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*Author presenting paper.

    1    Network research and education structures to prevent and 
control pandemic avian influenza.  D. R. Perez*1 and AICAP Net-
work2, 1University of Maryland, College Park, 2Multiple institutions 
across the United States.

During the course of over 2 years since it was initiated, the program on 
Prevention and Control of Avian Influenza in the US (AICAP) funded 
by the CSREES-USDA has been strongly committed to building and 
providing a network research platform in which both new and estab-
lished investigators could find the necessary synergy to accomplish 
their respective research objectives in an integrative manner. We are 
certainly proud of our accomplishments, particularly with respect to the 
integration of research and education efforts and how the former served 
as the basis to develop and/or envision new educational efforts. There 
is no doubt in our minds that our strategy of integration of research and 
education has paid important, and many times intangible, dividends and 
that the poultry industry in particular and the public in general have been 
the greatest beneficiaries of our efforts. Our accomplishments are the 
result of the unanimous conviction among the AICAP participants that 
this network research structure is far more than the sum of the parts and 
that our major strength is that we can work together toward a common 
goal, which is to prevent and control avian influenza in the United 
States. Great progress has been made in all the programmatic areas of 
the project from the molecular basis of interspecies transmission and 
pathogenesis, to the implementation and training in alternative methods 
of mass euthanasia and disposal and the development of additional 
diagnostic tools and vaccination strategies. Our program thus serves 
as a highly successful experience, which can be applied to many other 
countries or regions around the world in order to minimize the economic 
and public health impacts of avian influenza.

Key Words: avian, influenza, network

    2    AI infection in animals: A challenge and opportunity for the 
poultry veterinarian.  I. Capua*1 and D. J. Alexander2, 1OIE/FAO 
anf National Reference Laboratory for Avian Influenza and Newcastle 
Disease, Istituto Zooprofilattico Sperimentale delle Venezie, Padova, 
Italy, 2Virology Department Veterinary Laboratories Agency, Weybridge 
Addlestone, Surrey, United Kingdom.

Avian influenza viruses of the H5N1 subtype have become widespread in 
vast areas of Asia, the Middle East, Europe, and Africa. This opportunity 
given to the virus has greatly increased its potential to affect the health 
of wild and domestic animals and humans. Currently, human health is 
affected both in terms of the reduction of food security and as a result 
of infection of humans which could be a prelude to the emergence of 
a new pandemic virus. In the current situation, the persistence of a 
highly pathogenic H5N1 virus in diverse sectors of the poultry industry 
has generated a unique set of opportunities for the virus. It has closely 
encountered avian and mammalian species to which it has been able 
to adapt and thus enhance its replication efficiency, and in these hosts 
the virus is probably in a continuous state of evolution. The crucial 
issue in resolving this situation is to limit the circulation of the virus in 
the animal reservoir, as this represents a never-ending source of virus. 
Although specific tools are available, the infrastructure and economic 
conditions of most of the affected areas are insufficient to react to the 
emergency. The medical, veterinary, and agricultural scientific com-
munities are challenged with a virus that is moving in a tridimensional 
fashion, modifying itself as it adapts to different species and reassorting 
with other influenza viruses of avian and potentially mammalian origin, 
as it infects new species. A significant collaborative and financial effort 
in a transparent scientific environment are required to generate data and 
ideas contributing to the eradication effort. Until the extensive circulation 
of the virus is limited in the domestic avian reservoir, avian influenza 
will continue to remain an issue for food security and a global threat 
for animal and human health.

Key Words: influenza, avian, control
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    3    Evaluation of methods for the detection and characteriza-
tion of avian influenza viruses from wild ducks in the southeastern 
United States.  J. Giambrone*, T. Dormitorio, and K. Guo, Auburn 
University, Auburn, AL.

Wild aquatic birds serve as a natural reservoir for influenza A viruses, 
which can be transmitted to poultry, and some mammalian species 
including humans. Many factors are critical for a successful detection 
and characterization of influenza type A viruses (AIVs) from birds. 
Egg embryo inoculation, hemagglutination, AC-ELISA, real-time 
reverse transcription polymerase chain reaction (RRT-PCR), H gene 
amplification by traditional PCR and sequencing were used to detect, 
isolate, and characterize AIVs from cloacal swabs of wild ducks from 
Alabama, Georgia and Florida. Out of 706 swab samples tested so far, 
only 6 were positive for the matrix gene of AIV by RRT-PCR. None 
were positive for H5 or H7. One AIV was detected by RRT-PCR (none 
by AC-ELISA), when cloacal swab samples were used directly for 
testing. AC-ELISA detected influenza A only when the HA titer of the 
virus in the allantoic fluid was 256 units or higher. All AIV positive 
isolates were sent to NVSL for subtyping; however, only one was 
found to be H10N7 and there was difficulty determining the H subtype 
of the others. We therefore developed a procedure to amplify the H 
genes of the isolates for sequencing. After comparing the full H gene 
sequences of the untyped isolates with other AIV sequences obtained 
from GenBank by BLAST search, it revealed that the 4 isolates from 
Alabama (121, 167, 253, and 299) had 94–97% similarity to published 
H1N1 isolates including one from swine. One isolate (381), which 
was highly pathogenic to embryos, produced a high HA titer, and was 
also positive for NDV. Attempts to determine the H gene sequence of 
this virus has so far been unsuccessful. The incidence of AIVs in wild 
ducks from the SE USA is extremely low and there has been no report 
of AIV spread from wild ducks to commercial poultry. The RRT-PCR 
appeared to be a more sensitive, cost-effective and rapid assay; how-
ever, it still needed embryo inoculation, which is time-consuming and 
labor intensive. The assay needs to be optimized for detection of AIVs 
directly from cloacal swabs.

Key Words: avian influenza, wild aquatic birds, real-time RT-PCR

    4    A gene-based avian influenza vaccine.  S. S. Rao*1, W.-P. Kong1, 
C.-J. Wei1, D. Perez2, D. K. Styles3, Z. Z. Yang1, C. Murray1, A. Ault1, C. 
Andrews1, and G. J. Nabel1, 1Vaccine Research Center, NIH, Bethesda, 
MD, 2University of Maryland, College Park, 3USDA, Maryland.

Highly pathogenic avian influenza A (HPAI) viruses, specifically H5N1 
strains, cause widespread morbidity and mortality in domestic and 
wild bird populations. While still largely confined to birds, laboratory-
confirmed human cases resulting in deaths were reported to the World 
Health Organization (WHO). These rare human cases are the result 
of direct virus transmission from infected birds; however a sustained 
outbreak of HPAI H5N1 in avian species could lead to adaptation to 
humans. Currently, the US FDA has approved an H5N1 Sanofi vaccine 
and European regulators have granted preliminary approval of an adju-
vanted GlaxoSmithKline vaccine. Both are killed vaccines and are made 
with egg-based production methods, which could limit manufacturing 
capacity during a widespread avian outbreak. Challenges to developing 
HPAI H5N1 vaccines include: developing more efficient manufacturing 
processes, cross-protection against multiple strains, identifying key viral 
antigens and identifying immune correlates. While H5N1 vaccines made 
by reverse genetics allow for rapid generation of safe vaccine strains, 

such vaccine viruses are also propagated in eggs. Gene-based vaccines 
have shown efficacy in animal models, and unlike conventional inacti-
vated vaccines, may induce cellular, in addition to humoral immunity. 
The benefits of such vaccines include the lack of dependence on eggs 
in the production process, differentiation from infectious virus, rapid 
manufacturing, and the capacity to protect against a broad range of viral 
subtypes. We evaluated protective immunity conferred by DNA vaccines 
encoding HA from different HPAI H5N1 serotypes in animals. The 
vaccines elicited antibodies that neutralized multiple serotypes of HPAI 
H5N1 when given in combinations containing up to 10 HAs. Monovalent 
and trivalent HA vaccines conferred protection against lethal H5N1 in 
mice challenged 68 weeks after vaccination. In chickens, protection was 
observed against heterologous strains of HPAI H5N1 after vaccination 
with a trivalent vaccine at doses as low as 5 µg. DNA vaccines encod-
ing influenza H5 HA may facilitate the vaccination of poultry and other 
animal species against newly evolving H5N1 isolates.

