 300 layers of BV 300 
strain of 39 weeks of age. The birds were randomly divided into 3 equal 
groups A, B and C of 100 birds, having 20 replicates of 5 birds each. 
The second trial was conducted on 8788 layers of BV-300 strain of 40 
weeks of age under field conditions. The birds were randomly divided 
into 3 groups having 4 replicates of about 732 birds each. In both the 
trials, group A received control diet containing Zn, Mn, Cu and Fe in 
inorganic form at the levels of 60, 60, 9 and 60 ppm, respectively, as 
per Indian standards. Groups B and C received treatment diets contain-
ing Zn, Mn, Cu and Fe in chelated form at 50% and 25% of the levels 
used in control group, respectively. The levels of Se and I were kept 
same in all the groups. For both the trials, production performance, egg 
quality, economics, ND titers and tissue mineral levels were studied. 
Results from both the trials showed no differences (P ≥ 0.05) among 
treatments for the measured variables such as egg production, feed con-
sumption, FCR, mortality, egg quality, tissue mineral levels and NCD 
titers. However, percentage of broken eggs was significantly (P ≤ 0.05) 
reduced for groups B and C compared with control. The % broken eggs 
for groups A, B and C were 0.310, 0.125 0.136 for Trial-1 and 0.079, 
0.035 and 0.038 for Trial-2, respectively. In summary, results from the 
current trials indicated a significant reduction in broken eggs with no 
change in production performance and egg shell quality when chelated 
trace minerals were used in layers up to 25% reduced levels as compared 
with the levels of inorganic trace minerals that are currently being used 
in Indian poultry industry.

Key Words: layer nutrition, chelated trace minerals

P426   FGF-23 neutralization through vaccination reduced 
phosphate requirements of chickens. E. A. Bobeck,* K. Burgess, 
T. Jarmes, M. L. Piccione, and M. E. Cook, University of Wisconsin-
Madison, Madison.

Strategies that improve the efficiency of dietary phosphate retention 
in animal production systems reduce costs and potentially reduce 
phosphate pollution. Fibroblast growth factor 23 (FGF-23), a hormone 
responsible for excretion of excess dietary phosphate and an indirect 
regulator of intestinal phosphate absorption, has questionable value in 
modern animal agriculture systems where phosphate inputs are tightly 
controlled by a nutritionist. FGF-23 was neutralized using anti-FGF-23 
peptide vaccines and the response of chicks to a phosphate deficient diet 
was determined. Single Comb White Laying hens were injected intra-
muscularly with one of 2 FGF-23 peptide conjugates (AFLPGMNP or 
QTIYSALMI, 0.3mg of conjugate/hen/injection) conjugated to bovine 
gamma globulin or control vaccine vehicle at d 0 and 7. Once egg yolk 

anti-peptide antibody titers reached peak levels (approximately 21 
d), hens were artificially inseminated and chicks carrying the passive 
antibodies were hatched. Within each injection treatment (each FGF-23 
peptide and control) chicks were divided into 2 groups and placed on 
either a low (0.13% available phosphate) or normal phosphate (0.39% 
available phosphate) diet for 2 weeks. Chicks with control antibody had 
a 43% and 21% reduction in plasma phosphate and bone ash, respec-
tively, when fed a phosphate deficient diet and compared with chicks 
fed a normal phosphate diet (P < 0.05). Similar results were observed 
with antibody to peptide QTIYSALMI. However, chicks with circulat-
ing anti-FGF-23- AFLPGMNP antibodies fed the phosphate deficient 
diet had plasma phosphate and bone ash that did not differ from chicks 
fed the normal phosphate diet (P > 0.05). This study demonstrated that 
neutralization of FGF-23 reduced the phosphate requirements of growing 
chicks and may represent a novel method to reduce phosphate inputs 
into animal production systems.

Key Words: FGF-23, phosphate pollution, vaccine, phosphate 
requirement, FGF-23 antibody

P427   Differential modulation of serum macro mineral profile 
of broilers during different stages of exposure to aflatoxin B1. 
A. W. Yunus1,2 and J. Böhm*2, 1Animal Nutrition Program, Animal 
Sciences Institute, National Agricultural Research Center, Park Road 
Islamabad, Pakistan, 2Institute of Animal Nutrition, University of 
Veterinary Medicine Vienna, Vienna, Austria.

Various mycotoxins are known to affect the absorption and metabolism 
of minerals. In case of aflatoxin B1 (AFB1), the available evidence on 
the mycotoxin-induced modulation of the level of a specific element in 
the serum of chickens is often conflicting. Present trial was therefore 
conducted to study the effects of level and length of AFB1 exposure on 
the levels of selected macro minerals in the serum of chickens. Twenty 
one male broiler chicks at 7 d of age were reared under a control diet, 
a low AFB1 diet (0.07 mg AFB1/kg), or a high AFB1 diet (0.75 mg 
AFB1/kg) for a period of 5 wk. Birds were euthanized at 16 (n = 7), 
30 (n = 7), and 42 (n = 3) d of age for collection of blood samples. 
Total amounts of Ca, P, Mg, Na, K, and Zn in serum were determined 
using an atomic absorption spectrometer (model 4100, Bodenseewerk 
Perkin-Elmer GmbH, Überlingen, Germany). The serum levels of Ca, 
and Zn remained unaffected by the dietary treatments throughout the 5 
wk exposure time. During the initial stages i.e., at 16 d of age, serum K 
was found to be lower (P < 0.01) under both the low and high AFB1 diets 
compared with the control. Serum P level at this stage was also lower 
(P < 0.05) under the high AFB1 diet compared with low AFB1 diet. No 
effects of the dietary treatments on the studied elements in the serum 
were found at 30 d of age. Also, no significant effects of the dietary 
treatments could be noted for the serum levels of Ca, P, K, and Zn at 42 
d of age. However, the high AFB1 diet at 42 d of age resulted in higher 
levels of serum Mg (P < 0.01) compared with the control, while higher 
(P < 0.01) levels of serum Na compared with both the low AFB1 diet 
and control. These data indicate that the modulation of serum levels of 
macro minerals during AFB1 challenge is dependent upon both the level 
and length of exposure.

Key Words: aflatoxin, broiler, magnesium, phosphorus, sodium
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P428   Total dietary replacement of sodium selenite by selenium 
yeast (Sel-Plex) improves carcass yield characteristics of male 
broilers. F. M. Goncalves*1,2, V. L. Santos1, J. K. Nunes1, L. Novelini1, 
M. A. Anciuti1, F. Rutz1, and P. R. Ferket2, 1Federal University, Pelotas, 
RS, Brazil, 2North Carolina State University, Raleigh.

Meat yield and meat quality are economically important traits of broiler 
production that may be influenced by the source of dietary selenium 
supplementation: sodium selenite is a pro oxidant feed additive but 
organic selenium from yeast (Sel-Plex, Alltech Inc., Nicholasville, 
KY) has more antioxidant properties that may influence meat quality. 
The objective of this study was to evaluate carcass traits, yield and 
meat quality of broilers chickens supplemented with organic selenium 
(selenium yeast) in total replacement to sodium selenite in the diets. A 
total of 704 1 d-old male Cobb chicks were randomly allotted among 
32 pens of 22 chicks to accommodate 16 replicate pens per treatment. 
Pre-starter, starter, grower, and finisher basal diets were formulated based 
on corn and soybean meal and then supplemented with either sodium 
selenite (NaSeO2) or Sel-Plex to provide 0.3 mg Se/kg complete feed. 
Growth performance through to 42 d market weight was determined. 
At 42 d, 64 birds per treatment were slaughtered and carcass traits, 
yields and breast meat drip loss over 7 d refrigerated storage and color 
(Minolta Chroma Meter CR-300) were evaluated. Dietary Se source 
did not affect growth performance throughout the experiment. There 
were no Se source effects on most carcass yield traits except for the 
yield of back and breast: In comparison to NaSeO2, Sel-Plex reduced 
the inedible portions of back (22.9% vs 22.2%, P < 0.02) and increased 
breast meat yield (31.3% vs 32.1%, P < 0.05). There were no Se source 
effects on breast meat drip loss or color. This experiment demonstrates 
that total replacement of sodium selenite by selenium yeast in broilers 
diets improves the economic value of carcass yield by increasing the 
yield of breast meat and reducing the inedible portions.

Key Words: sodium selenite, selenium yeast, broilers, carcass meat 
yield, performance

P429   Effects of dietary supplementing organic minerals and 
antioxidant on the performance of broiler chicks fed oxidized 
oil. T. Ao,* J. L. Pierce, K. A. Dawson, A. J. Pescatore, A. H. Cantor, 
and M. J. Ford, Alltech-University of Kentucky Nutritional Research 
Alliance, Lexington.

Endogenous antioxidants such as vitamin E and glutathione are known 
very important factors to diminish the deleterious effect due to feeding 
oxidized fats. EconomasE is a proprietary blend of ingredients that 
maximizes antioxidant status of the animal and reduces the requirement 
of vitamin E. Trace minerals such as Se, Zn, Cu and Mn are involved 
in anti-oxidation because they are essential component of many anti-
oxidant enzymes. A study was conducted to investigate the effects of 
supplementing EconomasE and organic minerals (Bioplex, Alltech Inc.) 
in broiler diets on the performance of broiler chicks fed oxidized oil. 
Dietary treatments consisted of a 2 × 2 factorial structure with 2 kinds 
of soybean oil (oxidized or normal) and 2 feeding strategies (with or 
without EconomasE plus organic minerals). EconomasE replaced 80% 
vitamin E and 100% Se in control diet. The supplemental level of organic 
minerals including Zn, Mn, Cu and Fe was equivalent to 25% that of 
inorganic source in control diet. A total of 1056 chicks were raised in 
12 replicate floor pens of 22 chicks per pen. Chicks were randomly 
assigned to each of 4 dietary treatments. Body weight gain and feed 
consumption was monitored weekly and corrected for mortality. Breast 

meat samples were taken at the end of the 5 week trial for the analysis of 
minerals and vitamin E. Replacing inorganic mineral and vitamin E with 
organic mineral and EconomasE increased weight gain (P < 0.05). No 
negative effect of oxidized oil on the growth performance was observed 
in this trial. The breast muscle from chicks fed EconomasE plus organic 
mineral had higher (P < 0.01) Se content than control group. No dietary 
effect on breast muscle VE and other trace mineral (Zn, Cu, Mn) content 
was detected. The growth performance data from this trial showed the 
beneficial effect of adding EconomasE plus organic minerals in broiler 
diet with or without oxidized oil.

Key Words: broiler chick, oxidized oil, performance, organic minerals, 
antioxidant

P430   Embryo bone development of Cobb 500 breeder hens fed 
diets supplemented with organic and inorganic sources of zinc, 
manganese and copper. A. Favero*1, S. L. Vieira1, R. Angel2, D. 
Taschetto1, T. L. Ward3, and M. A. Rebollo3, 1Universidade Federal do 
Rio Grande do Sul, Porto Alegre, RS, Brazil, 2University of Maryland, 
College Park, 3Zinpro Corporation, Eden Prairie, MN.

The objective of this study was to investigate the effects of maternal 
dietary Zn, Mn and Cu source and level on egg composition and embryo 
bone development. The treatments were fed to broiler breeder hens from 
22 to 68 wk of age (in ppm of Zn, Mn and Cu, respectively): 100, 100 
and 10 from sulfate sources (Control); a mixture of 60, 60, and 3 from 
sulfate plus 40, 40, and 7 from the metal-AA complex (Iso) combina-
tion; and the Control treatment plus 40, 40 and 7 from the metal-AA 
complex (On Top). Each treatment had 10 replications of 20 females 
and 2 males. Eggs were incubated from eggs produced at 30, 40, 50 
and 60 wk of breeder age and 5 embryos/replicate were collected at 
10, 14 and 18 d of incubation. Bone length, midshaft width and miner-
alization ((calcified tissue/whole bone)*100) were measured for tibiae 
and femurs stained with Alcian Blue and Alizarin Red S. At hatch the 
right tibia of 5 chicks/replicate were sampled to evaluate histological 
tibia morphometry. Feeding Iso treatment compared with the Control 
diet increased the Zn content of the yolk and albumen blend (P < 
0.05), however, the same effect was not observed for Mn and Cu (P > 
0.05). At 14-d, the embryos from the Iso and On Top treatments had 
greater tibia mineralization (1.6% and 1%, respectively; P < 0.07). The 
18-d-embryos from hens fed Iso and On Top treatments had 2% thicker 
tibiae compared with embryos from hens fed the Control, regardless 
of hen age (P < 0.05). Tibia and femur mineralization in 18-d-embryos 
was greater from hens fed the On Top treatment (P < 0.05). At hatch 
the diaphysis midshaft width increased for chicks from hens fed the 
Iso and On Top treatments compared with the Control diet (P < 0.05). 
The addition of the amino acid-complexed source of Zn, Mn and Cu 
increased embryonic and post hatch bone development.

Key Words: broiler breeder, mineral, egg, embryo, bones

P431   Zinc’s impact on intestinal barrier function & Zn traffick-
ing during coccidial vaccine challenge. C. Troche*1, S. D. Eicher2, 
and T. J. Applegate1, 1Purdue University, West Lafayette, IN, 2USDA-
ARS, Livestock Behavior Research Unit, West Lafayette, IN.

To evaluate the effects of Zn supplementation on intestinal barrier func-
tion and Zn trafficking, 3 dietary regimens were formulated: a basal corn/
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SBM diet formulated with a Zn-free vitamin/mineral premix (Basal), 
and 2 Zn regimens formulated to provide 90 mg/kg total dietary Zn from 
either ZnSO4, or a 1:1 blend of ZnSO4 and a Zn-amino acid complex 
(AvailaZn100; Blend). Additional concentrations of 45 and 70 mg/kg 
were created by blending the 90 mg/kg Zn and basal regimens. An oral 
gavage of a coccidial vaccine was administered weekly at 10 times the 
recommended dosage (10XCV) to half of the birds (6 replicate cages 
per diet and challenge status; 6 chicks/cage). Ussing chambers were 
used to study the effect of dietary regimen and 10XCV on the jejunal 
secretory response, measured by short circuit current (ΔISC). Response 
to carbachol (a drug which induces Cl- secretion, mimicking the ana-
phylactic response and increasing ISC) was 50 fold higher with 10XCV. 
This pattern of increased ΔISC with 10XCV was reversed with the Zn 
Blend regimen having a ΔISC response which was equivalent to tissues 
from unchallenged birds (P = 0.03). Zinc regimens, particularly the Zn 
Blend, improved the anaphylactic response of 10XCV sensitized tissues. 
As measured through flow cytometry, exposure to 10XCV depressed 
intracellular free Zn (IFZ) by 27% and increased phagocytic capacity 
by 5% (P ≤ 0.0001). Zinc trafficking was measured through mRNA 
expression of Zn efflux (ZnT5, 7) and influx (ZIP9, 13) transporters in 
cecal tonsil mucosa. The ratio of ZIP:ZnT cecal expression increased 
13-fold with 10XCV, shifting expression toward cytosolic Zn influx 
(P ≤ 0.0001). Decreased IFZ, coupled with Zn influx into the cytosol, 
suggests that with 10XCV, the cell shuttles Zn to cytosolic proteins. 
Supplemental Zn Blend prevented carbachol-induced Cl− secretion 
in 10XCV birds, suggesting that Zn regimens lessen the intestinal 
anaphylactic response of birds exposed to coccidia. Coccidial vaccine 
exposure significantly affected phagocytic response and intracellular 
Zn trafficking within cecal tonsils.

Key Words: zinc, coccidia

P432   Reproductive performance of Cobb 500 breeder hens fed 
diets supplemented with organic and inorganic sources of zinc, 
manganese and copper. A. Favero*1, S. L. Vieira1, R. Angel2, R. F. 
A. Cruz1, T. L. Ward3, and M. A. Rebollo3, 1Universidade Federal do 
Rio Grande do Sul, Porto Alegre, RS, Brazil, 2University of Maryland, 
College Park, 3Zinpro Corporation, Eden Prairie, MN.

Nutrients transferred from broiler breeders to the egg are essential for the 
adequate embryo development. Interest on the use of organic minerals 
for poultry has been increasing; however, studies with broiler breeders 
and use of organic minerals are scarce. The objective of this work was 
to investigate the reproductive responses of broiler breeder hens fed 
diets supplemented with organic and inorganic sources of Zn, Mn and 
Cu. The inorganic source was sulfate whereas the organic source was 
a commercial metal-amino acid (metal-AA) complex. The treatments 
were fed to Cobb 500 broiler breeder hens (in ppm of Zn, Mn and Cu, 
respectively): 100, 100 and 10 from sulfate (Control); a mixture of 60, 
60, and 3 from sulfate plus 40, 40, and 7 from the metal-AA complex 
(Iso); and the Control treatment plus 40, 40 and 7 from the metal-AA 
complex (On Top). Treatments were fed from 22 to 68 wk of age. Each 
treatment had 10 replications of 20 females and 2 males. Egg shell 
percentage and thickness were measured using 5 settable eggs from a 
single day, per replication, at 35, 45, 55, 65 wk of age. A maximum of 
90 eggs per replicate pen (n = 30 traits) were set for incubation every 3 
wks from 45 to 68 wk of breeder age. Feeding the Iso treatment com-
pared with sulfate sources alone resulted in improvements on eggshell 
weight and thickness (P < 0.05), hatchability of fertile eggs (P < 0.07) 
and decreased early embryo mortality (P < 0.01). Feeding the On Top 

treatment compared with sulfates alone resulted in thicker and heavier 
eggshells (P < 0.05), increased fertile egg hatchability (P < 0.07), and 
more chicks per hen-housed (P < 0.07). Broiler breeder requirements of 
Zn, Mn and Cu and the impact of micro mineral form may be different 
for egg production vs embryo development and hatchability.