Key Words: avian influenza, gene-based vaccine, poultry

    5    Protection of chickens against avian influenza with nonreplicat-
ing adenovirus-vectored vaccine.  H. Toro*1 and D. C. Tang2, 1Auburn 
University, Auburn, AL, 2Vaxin Inc., Birmingham, AL.

Protective immunity against avian influenza (AI) virus has been elicited 
in chickens by single-dose in ovo or intramuscular vaccination with a 
replication-competent adenovirus (RCA)-free human adenovirus vector 
(Ad) encoding the AI virus H5 (AdTW68.H5) or H7 (AdChNY94.H7) 
hemagglutinins. AdTW68.H5-vaccinated chickens were protected 
against both H5N1 and H5N2 highly pathogenic (HP) AI virus chal-
lenges. AdChNY94.H7-vaccinated chickens were protected against 
an H7N3 HPAI virus challenge. Chickens vaccinated in ovo with 
AdTW68.H5 followed by posthatch intramuscular vaccination with 
AdChNY94.H7 responded to both vectors with robust antibody titers 
against both the H5 and H7 AI proteins. The use of a synthetic AI H5 
gene codon optimized to match the tRNA pool found in chicken cells is 
more potent than the cognate H5 gene. Mass-administration of this AI 
vaccine can be streamlined with available robotic in ovo injectors. In 
addition, Ad5-vectored vaccines can be produced rapidly and the safety 
margin of the nonreplicating vector is superior to that of a replicating 
counterpart. Furthermore, this mode of vaccination is compatible with 
epidemiological surveys of natural AI infections.

Key Words: adenovirus vector, avian influenza, chicken

    6    Development and evaluation of a potential universal Sal-
monella-vectored avian influenza vaccine.  B. M. Hargis*1, S. L. 
Layton1, D. R. Kapczynski3, K. Cole1, M. M. Cox1, Y. M. Kwon1, L. R. 
Berghman2, K Liljebjelke3, and W. J. Bottje1, 1Department of Poultry 
Science, University of Arkansas, Fayetteville, 2Department of Poultry 
Science, Texas A&M University, College Station, 3Southeast Poultry 
Research Laboratory, ARS/USDA, Athens, GA.

Development of vaccines for effective control of avian influenza (AI) 
virus in poultry and wild birds is in high demand. Most AI vaccines 
target the immunodominant antigens such as hemagglutinin (HA) and 
neuraminidase (NA); however, these vaccines only provide protection 
against a particular AI serotype. Among the many vaccine strategies, 
bacterial vectored vaccines expressing an antigenic property of AI are 
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a promising strategy. We have recently created a Salmonella-based AI 
vaccine, which targets the extracellular domain of the universally con-
served ion channel protein M2 or M2e. Antibodies against M2e have 
previously been shown to provide protection against influenza challenge. 
Wild type Salmonella Enteritidis 13A was attenuated (∆aroA/∆htrA) 
and the genome manipulated to express M2e protein epitopes (M2e: 
EVETPIRN, EVETPTRN) as a fusion with the outer membrane protein 
LamB. In addition, a short 10aa sequence of CD154 (WAEKGYYTMS) 
was inserted to test its potential immune-enhancing function. Follow-
ing vaccination with the Salmonella recombinant vaccine, chickens 
demonstrated significantly increased M2e-specific IgG antibody titers. 
Virus neutralization assays in chicken embryos resulted in neutralizing 
titers in the range of 5.8–6.3 (log2), indicating the antibodies induced 
were effective at neutralizing AI. Direct sublethal challenge of vacci-
nated chicks with A/Turkey/Virginia/158512/2002 (TV/02) H7N2 low 
pathogenic AI (LPAI) and A/Egret/Hong Kong/757.2/2002 (Eg/02) 
H5N1 high pathogenic AI (HPAI) viruses showed a significant decrease 
in morbidity and duration of clinical signs. However, protection from 
mortality was not observed against direct lethal challenge with HPAI in 
a subsequent trial. These data suggest that this candidate vaccine may 
provide broad protection against LPAI; however, additional epitopes 
might be required for protection against lethal HPAI challenge.

Key Words: avian influenza, vectored vaccine, Salmonella

    7    The public health impact of avian influenza viruses.  J. M. 
Katz*, K. Hancock, V. Veguilla, J. A. Belser, T. R. Maines, N. Van 
Hoeven, C. Pappas, and T. M. Tumpey, Centers for Disease Control 
and Prevention, Atlanta, GA.

Influenza viruses with novel HA and one or more accompanying genes 
derived from avian influenza viruses, sporadically emerge in humans 
and have the potential to result in a pandemic if the virus causes dis-
ease and spreads efficiently in a population that lacks immunity to the 
novel HA. Since 1997, multiple avian influenza virus subtypes have 
been transmitted directly from domestic poultry to humans and have 
caused a spectrum of human disease, from asymptomatic to severe and 
fatal. To assess the pandemic risk that avian influenza viruses pose, we 
have used multiple strategies to better understand the capacity of avian 
viruses to infect, cause disease and transmit among mammals, includ-
ing humans. Seroepidemiologic studies that evaluate the frequency and 
risk of human infection with avian influenza viruses in populations with 
exposure to domestic or wild birds, can provide a better understanding 
of the pandemic potential of avian influenza subtypes. Investigations 
conducted in Hong Kong following the first H5N1 outbreak in humans 
in 1997 determined that exposure to poultry in live bird markets was a 
key risk factor for human disease. Among poultry workers, butchering 
and exposure to sick poultry were risk factors for antibody to H5 virus 
which provided evidence for infection. A second risk assessment tool, 
the ferret, can be used to evaluate the level of virulence and potential 
for host-to-host transmission of avian influenza viruses in this naturally 
susceptible host. Avian viruses isolated from humans exhibit a level of 
virulence and transmissibility in ferrets that generally reflects that seen 
in humans. The ferret model thus provides a means to monitor emerging 
avian viruses for pandemic risk, as well as evaluate laboratory gener-
ated reassortants and mutants to better understand the molecular basis 
of influenza virus transmissibility. Taken together, such studies provide 
valuable information with which we can assess the public health risk 
of avian influenza viruses.

Key Words: pandemic, avian influenza, risk

    8    Surveillance efforts through the NIAID Influenza Centers of 
Excellence (CEIRS) and resources available to the scientific com-
munity.  D. J. Post*, DMID/NIAID/NIH, Bethesda, MD.

The National Institute of Allergy and Infectious Diseases (NIAID), 
part of the National Institutes of Health (NIH), recently awarded $23 
million per year for 7 years to establish 6 Centers of Excellence for 
Influenza Research and Surveillance (CEIRS). Collectively, the centers 
will expand NIAID′s influenza surveillance program internationally and 
in the United States, and will bolster influenza research in key areas, 
including understanding how the virus causes disease and how the 
human immune system responds to infection with the virus. The goal 
of the newly created centers is to provide the federal government with 
important information to inform public health strategies for controlling 
and lessening the impact of seasonal influenza as well as an influenza 
pandemic. Three of the 6 centers work focuses on animal influenza 
surveillance: St. Jude Children′s Research Hospital, University of Min-
nesota and University of California, Los Angeles. Their work includes 
determining the prevalence of avian influenza in animals that routinely 
come into close contact with people; understanding how flu viruses 
evolve, adapt and transmit infection; and monitor for international and 
domestic cases of animal and human influenza to rapidly detect and 
characterize viruses that may have pandemic potential and to create 
vaccine candidates targeted to those viruses. Ultimately, these studies 
will lay the groundwork for developing new and improved control 
measures for emerging and reemerging flu viruses.

Key Words: influenza, surveillance, CEIRS

    9    Pandemic influenza planning: Shouldn’t swine and poultry 
workers be included?  G. C. Gray*, University of Iowa College of 
Public Health, Iowa City.

Recent research has shown that swine and poultry workers, especially 
those with intense exposures, are at increased risk of zoonotic influenza 
virus infections. Multiple studies have found US swine workers to have 
very strong evidence of previous infections with swine influenza viruses 
compared to nonexposed controls. Similarly, poultry workers and poultry 
veterinarians have been shown to be at increased risk of avian influenza 
virus infections. Mathematical modeling has demonstrated that such 
workers may accelerate the spread of pandemic viruses in their rural 
communities. As these workers may contribute to the novel genera-
tion of viruses, and serve as a bridging population in the cross-species 
sharing of influenza viruses, it seems prudent to include swine and 
poultry workers in influenza preparedness programs. Possible preven-
tive and control interventions include: special education programs to 
increase workers use of personal protective equipment such as gloves, 
increased surveillance for influenza viruses among workers and their 
animals, recommendations that workers seek medical attention should 
they develop influenza-like illness, workers priority receipt of annual 
influenza vaccines, and workers priority receipt of pandemic vaccines 
and antivirals.

Key Words: zoonoses, influenza, pandemic
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    10    Canadian experiences with AI: A look at regional disease 
control, past, present, and future.  J. P. Vaillancourt*, University of 
Montreal, St-Hyacinthe, PQ, Canada.

Over the past 4 years, the poultry industry in Canada has had 3 out-
breaks of reportable avian influenza (2 highly pathogenic H7N3, and 
one low pathogenic H5N2). In addition to this, several provinces have 
conducted tabletop and field simulations. From these experiences, it is 
clear that no one organization has the resource capacity to control avian 
influenza alone. Hence, both government and industry specialists have 
been working on improving regional disease control strategies. The 
poultry industry has the opportunity to act quickly within the first few 
days of an epidemic to minimize spread of the disease and to establish 
an effective support structure to assist federal authorities once the disease 
has been confirmed. To do this, provincial poultry organizations have 
created teams responsible for decision making, field operations, and 
communications as soon as an epidemic is suspected. Current efforts 
include establishing an early reporting system with intervention teams 
responsible to assist growers with self quarantines, traceback data 
gathering, poultry traffic control, and even depopulation, disposal, and 
decontamination procedures. Ontario currently works with insurance 
institutions to eventually offer coverage to growers to cover expenses 
not paid by the federal government in case of eradication, such as 
production losses. All regions have developed training programs for 
industry personnel regarding biosecurity and regional disease control, 
including testing these plans with simulations. The future of AI control 
will require an active surveillance system offering proper compensa-
tion to growers in case H5 or H7 strains are identified. Early detection 
remains the most critical challenge. There are others: confidentiality 
issues in the context of communications prior to disease confirmation; 
traceability of people and equipment; quick industry led interventions 
prior to the federal government being in charge of the control efforts; 
minimizing the impact of disease control efforts on poultry businesses; 
and managing the risks associated with smaller poultry operations that 
are not part of the mainstream industry.

Key Words: avian influenza, disease control, biosecurity

    11    AI monitoring plan in Texas, how it was developed and how 
the plan has worked in the face of outbreaks, with reference to 
export market access.  J. B. Carey*, Texas A&M University, College 
Station.

The Texas AI monitoring and indemnity plan was developed in 1995 in 
response to industry concerns. The plan is coordinated among respon-
sible state agencies, the poultry industry and the Texas Poultry Federa-
tion. Plan elements include sections on purpose and implementation, 
participating members, funds assessment, initial loss schedule, monitor-
ing program, outbreak response guidelines, vaccination program, flock 
valuations, biosecurity plan, guidance for carcass burial, and the Texas 
Animal Health Commission manual of standard operating procedures 
for Texas LPAI response. The lowest level of monitoring requires 25% 
of broiler and turkey flocks as they are processed. All breeder flocks 
are tested every 60 days. Fifty percent of commercial layer flocks are 
tested every 30 days and all pullet flocks are tested 2 weeks prior to 
movement. In the event that the risk is increased due to a known infected 
flock in the area, the level of monitoring is increased within specified 
zones surrounding the index case(s). The outbreak response guidelines 
detail reporting and handling of suspected and confirmed flocks includ-
ing movement restrictions. Provisions for the use of vaccine are also 
detailed. The monitoring plan has detected 2 infected flocks. Case 1 
was identified May 2002 and case 2 was identified May 2004. In both 
cases, the infection was contained at the index site. 
The plan provides the opportunity to educate and inform international 
trading partners of the level of monitoring and containment procedures 
that are present in Texas. Reporting of an infected flock of any type has 
immediate international repercussions. Trade is immediately curtailed 
following the identification of any AI infection. Trading partners vary 
widely in their willingness to reopen export markets following such an 
incident. For example, following the case 2 (May 2004) one important 
trading partner did not reopen exports until October of 2007. Reasons 
for such activity in international trade go far beyond the epidemiological 
aspects of avian influenza.

Key Words: avian Influenza, monitoring, international trade

   12    Current and future prospects for organic poultry: Symposium 
introduction.  F. T. Jones* and S. C. Ricke, University of Arkansas, 
Fayetteville.

Recent retail surveys have suggested that over one-half of all Americans 
have tried organic foods or beverages and nearly 1 in 10 use organic 
products on a regular basis. Sales of organic foods have nearly tripled 
since 1997. The fastest growing segment of organic food products is 
fresh meat and seafood sales and the largest volume of organic meat sales 
is for poultry. Chicken is the most widely available and most popular 
organic meat. It is anticipated that organic poultry processing will follow 
the “logical market development” taken by conventional poultry: first 
developing a strong production base, then integrating processing and 
finally moving strongly into higher margin, value-added products. In 
anticipation of the market trends it is critical that economical, consumer 
and food safety issues that may be unique to organic and natural poultry 
be anticipated with focused research on production and processing.

Key Words: organic, natural

    13    Organic poultry, consumer perceptions and regulatory 
issues.  P. G. Crandall*1, E. C. Friedly1, M. Patton1, S. Seideman1, S. 
C. Ricke1, C. A, O’Bryan1, A. F. Fanatico2, and R. Rainey1, 1University 
of Arkansas, Fayetteville, 2National Center for Appropriate Technology, 
Fayetteville, AR.

Organic poultry is considered to be a gateway food for consumers who 
are beginning to purchase organic foods. Organic and all natural poul-
try production, processing and marketing present unique opportunities 
for poultry companies. However, there are new food safety challenges 
that must be met because of the restrictions placed by USDA Certi-
fied Organic requirements. This paper presents the background on the 
growing demand for organic foods, definitions for USDA Certified 
Organic and the reasons behind the growing consumer market in the 
United States and Europe. Anecdotal sources consider farmers mar-
kets to be the preferred sales outlet for pioneers who are just starting 
to grow organic poultry. There are persistent reports that many of the 
current 4,400 farmers markets provide a nurturing environment for 
these new organic growers. Consumers at farmers markets have tradi-
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tionally demanded that the products they purchase be raised by local 
farmers with a strong respect for the environment and to be free from 
growth hormones and synthetic chemicals. These consumers typically 
are middle to upper income, white females who purchase fresh foods 
from their local farmers market every week. However, in recent years 
organic and all natural foods have become a staple in a majority of the 
mainstream retail food outlets. Organic foods currently account for an 
estimated $17 billion in sales. The organic foods category is still small, 
amounting to only about 3% of total food sales, but this category is 
growing at a rate 7 times faster than the average food category. It is the 
most rapidly growing food market sector, which has sustained growth 
at a rate greater than 15%/year.
There may be additional opportunities overseas. Currently 35% of the 
EUs food supply is organic. Some EU consumers believe that organic 
foods have fewer health risks, taste better and a significant number of 
Europeans wants to avoid buying Genetically Engineered foods. To 
date there is almost no scientific evidence to support the claims that 
organically produced food is safer, tastes better, or has a less harmful 
impact on the environment.