Key Words: broiler breeder, organic minerals, eggshell, fertile eggs, 
chicks

P433   Effect of organic chromium supplementation and energy 
levels on digestive enzyme activities in laying hens. P. D. G. Pacheco1, 
A. C. Stradiotti*1, E. V. Siloto1, P. V. A. Alvarenga1, T. C. Putarov1, D. 
R. S. Sartori2, J. R. Sartori1, M. L. M. Vicentini-Paulino2, A. Piccinin2, 
and D. F. Pinheiro2, 1São Paulo State University, School of Veterinary 
Medicine and Animal Science, Botucatu Campus, Botucatu, SP, 
Brazil, 2São Paulo State University, Institute of Bioscience, Botucatu 
Campus, Botucatu, SP, Brazil.

Chromium is an essential element in animal nutrition and is important 
to carbohydrate, fat and protein metabolism due to the potentiation of 
insulin action. However, little is known about the effects of organic 
chromium supplementation on the activity of digestive enzymes in 
laying hens. Thus, the aim of this study was to determine the effects of 
organic chromium supplementation and dietary energy level on activity 
of intestinal enzymes (sucrase and maltase), gastrointestinal tract size 
and body weight of laying hens. A total of 192, 61-week-age Bovans 
laying hens were housed in battery cages in a controlled environment. 
The experiment was conducted in a completely randomized design with 
4 × 2 factorial arrangement of treatments replicated 6 times with 4 hens 
per repetition. The treatments consisted of 2 energy levels (2780 and 
2900 kcal) and 4 levels of organic chromium supplementation (0; 0.2; 
0.4 and 0.8 ppm). At the end of the experiment one hen per repetition 
was weighed and sacrificed by cervical dislocation, totalizing 6 hens 
per treatment. The abdominal cavity was then opened and the gastroin-
testinal organs removed, cleaned with saline solution and weighed. The 
small intestine immediately distal to the pancreas, free of residual food, 
was removed and frozen in liquid nitrogen, for further analysis of the 
intestinal enzymes activity (sucrase and maltase). Data were performed 
by ANOVA and the means were compared by Tukey test (P < 0.05) 
using the GLM procedure of SAS (2003). Digestive enzymes activity, 
body weight and gastrointestinal tract size were not altered by dietary 
treatments (P > 0.05). In conclusion, organic chromium supplementation 
associated with dietary energy level does not alter the morphophysiology 
gastrointestinal tract of laying hens

Key Words: digestive enzymes, gastrointestinal tract, organic chromium

P434   Effects of organic and inorganic minerals on the produc-
tive performance of broiler breeders. D. Pedro1, A. P. Rosa1, C. B. 
Santos*1, J. Forgiarini1, T. Branco1, and G. J. Neto2, 1Federal University 
of Santa Maria, Santa Maria, RS, Brazil, 2Yessinergy Agroindustrial 
Ltda, Campinas, SP, Brazil.

One experiment was conducted with the objective to evaluate organic 
and inorganic minerals to broiler breeders diets on their hatchery param-
eters. In total, 330 females and 30 males COBB 500 broiler breeders 
were used over 51 to 61 weeks of age. The experimental design was 
entirely randomized, with 3 treatments and 5 groups of 22 breeders and 
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2 males each. The treatments were: (PI) = inorganic mineral mix, (PO) = 
organic mineral mix and (70% PI + 30% PO) = 70% inorganic mix with 
30% organic mix. The diets were based on corn and soybean meal. The 
parameters evaluated were the hatching rate, hatching of fertile eggs, 
fertility, embryo mortality, chick’s weight and percentage of chicks of 
high quality. To evaluate these parameters the eggs were collected daily. 
They were classified and marked with the number of the corresponding 
box. Those eggs that were considered suitable for incubation were stored 
for a maximum period of 7 d in an air-conditioned room with tempera-
ture and humidity control. Incubation was carried out in a multi-stage 
incubator and on d 18, the eggs were transferred to a brooder. On d 21 
the chicks were classified into first quality and second quality chicks. 
The eggs that did not hatch then underwent embryo diagnostics to evalu-
ate fertility and the phase of embryonic mortality. After the data were 
obtained a variation analysis was calculated. Broiler breeders fed with 
70% PI+ 30% PO had better fertility (P = 0.0127) and hatchability (P 
= 0.0117) than birds fed with organic mix. The hatchability of fertile 
eggs, number of contaminated eggs, embryonic mortality and average 
weight of chicks were not affected by different treatments. In conclusion 
the association of organic and inorganic minerals improved the fertility 
and hatchability of broiler breeders in this trial.

Key Words: minerals organic, broiler breeder, incubation, fertility, 
hatchability

P435   Supplementation of organic and inorganic minerals in 
the diet of broiler breeders and their effects on egg quality. D. 
Pedro1, A. P. Rosa1, C. B. Santos*1, B. Bevilaqua1, D. R. Klein1, and 
J. G. Neto2, 1Federal University of Santa Maria, Santa Maria, RS, 
Brazil, 2Yessinergy Agroindustrial Ltda, Campinas, SP, Brazil.

Minerals are essential nutrients for optimizing the performance of birds. 
Traditionally, it is supplemented with inorganic salts, that it has lower 
bioavailability than organic minerals, leading to a growing interest in 
increase absorption and bioavailable. Therefore, one experiment was 
conducted with the objective to evaluate organic and inorganic minerals 
to broiler breeders diets on their performance. In total, 330 females and 
30 males COBB 500 broiler breeders were used over 51 to 61 weeks of 
age. The experimental design was entirely randomized, with 3 treatments 
and 5 groups of 22 breeders and 2 males each. The treatments were: 
(PI) = inorganic mineral mix, (PO) = organic mineral mix and (70% 
PI + 30% PO) = 70% inorganic mix with 30% organic mix.The birds 
were housed together in their respective treatment groups according 
to body weight and the uniformity. The diets were based on corn and 
soybean meal. The parameters evaluated were laying rate, egg weight, 
specific gravity, yolk color and percentage of albumen, yolk and shell. 
Six daily collects were performed to evaluate the laying rate during 
the experimental period. Specific gravity was determined through the 
immersion of the eggs in saline solutions with densities of 1.065; 1.070; 

1.075; 1.080; 1.085; 1.090 and 1.095 g/cm3. The weighting of the eggs, 
yolks and albumen were carried out using a precision weighing scale 
(0.001g). The coloration of the yolks was determined using the color fan 
from DSM Nutritional Products. After the data were obtained a varia-
tion analysis was calculated. The use of organic minerals in the diets of 
broiler breeders did not affect the productive performance of birds and 
quality of eggs. In conclusion the association of organic minerals and 
inorganic did not affect all productive parameter evaluated in this trial.

Key Words: organic minerals, broiler breeders, eggs, laying rate, 
performance

P436   Relative bioavailability of phosphorus of agricultural-
grade and dicalcium phosphates for Japanese quails. J. H. V. Da 
Silva,* G. M. Dantas, P. E. N.. Givisiez, D. V. G. Vieira, P. B. De 
Lacerda, and J. J. Filho, Universidade Federal da Paraiba, Bananeiras, 
Paraíba, Brazil.

The relative bioavailability of phosphorus (RBP) of 3 agricultural-grade 
phosphates [single superphosphate (SSP), triple superphosphate (TSP) 
and monoammonium phosphate MAP)] was determined for female 
Japanese quails using dicalcium phosphate (DIP) as a standard (100% 
of P bioavailability) and 2 statistical models. Seven hundred and 50 
Japanese quails were randomly distributed into 10 treatments and 5 
replicates with 15 birds per replicate from one to 21 d of age. The control 
diet contained 0.39% of total phosphorus (TP) from corn-soybean meal, 
25% crude protein; 2,900 kcal AMEn, and 0.85% Calcium. Test diets 
had similar levels, except for total phosphorus. Phosphates were added 
to the control diet to produce the test diets, providing 0.46, 0.53 and 
0.60% TP from DIP, 0.45 and 0.53% TP from TSP and 0.46 and 0.55% 
TP from SSP and MAP. Slope ratio using multiple linear regressions 
and exponential models were used to determine RBP for average daily 
gain (ADG), phosphorus in the tibia (PT) and plasma phosphorus (Pp) 
regressed on TP considering each P source. Mean relative bioavailability 
of phosphorus of each phosphorus source was calculated as the average 
of the 3 evaluated parameters. From multiple linear regression analysis, 
mean RBP for SSP was 84.64% (63.2% AWG, 99.9% PT, and 90.8% Pp), 
for TSP was 91.26% (78.4% AWG, 93.9% PT, and 101.4% Pp) and for 
MAP was 104.52% (99.4% AWG, 111.0% PT, and 103.1% Pp), whereas 
from exponential model mean RBP for SSP was 82.43% (60.1% AWG, 
96.0% PT, and 91.2% Pp), for TSP was 92.04% (78.1% ADG, 96.4% 
PT, and 101.6% Pp) and for MAP was 101.27% (99.8% ADG, 100.7% 
PT, and 103.3% Pp). The bioavailability of phosphorus present in the 
corn and soybean meal mixture was 26% by multiple linear regression. 
This study suggests that agricultural-grade phosphates can replace DIP 
in quail diets, particularly MAP, and that the exponential model can be 
used to estimate phosphorus bioavailability.

Key Words: bioavailability, phosphorus sources, quail
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P437   The effect of diet type on Clostridium perfringens in 
broiler chickens using the Fung Double Tube. M. Barrios,* J. Saini, 
K. McKay, R. S. Beyer, and D. Y. C. Fung, Kansas State University, 
Manhattan.

Necrotic enteritis (NE) costs the poultry industry USD 2 billion a year 
worldwide. Subclinical NE costs as much as $0.05 per bird. Clostridium 
perfringens, the causal microorganism of NE, attaches to epithelial 
lesions most often caused by coccidiosis, resulting in NE. The objective 
of this study was to determine the effect of diet type on the population of 
C. perfringens in broiler intestines using the Fung Double Tube (FDT). 
There were 3 diets in Trial 1, and 4 diets in Trial 2, and 3 replications 
per diet. Twenty newly hatched chicks were placed per floor pen, for 
a total of 180 and 240 chicks for Trial 1 and 2, respectively. Diets in 
Trial 1 included: corn-soybean meal (SBM), low-crude protein (19.8%)/
high synthetic amino acids (SAA), and barley (56%)-fishmeal (4%) 
(BF). Diets in Trial 2 consisted of: corn-SBM, barley (7.46%), fishmeal 
(4%), and BF (7.46%, 4%). Diets in Trial 1 contained an antibiotic and 
a coccidiostat; diets in Trial 2 did not. After 21 d, 3 birds per pen were 
randomly selected and the jejunum and ileum were harvested. In Trial 
1, birds fed BF had significantly higher (P < 0.05) counts (5.96 log 
cfu/g) of C. perfringens, as compared with all other diets. Both, corn-
SBM and SAA diets resulted in 3.89 log cfu/g. In Trial 2, birds fed the 
corn-SBM diet (2.7 log cfu/g) had significantly lower (P < 0.05) counts 
than broilers fed BF (4.15 log cfu/g). When broilers were fed fishmeal 
(3.583 log cfu/g) and barley (3.577 log cfu/g) separately, C. perfringens 
counts were numerically higher compared with the corn-SBM diet, but 
numerically lower than birds fed BF. Broilers fed corn-SBM resulted 
in the lowest counts of C. perfringens. Barley and fishmeal inclusion 
increased the incidence of C. perfringens, and their combination resulted 
in the highest exacerbation of C. perfringens. The FDT proved to be an 
effective method to detect the differences in C. perfringens counts from 
intestines of chickens fed different diets.

Key Words: fung double tube, Clostridium perfringens, barley, fishmeal, 
broiler

P438   Comparison of hematologic and serologic profiles of 
broiler birds with normal and severe degrees of white striping in 
breast fillets. V. A. Kuttappan,* G. R. Huff, W. E. Huff, B. M. Hargis, 
J. K. Apple, C. Coon, and C. M. Owens, University of Arkansas, 
Fayetteville.

“White Striping” (WS) is the abnormal white striation seen parallel to 
the direction of muscle fibers in broiler breast fillets and thighs with 
variable frequency at processing. Broiler breast fillets can be categorized 
as normal (NORM), moderate (MOD) and severe (SEV) based on the 
degree of WS. Histologically, the SEV fillets are characterized by chronic 
degeneration of muscle fibers along with fibrosis and lipidosis when 
compared with NORM. The present study was undertaken to compare 
the hematologic and serologic profiles of broilers with NORM and SEV 
degrees of WS. In this study, day-old male broiler chicks of a commercial 
strain were grown on the same diet in 6 replicate pens (n = 32 birds/
pen). Blood samples (5mL) were collected from the wing vein of each 
bird on the day before processing (62d) for analyzing hematologic and 

serologic profiles. At 63d, the birds were weighed and processed in a 
commercial-style inline processing system. Weight of the butterfly fillets, 
liver and abdominal fat pad were recorded. Left-side fillets were scored 
to obtain the degree of WS for each bird. Hematologic and serologic 
profiles of blood from birds that exhibited either NORM (n = 24) or SEV 
(n = 17) breast fillets were compared. The SEV birds had a higher (P < 
0.05) live, fillet and liver weights as well as fillet yield when compared 
with the NORM birds, but the abdominal fat yield was lower (P < 0.05) 
in SEV birds. No differences (P > 0.05) were observed in differential 
leucocyte counts between groups. The SEV birds had elevated (P < 
0.05) levels of creatine kinase, alanine transaminase, aspartate amino-
transferase and lactate dehydrogenase. These results suggest that there 
is no systemic infectious or inflammatory condition associated with 
SEV degree of WS, and the elevated serum enzyme levels in the SEV 
birds confirm the muscle damage.

Key Words: White Striping, broiler, hematologic and serologic, muscle 
damage, serum enzyme

P439   A comparative study of live attenuated F strain-derived 
Mycoplasma gallisepticum vaccines applied via spray. J. D. 
Evans*1, R. Jacob2, S. A. Leigh1, S. D. Collier1, E. D. Peebles2, and 
S. L. Branton1, 1USDA-ARS Poultry Research Unit, Mississippi 
State, 2Mississippi State University, Starkville.

Commercially available live attenuated strains (LAVs) of Mycoplasma 
gallisepticum (MG) are commonly used within the layer industry to 
control MG-induced mycoplasmosis. Among these are 2 F strain-derived 
LAVs. To compare the efficacy of these vaccines following spray appli-
cation, Hy-Line W-36 layers (n = 120) were divided equally among 12 
biological isolation units and maintained through 18 wks of age. At 9 wk 
of age, subjects in each biological isolation unit were spray vaccinated 
with one of the F strain-derived LAVs, at one of 5 levels (10X, 1X, 
10−1X, 10−2X, or 0X). Titers associated with the 1X dosage were 7.1 × 
106 cfu/dose and 2.5 × 106 cfu/dose. At 6 wks post-vaccination (p.v.), 
serum was collected from each bird and seroconversion was assessed 
via serum plate agglutination (SPA). In addition, 5 birds per treatment 
were necropsied and assessed for vaccine-associated airsacculitis. At 
7 wk p.v., birds were intratracheally infected with a virulent MG chal-
lenge strain (Rlow) and 7 d post-challenge, 5 birds per treatment were 
necropsied and assessed for MG-associated airsacculitis. SPA analyses 
of 10X treatments at 6 wk p.v. indicated seroconversion rates of 80% 
and 100% for the 2 vaccines, while 1X treatments only yielded 10% and 
40% seroconversion rates. No airsacculitis due to LAV treatment was 
observed 6 wk p.v. Following virulent MG challenge, airsacculitis was 
observed in 80% of 0X-treated subjects. Protection (as indicated by the 
reduction in the occurrence of airsacculitis) was only observed among 
the 10X treatments. Within these treatments, airsacculitis was observed 
in 0% and 20% of subjects following virulent MG challenge. Based 
on these findings, both of the commercially available F strain-derived 
LAVs when applied via spray resulted in seroconversion and protected 
vaccinated hosts from virulent MG when applied at appropriate dosages.

Key Words: Mycoplasma gallisepticum, vaccine, mycoplasmosis, 
egg layers
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P440   Dexamethasone triggers lameness associated with necro-
sis of the proximal tibial head and proximal femoral head in broil-
ers. R. F. Wideman*1 and I. Pevzner2, 1University of Arkansas, Division 
of Agriculture, Fayetteville, 2Cobb-Vantress, Inc., Siloam Springs, AR.