Key Words: organic, all natural, market research

    14    Overview of natural and organic egg production: Looking 
back to the future.  K. E. Anderson*, North Carolina State University, 
Raleigh.

The U.S. egg industry has grown dramatically in the past with a sig-
nificant component of that growth focusing on alternative production 
systems of cage-free or range egg production. Constituents of this 
growth involve uncertainty in relation to the future for intensive egg 
production and concerns about the impact on the use of the cage envi-
ronment on laying hen well-being. Both the commercial egg production 
sector and small producers using heritage strains of chickens in flocks 
ranging in size from 100 to 3,000 hens are responding by producing 
eggs in both cage free and range settings. However, one of the current 
issues is that our knowledge base as to how these alternative produc-
tion methods influence egg performance and quality characteristics is 
limited to research studies that were conducted in the late 1940s and 
early 1950s. This information was collected with specific breeds, and 
not with modern lines of poultry that have been selected for very high 
rates of egg production. Therefore, an examination of alterative laying 
hen husbandry practices would provide beneficial, information taking 
into account the current knowledge base, in order to see how these 
husbandry and feeding practices translate to modern strains of laying 
hens under cage free and/or range production. In addition, a review of 
the current research that has been done in controlled settings that may 
be relevant to egg producers wishing to expand cage-free and range 
egg production.

Key Words: chickens, cage-free production, range production

    15    Organic poultry production in the United States: Broilers.  
A. C. Fanatico*1, C. M. Owens2, and J. L. Emmert2, 1National Center 
for Appropriate Technology, Fayetteville, AR, 2University of Arkansas, 
Fayetteville.

Since the USDA implemented the National Organic Program (NOP), 
the growth of the organic food market has continued to increase, with 

organic poultry as leading products. Organic livestock husbandry 
practices focus on natural living conditions with outdoor access, pre-
ventative health management with a prohibition of antibiotics or other 
drugs (although vaccines can be used), and 100% organic feed. Organic 
feed is raised without synthetic fertilizers and pesticides; pastures or 
yards to which birds have access must also be organic. Hatcheries are 
not currently required to be organic, and conventional chicks may be 
used if they are under organic management after the second day. While 
alternative, slow-growing genotypes are used in organic production in 
the European Union, conventional genetics are used in the United States. 
Poultry products including meat and egg must be handled organically. 
Most synthetic materials are not permitted in organic food production 
while most natural materials are; however, the National List specifies 
which materials are allowed. Of particular interest is an impending ban 
on the use of synthetic methionine in organic poultry diets, which is 
problematic because animal by-products are also prohibited. Research at 
the University of Arkansas has examined alternative strategies, includ-
ing the use of slow-growing broilers that are less heavily muscled than 
conventional fast-growing meat birds but has not shown these birds 
to have lower methionine requirements. Research has also examined 
sensory differences between specialty and conventional meat chickens. 
Consumer panelists indicated no preference between these products, 
although trained panelists found some differences in flavor of thigh 
meat. More meat quality differences were found due to genotype rather 
than outdoor access. Breast meat from slow-growing birds was more 
tender than fast-growing. Outdoor access resulted in leaner meat, but 
only in the case of slow-growing birds. As interest grows in specialty 
and organic poultry meat products, additional research is added.

Key Words: poultry, organic, methionine

    16    Feeding beneficial bacteria: A natural solution for increas-
ing efficiency and decreasing pathogens.  M. R. Garner*, MicroBios, 
Inc., Ithaca, NY.

The application of live beneficial bacteria (commonly called probiot-
ics) in animal agriculture is a relatively new and controversial concept. 
The commercial success of probiotics in poultry to date has been very 
limited; however, the utilization of probiotics in poultry production 
will likely dramatically increase in the future. This presentation will 
overview the history, commercial applications, and research trials of 
probiotic technology in animal agriculture, including cattle, swine, and 
poultry. By exploring the commercial success of probiotic technologies 
in animal industries other than poultry production, some insight to the 
future of commercially successful probiotics in poultry may be attained. 
This talk will also review published research trials that demonstrate that 
the application of some probiotics are successful at a) improving live 
weight gain, b) decreasing morbidity, c) decreasing the incidence of 
poultry and human pathogens in poultry, and d) increasing the economic 
profitability of poultry rearing. Last, this presentation will overview 
basic microbiological concepts that are essential for functional probiotic 
technology, and will establish important questions to answer before 
implementing a probiotic strategy.

Key Words: bacteria, pathogen, probiotic
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    17    Antimicrobials for foodborne pathogen reduction in organic 
and natural poultry production.  S. C. Ricke*, Center for Food Safety, 
IFSE, University of Arkansas, Fayetteville.

There are a variety of antimicrobial compounds that have potential for 
effective use in organic and natural poultry production. These can be 
used as feed additives for broilers during growth or layers during egg 
production. Some of these agents as well as related compounds can 
also be used to control microbial contamination in poultry processing. 
However, in addition to the limits related to the type of compound that 
can be used for organic and natural poultry production there are also 
issues associated with devising strategies to optimize their effectiveness. 
Choice of antimicrobial compound depends not only on efficacy of the 
particular compound but the chemical form and concentration. A key 
concern is avoiding stimulation of resistance mechanisms in the targeted 
foodborne pathogen. Consequently, effective concentration and exposure 
time are factors that may need to be considered. The influence of the 
environment on the respective pathogen and the resulting physiological 
state of the organism during exposure to the antimicrobial are potential 
factors as well. Generation of resistance mechanisms that allow for cross 
protection to several antimicrobial compounds can confound attempts to 
limit foodborne pathogen dissemination in poultry production. Ideally, 
strategies are needed to devise combinations of multiple antimicrobials 
that target unrelated metabolic functions of the foodborne pathogen. 
Combinations of mechanistically distinct antimicrobial compounds 
have the potential to reduce overall survival/resistance to a variety of 
environmental stressors that foodborne pathogens encounter during 
poultry production. Ultimately, this could lead to synergistic inhibi-
tion and more effective control of foodborne pathogens in organic and 
natural poultry production.

Key Words: poultry production, foodborne pathogen, antimicrobial

    18    Issues in organic poultry processing: Safety, quality and 
plant considerations.  M. X. Sánchez-Plata*, Department of Poultry 
Science, Texas A&M University, College Station.

Consumers have shown a preference for organic poultry meat on the 
basis of production practices that minimize the use of growth promoters 
and drugs which tend to be associated with potentially adverse health 
effects. The Organic Foods Production Act (OFPA) and the approval of 
the USDA organic label have supported the growth of the market with 
estimates that vary between 23 to 38 percent through the end of the 
decade and estimations to reach annual sales of $600 million by 2010. 
Despite representing only 1 percent of conventional poultry sales, the 
organic poultry market has diversified to include small, medium and 
large operations with product offerings. Currently, 50% of the organic 
poultry production is sold in specialty stores and almost 45% is sold in 
conventional stores. However, limited information is available on quality 
and safety issues associated with the processing of organically produced 
broilers. For example, feed withdrawal regimes, transportation, holding 
periods and the use of stunning methods to render the bird unconscious 
before neck cutting have not been harmonized. In addition, conflicting 
information exists about the effects of organic production on quality 
parameters of chicken meat, with some studies indicating an overall 
improved texture and meat quality for organic poultry meat, accom-
panied with a higher susceptibility to lipid oxidation. Sensory studies 
indicate that consumers can differentiate between conventionally reared 
poultry products and organically produced counterparts. Researchers 
also indicate that organic production may in fact increase the potential 
for contamination with pathogens such as Salmonella spp. and Campy-
lobacter spp. when compared to conventionally processed broilers. This 
may be due to the elimination of antimicrobials at the production levels 
and the minimal use of decontamination strategies during processing. 
Limited information is available on organically approved interventions 
that can be used at the plant to reduce bacterial loads. This review will 
discuss issues associated with organic meat processing technologies 
and their effects on meat quality and safety.

Key Words: organic poultry, meat quality, meat safety
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    19    Dietary protein composition influences expression of intes-
tinal peptide transporter, PepT1, mRNA in two lines of broilers.  
E. R. Gilbert*1, H. Li1, D. A. Emmerson2, K. E. Webb Jr.1, and E. A. 
Wong1, 1Virginia Polytechnic Institute and State University, Blacksburg, 
2Aviagen, Huntsville, AL.

The intestinal peptide transporter, PepT1, is known to be regulated by 
a variety of dietary factors, including protein quantity, protein quality, 
and feed intake. The objective of this experiment was to determine the 
effect of dietary protein composition on mRNA abundance of chicken 
PepT1. From day of hatch to day 8, chicks from 2 genetic lines (A and B, 
selected under different dietary conditions) were given ad-libitum access 
to a commercial corn-soy diet. From day 8 to day 15, birds were fed 1 
of 3 diets (24% CP) that differed only in protein source. Protein sources 
included whey protein concentrate (Whey), a partial whey hydrolysate 
(Hydro) consisting of mainly small peptides, or a mixture of free amino 
acids (AA) identical to the composition of the whey protein. Intake of 
all diets was restricted to the group that consumed the least (Line B, 
AA diet). Intestinal samples were collected at day 8 (before random 
assignment to dietary treatment), and days 9, 11, 13, and 15. Abundance 
of PepT1 mRNA was assayed by real time PCR. Quantities of PepT1 
mRNA were greater (P = 0.0001) in Line B chicks as compared with 
Line A chicks. Abundance of PepT1 mRNA was greater in chicks that 
consumed the Hydro diet as compared with chicks that consumed the 
Whey (P = 0.06) or AA diet (P = 0.008). There was a line × diet interac-
tion where PepT1 mRNA showed the greatest (P = 0.005) induction in 
Line B birds consuming the Hydro diet. Line B birds were heavier (P = 
0.03) than Line A birds, but BW did not differ among treatments. These 
data demonstrate that dietary protein composition influences expression 
of the intestinal peptide transporter, PepT1. In particular, the Hydro diet 
accentuated the difference in gene expression between genetic lines.

Key Words: hydrolysate, PepT1, whey

    20    An economic analysis of l-threonine in a broiler grower diet, 
using a least-cost model, based upon digestible amino acids and ideal 
digestible amino acid ratios.  N. Sriperm*2, P. B. Tillman1, G. M. Pesti2, 
and M. E. Wetzstein3, 1Ajinomoto Heartland LLC, Chicago, IL, 2Depart-
ment of Poultry Science, University of Georgia, Athens, 3Department of 
Agricultural Economics, University of Georgia, Athens.

During the past 2 years in the United States, corn, soybean meal (SBM), 
and feed-grade fat prices have shown increases in both their levels and 
volatility. This is largely driven by the negative impact to animal agri-
culture from the ethanol-fuel tax credit. During this same period, the 
price for synthetic amino acids available for supplementation into broiler 
feeds has remained relatively flat and stable. These relative price shifts 
in poultry feed ingredients indicates a modification is required in least-
cost feed formulation. An analysis of l-threonine (l-THR) in a broiler 
grower diet was made on a least-cost basis using essential digestible 
amino acids targeted as minimum ratios relative to digestible lysine. 

Synthetic sources of dl-MET, l-LYS, and l-THR were offered so as 
to meet the first 3 limiting amino acids. A crude protein minimum was 
not set, but it was held up to a reasonable level based upon the targeted 
minimum digestible lysine level along with the ratio of the fourth limit-
ing amino acid. The inclusion rate and economic sensitivity of l-THR 
was evaluated across a wide range of corn, SBM, and poultry fat prices. 
A 7 × 7 × 7 factorial design in diets (with and without l-THR) was 
used, so as to generate a total of 686 separate formulas. Prices of corn, 
SBM, and fat, per ton, were varied from $50 to $200, $150 to $450, and 
$300 to $600, respectively. Per ton price increments for SBM and fat 
were $50 and were $25 for corn, providing a spread between the price 
of SBM and that of corn of $−50.00 to $450.00. An economic evalu-
ation of the l-THR opportunity cost (shadow cost) for each diet was 
analyzed. The generated prediction equation for l-THR opportunity cost 
= −1,023.63 + 2.511034(Corn$) + 29.42683(SBM$) + 14.21324(Fat$) 
+ 0.029324(Corn$)2 + 0.078644(SBM$)2 − 0.2457(Corn$) (SBM$) 
− 0.12039(Corn$) (Fat$) + 0.00032(Corn$) (SBM$) (FAT$). The 
opportunity cost of l-THR increased when either the SBM-corn spread 
or the fat price increased. Across this group of formulas, the inclusion 
of l-threonine saved on average $4.85 per ton over diets formulated 
without l-threonine.

Key Words: threonine, broiler, economics

    21    The effect of selection for body weight along at 16 weeks on 
the lysine and TSAA requirement of turkeys.  O. C. Aimiuwu* and 
M. S. Lilburn, The Ohio State University/OARDC, Wooster.

In 1971, the NRC lysine ad TSAA requirements for turkeys from 0 to 
4 weeks was 1.5 and 0.87%, respectively. These requirement estimates 
increased to 1.6 and 1.05% by 1984 (NRC, 1984) and remained there 
in the last NRC published (1994). A randombred control line of turkeys 
was developed at the Ohio Agricultural Research and Development 
Center (OARDC) from a composite of commercial lines available in 
the mid 1960s (R2) and from this randombred line a growth line was 
developed with the sole selection criteria being body weight at 16 wk 
(F line; Nestor, 1977). The F line has currently undergone over 35 years 
of selection. Experiments were conducted with the R2 and F line to 
compare their response to diets varying in lysine and TSAA. From 17 
to 31 d, poults from each line were individually penned and fed diets 
containing 1.60 or 1.75% lysine and 0.85, 1.0, or 1.15% TSAA. Body 
weight at 31 d was approximately double in the F line (1.60 vs. 0.81 
kg) and feed intake was also twice as great in the F line. There were no 
significant line by lysine or line by TSAA effects on carcass weight, 
pectoralis major muscle weight, or carcass nitrogen. Selection for body 
weight alone has resulted in a significant increase in body weight at a 
given age in the F line and proportional increases in breast muscle weight 
but no changes in carcass protein. Selection for BW alone, therefore, 
may not alter the percentage dietary amino acid requirement.

Key Words: selection, turkeys, carcass
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    22    Strain and immune status affect body protein metabolism 
and lysine requirements in broilers.  R. D. Kirschenman*, S. Moehn, 
and D. R. Korver, University of Alberta, Edmonton, AB, Canada.

Selection for growth rate has affected the immune system in broilers; 
limited research has been conducted in this area. The acute phase (AP) 
inflammatory response redirects amino acids (AA) from growth to 
hepatic AP protein synthesis, thus affecting protein kinetics. Differ-
ences in AA requirements and protein kinetics following an AP response 
may exist between chickens selected or not selected for rapid growth. 
Body weight (BW) gain, plasma AA and protein kinetics, and lysine 
requirements (using the indicator AA oxidation method) during recovery 
from an AP response were measured in random-bred (R) and modern 
commercial (C; Ross 308) broilers. At 10 d of age, birds were placed in 
metabolic chambers and adapted to 1 of 7 diets containing 6.07, 7.18, 
8.38, 9.38, 10.49, 12.14, or 13.24 g/kg of lysine. At 13 or 14 d of age, 
birds were either injected with bacterial lipopolysaccharide (LPS; I) or 
not injected (U) 12 h prior to each 4-h AA oxidation study (n = 4 per 
strain × LPS × diet treatment). Plasma AA levels and kinetics, and BW 
were analyzed by ANOVA (GLM procedure; SAS) with significance set 
at P ≤ 0.05. Lysine requirements were analyzed using a linear plateau 
model in the nonlinear procedure of SAS. C birds had higher BW than 
R birds throughout; LPS injection had no effect on BW gain. I birds 
had higher plasma phenylalanine than U birds, likely due to break-
down of phenylalanine-rich AP proteins. Plasma lysine increased with 
dietary lysine levels. C birds had higher whole-body protein synthesis, 
breakdown, flux, and retention than R birds. I birds had greater whole 
body protein breakdown (P = 0.05), synthesis (P = 0.06), and flux (P = 
0.06) than U birds. Lysine requirements were higher in CU birds than 
I birds (10.48 ± 0.25 vs. 7.45 ± 0.17 g/kg diet), and in RU birds than 
RI birds (8.28 ± 0.13 vs. 7.18 ± 0.11 g/kg diet), and greater for C birds 
than R birds. Therefore, the innate immune system of broiler chicks, as 
measured by lysine requirements and protein kinetics, has been changed 
by genetic selection for growth potential.