Bacterial chondronecrosis with osteomyelitis (BCO) is the most common 
cause of lameness in commercial broilers. Both BCO and turkey osteo-
myelitis complex (TOC) are characterized by microbial infection and 
necrotic degeneration within the tibiae and femora. TOC can be triggered 
experimentally by injecting poults with repeated immunosuppressive 
doses of dexamethasone (Dex), a synthetic glucocorticoid (Huff et al., 
1998, 1999, 2000). Environmental stressors and immunosuppression 
contribute to the eruption of opportunistic pathogens harbored sub-
clinically in the tibial joints of turkeys that develop TOC. Based on the 
etiological similarities between BCO and TOC, the present study was 
conducted to determine if Dex injections can trigger BCO and lameness 
in broilers reared on wood shavings litter in environmental chambers. 
In 2 experiments broilers were weighed and received 3 (Experiment 
1; d 29, 31, 33; 1.5 mg/kg BW) or 6 (Experiment 2; d 36, 38, 40, 43, 
45, 47; 1.0 mg/kg BW) i.m. injections (thigh muscle) of Dex (Dex #1 
and #2, respectively; n = 25 per experiment) or saline (Saline #1 and 
#2, respectively; n = 25 per experiment). Dexamethasone triggered 
high incidences of lameness in both experiments (24% and 42% for 
the Dex #1 and #2 groups, respectively) whereas negligible lameness 
developed in the Saline groups (4% and 0% for the Saline #1 and #2 
groups, respectively; P = 0.001 for Dex #2 vs. Saline #2). Growth ceased 
almost immediately after the initial Dex injection regardless whether the 
birds became lame or survived. Dex injections also triggered lameness 
attributable to lesions that are not considered pathognomonic for BCO 
(e.g., avascular femoral head necrosis and fatty necrosis of the tibial 
metaphysis). Accordingly, lameness triggered by repeated Dex injections 
does not appear to precisely mimic the pathogenesis of BCO in broilers.

Key Words: lameness, immunosuppression, glucocorticoids, broilers

P441   Efficacy of HyD (25-OH Vitamin D3) prophylactic admin-
istration for reducing the incidence of lameness in broilers grown 
on wire flooring. R. F. Wideman*1, K. N. Mitchell1, J. Blankenship1, 
I. Pevzner2, and B. J. Turner3, 1University of Arkansas Division of 
Agriculture, Fayetteville, 2Cobb-Vantress, Inc., Siloam Springs, 
AR, 3DSM Nutritional Products LLC, Parsippany, NJ.

Bacterial chondronecrosis with osteomyelitis (BCO) is the most common 
cause of lameness in commercial broilers. Growing broilers on wire 
flooring provides an excellent experimental model for reproducibly 
triggering significant levels of lameness attributable to BCO. In the 
present study we evaluated the efficacy of adding HyD (25-OH vitamin 
D3) to the drinking water as a preventative/prophylactic treatment for 
lameness. Broiler chicks were reared on 5′ x 10’ flat wire floor panels 
within 6 environmental chambers. Three chambers were supplied with 
tap water (Control group) and the remaining 3 chambers were supplied 
with HyD (HyD group: 0.06 mL HyD solution per L of water) from d 1 
through d 56. Feed was provided ad libitum and was formulated to meet 
or exceed minimum standards for all ingredients, including 5,500 IU 
vitamin D3/kg. Lameness initially was detected on d 28, and the cumula-
tive incidence of lameness on d 56 was higher in the Control group than 
in the HyD group (34.7% vs. 22.7%, respectively; P = 0.03; z-test of 
proportions; chambers pooled). The most prevalent diagnoses for lame 
birds were osteochondrosis and osteomyelitis (BCO) of the proximal 
femora (52%) and tibiae (79%), accompanied by minor incidences of 

tibial dyschondroplasia (0.6%), spondylolisthesis (1.2%), and twisted 
legs (1.7%). Broilers that survived to d 56 without developing lame-
ness did not differ in BW when compared by group within a gender. 
The wire flooring model imposes a rigorous, sustained challenge that 
undoubtedly is much more severe than typically would be experienced 
by broilers under normal commercial conditions. Therefore the encour-
aging response to HyD supplementation in the present study supports 
the potential for 25-OH vitamin D3 to attenuate outbreaks of lameness 
caused by BCO in commercial broiler flocks.

Key Words: lameness, vitamin D3, broilers, osteomyelitis

P442   Changes of biochemical parameters and proteomics in 
livers of broiler chickens with cold-induced ascites. W. Yongwei,* 
G. Yuming, L. Dan, Y. Ying, and N. Dong, State Key Lab of Animal 
Nutrition, College of Animal Science and Technology, China 
Agricultural University, Beijing, China.

The aim of this study was to identify proteins involved in hepatic glu-
coneogenesis in cold-induced ascitic and healthy broilers by 2-DE and 
MS. Changes of blood parameters, biochemical parameters in liver and 
serum were also determined. 510 one d old male broilers (Ross-308) 
were randomly assigned to 14 pens. Birds were raised under normal 
temperature until d10. Then birds were exposed to cold temperature to 
induce ascites (17°C at daytime and 14°C at night) until wk 6. On d39, 8 
ascitic and healthy birds were selected and slaughtered. Anti-coagulant 
blood, serum and liver tissues were obtained for biochemical parameters, 
enzyme activities and proteomics analysis. Data were analyzed by t-test 
of SPSS 17.0 (P ≤ 0.05). Throughout this study, RBC and HCT of ascitic 
chickens were greater than healthy ones (3.52 × 1012 vs 2.63 × 1012/L, P 
< 0.01; 0.44 vs 0.33, P < 0.01). Hepatic MDA level of ascitic chickens 
was greater (0.31 vs 0.27 nmol/mg prot, P < 0.05), but T-SOD activity 
was lower than healthy ones (3.74 vs 4.63 U/ mg prot, P < 0.01). Hepatic 
pyruvic acid and lactic acid level of ascitic chickens were lower than 
healthy ones (0.02 vs 0.04 mmol/g prot, P < 0.05; 0.16 vs 0.20 mmol/
mg prot, P < 0.05). Serum glucose, cholesterol level of ascitic chickens 
were greater than healthy ones (17.42 vs 13.94 mmol/L, P < 0.01; 10.34 
vs 7.37 mmol/L, P < 0.01), but there was no significant difference for 
triglyceride level (P > 0.05). The results of proteomics indicated that 
18 proteins were identified between ascitic and healthy chickens, and 
phosphoenolpyruvate carboxykinase (PEPCK) was mainly involved 
in gluconeogenesis. This study found that the expression of hepatic 
PEPCK chain A in ascitic chickens was higher than healthy ones. In 
conclusion, liver oxidative damage was significantly aggravated, but 
antioxidant capacity was decreased in cold-induced ascitic chickens. 
Serum glucose level was significantly increased, and hepatic PEPCK 
expression in ascitic chickens was higher, which suggested that ascites 
susceptibility could be reduced by regulating genes/proteins expression 
related to gluconeogenesis/energy metabolism.

Key Words: ascites, biochemical parameters, proteomics analysis, 
broiler chickens

P443   Effects of mycotoxin contaminated diets on histopa-
thology and antibody titer following viral vaccination in young 
replacement layer pullets. S. Iselt*1, J. Lee1, M. Farnell1, M. Ficken2, 
U. Hofstetter3, R. Beltran3, G. Schatzmayr3, and D. Caldwell1, 1Poultry 
Science Department, Texas A&M University, College Station, 2Texas 
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Veterinary Medical Diagnostic Laboratory, TAMU System, 3Biomin, 
Herzongenburg, Austria.

Compared with broilers, fewer studies in recent years have focused upon 
the negative impact of mycotoxin consumption in replacement layer 
stock. The objective of the current trial was to evaluate histopathology 
and antibody titer following viral vaccination in young (0–65 d of age) 
layer pullets fed diets contaminated with deoxynivalenol (DON) and 
aflatoxin B1 (AFB1), with or without the inclusion of a mycotoxin 
deactivating compound (DC; Mycofix Select). The vaccination schedule 
of a local commercial table egg producer was followed to vaccinate 
pullets against Newcastle disease virus (NDV), infectious bronchitis 
virus (IBV), and infectious bursal disease virus (IBDV). Toxin levels 
in diets were separated into low (1.0 ppm DON + 1.0 ppm AFB1) or 
high (2.0 ppm DON + 2.0 ppm AFB1) treatment groups. Chicks in low 
or high toxin groups received contaminated diets continuously from 

placement through termination. Histopathological assessment at 35 and 
65 d of age showed increased (P < 0.05) liver pathology in high, but 
not low (P > 0.05) toxin groups. While histopathology score in livers 
in high toxin + DC chickens appeared to be lower than high toxin alone 
livers, they were not different (P > 0.05) following statistical analysis. 
Histopathology scores in kidney, spleen, thymus, and bursa were not 
affected by treatment or DC inclusion. Effects of dietary DON or AFB1 
at low or high levels, with our without DC, did not consistently affect 
antibody titer to NDV, IBV, or IBDV vaccination. Expected negative 
effects of toxin administration on titer development were not observed. 
The results of this study suggest that chronic consumption of mycotoxin-
contaminated diets by young replacement layer pullets may negatively 
impact histopathology of liver tissue.

Key Words: mycotoxin, layers, antibody titer, histopathology, 
vaccination
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P444   Comparing dual-energy absorptiometry (DXA) to ashing 
for evaluating early bone mineralization of the duck skeleton. Z. 
Ingersoll* and N. P. Johnston, Brigham Young University, Provo, UT.

Dual energy absorptiometry (DXA) is used extensively to analyze the 
bone mineral status of humans and is becoming a more valuable instru-
ment in small animal mineral analysis. We hypothesized that it would 
provide accurate results of progressive duck skeletal mineralization. 
To test the hypothesis the present study was designed to compare the 
late embryonic and the early post hatching mineralization of the Rouen 
duck skeleton using ashing or DXA to determine the mineral content 
(BMC). Thirty-nine Rouen ducklings were divided into groups of 3 for 
mineral analysis at 12, 15, 17, 20 and 25 d of embryonic development 
(ED) and 1, 3, 5, 6, 8, 9, 10 and 11 d post-hatch (PH). They were first 
scanned on a GE DXA scanner and subsequently dried and the whole 
body ashed at 650°C for 24-h. We assumed that ashing the bird pro-
vided the most accurate level of body mineralization or the standard 
and compared DXA results to that standard. Contrary to our hypothesis 
DXA consistently underestimated (P < 0.05) BMC from by as little as 
52% at hatching to as much as 106% post-hatch; however, the DXA 
results tended more accurately reflect changes in BMC before hatching. 
The greatest % incremental increase (608%) in skeletal BMC occurred 
between 12th and 15th days ED and gradually diminished to 87% from 
d-20 to d-25 ED with a subsequent surge (138%) from d-25 to hatching 
and reaching a low point of 11% PH between d-3 and d-5. From that 
point forward there was a gradual increase to 37% at d-11. Ashed-tibias, 
long-bone mineralization, increased (P < 0.05) in BMC from hatching 
(32.8 mg) to 64.9. 93.0 and 127.3 mg (d-6, d-9, d-11). DXA proved not 
to be an accurate tool for evaluating the mineralization of post-hatched 
ducklings. The greatest % incremental increase in mineralization in the 
duck embryo occurred between d-12 and d-15 of development likely 
related to the shift in embryo mineral source from the yolk to the shell.

Key Words: mineralization, duck, skeleton, DXA, ash

P445   Selenium supplementation improves the viability of ejac-
ulated spermatozoa from aged Single Comb White Leghorn roost-
ers. M. L. Spry*1, K. M. Brennan1, M. J. Ford2, and A. J. Pescatore2, 
1Center for Animal Nutrigenomics & Applied Animal Nutrition, Alltech 
Inc., Nicholasville, KY, 2Alltech-University of Kentucky Nutrition 
Research Alliance, Lexington.

Selenium is an essential element in spermatogenesis and male fertility. 
Selenium deficiency can lead to decreased number of sperm, decreased 
sperm motility and decreased ability of the sperm to fertilize the oocyte. 
In this study using ejaculate from Single Comb White Leghorn roost-
ers, spermatozoa viability was evaluated to determine whether it was 
affected by rooster supplementation with inorganic selenium (sodium 
selenite; SS), or organic, yeast-derived selenium (Sel-Plex, Alltech Inc.; 
SP). At 22 wk of age roosters were randomly assigned to 3 treatment 
groups: Torula yeast low-Se diet (control, C); control diet + 0.3 ppm Se 
as SS; or control diet + 0.3 ppm Se as SP. At 57 wk and 71 wk of age 
ejaculate was taken from each rooster and stained using a nigrosin/eosin 
mixture. Sperm were imaged with a microscope and viable and non-
viable sperm were enumerated. At 71 wk of age testes were removed, 
cut longitudinally, scored and exudates collected. RNA was extracted 

from the exudates and reverse transcribed to cDNA; gene expression 
levels were measured using real-time PCR. The genes of interest were 
Selenoprotein 1 (SEL1) and Glutathione Peroxidase 4 (GPX4); both 
antioxidant genes play a role in fertility. Sperm viability in birds 57 wk 
of age did not differ between treatments. At 71 wk of age, the number 
of dead sperm was greater in C roosters compared with those fed SS or 
SP diets (P = 0.04.) The percent of dead sperm tended to be greater for 
71 wk-old birds fed C compared with those fed SS or SP (P = 0.08). 
Overall the percent of dead sperm was lower for 57 wk–old birds com-
pared with 71 wk–old birds (P ≤ 0.01). Gene expression of GPX4 did 
not differ between diets. Gene expression of SEL1 was greater in SS 
supplemented birds (P = 0.03) and tended to be greater in sperm from 
SP-supplemented birds compared with control birds (P = 0.11.) These 
data indicate that Se supplementation has a protective effect on sperm 
viability in older roosters.

Key Words: selenium, sperm, gene expression, roosters

P446   Parthenogenetic embryos from unfertilized Chinese 
Painted quail eggs alter albumen pH, gas, and ion concentrations 
during incubation. P. S. Rosa,* H. M. Parker, A. S. Kiess, and C. D. 
McDaniel, Mississippi State University, Mississippi State.

Parthenogenesis is the spontaneous embryonic development of an 
unfertilized egg that occurs in turkeys, chickens, and Chinese Painted 
quail. Recently it has been reported that albumen pH, gas exchange, 
and ion concentrations are different in eggs exhibiting unorganized 
parthenogenetic development at 10 d of incubation (DOI) as compared 
with unfertilized Chinese Painted quail eggs with no embryonic develop-
ment. Therefore, the objective of this study was to determine changes 
in albumen pH, gas, and ion concentrations due to parthenogenesis on 
each of the first 12 DOI. Chinese Painted quail hens (137) were separated 
from males and individually caged before sexual maturity. Eggs were 
collected daily, stored for 0 to 3 d at 20°C and incubated at 37.5°C for 
1 to 12 DOI before being broken open for analysis. Unfertilized eggs 
were examined from 0 through 12 DOI for the occurrence of embry-
onic development as well as albumen pH, O2, CO2, Ca2+, Na, and Cl 
concentrations. Eggs exhibiting parthenogenesis had lower albumen 
pH, O2, and Cl concentrations yet higher CO2, Ca2+, and Na concentra-
tions over the entire length of incubation as compared with eggs with 
no parthenogenetic development. As incubation progressed, eggs that 
did not contain parthenogens exhibited decreasing O2 concentrations, 
yet pH, Ca2+, and Cl concentrations increased. However, as the length 
of incubation increased in eggs containing parthenogenetic develop-
ment, pH, O2, and CO2 concentrations decreased, yet Ca2+ increased 
much more rapidly over incubation than in eggs with no development. 
Interestingly, as parthenogen size increased, the concentration of CO2 in 
albumen also increased, yet pH and O2 decreased. This would suggest 
that some parthenogens may be viable even though normal embryonic 
differentiation has not occurred. In conclusion, eggs exhibiting parthe-
nogenetic development continue to alter albumen pH, gas exchange, 
and ionic composition as incubation increases when compared with 
eggs with no parthenogenetic development.

Key Words: parthenogenesis, albumen, pH, ion concentrations, gas
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P447   Use of stable isotopes in the blood plasma of colonial 
broiler chickens. P. C. Araujo*1,3, V. C. Pelícia2, J. R. Sartori1, T. C. 
Putarov1, C. Ducatti2, A. C. Stradiotti1, F. G. Luiggi1, M. K. Maruno1, 
J. C. Denadai2, F. Vercese1, E. T. Silva2, I. M. G. P. Souza1, J. C. R. 
Rezende1, R. S. S. G. Oliveira1, A. C. Pezzato1, 1São Paulo State 
University, Faculty of Veterinary Medicine and Animal Science, 
Botucatu Campus, Botucatu, São Paulo, Brazil, 2São Paulo State 
University, Institute of Bioscience, Botucatu Campus, Botucatu, São 
Paulo, Brazil, 3FAPESP, São Paulo, Brazil.

Stable isotopes technique is being used as a tool for animal metabolism 
comprehension. In this study the natural variation of carbon-13 existent 
between C3 and C4 plants was used to evaluate the blood plasma turnover 
from 3 colonial broiler lineages. Sixty hundred one day old chicks from 
3 colonial broilers breed (Label Rouge, Vermelhão Pesado, Master Gris) 
were housed in the chicken barn of the School of Veterinary Medicine 
and Animal Science, Botucatu Campus. Birds were distributed in 3 
groups. The first group (G1) received a diet predominantly consisted of 
C3 plants (rice and soybean), differently from C4 diet consumed by their 
female broiler breeders (corn and soybean) since they were housing. In 
the second group (G2) C4 diet was replaced by C3 diet at 7 d old and the 
third group (G3) at 14 d old. The weekly substitution of diets allowed 
evaluating the turnover during the whole studied period. Blood plasma 
samples were collected from 4 random birds per group in consecutive 
days (G1: zero to 21 d old; G2: 7 to 35 d old; G3: 14 to 49 d old) for 
carbon isotopic rate through mass spectrometry analysis. The isotopic 
rate were analyzed through the first-order exponential equation of 
OriginPro 8 Professional software which enables the calculation of the 
half-life of carbon-13 (Ducatti et al., 2002). Blood plasma from Label 
Rouge, Vermelhão Pesado and Master Gris lineage showed a calculated 
carbon half-life of 1.42, 1.26 and 1.09 d (G1); 1.96, 1.13 and 1.02 d 
(G2); 1.64, 1.49 and 1.20 (G3), respectively. Master Gris lineage had 
the major blood plasma metabolic turnover in all periods.