Key Words: lysine, protein metabolism, acute phase response

    23    Digestible lysine and threonine requirements of male turkeys 
from days 8 to 21, and days 29 to 42.  L. B. Linares*1, E. A. Guaiume1, 
R. A. Murarolli1, R. E. Shirley2, D. Hoehler3, D. R. Ledoux1, and J. D. 
Firman1, 1University of Missouri, Columbia, 2Ajinomoto Heartland LLC, 
Chicago, IL, 3Evonik Degussa Corporation, Kennesaw, GA.

Two experiments were conducted to determine the digestible lysine 
(dLys) and digestible threonine (dThr) requirement of Nicholas male 
turkeys from days 8 to 21 (Phase I), and days 29 to 42 days (Phase 
II). In both phases, birds were randomized to floor pens with 12 treat-
ments and 7 replicates per treatment, plus an additional 2 treatments 
with 6 replicates. A total of 1,152 birds were used in Phase I (12 birds/
pen) and 1,056 birds were used in Phase II (11 birds/pen). In Phase I, 
a reduced low crude protein (25% CP, and 3,000 kcal/kg ME) corn-
soybean meal-peanut meal basal diet supplied 1.14% dLys and 0.56% 
dThr. To determine the requirement for dThr, the level of dLys was kept 
at 1.50%, and the 7 dietary dThr treatment levels ranged from 0.56 to 
1.04%, in 0.08% increments. For the dLys requirement, the level of dThr 
was kept at 1.04%, and the 7 dietary dLys treatment levels ranged from 
1.14 to 1.50%, in 0.06% increments. The positive control (PC) diet was 
an industry average diet containing 29% CP. The broken-line analysis 
of SAS estimated the requirement for dLys in Phase I to be 1.36% for 
BWG and 1.39% for F:G, and the requirement for dThr to be 0.74% 
for BWG and 0.81% for F:G. In Phase II, a reduced CP (24% CP, and 

3,100 kcal/kg ME) corn-soybean meal-peanut meal basal diet supplied 
1.06% dLys and 0.50% dThr. To determine the requirement for dThr, 
the level of dLys was kept at 1.42%, and the 7 dietary dThr treatment 
levels ranged from 0.50 to 0.99%, in 0.08% increments. For the dLys 
requirement, the level of dThr was kept at 0.99%, and the 7 dietary dLys 
treatment levels ranged from 1.06 to 1.42%, in 0.06% increments. The 
PC industry average diet had 27.5% CP. The broken-line analysis of 
SAS estimated the requirements for dLys in Phase II to be 1.27% for 
BWG and 1.29% for F:G, and the requirement for dThr to be 0.70% 
for BWG and 0.74% for F:G.

Key Words: turkeys, lysine, threonine

    24    The effect of dietary protein level and digestibility on the 
growth performance of broiler chickens.  G. P. Widyaratne* and M. 
D. Drew, University of Saskatchewan, Saskatoon, SK. Canada.

A study was conducted to evaluate the effect of dietary protein level and 
digestibility on the growth performance of broiler chickens in a 35 d 
growth experiment. A total of 320 broiler chickens were fed 4 different 
ideal protein-balanced, isocaloric diets (1.24 and 1.04% ileal digest-
ible Lys and 3,050 and 3,150 kcal/kg on days 1–14 [Starter] and 15–35 
[Grower], respectively). The dietary treatments consisted of 2 protein 
levels (HP: 20 and 18% and LP 18 and 16% ileal digestible crude protein 
on days 1–14 and 15–35, respectively) and 2 protein digestibility levels 
(HD: 88% and LD: 82% mean ileal crude protein digestibility). During 
the starter phase, neither of the main effects significantly affected growth 
performance. However, the protein level × digestibility interaction was 
significant for ADG and the LP:LD fed birds grew significantly slower 
than the LP:HD fed birds (33.9 vs. 35.7 g/d) while no difference between 
the HP:LD and HP:HD fed birds (P < 0.05). During the grower phase, 
the main effect of digestibility was significant for FE (1.56 for LD-fed 
and 1.59 for HD-fed birds). The protein level × digestibility interaction 
was significant for ADFI with LP:LD birds consuming significantly less 
feed than the LP:HD birds while there was no significant difference 
between the HP:LD and HP:HD fed birds. The final BW of the birds was 
affected by protein level × digestibility interaction (P < 0.05). Birds fed 
the LP:LD diets had lower BW than those fed the LP:HD diets (2,480 
vs. 2,650 g) while there were no significant differences between the 
birds fed the HP:LD and HP:HD diets. The main effect of protein level 
affected the Pectoralis major, P. minor and total breast meat yield (P < 
0.05). The birds fed HP diets yielded 6.7, 3.6, and 6.2% more P. major, 
P. minor and total breast meat, respectively, than birds fed LP diets. In 
contrast, the main effect of protein digestibility affected the yield of 
abdominal fat (P < 0.05) and birds fed HD diets yielded 16.6% more 
abdominal fat than birds fed LD diets. The results suggest that feeding 
low protein diets formulated using highly digestible protein sources 
optimizes overall performance and yield.

Key Words: protein, digestibility, broilers

    25    Lysine and threonine responses in Ross TP16 broilers.  D. L. 
Everett*1, A. Corzo1, B. J. Kerr2, W. A. Dozier III3, and M. T. Kidd1, 
1Mississippi State University, Mississippi State, 2USDA-ARS, Ames, IA, 
3USDA-ARS, Mississippi State, MS.

The efficiency of utilization of the nutrient Lys has been shown to be 
dependent upon the adequacy of the nutrient Thr. This order of limitation 
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response strengthens formulation expression of ratios “ideal protein” 
to Lys. Although interactions between Lys and Thr have been shown to 
occur in birds and further add to the validity of the former formulation 
practice, these responses in Ross TP16 broilers have not been investi-
gated to the authors′ knowledge.
Five hundred and seventy-six male Ross TP16 broilers were allocated 
to 48 floor pens (12 birds/pen) and were fed on common feeds to d 28. 
Pens contained built-up pine shavings as litter, one water line with nipple 
drinkers, and one hanging pan feeder. At d 28, birds were provided a 2 
× 4 factorial arrangement of treatments (digestible Lys of 1.00 or 1.05% 
of diet in combination with digestible Thr of 0.56, 0.60, 0.64, or 0.68% 
of diet) that were replicated 6 times. At 42 d of age, birds and feed were 
weighed by pen and 6 birds per pen were processed. BW on d 28 was 
used as the covariate during ANOVA.
Lys and Thr interacted (P = 0.026) for 28 to 42 BW gain. Birds fed 
1.00% Lys and 0.64 and 0.68% Thr had similar BW gain to birds fed 
1.05% Lys and 0.60, 0.64, and 0.68% Thr, indicating the sensitivity of 
the Thr to Lys ratio when broilers are fed diets containing marginal Lys. 
Regarding main effects, increasing dietary Lys improved BW gain (P 
= 0.002), feed conversion (P = 0.058), and breast meat tender muscle 
yield (P = 0.057). Birds that consumed diets containing 0.68% Thr had 
improved BW gain (P = 0.009) and feed conversion (P = 0.014) over 
birds consuming diets that contained 0.60% Thr with the 0.64% dietary 
level yielding an intermediate response. Results point to the importance 
of Lys and Thr, and their interaction in TP16 male broilers.

Key Words: lysine, threonine, broiler

    26    The effect of genotype, choice-feeding and season on organi-
cally reared broilers fed diets devoid of synthetic methionine.  A. L. 
Rack*, K. G. S. Lilly, K. R. Beaman, C. K. Gehring, and J. S. Moritz, 
West Virginia University, Morgantown.

In light of the impending ban on synthetic methionine in organic poultry 
diets, researchers have focused on finding alternative strategies to supply 
this amino acid. The objectives of this study were threefold: 1) to assess 
performance and carcass characteristics of a slow-growing and fast-
growing broiler genotype fed diets devoid of synthetic methionine, 2) 
to determine performance and carcass quality effect of choice-feeding, 
and 3) to assess the effect of seasonal variation and pasture access on 
performance and processing variables. Inclusion of fish meal and high 
percentages of soybean meal enabled the specific genotype methionine 
requirement to be met. All diets were certified organic. Slow-growing 
broilers (Gourmet Black) were raised from 1–84 days, and fast-growing 
broilers (Cobb 500) were raised from 1–56 days. The experiment was 
run during the grower and finisher phases in 4 different seasons: late 
fall, spring, summer, and early fall. Broilers were located on the West 
Virginia University certified organic farm, given access to pasture for at 
least 8 hours daily, and exposed to natural fluctuations of environmental 
conditions. Replicate treatments were held at the Animal Sciences farm, 
and allowed no access to pasture. No Choice (single diet) or Choice 
(corn offered in a separate feeder from rest of diet) feeding strategies 
were implemented. Birds on no choice management showed higher 
average daily gain (ADG; P < 0.05) compared to choice managed birds. 
Slow-growing broilers had higher FCR and lower breast yields (P < 
0.05) than the fast-growing genotype. Fast-growing no choice birds 
had higher breast yield than the choice birds of the same genotype (P 
< 0.05). Fast-growing genotypes were superior in performance and 
carcass characteristics compared too slow-growing genotypes, and 
choice-feeding management did not improve performance or carcass 

characteristics. Performance was decreased in late fall, likely due to 
cold ambient temperatures.

Key Words: methionine, broiler, organic

    27    Effects of supplemental lysine sources on egg-production and 
economic parameters for laying hens.  S. Roberts*1, S. Gardner1, S. 
Mottet1, B. Kerr2, D. Hoehler3, R. Payne3, and K. Bregendahl1, 1Iowa 
State University, Ames, 2USDA/ARS, Ames, IA, 3Evonik Degussa, Ken-
nesaw, GA.

An experiment was conducted to determine effects of supplemental 
Lys source on egg production and economics in laying hens. Two diets 
were formulated on a least-cost basis (November 2006 prices) using 
corn, soybean meal, meat-and-bone meal, corn distillers dried grains 
with solubles (fixed at 10%), vegetable oil, and dl-Met to contain 2,875 
kcal/kg AMEn, 0.78% true digestible TSAA, 0.88% true digestible 
Lys, 4.25% Ca, and 0.47% nonphytate P. Supplemental Lys was added 
as L Lys⋅SO4

2− (Biolys) or l-Lys⋅HCl with their AMEn, P, and amino 
acid contributions considered. Cages of 2 hens each were assigned to 
a diet according to a completely randomized design with 128 cages 
per treatment. Egg production was recorded daily and feed intake was 
determined weekly during the 8-wk experiment (hens 58 to 66 wk of 
age). Eggs collected over a 48-h period every week were weighed and 
egg mass calculated as egg production × egg weight; feed utilization 
was calculated as grams of egg mass per kilogram of feed intake. Feed 
cost was calculated from records of feed intake and diet cost ($137.34 
and $137.63 per 907 kg for Biolys and l-Lys⋅HCl, respectively); egg 
income was calculated from egg mass and November 2006 breaking-
stock price ($0.43/dozen); and return over feed cost was calculated 
by difference. Data were analyzed by one-way ANOVA and shown 
as means ± pooled SEM. There were no differences in egg production 
(82.1 vs. 83.0 ± 0.8%; P = 0.41), egg weight (63.3 vs. 63.3 ± 0.2 g; P 
= 0.95), egg mass (51.9 vs. 52.5 ± 0.5 g/hen per day; P = 0.39), feed 
intake (97.2 vs. 98.3 ± 0.5 g/d; P = 0.13), or feed utilization (534 vs. 
534 ± 4 g/kg; P = 0.97) between hens fed the Biolys or L Lys⋅HCl diets, 
respectively. Feed cost was lower for Biolys-fed hens (1.47 vs. 1.49 ± 
0.01¢/d; P = 0.07), but egg income (3.10 vs. 3.14 ± 0.03¢/d; P = 0.69) 
and return over feed cost (1.63 vs. 1.64 ± 0.03¢/d; P = 0.68) were not 
different. The results show that using Biolys lowered diet cost by $0.29 
per 907 kg and that the 2 Lys sources were used equally well for egg 
production. Therefore, the choice of Lys source should be made based 
on economics and product availability.

Key Words: Biolys, laying hens, l-lysine⋅HCl

    28    The effects of varying levels of digestible lysine on growth 
and carcass development in commercial turkey toms from 12 to 16 
and 17 to 20 weeks.  O. C. Aimiuwu* and M. S. Lilburn, The Ohio 
State University, Wooster.

Two studies were conducted to determine the digestible lysine require-
ment for growth and carcass development in commercial toms from 
approximately 12 to 16 and 17 to 20 weeks of age. Total dietary lysine 
level recommended by NRC (1994) for 12- to 16-week-old turkeys is 
1.00% and in Study 1, levels used were 0.85, 1.00, 1.15, and 1.30%. 
NRC (1994) recommended level for 16- to 20-week-old turkeys is 0.80% 
and in Study 2, levels used were 0.60, 0.75, 0.90, and 1.05%. Digestible 
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lysine values were determined from total lysine levels by using values 
obtained from ileal digestibility assay in which chromium oxide was 
the marker. Average digestibility value of 86 to 108 d toms was 75% 
while that of the 114 to 140 d toms was 80%. In the first study, diets 
containing digestible lysine levels of 0.64, 0.75, 0.86, and 0.98% were 
fed to individual toms. Digestible lysine levels fed to toms in Study 2 
were 0.48, 0.60, 0.72, and 0.84%. To avoid the compounding effects, 
individual toms served as the experimental unit in both studies and each 
tom was fed a predetermined quantity of feed corresponding to what 
would be fed in a typical commercial scheduled feeding program. The 
level of digestible lysine in Study 1 had no significant difference on body 
weight gain and carcass development. However, feeds that contained the 
highest level of lysine tended to depress body weight gain and carcass 
development. It could therefore be inferred that the NRC (1994) recom-
mended total lysine level of 1.0% is adequate for toms that are between 
12 to 16 weeks of age. In Study 2, lysine levels had linear significant 
effects (P < 0.05) on weight gain and carcass development. However, 
there was no significant difference between 0.72 and 0.84% digestible 
lysine. When the data was broken down into groups based on digest-
ible lysine intake, 132 g of digestible lysine intake resulted in maximal 
weight gain and muscle growth. It would therefore be inferred from the 
results that the NRC (1994) recommended total lysine level of 0.8% is 
inadequate for toms that are between 16 to 20 weeks of age.

Key Words: lysine, turkey toms, carcass

    29    Effects of dietary lysine and energy combinations on net 
energy partitioning for protein and fat deposition in starter chicks.  
S. Gomez*, M. L. Angeles, E. Ramirez, and J. A. Bravo, CENIDFyMA–
INIFAP, Ajuchitlan, Queretaro, Mexico.