Key Words: carbon-13, half-life, turnover, lineages

P448   Expression of the peptide transporters, PepT1 and 
PepT2, in the embryonic and post-hatch chick. B. Zwarycz* and E. 
A. Wong, Virginia Polytechnic Institute and State University.

PepT1 and PepT2 are peptide transporters, which are important in the 
uptake of amino acids in the form of di- and tri-peptides. PepT1 acts as 
a low affinity/high capacity transporter and PepT2 as a high affinity/low 
capacity transporter. The objective of this study was to profile PepT1 
and PepT2 mRNA expression in brain, duodenum, jejunum, ileum, ceca, 
large intestine, bursa, kidney, liver, proventriculus, heart, and bronchial 
tubes in layer chicks on embryonic d 18 (e18) and 20 (e20) and d 1, 3, 
7, 10, and 14 post-hatch. Absolute quantification Real Time PCR was 
used to measure gene expression. Brain and kidney showed the highest 
expression of PepT2, averaging 3,850 molecules/ng total RNA and 2,680 
molecules/ng total RNA, respectively. All other tissues showed lower 
expression for PepT2; for example, liver showed 150 molecules/ng 
total RNA. Bursa showed an increase in PepT2 expression at d 14 when 
compared with expression before d 7. Expression of PepT2 decreased in 
large intestine and liver from e18 to d 1 post-hatch, decreased in jejunum 
from e20 to d 3 post-hatch, and decreased in proventriculus from e18 to 
d 14 post-hatch. PepT1 was observed at the highest levels in the small 
intestine, averaging 16,800 molecules/ng total RNA, and also increased 
in expression from e20 to d 1 post-hatch. In the small intestine during 
embryogenesis, PepT2 may function to transport di- and tri-peptides 

before the induction of PepT1. In conclusion, chicken expression of 
PepT1 and PepT2 has been found to follow the same pattern as seen in 
mammals, with high PepT1 expression in the small intestine and high 
PepT2 expression in the brain and kidney. The developmental profiles 
of PepT1 and PepT2 vary for different tissues.

Key Words: chicken, PepT1, PepT2, peptide, transporters

P449   Expression of potential adipocyte regulator FGFR3, 
GREM1, and IGFBP2 during early development in abdominal 
adipose tissue of broiler chickens. A. Bohannon-Stewart,* G. Kelley, 
J. Donkor, B. Kimathi, C. Darris, J. Tyus, S. Nahashon, and X. Wang, 
Tennessee State University, Nashville.

Adipose tissue not only stores excess energy but also actively regulates 
feed intake and metabolism. To dissect physiological networks that 
govern the development of adiposity, we have previously screened gene 
expression profile in abdominal adipose tissue and identified FGFR3, 
IGFBP2 and GREM1 as potential regulatory factors for fat deposition in 
broiler chickens. These genes displayed substantial differential expres-
sion between fat and lean chickens. It is of interest to assess the ontog-
eny of these genes and their responses to dietary caloric concentration 
during early development. One-day-old broiler chicks were fed either 
a low or a high caloric diet from hatch to 8 weeks of age (WOA). The 
low caloric diet (LCD) contained 21% crude protein (CP) and 3,040 
kcal of metabolizable energy (ME)/kg of diet and the high caloric diet 
(HCD) contained 23% CP and 3,340 kcal ME/kg of diet. Differences 
in dietary caloric content markedly affected bodyweight of the broiler 
birds. The mRNA abundance of the FGFR3, IGFBP2, CCL4, and 
GREM1 genes in the abdominal adipose tissue was assayed at 2, 4, 6 
and 8 WOA using RT-qPCR. Preliminary data from the RT-qPCR assays 
indicate that the expression of FGFR3, IGFBP2, and GREM1 was not 
affected by changes in dietary caloric concentration. Their expression 
levels were also not changed in abdominal fat tissues during develop-
ment from 2 to 8 WOA.

Key Words: broiler chicken, adipocyte, IGFBP2, GREM1, FGFR3

P450   Loss of fat tissue with increased lipolysis in laying quail. 
S. Yang, Y. Suh, Y.-M. Choi, S. Shin, and K. Lee,* The Ohio State 
University, Columbus.

Accumulation of lipids in poultry eggs generally require the participation 
of tissues involved in lipid metabolism in producing and transporting 
lipids to the developing oocytes. The goal of the current study is to 
investigate changes in expression of genes and proteins involved in lipid 
metabolism in the adipose and liver at pre- (45-d without yolk), onset 
(45-d with yolk), and active (80-d) laying stages of quail (6 per group) 
and to relate with physiological changes required for lipid accumulation 
in the eggs. Decreased fat mass by 60% (P < 0.05) in the active laying 
quail, compared with the onset of laying quail, is largely resulted from 
the decrease in adipocyte cell size (P < 0.001). Further analysis of the 
relative amount of genes and protein involved in lipolysis revealed 
that adipocyte triglyceride lipase (ATGL), not only has higher protein 
expression, but a higher level of phosphorylation in adipose tissue of 
the active laying quail. In addition, relative amounts of transcripts of 
comparative gene identification-58 (CGI-58), an activator of ATGL, 
were significantly higher (P < 0.05) in adipose tissue of actively laying 
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quail than those of pre- and onset stages of quail. Increased phosphoryla-
tion of ATGL protein with the higher mRNA expression of CGI-58 in 
adipose tissue of active laying quail was believed to have high lipolysis 
activity, which was further proven by a significantly greater concen-
tration of plasma NEFA (P < 0.05). Furthermore, decreased mRNA 
expression of fatty acid transport protein 1, a key protein for fatty acid 
uptake into adipocytes, may contribute to decreased fat mass during 
the active laying stage, redirecting lipids away from adipocytes, but 
toward the developing oocytes. In the liver, relative mRNA expression 
of apoVLDLII increased from pre- to active laying stages, indicating 
increased apoVLDLII featured VLDL secretion in active laying quail. 
These results suggest that laying birds increase VLDL secretion by 
liver, as well as, active lipolysis by adipocyte to secure lipid synthesis 
for yolk formation.

Key Words: adipose tissue, adipose triglyceride lipase, lipid 
metabolism, lipolysis, quail

P451   The use of stable carbon isotopes for estimating turnover 
of blood serum in broiler chickens. C. Ducatti1,3, V. C. Pelícia*1, A. 
C. Stradiotti2, P. C. Araujo2, E. T. Silva1, M. M. P. Sartori1, C. R. S. 
Kruliski1, J. C. Denadai1, J. R. Sartori2, and A. C. Pezatto2, 1São Paulo 
State University, Institute of Bioscience, Botucatu Campus, Botucatu, 
SP, Brazil, 2São Paulo State University, School of Veterinary Medicine 
and Animal Science, Botucatu Campus, Botucatu, SP, Brazil, 3FAPESP, 
São Paulo, Brazil.

The stable isotope technique has been applied in physiological research 
increasingly, showing as a promising alternative for studies of processes 
related to digestion, absorption and nutrients metabolism in animals, 
as well as in the traceability of animal origin ingredients in the broiler 
feeding. However, complementary studies are necessary to broaden the 
knowledge of isotopic assimilation in the avian tissues. To determine 
the turnover of blood serum of broiler chicks at the initial growth phase 
through the natural variation of carbon-13 existent between C3 and C4 
plants 100 one-day-old male Cobb chickens were used. At birth, the 
isotopic signature of carbon-13 of bird tissues was similar to their female 
broiler breeders which consumed a diet containing predominantly C4 
plants (based on corn). Since birds were housed, they received diets con-
taining predominantly C3 plants (based on rice) to evaluate the turnover 
of blood serum. Blood serum samples were collected at 0, 0.5, 1, 1.5, 2, 
3, 5, 7, 9, 11 and 14 d old (5 birds/day) to determine the isotopic ratio of 
carbon by mass spectrometry (IRMS). The data of isotopic ratio were 
linearized using the method of Cerling et al. (2007) being observed only 
one metabolic pool. Then, obtained isotopic ratios were analyzed through 
the first-order exponential equation δ13C (t) = δ13C (f) + [δ13C (i) -δ13C 
(f)]e-(kt) of Minitab software resulting in the equation: δ13C = −26.36% 
+ 8.16% e-0.3435t (r2 = 0.96), with a half-life (ln2/k) of 2.02 d, namely 
about 50% of the blood serum turnover in initial phase occurs in 2 d.

Key Words: development, enhancement, metabolism, tracers

P452   Turnover of blood plasma of broiler chicks. J. R. Sartori1, 
V. C. Pelícia2, C. Ducatti2, P. C. Araujo*1, A. C. Stradiotti1, J. C. 
R. Rezende1, M. M. P. Sartori2, E. T. Silva2, J. C. Denadai2, N. C. 
Alexandre1, I. M. G. P. Souza1, A. C. Pezzato1, W. T. Silva1, and P. 
D. G. Pacheco1, 1São Paulo State University, Faculty of Veterinary 

Medicine and Animal Science, Botucatu Campus, Botucatu, SP, 
Brazil, 2São Paulo State University, Institute of Bioscience, Botucatu 
Campus, Botucatu, SP, Brazil.

Distinct stable isotopes have been used as tracers in organs and animal 
diet showing a great potential for the traceability of animal ingredients 
in poultry feeding through the evaluation of broiler tissues. However, it 
is necessary to broaden the knowledge of isotopic assimilation in avian 
tissues. To determine the blood plasma turnover of broiler chicks at the 
initial growth phase through the natural variation of carbon-13 existent 
between C3 and C4 plants 100 one-day-old male Cobb chicks were 
used. At birth, the isotopic signature of carbon-13 of bird tissues was 
similar to their female broiler breeders which consumed a diet contain-
ing predominantly C4 plants (based on corn). Since birds were housed, 
they received diets containing predominantly C3 plants (based on rice) 
to evaluate the turnover of blood plasma. Blood plasma samples were 
collected at 0, 0.5, 1, 1.5, 2, 3, 5, 7, 9, 11, 14, 17 and 21 d old (5 birds/
day) to determine the isotopic ratio of carbon by mass spectrometry 
(IRMS). The data of isotopic ratio were linearized using the method 
of Cerling et al. (2007) being observed only one metabolic pool. Then, 
obtained isotopic ratios were analyzed through the first-order exponential 
equation δ13C(t) = δ13C (f) + [δ13C (i) - δ13C(f)]e-kt of Minitab software 
resulting in the equation: δ13C = −26.31‰ + 7.22‰ e-0.2947t (r2 = 0.96), 
with a half-life (ln2/k) of 2.35 d, namely about 50% of the blood plasma 
turnover in initial phase occurs in 2.4 d.

Key Words: development, metabolism, carbon-13

P453   Evaluation of dietary olive leaf on cardiovascular system 
in broiler chickens. S. Varmaghany1, M. A. K. Torshizi1, S. Rahimi*1, 
H. Lotfollahian2, and M. Hassanzadeh3, 1Tarbiat Modares University, 
Tehran, Iran, 2Animal Science Researches Institute, Karaj, Alborz, 
Iran, 3University of Tehran, Tehran, Iran.

Blood pressure (BP) monitoring is increasingly common in veterinary 
practice. The high BP is a major factor contributing to the susceptibility 
of broilers to cardiovascular disorders and cardiopulmonary systems. 
This study evaluated the effects of dietary supplementation of dried 
olive leaves on BP, weight of right and left ventricles in broilers.The 
experiment included normal temperature (NT) and cold temperature 
(CT) using 1000 d old male broilers (Arian strain). Birds were assigned 
in a completely randomized design with 5 treatments and 4 replicates 
with 20 birds per replicate. The treatments included 1-control, 2-anty-
hypertensive drug propranolol (4mg/kg body weight), 3- 0.5%, 4–1% 
and 5–1.5% olive leaf powder. Arterial blood pressure was measured 
on branchial artery of concious birds via indirect method by using of 
pediatric cuff and Vascular Flow Detector (SONICAID- BV102R) at 
end of the experiment. At 42 d of age, all of survival birds were chosen 
and eutanized to determine right ventricle (RV) and left ventricl (TV) 
weights.Results showed that mean of blood pressure between treatments 
were significantly different (P < 0.01) in CT. In CT, use of olive leaf 
showed an antihypertensive effect on blood pressure. The weight of 
RV, TV and RV/TV ratio between treatments were different (P < 0.01). 
According to results of this experiment, olive leaf can be reduced BP 
and RV/TV ratio, therefore, supplementation of olive leaf in broiler diets 
at levels of 1 - 1.5% could be recommended.

Key Words: olive leaf, blood pressure, right ventricle, left ventricle, 
broiler
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P454   Influence of hard water ions on the growth rate of 
Salmonella typhimurium. R. A. Holser*1, S. Hawkins1, A. Hinton 
Jr1, and S. Wells2, 1USDA-ARS, Athens, GA, 2University of Georgia, 
Athens.

The influence of magnesium and calcium ions in process water on the growth 
of Salmonella typhimurium was evaluated to address the concerns for food 
quality and safety. Salmonella typhimurium was exposed to media contain-
ing 500 ppm and 1000 ppm of magnesium and calcium ions for 45 min 
followed by inoculation into fresh media. These inoculations were prepared 
directly in well plates and incubated at 35°C in the Bioscreen C instrument. 
Optical density measurements were recorded at 15 min intervals for 48 h. 
The resultant growth curves were analyzed using the lag time as a measure 
of the inhibitory influence of the ions. Samples exposed to 1%, 5%, and 10% 
trisodium phosphate solutions were included in the experimental design for 
comparison. The trisodium phosphate treatment exhibited a dose-response 
with increasing lag time observed with increasing concentration. Exposure 
to these levels of hard water ions showed antimicrobial activity toward S. 
typhimurium comparable to the 5% treatment with trisodium phosphate. 
This is relevant where process water directly contacts the poultry carcass 
during washing and chilling operations and the presence of pathogenic 
bacteria increases the risk of cross-contamination.

Key Words: antimicrobial, calcium, magnesium, process water, water 
quality

P455   Mechanism of action of inactivation of Salmonella enterica 
serovar Typhimurium with sodium metasilicate. C. S. Sharma*1, 
S. K. Williams2, and G. E. Rodrick2, 1Mississippi State University, 
Mississippi State, 2University of Florida, Gainesville.

Sodium metasilicate (SMS) is an alkaline antimicrobial approved by 
USDA for use in poultry processing. The use of SMS as an antimicrobial 
has shown efficacy against gram-negative and gram-positive foodborne 
pathogens such as Escherichia coli O157:H7 and Listeria monocyto-
genes, but the mechanism by which it inactivates these pathogens is 
not fully understood. The objectives of this study were to determine the 
effectiveness of SMS against Salmonella enterica serovar Typhimurium 
in suspension and to elucidate the antimicrobial mechanism of action 
of SMS. Salmonella Typhimurium (ATCC 14028) was exposed to 0 
(positive control), 0.5%, 1%, 2% SMS and high pH (0.1 N NaOH) 
solutions for 1, 10 and 30 min at room temperature. The viability of 
S. Typhimurium cells treated with different SMS concentrations and 
high pH was determined on selective medium. The effect of SMS on 
the membrane integrity and viability of S. Typhimurium cells treated 
with different SMS concentrations was determined by staining with 
fluorescent propidium iodide (PI) and SYTO9 nucleic acid stains with 
subsequent flow cytometry. Transmission electron microscopy was 
performed to observe the changes at cellular level following exposure 
of S. Typhimurium cell suspensions to 2% SMS and 0.1N NaOH treat-
ments. Exposure of S. Typhimurium to SMS concentrations as low as 
0.5%, resulted in immediate inactivation of Salmonella with no detect-
able survivors. Treating S. Typhimurium with 1 and 2% SMS and 0.1N 
NaOH for 10 and 30 min resulted in similar reduction and complete 
inactivation of Salmonella. The breakage in membrane integrity was 
observed by uptake of PI by cells treated with SMS with subsequent 
flow cytometry. Salmonella cells exposed to SMS and high pH appeared 
wrinkled, vacuolated, and lysed as compared with the untreated cells 

on corresponding transmission electron micrographs and there was 
extensive lysis of Salmonella cells after treatment with 2% SMS. The 
results from this study indicate that SMS acts on the cytoplasmic mem-
brane and causes lysis of the cells and leakage of intracellular contents.

Key Words: Salmonella, sodium metasilicate, flow cytometry, 
transmission electron microscopy

P456   Chemical hydrolysis of phosvitin and the functional prop-
erties of the hydrolysates. H. Samaraweera1, E. J. Lee*2, and D. U. 
Ahn1,3, 1Iowa State University, Ames, 2University of Wisconsin-Stout, 
Menomonie, 3Seoul National University, Seoul, Korea.

As a highly phosphorylated protein, phosvitin shows a powerful antioxi-
dant and metal-binding activity. However, its extraordinary resistance to 
protease activities limits the possibility of using phosvitin as a source for 
the production of functional peptides. The objectives of this study were to 
test the possibilities of using alkaline or acid hydrolysis to produce small 
peptides from phosvitin and to investigate the functional properties of the 
resulting peptides. Phosvitin was dissolved in various concentrations of 
NaOH (0.025N - 0.3N) or HCl (0.05N - 6N) and incubated in a shaker 
water bath (37°C for NaOH and 60°C for HCl) for 1–6 h. After incubation, 
the degree of hydrolysis, and the functional properties of the hydrolysates 
were determined. Phosvitin showed higher stability to acid hydrolysis than 
alkaline hydrolysis. Incubation of phosvitin in 0.075 N NaOH solution at 
37°C for 1 h and 2N HCl for 6 h incubation at 60°C partially hydrolyzed 
phosvitin, but 0.1 N NaOH at 37°C for 3 h or 3N HCl at 60°C for 6 h incuba-
tion was needed for the complete hydrolysis of phosvitin. Increasing degree 
of hydrolysis in phosvitin either by HCl or NaOH negatively affected their 
antioxidant and Fe-chelating capacities. Cu+2-chelating activity, however, 
increased significantly by hydrolyzing phosvitin with 0.1N NaOH, 2N HCl, 
or trypsin after 0.05 N NaOH treatment. The acid hydrolysates of 3N and 
6N HCl significantly increased the solubility of Ca+2 in sodium phosphate 
buffer (pH 6.8) compared with the control.

Key Words: phosvitin, acid hydrolysis, alkaline hydrolysis, antioxidant 
activity, metal chelating activity

P457   Bactericidal effects of meat tenderizing enzymes on 
Listeria monocytogenes and Escherichia coli. H. Eshamah, I. Han, 
and P. Dawson,* Clemson University, Clemson, SC.

Natural plant enzymes are used in marinades to tenderize and improve the 
palatability of meat products. These proteases may also possess antimicro-
bial properties that inhibit pathogens associated with meat and poultry. The 
main objective of this study was to determine the antimicrobial activity of 
proteolytic enzymes (papain and bromelain), which used as meat tenderizer, 
against E. coli and L. monocytogenes at 3 different temperatures (5, 25 and 
35°C).Two overnight cultures of E. coli Jm109 and L. monocytogenes were 
separately suspended in 1% peptone water and exposed to the proteolytic 
enzyme (papain and bromelain) at 3 different temperatures. Bromelain 
concentrations (4 mg/mL) and (1 mg/mL) that tested at room temperature 
against E. coli and L. monocytogenes respectively were the most effective 
concentrations. It reduced the mean for log of cfu/mL by 3.37 and 5.7 after 
48h respectively. Papain concentrations (0.0625 mg/mL) and (0.5 mg/
mL) that tested at room temperature against E. coli and L. monocytogenes, 
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respectively, were the most effective concentrations. It reduced the mean for 
log of cfu/ml by 4.94 and 6.58 after 48 h, respectively. It was noticed that 
the small papain concentration (0.0625 mg/mL) was more effective than the 
large concentration (0.5mg/ml) against E. coli at all 3 temperatures. Also, 
the temperature had an effect on enzymes (bromelain, papain) efficiency 
against both E. coli and L. monocytogenes with the higher temperatures 
having a greater effect as expected.

Key Words: enzymes, protease, Listeria monocytogenes, Escherichia 
coli, antimicrobial

P458   Effect of nisin and MAP on inhibiting Listeria monocyto-
genes in turkey bologna. H. Naas2, I. Han1, R. Martinez-Dawson1, and 
P. Dawson*1, 1Clemson University, Clemson, SC, 2Tripoli University, 
Tripoli, Libya.

Post-cooking contamination of RTE meat and poultry products by L. 
monocytogenes is a major food safety problem as well as an economic 
hardship for the food industry. Previous studies have shown enhanced 
anti-listerial properties by the additional of organic acids along with 
modified atmosphere packaging but no direct comparison of 100% 
CO2 with air of vacuum packaging with nisin were found in published 
research. Thus, this study evaluated the effect of nisin in combination 
with different types of modified atmosphere packaging on the survival 
of L. monocytogenes in ready-to-eat (RTE) low fat turkey bologna. 
Bologna was inoculated with L. monocytogenes exposed to one of 6 
treatments: 3 packaging treatments (100% CO2, air, vacuum) each with 
and without nisin. Bologna was held under refrigeration and sampled 
9 times over 42 d. Nisin reduced initial L. monocytogenes populations 
by 1.5 to 2 log cycles and 100% CO2 packaging prevented outgrowth 
throughout 42 d storage while non-CO2 packaging displayed a 2-log 
increase in population during storage. Nisin (500 IU/mL) combined with 
100% CO2 was effective in reducing Listeria and preventing outgrowth 
on bologna over 42 d of refrigerated storage.

Key Words: nisin, modified atmosphere packaging, carbon dioxide, 
Listeria monocytogenes, turkey bologna

P459   Effect of laying hen production system and level of dietary 
soy on bone strength and composition. M. A. Parisi,* K. J. Izquierdo, 
P. L. Dawson, and J. K. Northcutt, Clemson University, Clemson, SC.

Bone fragility in laying hens leading to fractures and osteoporosis has 
become both an economic issue and welfare concern for the poultry indus-
try. Poultry feed ingredients such as soybean meal has been found to have 
positive effects on bone health in animals; however, the exact role of soy 
metabolites on bone growth and strength has not been well established. A 
study was conducted to determine the effects of varying levels of dietary 
soy on bone growth and strength parameters in free-range (FR) and battery 
caged (BC) layers. Laying hens were grown in one of 2 types of production 
systems: battery-cage or free-range. Within each production system, layers 
were further divided into 3 groups based on feed treatment: 1) traditional 
feed; 2) feed supplemented with soy germ; and 3) no soy feed. At the end 
of an 8-week feeding trial, hens were euthanized and both femurs were 
removed for analysis. When femurs from the 2 production systems were 
compared, bone mineral content, femur weights, lengths and breaking 
strength were higher in FR hens than in BC hens (P < 0.05). An interac-
tion effect of production system and diet was observed for femur breaking 

strength (P = 0.016). Diet had a significant effect on bone weight, length, 
density, and breaking strength for FR hens but had minimal impact on these 
same parameters in BC hens (P < 0.05). Femurs from FR hens fed a high 
soy diet weighed 12–13% more and were 3–4% longer than femurs from 
FR hens fed a traditional or no soy diet. FR hens fed high soy and traditional 
soy rations had similar femur breaking strength with forces measurements 
that were 29 and 23% greater, respectively than those found for femurs 
from FR hens fed no soy. Results from the present study show a significant 
interaction effect of hen production system and diet on bone composition 
and strength; however, further analyses of FR and BC hens are needed to 
determine impact of soy supplementation in relation to other bone health 
parameters such as physical activity and vitamin D status.

Key Words: free-range laying hens, femur bone strength, femur mineral 
composition, soy diets, laying hens

P460   Effect of production system on the microbiological con-
tamination of shell eggs. M. A. Parisi*1, J. K. Northcutt1, D. P. 
Smith2, E. L. Steinberg1, K. J. Izquierdo1, and P. L. Dawson1, 1Clemson 
University, Clemson, SC, 2North Carolina State University, Raleigh.

Recently, US consumers have placed greater value on specialty food 
products including those produced using sustainable agriculture. In the 
egg industry, consumer demand has influenced producers to expand 
into alternative markets such as eggs produced in free-range housing 
systems. However, few studies have focused on microbiological chal-
lenges associated with alternative egg production. The present study was 
conducted to determine microbiological contamination of free-range 
and conventional eggs produced under controlled conditions. Certified 
Salmonella-free Bovan Brown chicks were obtained at age 2 d and 
placed into 6 different floor pens. At age 16 wk, pullets were randomly 
assigned to either conventional battery cages (BC) or free-range (FR) 
areas. Eggs were collected and tested for 8 consecutive weeks beginning 
when hens were age 20 wk (n = 1074). Recovery of total aerobic micro-
organisms and Enterobacteriaceae from egg shell surfaces varied widely 
in both BC and FR production systems. Total aerobic counts recovered 
from FR eggshells were significantly higher than counts recovered from 
BC eggshells at wk 3 only (5.7 versus 5.0 log10 cfu/mL). Mean counts of 
Enterobacteriaceae averaged approximately 1 log10 cfu/mL higher (90% 
greater) on FR eggshell samples than on eggshell samples from BC. 
Prevalence of Salmonella and Campylobacter recovered from crushed 
eggshell samples pooled with exterior shell rinses was 2.4% positive 
for Salmonella (100% FR eggs) and 33.5% positive for Campylobacter 
(78% from FR hens). This data suggests that egg exposure to hens in 
a FR production system may result in greater eggshell contamination 
compared with eggs produced in battery cage systems.

Key Words: eggs, microbiology, Campylobacter, Salmonella, 
production systems

P461   Sampling each naturally contaminated broiler carcass for 
Salmonella by three different methods. N. A. Cox,* R. J. Buhr, J. 
A. Cason, P. J. Fedorka-Cray, L. L. Rigsby, D. V. Bourassa, and D. E. 
Cosby, USDA/ARS, Richard B. Russell Agricultural Research Center, 
Athens, GA.

Postchill whole carcass rinsing (WCR) and neck skin (NS) maceration 
are frequently used methods to detect Salmonella from commercially 
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processed broilers in the US and EU, respectively. These are nonde-
structive, practical methods that may result in frequent false negatives. 
WCR will not detect firmly attached Salmonella and only 7.5% of the 
rinsate is utilized, while NS samples only 4% of the skin by weight 
of the broiler carcass. In 1975 a whole carcass enrichment (WCE) 
method was developed as a research tool. This involves incubation of 
the whole carcass overnight in a preenrichment broth and can recover 
as few as 8 inoculated Salmonella cells per carcass. The objective of 
this study was to compare NS, WCR, and WCE to detect naturally 
occurring Salmonella from the same commercially processed broiler 
carcass prechill or postchill. Ten carcasses were taken prechill and 
another 10 postchill on each of 2 replications from each of 2 processing 
plants. From each carcass, 8.3g of neck skin was sampled and then the 
carcass was rinsed with 400 mL of 1% buffered peptone water. Thirty 
mL were removed and incubated, and the remaining 370 mL of broth 
and the carcass were incubated at 37oC for 24 h. Overall Salmonella 
were detected on prechill carcasses 21/40 (52.5%), 24/40 (60%) 
and 32/40 (80%) with the NS, WCR, and WCE, respectively, while 
postchill carcasses were 2/40 (5%), 2/40 (5%) and 19/40 (47.5%) for 
NS, WCR and WCE, respectively. The 240 samples (40 carcasses × 
3 methods × 2 plants), prechill were 77/120 (64.2%) positive while 
postchill were 23/120 (19.2%) positive. Chlorinated chilling reduced 
the positive sample prevalence by 45%. Salmonella were detected 
on 20% (24/120) of the samples from plant 1 and 63.3% (76/120) of 
the carcasses from plant 2. This study demonstrates differences in 
Salmonella prevalence among sampling methods, before and after 
chlorinated immersion chilling, and plant to plant.

Key Words: Salmonella, broiler carcasses, sampling methods

P462   Survival of naturally occurring Campylobacter in refrig-
erated and frozen rinsate from a broiler carcass. N. A. Cox*1, 
L. J. Richardson2, M. E. Berrang1, L. L. Rigsby1, R. J. Buhr1, J. R. 
Plumblee1, and P. J. Fedorka-Cray1, 1USDA/ARS, Richard B. Russell 
Agricultural Research Center, Athens, GA, 2The Coca-Cola Company, 
Atlanta, GA.

The objective of this study was to determine if naturally occurring 
Campylobacter in a broiler rinsate could survive in cold storage. 
Ten commercial broiler carcasses were each rinsed with 500 mL of 
Butterfield’s buffer and all carcasses tested positive for the presence 
of 104–105/ml naturally occurring Campylobacter. Each rinse was 
subdivided into 12 25-mL aliquots, without cryoprotectant, and stored 
at 4°C or −23°C. At 4 mo intervals, one aliquot per rinse sample was 
taken from each storage temperature and tested by direct streaking 
(DS) onto Cefex plates or by adding 5 mL to 45 mL of Bolton›s (B) or 
Tecra (T) broth; after 48h at 42oC all cultures were streaked onto Cefex 
plates. After 4 mo at 4°C, 0/10, 7/10 and 3/10 were positive by DS, B 
and T, respectively, while 0/10, 1/10 and 4/10 were positive by DS, B, 
and T, respectively, at −23°C. From 4 mo to 2 years, all 4°C samples 
were negative, while 2/10 frozen samples were positive in both B and 
T after 8 mo and 1/10 with B for 8–20 mo and negative at 24 mo. With 
T, all −23°C samples were negative from 8 to 24 mo. Aliquots tested in 
B from sample #6 were positive after 8 and 20 mo frozen storage but 
negative at other times, while sample #7 was only positive at 16 mo. 
Isolates were characterized as C. jejuni, resistant to nalidixic acid and 
ciprofloxacin. In this limited study it appears that B was slightly better 
than T for recovery of Campylobacter stored at low temperatures. While 
Campylobacter are thought to be fragile, this study demonstrates survival 
after long-term frozen storage in rinsate alone. Therefore frozen raw 

foods that are naturally contaminated with Campylobacter may still pose 
a potential health hazard even after 1–2 years in a freezer.

Key Words: Campylobacter, cold storage, broilers

P463   Processing yields and organ weights in emus. D. G. 
Menon,* D. C. Bennett, and K. M. Cheng, Avian Research Centre, 
Faculty of Land and Food Systems, University of British Columbia, 
Vancouver, British Columbia, Canada.

Emus are farmed for their back and abdominal fat which is rendered into 
oil for cosmetic and pharmaceutical purposes. The processing yields and 
organ weights for emus (20 females and 27 males) were calculated from 2 
trials conducted during the same season in 2 different years. In both years, 
the emus (4 to 6 years old) were transported for 7 h in a modified horse 
trailer to the processing plant, rested at lairage for 15 h and slaughtered 
the next day. The emus lost on an average 3.3% of their body weight due 
to shrinkage. Although there was no significant difference between males 
and females in their pre- and post-transport body weight, male emus had 
significantly higher back fat (P = 0.001), total fat (P = 0.001) and % fat 
yields (P < 0.001), while females had significantly higher meat yields 
(P = 0.03). Combining both sexes, the dressing percentage was found 
to be 74.7%, the mean yields of back fat, abdominal fat, total fat, meat 
and bones were 8.3 ± 0.4, 2.7 ± 0.2, 11.0 ± 0.5, 12.8 ± 0.2, 7.7 ± 0.1 kg 
respectively. The mean weights in gm of heart, liver, kidney, testes, spleen, 
GI tract were 381 ± 10, 460 ± 16, 157 ± 10, 98 ± 6, 16.8 ± 0.9 and 3398 
± 66, respectively. Body fat was found to be significantly (P < 0.001) 
correlated with pre- and post-transport body weights (r = 0.75, 0.76, 
respectively). Body weight data collected during these 2 years revealed 
that emus in Canada reach peak weight in the month of September. The 
study also revealed that male emus had better fat yields than females and 
emu meat could contribute significantly to the profitability of the industry.

Key Words: emu, fat yield, sex difference, slaughter weight, dress 
percentage

P464   Contamination of raw poultry meat by airborne Listeria 
originating from a floor drain. M. E. Berrang*1, J. F. Frank2, and 
R. J. Meinersmann1, 1USDA-ARS-Russell Research Center, Athens, 
GA, 2Uinversity of Georgia, Food Science and Technology, Athens.

Poultry processing plants can become colonized with Listeria resulting in 
long-term residence in floor drains. The objective of the current study was 
to determine the extent to which a 2 s hose spray into a contaminated drain 
can result in the transfer of Listeria to raw poultry meat. Meat was exposed 
directly to contaminated air during drain spray or indirectly by placement 
on an exposed surface. Non-virulent L. innocua was used to inoculate PVC 
model floor drains resulting in approximately 108 cells per mL of PBS and 
104 attached cells per cm2 inner surface. Each drain was subjected to a 2 s 
spray of tap water at 68.9 kPa from a distance of one meter. On a table 8 
feet from the drain, 10 fresh boneless skinless broiler breast halves were 
left uncovered during the drain spray and for an additional 10 min. After 
collection of the direct exposed breast halves, another 10 halves were placed 
on the table between the spaces previously covered by breast meat. The 
second set of breast halves were allowed to remain on the table for 10 min. 
After either direct or in-direct exposure to the airborne Listeria, all breast 
halves were individually placed into clean re-sealable plastic bags and cov-
ered with ice. Ten un-exposed control breast halves remained in re-sealable 
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bags throughout the experiment. Five breast halves from each group were 
subjected to an immediate 60 s rinse with Listeria enrichment broth while 
the other 5 were held at 5 C for 7 d before rinsing. Rinsate was collected 
and used to conduct a 3 tube most probable number technique using the 
USDA-Food Safety Inspection culture method to estimate the number of 
Listeria detected on each breast half. Three replications were conducted. 
The mean log number cfu detected per breast half directly exposed to the 
air was 1.5 on the day of exposure and 2.9 after 7 d of refrigerated storage. 
For breast halves exposed by surface contact, the mean log number cfu 
detected was 1.2 on the day of exposure and 2.3 after 7 d of storage. These 
data demonstrate one possible means of Listeria transfer from a contami-
nated floor drain to processed poultry meat.

Key Words: Listeria, airborne, floor drain

P465   Improvement of broiler chilling efficacy and breast ten-
derness by crust-freezing-air-chill with muscle tensioning. T. 
Sansawat,* H. C. Lee, and I. Kang, Michigan State University, East 
Lansing.

The objective of this study was to evaluate the effect of different chilling 
methods with/without muscle tensioning (MT) on broiler breast quality 
and chilling efficacy. In each of 3 replications, 63 birds were purchased 
locally and processed at Michigan State University meat laboratory. For 
each of 3 chilling treatments, 21 birds were randomly subjected to air 
chill (AC) in a chilling room (1°C, air flow of 1.5 m/s), crust freezing air 
chill (CFAC) in a chilling room (−12°C with the same air flow), or water 
immersion chill (WIC) in an ice slurry mix (0.2°C). After evisceration, 
the first half birds received no MT, whereas the second half birds had 
MT, restraining wings behind the back of the carcass. After chilling 
and 3 h post-mortem (PM), all breast fillets were removed and half of 
them were aged on ice for 24 h PM. All left fillets were immediately 
quick frozen at 3 or 24 h PM for pH and R value measurements while 
the remaining right fillets were cooked at 3 or 24 h PM for shear force 
evaluation. Data were evaluated using one-way ANOVA and Duncan’s 
multiple range test. During chilling, the breast temperature was reduced 
from 40°C to 4°C in average of 62, 77, and 140 min for WIC, CFAC, 
and AC, respectively. The birds at 3 h PM had pH and shear force (SF) 
significantly higher than those of 24 h PM except the CFAC with no MT 
(P < 0.05). All fillets with MT showed significantly lower SF than the 
fillets without MT at 24 h PM (P < 0.05), regardless of chilling method. 
Based on these findings, the combination of CFAC and MT improved 
both air chilling efficacy and breast meat tenderness.

Key Words: broiler processing, meat tenderness, muscle tensioning, 
air chilling

P466   Pectoral muscle turnover in broiler chickens by means of 
isotopic tracers. V. C. Pelícia*1,3, P. C. Araujo2, A. C. Stradiotti2, C. C. 
Miranda2, F. G. Luiggi2, R. Fasanaro2, J. R. Sartori2, M. M. P. Sartori1, 
E. T. Silva1, J. C. Denadai1, C. R. S. Kruliski1, G. E. M. Pimenta2, 
T. C. Putarov2, and C. Ducatti1, 1São Paulo State University, Institute 
of Bioscience, Botucatu Campus, Botucatu, SP, Brazil, 2São Paulo 
State University, School of Veterinary Medicine and Animal Science, 
Botucatu, SP, Brazil, 3FAPESP, São Paulo, Brazil.

Distinct stable isotopes have been used as tracers in development evalu-
ation and regeneration speed of animal organs, besides showing a great 

potential for the traceability of animal ingredients in poultry feeding 
through the evaluation of broiler tissues. However, it is necessary to 
broaden the knowledge of isotopic assimilation in avian tissues. To 
determine the pectoral muscle turnover (pectoralis major) of broiler 
chickens at the initial growth phase through the natural variation of 
carbon-13 that exists between C3 and C4 cycle photosynthetic plants, 
100 one-day-old male Cobb chicks were used. At birth, the isotopic 
signature of carbon-13 of birds tissues was similar to their female 
broiler breeders which consumed a diet containing predominantly C4 
plants (based on corn and soybean). Since birds were housed, chicks 
received diets containing predominantly C3 plants (based on rice and 
soybean) to evaluate the pectoral muscle turnover. Pectoral muscle 
samples were collected at 0, 0.5, 1, 1.5, 2, 3, 5, 7, 9, 11, 14 and 21 d 
of age (5 birds/day), to determine the isotopic rate of carbon by mass 
spectrometry (IRMS). The data of isotopic rate were linearized and 
showed a curvilinear characteristic indicating 2 metabolic pools. After 
the linear adjustment of data it was possible to calculate the half-life and 
the participation in percentage of the first and second pool. Regression 
analysis of first pool resulted in the function ln (1-F) = 0.0313 - 0.42 t 
(r2 = 0.86), P < 0.01, with a half-life of 1.66 d (contribution of 23%). 
The regression analysis of the second pool (a longer pool) resulted in the 
function ln (1-F) = - 1.5105 - 0.1354 t (r2 = 0.61), P < 0.01, with a half-
life of 5.12 d (a contribution of 77%). The general half-life calculated 
was 3.46 d, namely about 50% of the pectoral muscle turnover from 0 
to 21 d of age occurs in 3.5 d.

Key Words: carbon-13, development, enhancement, metabolism, 
traceability

P467   Effects of diet physical form on metabolizable energy and 
duodenal histology of broilers. J. H. V. Da Silva,* P. B. De Lacerda, 
P. E. N. Givisiez, F. G. P. Costa, R. P. Soares, T. S. Melo, and D. V. G. 
Vieira, UFPB, Bananeiras, Paraíba, Brazil.

This experiment was carried out to evaluate the effects of the physi-
cal form of the diet on nitrogen-corrected apparent metabolizable 
energy (AMEn) and duodenal histology of broilers. One hundred and 
20 male Cobb 500 broilers (one day-old) were reared in battery cages 
and randomly distributed into 3 treatments (mash diet, pelleted and 
expanded-pellet diet), 5 replicates and 8 birds per replicate. AMEn 
was determined by means of the European reference procedure for 
the determination of AMEn values in poultry for the phases 1–7, 8–21, 
22–35 and 36–42 d of age. At 42 d of age, 4 birds per treatment were 
sampled. Duodenum samples were collected and routinely processed 
for histological evaluation with hematoxylin-eosin stain. Twenty-five 
readings were performed for villus height, crypt depth and villus:crypt 
ratio per animal. These parameters were submitted to ANOVA and 
differences were determined by Tukey’s test at 5% of probability. 
AMEn was lower (P < 0.05) in broilers fed mash diet compared with 
pelleted and expanded-pellet diet from 1 to 7 d of age (2,604; 2,621 
and 2,727 kcal, respectively) and 36 to 42 d (3,563; 3,681 and 3,742 
kcal). AMEn was lower (P < 0.05) in broilers fed mash diet compared 
with pelleted and lower (P < 0.05) in broilers fed pelleted compared 
with expanded-pelleted diet from 8 to 21 (2,690; 2,814 and 2,925 
kcal) and 22 to 35 d (3,123; 3,188 and 3,336 kcal). Duodenal villi 
were higher (P < 0.05) in birds fed pelleted diet compared with mash 
and expanded-pellet diets (982.45; 830.38 and 878.40 μm, respec-
tively). Crypt depth was not affected by physical form of diet (P > 
0.05). Villus:crypt ratio was greater (P < 0.05) in birds fed pelleted 
compared with mash diet. The present findings suggest that pelleted 
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or expanded-pellet diet increase AMEn and intestinal absorption area, 
and may contribute to better performance of broilers.

Key Words: broiler, physical form, pellet, mash, expanded-pellet

P468   Texture profile analysis of chicken nuggets with methyl-
cellulose or wheat protein in the pre-dust coating. T. Yalamanchili* 
and C. Z. Alavarado, Texas A&M University, College Station.

Current trends indicate that consumers enjoy fried foods but are con-
cerned about nutrition related to oil uptake. Methylcellulose (MC) used 
in a pre-dust for chicken nuggets has been shown to reduce oil uptake 
and decrease moisture loss. Wheat protein isolate (WPI) also performs 
as a moisture and fat barrier due to unique film-forming properties. The 
effect of these additives on the texture of chicken nuggets has been less 
investigated. The objective of this study was to investigate the effects 
of 5% methylcellulose and 0.5% wheat protein isolate on the texture 
of chicken nuggets. The chicken nuggets were commercially prepared 
using a pre-dust, batter, and breader and par fried at 350F or 375F for 26 
to 30sec. Following freezing, the chicken nuggets were fried at 350F or 
375F for 0, 1, 2 or 4min. The nuggets were then allowed to cool down to 
90F by placing them at room temperature conditions before conducting 
TPA. The data were analyzed by ANOVA in a 2 (frying temperatures) x 
3 (treatments- control, methylcellulose or wheat protein isolate) x 4 (test-
ing temperatures) x 5 (trial) factorial design. No significant difference 
was observed between treatments when fried at 375F. It was observed 
that MC had higher hardness, chewiness and gumminess (P < 0.05) 
than WPI when fried at 350F for 1 and 2min. Decrease in springiness 
and increase in hardness, cohesiveness, gumminess and chewiness (P 
< 0.05) was observed with increase in frying time for all the treatments. 
From these results it can be concluded that the use of MC in pre-dust 
results in harder, gummy and chewy product than with WPI at 350F for 
less than 4 min. However, this effect is not present when fried at 375F. 
Therefore, wheat protein isolate may also be used in the production of 
the chicken nuggets, without significantly altering the texture.

Key Words: chicken nugget, texture profile analysis, methylcellulose, 
wheat protein isolate, frying

P469   Impact of further processing on dielectric properties 
of broiler poultry meat. D. Samuel* and S. Trabelsi, USDA-ARS, 
Athens, GA.

Currently in the US more than 90% of the turkeys and more than 70% 
of the broilers are processed beyond the normal ready-to-cook stage. Up 
to 50% of raw poultry meat is marinated with mixtures of water, salts, 
and phosphates. Physical properties of foods provide essential data to 
the food industry and can be used in the design, installation, operation 
and control of processes, plant and equipment used in food processing. 
Dielectric properties of foods are the electrical properties which strongly 
influence the temperature distribution of food during radio frequency and 
microwave heating. The objective of this research was to examine the 
effect of 2 commonly practiced further processing techniques (grinding 
and marination) on the dielectric properties of broiler meat. All poultry 
meat was obtained from a local commercial processing plant. Dielectric 
properties of all samples were obtained utilizing an Agilent 85070A 

open-ended coaxial-line probe connected to an N5230C PNA L-Network 
Analyzer. Measurements were collected at 501 frequencies on a loga-
rithmic scale from 500 MHz to 50 GHz. To evaluate effect of grinding 
on dielectric properties, measurements were conducted on ground and 
whole muscle. t-tests showed that ground muscle (a common ingredient 
in further processed meats) exhibited lower dielectric properties than 
the whole muscle (P < 0.001). To examine the effect of marination on 
dielectric properties, groups of breast filets were sorted into classes of 
pale and normal before adding marination pickup percentages of 0, 5, 
10, and 15. Data was analyzed using Sigma Plot. Overall, dielectric 
properties increased as the pickup percentage increased. Differences 
between samples were more pronounced at lower frequencies for the 
loss factor. Differences in dielectric constant between samples were 
less significant. The dielectric properties of poultry meat were clearly 
affected by the 2 processes.

Key Words: broilers, further processing, marination, dielectric 
properties, frequency

P470   Media comparison for the recovery of Campylobacter sub-
types from integrated poultry production and processing opera-
tions. K. L. Hiett*1, C. A. Morales1, R. J. Buhr1, J. E. Line1, M. J. 
Rothrock2, and B. S. Seal1, 1United States Department of Agriculture, 
Agricultural Research Service, Poultry Microbiological Safety 
Research Unit, Athens, GA, 2United States Department of Agriculture, 
Agricultural Research Service, Poultry Processing and Swine 
Physiology Research Unit, Athens, GA.

Campylobacter are a leading bacterial etiology of acute gastroenteritis 
in humans, with broiler chickens implicated as the major source of the 
organism for human illness. A multitude of investigations focused on 
delineating Campylobacter epidemiology from broiler flocks to the con-
sumer have been conducted; however, a complete understanding of the 
fluctuation of specific Campylobacter subtypes through broiler produc-
tion, processing, and ultimately to the consumer, remains unknown. In 
an effort to determine if the use of varied media and recovery conditions 
introduces a bias on the recovery of Campylobacter subtypes, 3 verti-
cally integrated broiler flocks were sampled. For each flock, 10 pooled 
samples of 5 fresh fecal droppings were obtained during production, 
25 post-chill samples during processing, and 25 exudate samples from 
processed carcasses stored for 2 d at 4°C. Each sample type was cultured 
for Campylobacter using 4 different media with 4 different atmosphere/
temperature combinations. Twenty colonies from each sample type and 
recovery condition were collected and subtyped using flaA-SVR DNA 
sequence analyses. Analyses demonstrated that cultural recovery of 
Campylobacter was similar among the 4 media, independent of recovery 
conditions. Subtype analyses of isolates revealed that different flaA-SVR 
subtypes were recovered relative to sample type and recovery method. A 
comprehensive evaluation of Campylobacter subtype fluctuation through 
integrated broiler production and processing operations will provide 
information as to if predominant Campylobacter subtypes are associated 
with distinct niches. Further characterization of distinct subtypes will 
facilitate the development of specifically targeted interventions at each 
integrated stage, that may be employed in a multi-hurdle approach to 
reduce and eliminate Campylobacter from poultry.

Key Words: Campylobacter, subtype, broiler, epidemiology, media
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P471   Relationship of muscle exudate protein characteristics 
to broiler breast meat quality. B. C. Bowker*1, H. Zhuang1, and R. 
J. Buhr2, 1USDA-ARS-Quality & Safety Assessment Research Unit, 
Athens, GA, 2USDA-ARS-Poultry Microbiological Safety Research 
Unit, Athens, GA.

The amount of muscle exudate measured as drip loss is often used as 
an indicator of poultry meat quality. The objective of this study was to 
determine the relationship between meat quality and the amount, protein 
content, and protein profile of drip liquid in broiler breast fillets. Fifty-
six broilers were slaughtered and breast fillets were removed from the 
carcasses within 4 h postmortem. Drip liquid was collected through 96 
h postmortem for the determination of protein content (biuret protein 
assay) and the protein profile (SDS-PAGE). Drip loss, Warner-Bratzler 
shear force, pH, color, cook yield, and moisture content were determined 
on all samples. The 20 fillets with the lowest drip loss percentage (1.09 
± 0.16) and the 20 fillets with the highest drip loss percentage (3.16 
± 0.15) were selected for protein evaluation. High drip loss samples 
exhibited higher (P < 0.05) shear force values (8.05 kgf vs. 5.78 kgf), 
higher (P < 0.01) L* values (54.4 vs. 51.9), and lower (P < 0.0001) cook 
yield (81.5% vs. 84.9%) than low drip loss samples. The total protein 
content of the drip moisture did not differ (P > 0.05) between high and 
low drip loss samples, but was negatively correlated to muscle pH (r = 
−0.55). The SDS-PAGE protein profiles of the drip liquid exhibited 12 
prominent protein bands ranging from 24 to 155 kDa. The abundance 
of the 47 kDa protein band was correlated to drip loss (r = −0.32) and 
cook yield (r = 0.46). The abundance of the 56 kDa protein band was 
correlated to shear force (r = 0.32), cook yield (r = 0.40), and moisture 
content (r = −0.52). Lightness (L*) values were correlated to the relative 
abundance of the 40 kDa (r = 0.38) and 36 kDa (r = 0.34) protein bands. 
These data demonstrate that breast fillet meat quality characteristics are 
not only related to the amount of drip loss or muscle exudate, but also 
to the protein profile of the drip.

Key Words: breast fillet, meat quality, drip loss, muscle exudate, 
protein profile

P472   Breast muscle tissue characteristics in growing broilers. 
B. C. Bowker*1, M. B. Solomon2, R. Vimini3, and W. Lee3, 1USDA-
ARS-Quality & Safety Assessment Research Unit, Athens, GA, 2USDA-
ARS-Animal & Natural Resources Institute, Beltsville, MD, 3Perdue 
Farms Inc., Salisbury, MD.

Muscle cell development in broilers influences growth rate, breast meat 
yield, and meat quality. The objective of this study was to character-
ize muscle tissue changes in breast muscles from 2 commercial lines 
of broilers from 21 to 56 d of age. The experiment was designed as a 
2 × 2 × 6 factorial with 2 lines of birds (line A: sire line selected for 
breast yield; line B: female line selected for chick production crossed 
with line A), 2 sexes, and 6 ages of bird (21, 28, 35, 42, 49, and 56 d). 
At each age, 10 birds/sex/line were harvested and breast samples were 
collected for histochemical analysis. Muscle samples were sectioned and 
stained using a succinate dehydrogenase, myosin ATPase, hematoxylin 
combination staining procedure. Measurements of muscle fiber type, 
fiber cross-sectional area, and tissue abnormalities were recorded. In 
both lines and sexes, the percent of slow, oxidative fibers decreased (P 
< 0.0001) from 9.5% of fibers at 21–28 d to < 4% of fibers at 35–56 d. 

Cross-sectional area of fast glycolytic (FG) fibers increased (P < 0.0001) 
with age in both lines and sexes. At 35–56 d, line A had larger (P < 0.05) 
FG fibers than line B. Indicators of muscle fiber degeneration increased 
with age in both lines and sexes. Occurrence of necrotic muscle fibers 
was greater (P < 0.001) in 49–56 d samples than in 21–42 d samples. 
Monocyte invasion increased (P < 0.0001) with age in both lines and 
sexes. Occurrence of giant fibers increased (P < 0.0001) with age in 
both sexes and lines, however, the incidence of hypercontracted fibers 
was greater (P < 0.01) in line A. Centralized nuclei were observed in 
nearly 100% of fibers by 35 d in both lines. In 42–56 d samples, FG 
fiber size was correlated to the occurrence of necrotic fibers (r = 0.48), 
monocyte invasion (r = 0.39), and giant fibers (r = 0.59). Overall, data 
suggest that shifts in fiber type within the breast occur by 35 d of age, 
the growth of FG fibers continues through 56 d of age, and indicators 
of muscle tissue degeneration increase with age and muscle fiber size.

Key Words: breast muscle, fiber type, fiber size, muscle degeneration

P473   Microencapulated organic acids and pure botanicals to 
reduce C. jejuni in challenged broilers. E. Grilli*1, P. Massi2, G. Tosi2, 
P. Fantinati3, and A. Piva1, 1DISMVET, University of Bologna, Ozzano 
Emilia, BO, Italy, 2ISZLER, Forli′, FC, Italy, 3Vetagro SpA, Reggio 
Emilia, RE, Italy.

Poultry meat is one of the main causes associated to human campylo-
bacteriosis, and as carcass contamination is related to Campylobacter 
intestinal content, it is estimated that a 2 Log cfu/g cecal reduction would 
result in a significant decrease of human infections.The objective of 
this study was to evaluate an in-feed supplement of microencapsulated 
propionic, sorbic acids, and pure botanicals† in controlling cecal C. 
jejuni in broilers. In each of the 2 studies performed, 75 Ross 308 were 
divided in 5 isolation units and assigned to different dietary treatments. 
In study one chickens were fed either a control diet, or a diet added with 
1, 3, 5, and 10 kg/ton of the supplement for 42 d; in study 2 the control 
group was fed the same basal diet and the treated groups received the 
supplement at 1 kg/ton or 3 kg/ton only from d0 to d21, or at 1 kg/ton 
or 3 kg/ton from d21 to d42. Birds were challenged with 7 Log cfu of C. 
jejuni at 21 d of age and at 35 and 42 d, 5 and 10 birds per group were 
euthanized to collect cecal contents for Campylobacter plate counts. 
Data underwent ANOVA analysis. Results from the first study demon-
strated that the supplement, at any given dose, was effective in decreasing 
cecal C. jejuni colonization: in particular, at 42 d C. jejuni was reduced 
by 3, 4, 3, and 5 Log cfu/g at 1, 3, 5, and 10 kg/ton, respectively (P < 
0.01). In the second study, at 42 d, birds fed the supplement at 1 and 
3 kg/ton from d0 to d21 had lower C. jejuni by 2 Log cfu/g compared 
with control, whereas birds receiving the supplement at 1 and 3 kg/ton 
in the last 21 d had 3 and 4 Log cfu/g less of C.jejuni compared with 
control (P < 0.01). Overall, the data from the 2 studies provided 2 sets 
of information:1) the microencapsulated supplement based on propi-
onic, sorbic acids and pure botanicals was effective in reducing cecal 
C. jejuni by 2–5 Logs at 1kg/ton and 3 kg/ton, and 2) a supplementing 
strategy starting at the time colonization occurs (21 d) up to the end of 
the production cycle is more effective than a prevention applied only 
during the first 3 weeks of the cycle.†US Patent 7,258,880 B2

Key Words: C. jejuni, challenge, microencapsulation, organic acids, 
botanicals
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P474   Effect of stress-adaptation on antibiotic profiles of 
Campylobacter jejuni. G. Kumar-Phillips*1, I. Hanning2, and M. 
Slavik1, 1University of Arkansas, Fayetteville, 2University of Tennessee, 
Knoxville.

Campylobacter jejuni is one of the leading causes of human gastroen-
teritis. Campylobacter jejuni requires special conditions and media in 
the laboratory for its growth. In nature, however, this organism is able 
to survive in very diverse and hostile environments and produce disease 
in humans and animals. The different mechanisms by which C. jejuni 
survives stressful conditions in the environment still remain unclear. 
Stress-adaptation may be one of the factors helping this organism to sur-
vive stresses. Some C. jejuni strains have been found to have increased 
antibiotic resistance in last several years. To determine the effect of acid 
adaptation on the antibiotic sensitivity of C. jejuni, 4 different strains 
of C. jejuni (a human isolate and 3 poultry isolates) were exposed to 
an acid pH of 5.5 and then re-challenged with different stresses. The 
antibiotic profiles of C. jejuni after stress-adaptation were compared with 
antibiotic profiles of non-stressed C. jejuni using the Kirby Bauer agar 
disc diffusion assay. The antibiotic profiles of C. jejuni were found to 
change when the acid-adapted bacteria were subjected to further stresses 
such as a lethal acidic pH of 4.5, aerobic atmosphere and starvation. 
In the majority of the cases antibiotic-resistant C. jejuni strains were 
found to be more sensitive to antibiotics after stress-adaptation, but in a 
few cases C. jejuni showed increased resistance. These results indicate 
that increasing various stresses in C. jejuni may, in some cases, reduce 
antibiotic resistance.

Key Words: Campylobacter jejuni, stress, stress-adaptation, antibiotic 
resistance, antibiotics

P475   Comparison of two PCR-based technologies for the detec-
tion of Campylobacter in poultry carcass rinses. J. A. Byrd,* USDA, 
ARS, Food and Feed Safety Research Unit, College Station, TX.

Poultry companies continue to produce safe and wholesome products 
while facing increased regulatory pressure to control foodborne patho-
gens. Performance standards for the prevalence of Campylobacter 
now require that post-harvest poultry carcasses be below 46.6% 
Campylobacter-positive. Although many risk factors that contribute to 
Campylobacter concentrations have been identified, fast precise identi-
fication of the Campylobacter is imperative to meet the new guidelines. 
The present study compares the detection of Campylobacter using 
PCR-based methods of DuPont’s BAX system and Idaho Technology’s 
R.A.P.I.D. LT Food Security System using broiler post-chill carcass 
rinses. Twenty-five broiler carcasses were evaluated for the presence 
of Campylobacter using these 2 technologies. In addition, 5 carcass 
rinsates where spiked with Campylobacter jejuni (107), serially diluted 
and tested on the 2 systems. All samples were cultured using direct 

plating and selective enrichment to confirm the Campylobacter status 
of all carcass rinsates. Carcass rinses evaluatated using the BAX system 
were positive in 3 of 25 tested and the positive samples were identified 
as Campylobacter coli (4.8 x104 cfu). Carcass rinses evaluated using 
the R.A.P.I.D system were positive for Campylobacter coli in 2of 
25 tested. Of the Campylobacter spiked samples, both technologies 
detected Campylobacter at concentrations 105 cfu and higher. Data from 
this study may aid poultry professionals in the selection of pathogens 
detecting equipment in poultry and may reduce the difficulty that may 
be encountered in making risk management decisions.

Key Words: Campylobacter, detection, carcass rinse

P476   Color and lipid stability of yolks from hens fed birds-
foot trefoil. B. Rathgeber*1, T. Collins2, and Y. Papadopoulos1, 
1Agriculture and Agri-Food Canada, Kentville, NS, Canada, 2Nova 
Scotia Agricultural College, Truro, NS, Canada.

This study was conducted to determine the impact of birdsfoot trefoil 
on yolk color and the oxidative stability of yolk lipids. Two cultivars 
of birsfoot trefoil, AC Langille and Bruce, were harvested and dried at 
50°C and leaves were separated from stems. Four isonitrogenous and 
isocaloric diets were formulated to contain 5% leaves or stems of one 
cultivar and a fifth diet was the control with no birdsfoot trefoil material. 
Twenty cages of 24 week old commercial White Leghorn hens, 6 birds 
per cage, were assigned to one of the 5 dietary treatments in replicates 
of 4. Four eggs per cage were collected on the first day of the study and 
again at 14 d after birds began consuming dietary treatments. Yolk color 
was determined on 2 fresh eggs per cage using a Hunter colorimeter. 
The yolk was removed from the other 2 eggs broken and stored 7 d at 
4°C before determining lipid oxidation by the thiobarbituric reactive 
substances (TBARS) assay. Mixed model was used to determine the 
effect of dietary treatments on egg color and TBARS values (α < 0.05). 
Eggs from birds fed 5% Langille leaves for 14 d were darker (L* = 58.3, 
P < 0.05) and more red (a* = 12.1) than the day zero eggs (L* = 61.3, 
a* = 9.9). Eggs from birds fed Bruce leaves 14 d were not different 
from day zero eggs for color scores but neither were they less red (a* = 
10.6) than the Langille leaves eggs at 14 d. Eggs from birds fed Bruce 
stems 14 d were less red (a* = 8.0, P < 0.05) than day zero eggs (a* = 
9.9). The TBARS values for control and L leaves fed birds (252 and 
173 MDA ug/g yolk respectively) at 14 d were not different from the 
day zero yolks (110 MDA ug/g yolk). However, birds fed leaves and 
stems of Bruce and Langille stems produced yolks with significantly 
higher TBARS levels (328, 354, 302 MDA ug/g yolk respectively). 
These results indicate that cultivar differences can have an impact on 
color and lipid stability when chickens consume forages.

Key Words: birdsfoot trefoil, lipid oxidation, yolk color
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carbon-13, P447, P452, P466

carcass, 251, P308, P347, P381
carcass characteristics, P352, P363, P393
carcass component yield, 241
carcass deboning, 223
carcass meat yield, P428
carcass rinse, P475
carcass traits, P396
carcass yield, 164, 230, P321, P336, P345, 

P405, P407
cardiac health, 254
carvacrol, 203, P385
catecholamine, P270
CD25, 16
ceca, 161, P374
cecum, 3, 138, 191
cell bioenergetics, 142
cell mediate, P311
cellulose, 114, P335
CFL, 97
challenge, P364, P384, P473
chelated trace minerals, P425
chelates, 64
chemical additive, 225
chemical composition, P407
chick, 56, 87, 114, P322, P418, P432
chick age, 55
chick embryo growth, P281
chick quality, 36
chick size, 36
chicken, 3, 88, 91, 138, 207, 222, 237, P304, 

P312, P313, P314, P387, P448
chicken breast, 223
chicken nugget, P468
chicken thigh, 223
chili pepper, P385
chill, 225
chilling, 68, 70
chitosan, 21
cholesterol, P342
chronic heat stress, 197
cinnamaldehyde, 203, P385
Citristim, 195
Citrobacter Braakii, 48
cleaning and disinfection, 94
Clostridium, 200
Clostridium perfringens, 91, 159, P313, 

P375, P437
cloud computing, 136
CMISEA, P298
&, 93
CO2e, P277
Cobb, 93
coccidia, P431
coccidiosis, 24, 25, 209, 211, 248, 249, 262, 

P294, P310, P424
COD, 69

co-immunoprecipitation, 184
cold batter mixing, 72
cold storage, P462
colonization, 160, P372
color, P306
colored diet, P271
comb area, 205
combi in-line air chilling, 224
commodification, 181
comparative genome analysis, 136
comparative slaughter, P331
complement, 20
composting, 212, P290
construction, 8
consumers, 215
control, 4
convective PCR, 217
cook yield, 223
cooking loss, 60
cooperative extension, 170
copper, 59
co-product, P409
core body temperature, 165
corn, P383, P414, P415
corn DDGS, 126
corn particle size, 53, 131
corn-DDGS, 263
corticosterone, 197, 229, P387
cost, 181
costing, P397
cottonseed meal, 205, P412, P413
CreAmino, P419
CRH, 149
crosses, P308
crude fat, 128
crude oil alternative, P409
crude protein, P316, P411, P423
crude protein reduction, P319
cryoconservation, 185
CSES, 19
cTHY28, 184
Cu, 64
culture collection, P298
Curcuma longa, P312
cyanophil, 19
cysteamine, P366
cysteine protease, 214
cytokine, 22, 81, 114, P313, P309

D

dander, P305
DBDMH, 75
DDGS, 44, 62, 113, 129
deep sequencing, P302, P303
β-defensin, P313
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detection, P475
development, 57, P451, P452, P466
DEXA, 183, 211
DHA, 133
diagnosis, 206
dielectric properties, P469
diet, P418
dietary fiber, P411
differential gene expression, P387
digestibility, 44, 54, 121, 177, 266, P349, 

P402, P410
digestible amino acid, 106
digestible lysine, 113
digestive enzymes, P433
digestive physiology, 179
direct-fed microbial, 41, 200, 202
disconnect, 9
diseases, 7, 180, 206
disinfection, 212
distillers dried grains with solubles, 45, P422
distillery yeast sludge, 256
DNA barcoding, 24
DNA topoisomerase I, 184
docosahexaenoic acid (DHA), 23
dress percentage, P463
dressing percentage, 66
drinking, P272
drip loss, 60, P471
duck, 20, 147, P269, P356, P391, P392, 

P393, P444
DXA, P444
D-xylose absorption, 213

E

E. coli-6-phytase, 46, 47
early feeding, P418
early laying phase, 255
eating, P272
Echinacea purpurea, P355
ecology, 137
economic analysis, 127
economic indices, P395
economics of gain, P392
edible, 207
education, 168
efficacy, 175
efficiency, 165, P389
egg, 74, 76, 78, 96, 100, 101, 106, 183, 

P323, P326, P333, P338, P413, P430, 
P435, P460

egg layers, P439
egg production, 52, 97, 196, 199, 210, 236, 

P274, P328, P329, P408
egg quality, 125, 167, P274, P276, P380
egg shell temperature, 27

egg stability, P408
egg white proteins, 229
eggshell, P432
eggshell temperature, 35
eicosapentaenoic acid (EPA), 23
Eimeria, 24, 25, 262, P294
Eimeria maxima, 114, 211, P312, P313, P335
Eimeria tenella, P312
embryo, 28, 29, 30, 31, 32, P286, P430
embryo metabolism, 35, 36, 37, 38
embryo mortality, 147, P284
embryonic development, 171, P283
embryonic mortality, P282
emu, 152, P301, P463
Endofeed W, P338
endogenous losses, P337
endogenous nutrients, 267
energy, 40, 41, 44, 125, 126, 176, 248, 249, 

264, P414
energy level, P417
energy metabolism, P419
energy requirement, P416
energy sensing, P307
enhanced E. coli phytase, 51
enhancement, P451, P466
Enterobacteriaceae, P285
environment, 8, P289, P291
environmental enrichment, P268
environmental stress, 198
envisions, 9
enzybiotic, 5
enzyme, 40, 41, 42, 44, 174, 176, 177, 180, 

181, 262, 267, P345, P457
enzyme activity determination, P343
enzyme supplementation, 39
EPA, 133
epidemiology, P470
Escherichia coli, P364, P377, P384, P386, 

P457 
Escherichia coli clearance, 18
essential amino acids, P329
essential oil, 192, 204, 218, 219, P367, P368
eugenol, 221, 222
every day feeding, 18
everyday, 162
expanded-pellet, P467
experiential learning, 171, 172
extension, 8, P297
extracellular matrix, 143
eye condition, 89

F

faba bean, 121, P410
Farmatan, P375
farming, 7

fasted broiler, 145
fat, 87, 124, 257
fat yield, P463
fatty acids profile, 243
fear, 231
feather condition, 89
feather tip, P305
feed, 181
feed additive, 135, 194, P369, P383
feed consumption, 97
feed conversion, 245, P320, P416
feed conversion efficiency, P406
feed efficiency, 49, 151, 189, 190, 259, P307
feed form, 123, P399
feed formulation, 122
feed intake, P417
feed manufacture, 113
feed restriction, 26, P292
feed retention time, 130
feed withdrawal, 220
feeding programs, 17
feeding strategy, P292
femur bone strength, P459
femur mineral composition, P459
fertile eggs, P432
fertility, 171, P434
&, 205
FGF-23, P426
FGF-23 antibody, P426
FGFR3, P449
fiber diameter, 216
fiber size, P472
fiber type, P472
field pea, 121, P410
fish oil, P398
fishmeal, P437
fleshing, 172
floor drain, P464
flow cytometry, P455
fluoxetine, 245
folic acid, 80
food safety, 4, 5, 79, 94, 134
food-borne illnesses, 6
foot pads, 89
footpad development, 26
formulation, P397
formulation matrix, 263
fractions, P410
free-range laying hens, P459
frequency, P469
frying, P468
fulvic acid, P379
fumarate, 226
fumonisin, P296, P378
functional properties, 100
functionality, 70
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fung double tube, P437
furfural, 132
further processing, P469
Fusarium, P296

G

garlic, P360
gas, P446
gas emissions, 93
gastrointestinal development, 34
gastrointestinal digestion, 143
gastrointestinal tract, 4, P433
GEBV, 240
gene expression, 150, P275, P302, P445
genes, 138
genetic conservation, 185
Genetic improvement, 182
genetic markers, 186
genetic parameters, 190
genetic resistance, P304
genistein, P353
genomics, 140
germ cells, 187
germ free, 201
GHRL gene, 188
GI contents, 220
gizzard, 129, 131
gizzard erosion, 208
global gene expression, 151
glucocorticoids, P440
glucose, P342
glutamato, P319
glycerol, P405, P406, P407, P408
glycine, P319
Glycine max, P401
Gompertz-Laird model, P423
goose, P394, P395, P396
grain type, 192, P368
granulocyte, 19
granulosa, 145, 148
greenhouse gas, P277
GREM1, P449
gross energy, P385
grow out, 98
grow-out, 160
growth, 107, 112, 263, P310, P316, P324, 

P370, P406
growth curves, 93
growth performance, 102, 119, 193, 202, 

242, 254, P288, P366, P379, P399
guanidine acetic acid, P419
gut, 193
gut health, 86, 204, 265
gut measurements, P406
gut microbiology, 140

gut microflora, 179, 198
GWAS, 239

H

H:L ratio, P270
halal, 12
half-life, P447
hammermill, 129
hatch, P283
hatchability, 167, P282, P284, P434
hatchery, P418
hatching eggs, 167
HD11, 85
health, 7, 174, 231
health biomarkers, 154
heat damage, 122
heat production, 35, 38, P415
heat stress, 165, 199, P275, P293
hematologic and serologic, P438
hematological parameters, 261
hematological stress indicators, P273
hematology, 67, 228, 256, P391, P394
hen, 19, 96, P274
hen age, 55
hepatocytes, 142
herbal plants, 243
heterogeneity, 85
heterogeneity of variance, 232
high tannin, P340
higher order thinking, P299
Hinf I, 188
Histomonas meleagridis, 214
histopathology, P443
holding time, P273
hormone, 82
hot boning, 72
hot water spray, 71
housing, 19
housing system, P278
humoral immune response, P373
husbandry, 10
HVT, P303
hydrogen peroxide, 74
hydrolyzed casein, P337
25-hydroxycholecalciferol, 57
4-hydroxynonenal, 142
hyperparathyroidism, 65

I

IDE, P340
ideal protein, P320, P324, P325, P326, P329
IFN, 16
IgA, 21
IGF1, P307

IGFBP2, P449
IL-1, 195
IL-2, 16
ileal digestibility, 103, 104
immersion chilling, 224
immobilization, 149
immune, P311
immune function, 55
immune response, 82, 153, 174, 202, P353, 

P355, P361
immune system, 15, 87, 116, P302, P303, 

P318, P346, P352, P359, P365, P388
immunity, 86
immunology, 22
immunomodulation, 2, P314
immunomodulator, 84
immunosuppression, 84, P440
in ovo, 57
in vitro, 43, P390
inactivated vaccines, 21
incubation, 26, 27, P280, P283, P284, P434
incubation profiles, 33, 34, P279
incubation temperature, 35, 36, 37, 38
industry, P298
infectious bronchitis, 161
influenza, 207
infrared thermography, 99
ingredient, 234
ingredients, 175
initial BW, 125
innate immune response, 191
innate immunity, 37, P309
insect larvae, P397
insulated isothermal PCR, 217
insulin-like growth factor-1, P366
intake limiting amino acid, P330
integrated pest management, 100
interleukin-10, P310
intestinal health, 180, P401
intestinal microbiome, 88
intestinal morphology, 202
intestinal mucosa, P293
intestinal traits, 192
intestine, 137, 145, 252, 253
invasion, 77
ion concentrations, P446
iron, 208, 252, 253
irradiation, 6
ISO 30024:2009, P343

K

kefir, P350
Korean native chickens, P306
kosher, 12
kurtosis, 158
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L

labeled carbon, P334
labor, 95
lactate, 226
Lactobacillus, 146, 201, P341, P357, P372, 

P389
Lactobacillus salivarius, 135
lactose, 265
lameness, P269, P440, P441
land application, P290
land use, 8
laryngotracheitis, 212
latency, 83
layer, 64, 96, 128, 199, 208, 236, P443
layer chicken, 84
layer nutrition, P425
laying hen, 80, 95, 106, 176, 229, P277, 

P278, P300, P324, P328, P338, P380, 
P413, P415, P422, P459

laying hen fertility, 146
laying hen performance, 125, P327
laying rate, P435
lead, 208
lecithin, P405
LED, P288
LED lamps, 97
left ventricle, P453
Leghorn, P311
Leghorn chicken, 141
lesser known sunflower, P391, P394
LG, 90
light intensity, 97
light weight, 213
lighting, 231
lighting programs, 163
lignosulfonate pellet binder, 130
lineages, P447
linear A× linear B contrasts, 233
lipid metabolism, P450
lipid oxidation, P476
lipids, P408
lipolysis, P450
lipopolysaccharide, 80
Listeria, P464
Listeria monocytogenes, P457, P458
litter, 88, 92, 157, P287, P290, P382
litter management, 156
litter treatment, 155
live shrink, 220
liver, P275, P387
logistic regression, 73
Lohmann Lite, P327
low density diets, P328
low phosphorus, 42
low phytate, 53

low protein diets, P327
low-oil DDGS, 127, 128
loxoribine, P314
lupin, 121
lymphoid organ, P311, P373
lysine, 110, 116, 132
lysine-valine ratio, P317

M

macroeconomics, 181
magnesium, P427, P454
Maillard reaction, 132
maintenance energy requirement, 165
malabsortion, 213
malnutrition, 206
mannan oligosaccharide, 198
β-mannase, 45
mannanoligosaccharide, P386
mannan-oligosaccharides, 197
manure management, P277
Marek’s disease, P305
Marek’s disease virus, P303
margin over feeding cost, 241
marination, P469
marine oil, 133
marketing, 215
mash, P467
mass spectrometry, 143
mathematical equation, 236
matrix metalloproteinase, 143
MC1R, P306
MDV, 83
ME, 257
meat, 101
meat and bone meal, 105
meat chemical composition, 67
meat quality, P471
meat tenderness, P465
meat turnover, 72
media, P470
median fluorescence intensity, 85
medicinal herb, P363
medicinal plants, 242, P346, P352, P354, 

P358, P365
metabolism, P451, P452, P466
metabolites, 140, 152
metabolizable energy, 119, 124, 174, P320, 

P405, P423
metagenomics, 137, 237
metal chelating activity, P456
methionine, 111, 112, 116, P318
methionine sources, P315
methionine + cystine, P321, P331
methodology, P414
methylcellulose, P468

Mexican sunflower leaf, 260, 261, P392, P395
microarray, 82, 83, 88, 140, 150, 151, 191, 

221
microbial attachment, 71
microbiology, 76, P285, P460
microbiota, 137, P357
microencapsulation, P473
microRNA, 83, P302, P303
mine dust, 84, 208
mineral, P430
mineral deposition, 60
mineral digestibility, 43
mineralization, P444
minerals organic, P434
minimum inhibitory concentration, P375
Mintrex, 61
misting, P382
mixed-model, 73
mixer-added fat, 130
Mn, 64
modern broilers, P417
modified atmosphere packaging, P458
moisture, 92
molecular diagnostics, 24
molt, 96
molted layer, 154
molting, P422
monochromatic light, P288
monoclonal antibodies, 85
mortality, 259, P347
MOS, 86, P386
motor control, P269
mouse, P291
MQ-NCSU, 85
mTOR, P307
mucin, P332
mucosal immunity, 21
multiple comparison tests, 232
multiple line selection, 240
multiplex, 159
multispecies, P367
muscle damage, P438
muscle degeneration, P472
muscle exudate, P471
muscle tensioning, P465
musculoskeletal, P269
mushroom, P359
Myco-Ad, P378
Mycoplasma gallisepticum, 210, P439
mycoplasmosis, 210, P439
mycotoxin, P296, P383, P443

N

N,N-dimethylglycine, P381
n-3 fatty acids, 23
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native poultry, 101
natural antibody, 20
natural methionine, 115
near infrared, 126
necrotic enteritis, 2, 22, 91
net energy, 174, P415
net energy for maintenance, 267
netB, 159
next-generation sequencing, 134
N-free, P337
NH3, 157
nisin, P458
nitric oxide, P309
3-Nitro, 209
nitrogen balance, P330, P331
nitrogen excretion, 102, P319
nitrogen maintenance requirement, P330
nitrogen retention, P330
NK cell activity, 23
nonphytate phosphorus, 65
nonstarch polysaccharides enzyme, 265
non-ventilation, P283
Norfa chickens, 182
NSP-enzymes, 263
nucleolin, 184
nucleotide variation, 188
Nutrafito Plus, 164, 209
nutrient density, 255
nutrient digestibility, P379
nutrient optimization model, 241
nutrient requirements, P327
nutrient retention, P316
nutrient sensing, P307
nutrient supplement, 228
nutrient utilization, 179, P424
nutrition, 20, 234, 248, 249, 262, P292, P376
nutritional requirements, P324
nutritive value, 39

O

odor, P290
25-OH D3, 58
oil, 87, 257
oil extraction, 127, 128
oilseed, 122
oligosaccharide, 119, 120
olive leaf, P347, P453
omega-3 fatty acid, 254
on-farm processing, 79
on-site detection, 217
optimizing process, P292, P416
orange, 219
organ, 96
organ weight, 244, P356, P404
organic, 7, 60

organic acid, P295, P315, P364, P473
organic chromium, P433
organic minerals, P429, P432, P435
organic poultry, P274
organic selenium, P360
organ size, 123
osteomyelitis, P441
ostrich, 227, 228, P273
ovarian cancer, P300
ovarian pathology, P300
ovary, 185
oxidative stress, 142
oxidized oil, P429
oxytetracycline, 243

P

P bio-assay, 51
Palomys, P420
parametric analysis, 241
parasitology, 24
parthenogenesis, P446
pasture access, 133
pastured poultry, 79
pathogen, P295, P298, P375
pathology, 205, 206, 211
pathway analysis, P302
paw quality, 90
PCR, 159, 212
peanut hulls, P287
peanut meal, 194
Pearl Grey guinea fowl, P423
Pearson correlation, 103
pectin, 114, P335
pectoral skeletal muscle, 111
Pekin duck, P332
pellet, 131, P467
pellet diameter, P400
pellet length, P400
pellet quality, P400
pelleting, 132
PepT1, P448
PepT2, P448
peptide, P448
perch, P270, P274, P328
performance, 40, 58, 110, 203, 244, 251, 257, 

260, 261, P278, P315, P318, P321, P322, 
P323, P333, P336, P345, P348, P349, 
P350, P351, P353, P354, P355, P358, P359, 
P361, P363, P367, P368, P369, P371, 
P377, P380, P381, P391, P394, P400, 
P412, P417, P418, P428, P429, P435

perivitelline sperm hole assay, 147
pH, 43, 92, 157, 216, P374, P446
phagocytosis, 37
phenylephrine, 144

phosphate pollution, P426
phosphate requirement, P426
phosphates, 218
phosphorus, 48, 49, 54, 63, 264, 266, P345, 

P427
phosphorus sources, P436
phosvitin, P456
physical form, P467
physico-chemical properties, 67
phytase, 42, 46, 47, 48, 49, 50, 54, 175, 264, 

266, P341, P344
phytase dose, 264
phytate, 175, P341
phytobiotic, P362
phytogenic, P349, P369
phytonutrients, 2, 22
piggyBac, 187
PITChip, 88
pituitary, P301
plant vaccine, 207
plant-derived molecules, 3
plasma metabolites, P411
plasmid, 139
PLT, 90, 155
polymerase chain reaction, P286
polymorphism, 186, 188
post hatch nutrition, 107
postmortem, 223
potassium lactate, 218
poultry, 1, 4, 10, 73, 94, 210, 215, P291, 

P357, P372, P383, P389, P403, P407
poultry health, 5
poultry products, 6
pre and probiotics, 164
prebiotic, 81, 195
prediction equations, 62
preferences, 215
pre-heating, 27, 28, 29, 30, 32
preincubation storage of chicken eggs, P281
premix efficacy and potency, 66
pre-storage warming, P284
P-retention, 46, 47
pre-transport handling, P273
pre-veterinary, 169
primal cuts, 66, 67
Primalac, P371
primary bronchus occlusion, 144
probiotic, 154, 197, 200, 243, P341, P350, 

P357, P367, P372, P377, P384, P389
problem-based learning, P299
process water, P454
processed peanut meal, 194
processing, 68, 75, P370, P401
processing yield, 196
processor, 227
producer, 227

175Poult. Sci. 91(Suppl. 1)



production, 109, 195, 255, P325
production efficiency, P276
production system, 101, P460
progeny, 56
proprietary vitamin-mineral premixes, 66
protease, 45, 177, P344, P457
protease enzyme, P340
protein, 154, 177, P349, P397
protein concentrates, P402
protein expression, 111
protein functionality, 72
protein profile, P471
protein requirement, 107
protein solubility, 250
protein titration, 236
protein turnover, P421
protein utilization, 102
proteomics analysis, P442
proventriculus, 145
proximate composition, 127
pullet, 81, P270, P272
pulmonary artery occlusion, 141
pulmonary artery remodeling, 141
pulmonary hypertension syndrome, 141
pulses, P402
454-pyrosequencing, P301
pyrroloquinoline quinone, P380
pyruvate, 226

Q

QMOS, 246, 247
qPCR, 91
QTL, 240
quail, 110, P282, P436, P450
qualitative and quantitative factors, 233
quality and safety, 224
quality of dietary protein, P330
quasi species, 237
quaternary ammonium, 74
Quillaja/Yucca, 164

R

range, 95
RAPD-PCR, 186
razor-sharp knife, 12
real-time PCR, P305
recruitment, 168
reference standard, 234
regression, 104, 233
regulations, 9
religious slaughter, 12
repeated measure, 236
repetition, 232
replacement layer pullets, 25

replacement pullets, P423
requirement, 63, 112
research, P298
response surface method, P292, P416
RFI, 189
rhabdomyolysis, 152
rice hulls, P287
right ventricle, P453
RNA-Seq, 139, 237
roller mill, 129
rooster, P409, P445
Roxarsone, 59

S

Saccharomyces cerevisiae, P388
Saccharomyces cerevisiae fermentation 

product, 196, 199, P390
safety, 1
safety and quality, 6
Salmonella, 4, 71, 74, 79, 139, 156, 160, 161, 

218, 219, 222, 225, P285, P291, P295, 
P382, P386, P390, P455, P460, P461

Salmonella spp., 217
Salmonella enterica, 136
Salmonella Enteritidis, 3, 78, 138, 221, P314
Salmonella Enteritidis colonization, 17
Salmonella typhimurium, P364, P384
salmonellosis, 217
sampling methods, P461
sand, P348
sangrovit, P362
sangrovite, P371
sarcomere length, 216
Saudi chicken, P311
scalding, 68, 69, 70
Se yeast, 56
second order polynomial, 110
selection index, 182
selective genotyping, 240
selenium, P445
selenium yeast, P428
semen, 185
semen quality, 146
454 sequencing, 135
sequencing, 188
serotonin, 245, P270
serotype, 160, P291
serum biochemistry parameters, P350
serum enzyme, P438
serum indices, 67
serum lipids, P352, P365
sex, P286
sex determination, 28, 29, 30, 32
sex difference, P463
sex ratio, P280

short-chain fatty acid, P335
short-chain volatile fatty acids, P398
sialic acid, P401
signal processing, 158
silver nanoparticles, 15
Single Comb White Leghorn, 100
single-step BLUP, 239
skeleton, P444
skip a day feeding, 18
skip-a-day, 162
slaughter weight, P463
small flock, 173, P297
small intestine morphology, P362
Smyth line chicken, P309
SNP, 239, 240, P306
SNP assays, P304
sodium, P427
sodium hypochlorite, 75
sodium metasilicate, P455
sodium selenite, P428
soluble soy protein, P403
somatostatin, P366
sorghum, P340, P344
soy diets, P459
soy fiber, P403
soy isoflavones, P351
soy meal, P397
soybean meal, 53, 103, 118, 119, 120, 250, 

P399, P415
soybean meal source, 123
soybean oil, P353
sperm, P445
sperm-mediated gene transfer, 187
Stafac, 246
standardized ileal digestibility, 105
statistical power, 232
statistics, 234
storage, 183
strains, 63
stress, 77, 109, 150, 152, 173, 229, 231, 

P387, P474
stress-adaptation, P474
stunning, 215
subtype, P470
supplemental enzymes, 179
supplementation, 80
survey, 227, P296
sustainability, 1
sustainable agriculture, 100
symbiotics, 81
synthetic methionine, 115

T

tannin, P375
TBA reactive substances, P398
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temperature gradient, 99
temperature-dependent sex determination, 

P286
tenderness, 216
texture profile analysis, P468
theca, 148
thermal manipulation, 31
thermal stimulation, P280
thermoneutrality, P293
thermoregulation, 99
thermostable properties, P343
thiobarbituric acid reactive substances, P374
thiram, 65
threonine, 20, P332, P335, P336
thyme, 219
thymus, 87
tibia ash, 51, 54
tibia dyschondroplasia, 65
tibia-ash, 46, 47
tibiotarsae, 57
Tithonia diversifolia, P393, P396
tocopherol, P398
toll-like receptor, 81, P314
total amino acid, 106
total solids, 69
toxicity, P404
toxin, 91
tpeL, 159
traceability, P466
tracers, P451
Trans-cinnamaldehyde, 221, 222
transcriptome, 138, 139, 237, P301
transfection reagent, 187
transformation, 83
transgenic, 187, 207
transmission electron microscopy, P455
transport, 152, 228
transport coops, 94
transporters, P448
Treg, 16
true amino acid digestibility, 132

true metabolizable energy, P409, P420
trypsin inhibitor, 118, 250
turkey, 42, 45, 47, 99, 189, 190, 194, 213, 

220, 260, 261, P316, P367
turkey bologna, P458
turkey breast, 72
turkey diets, 130
turkey poults, P406
turmeric, P312
turmeric meal, 193
turmeric rhizome, P388
turnover, P334, P447
TVA genotypes, P304
two-dimensional gel electrophoresis, 229
type i error, 232
TYR, P306

U

ultrasonication, 74
ultrasonography, P300
unconsciousness, 12
undergraduate research, P300
uniformity, 52

V

vaccination, 209, P443
vaccine, 210, 212, 248, 249, P294, P426, 

P439
valine, 108, P317
vasotocin VT4 receptor, 149
vent length, 205
viability, P346
video, 172
villus height, 197
virginiamycin, P365, P371
virulence, 214, 221
vitamin D3, P441
vitamin E, 55, 56, 86, P360
volatile fatty acid, P390

W

warm stimulation, P282
wastewater, 69
water, 8, 50, P295
water quality, P454
water:feed ratio, 50
WDDGS, P338
weight, P282
weight gain, P383
welfare, 10, 227
well-being, 89, P268, P273
wet litter, 50
wheat, 45
wheat protein isolate, P468
white hens, P276
White Leghorn, P272
White Pekin ducks, 104
White Striping, P438
windrow, 92
windrowing, P290

X

xylanase, 52

Y

yeast, 195, P376
yield, 58, 68
yolk, P276
yolk color, P476
yolk fatty acid, P278

Z

zeolite, P348
zinc, 59, 61, 64, P431
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