The objective of this study was to evaluate the growth performance, 
nutrient retention, tissue composition and deposition in the body and 
the energy content in the retained protein and fat in chicks from 3 to 
12 days of age fed different levels of digestible lysine (DLys) and ME. 
One hundred and eighty Ross B308 chicks were allocated in group of 
5 per pen in a starter battery. Birds were randomly distributed in 1 of 9 
treatments in a factorial arrangement of 3 diets (T1 = 1.20% of DLys 
and 2,950 kcal of ME/kg; T2 = 1.20% of DLys and 3,050 kcal of ME/
kg; and T3 = 1.35% of DLys and 3,050 kcal of ME/kg) and 3 dietary 
energy densities (D100: the diet was fed as such; D90 and D80, the 
original diet was diluted with sand to get energy densities at 90 and 
80%). The last 2 days, total excreta was collected and in an additional 
group of chicks the endogenous excretion of nutrients was determined. 
At the end, birds were killed to evaluate the protein and fat content and 
retention. Chicks killed at the beginning were used to correct for initial 
body composition. Results were subjected to varianza analysis. The 
nitrogen and energy retention, TMEn, NE retained in fat, total NE, and 
the efficiency of conversion of GE to NE were lower (P < 0.01) in T3. 
The retention of dietary nutrients, the NE retention in protein and fat 
and the efficiency with which GE was converted to TMEn were greater 
(P < 0.05) for D80. The consumption of a diet with a lower digestible 
lysine content but higher in ME did not affect the use of dietary energy; 
however, the consumption of a diet with a greater content of digestible 
lysine diminished the retention of nutrients, the NE retained in protein 
and fat and the efficiency of NE utilization.

Key Words: digestible lysine, metabolizable energy, net energy

    30    Dietary lysine requirement of male broilers from 14 to 28 days 
of age subjected to different environmental conditions.  W. A. Dozier 
III*1, A. Corzo2, M. T. Kidd2, and P. Tillman3, 1USDA-ARS Poultry 
Research Unit, Mississippi State, MS, 2Department of Poultry Science, 
Mississippi State, MS, 3Ajinomoto Heartland LLC, Chicago, IL.

This study examined growth responses of broilers provided experi-
mental diets varying in digestible Lys concentrations from 14 to 28 
d of age under different environmental conditions. Two experiments 
were conducted; bird husbandry and the experimental facility were 
identical for the 2 experiments. Ross × Ross TP16 male chicks were 
randomly distributed into floor pens (experiment (Exp.) 1  = 765 birds 
and Exp. 2 = 816 birds) at 1 d of age and were fed a common starter 
diet until 13 d of age. At 14 d of age, all pens were equalized with 15 
birds (0.09 m2/bird) and fed the experimental diets until 28 d of age. 
Two diets consisting of corn, soybean meal, poultry by-product meal, 
and peanut meal were formulated to be adequate in limiting amino acids 
and contained 0.90 or 1.25% calculated true digestible Lys for Exp. 1 
and 0.92 or 1.32% calculated true digestible Lys for Exp. 2. Diet dilu-
tion was used with l-Lys HCl to create 6 titration diets from 0.90 to 
1.25% digestible Lys in 0.07% increments in Exp. 1 (8 replicate pens) 
and from 0.92 to 1.32% digestible Lys in 0.08% increments in Exp. 
2 (7 replicate pens). A control diet containing surfeit Lys was used to 
validate the titration diets (Exp. 1 = 3 pens/treatment and Exp. 2 = 6 
pens/treatment). In Exp. 1, progressive additions of dietary Lys led to 
linear trends (P ≤ 0.001) for BW gain, feed intake, and feed conversion. 
Dietary digestible Lys requirements for BW gain, feed intake, and feed 
conversion were estimated as 1.24, 1.22, and 1.21%, respectively, based 
on linear broken-line analysis. In Exp. 2, gradient increments of dietary 
Lys led to significant quadratic trends of BW gain (P ≤ 0.001) and feed 
conversion (P ≤ 0.017). Dietary digestible Lys requirements were 1.18 
and 1.24%, respectively, for BW gain and feed conversion, based on 
quadratic broken-line analysis. Digestible Lys intake to optimize feed 
conversion was 1,206 and 1,404 mg/d in Exp. 1 and 2, respectively. 
These results suggest the dietary Lys need varied considerably with 
broilers reared in environmental conditions emulating summer (Exp. 
1) vs. winter (Exp. 2) production.

Key Words: amino acid, broiler, lysine

    31    Threonine-to-lysine ratios for female broilers from 14 to 
28 days of age.  A. Corzo*1, W. A. Dozier III2, M. T. Kidd1, and P. 
Tillman3, 1Mississippi State University, Mississippi State, 2USDA-ARS 
Poultry Research Unit, Mississippi State, MS, 3Ajinomoto Heartland 
LLC, Chicago, IL.

Two studies were simultaneously conducted in the same experimental 
facility using Ross × Ross TP16 female broilers from the same flock 
and hatch. The studies were designed to individually but simultaneously 
determine the true digestible Lys and Thr requirements of female broilers 
from 14 to 28 d of age. Ross × Ross TP16 d-old female broiler chicks 
were randomly distributed into 96 floor pens (1,248 chicks). Forty-eight 
pens corresponding to one-half of the house were used to determine the 
Lys needs of these birds, while the remaining half of the house was used 
to determine the Thr needs. All chicks were fed a common starter diet 
in crumbled form up to 14 d of age, formulated to meet or exceed all 
dietary nutrient requirements. At 14 d of age, all pens were equalized in 
bird number (12/pen). Three experimental diets based on corn, soybean 
meal, peanut meal, and poultry meal were formulated to contain the fol-
lowing calculated true digestible values: D1, deficient in Lys (0.84%) 
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but adequate in Thr (0.86%); D2, adequate in Lys (1.24%) but deficient 
in Thr (0.46%); D3, adequate in Lys (1.24%) and Thr (0.86%). Diets 
1 or 2 were progressively blended with diet 3 to derive the Lys or Thr 
dose-response diets, respectively. Incremental levels of Lys or Thr were 
made at a rate of 0.08%, for a total of 6 levels. A control diet containing 
surfeit amino acid levels was used to validate the titration diets for each 
experiment. All experimental diets were fed from 14 to 28 d of age in 
pellet form. Requirement estimates for the Lys dose-response study 
ranged from 1.04 to 1.08% when using the linear broken line model, 
and 1.07 to 1.11% when using the quadratic broken line model. The 
quadratic polynomial regression model was not significant for the Lys 
study, but was for the Thr dose response study, yielding a requirement 
estimate of 0.79% for BW gain. The linear broken line model resulted in 
Thr requirement estimates between 0.73 and 0.76% Thr. Only the linear 
broken line model resulted in simultaneous Lys and Thr requirement 
estimates for the same parameters, yielding Thr-to-Lys ratio values of 
68 for BW gain and 70 for FCR.

Key Words: amino acid, lysine, threonine

    32    Supplementing l-valine and l-isoleucine in low protein corn-
soybean meal all-vegetable diets for broilers.  J. Berres, S. L. Vieira*, 
A. K. Ferreira, R. Barros, P. X. Silva, and F. V. F. Furtado, UFRGS, 
Porto Alegre, RS, Brazil.

This study evaluated the live performance and meat yields of broilers 
fed increased Val:Lys and Ile:Lys from 14 to 35 d of age. One thousand 
eight hundred Cobb 500 male broilers were raised on the same feed and 
similar housing conditions to 14 d of age. A corn-soybean meal all veg-
etable feed with 1.1% digestible Lys was formulated w/o crude protein 
restriction to the fifth limiting AA. This diet was the negative control 
(T1 = 18.71% CP) and had the following AA to Lys ratios: SAA = 0.75; 
Thr = 0.65; Val = 70; Ile = 65. Val and Ile from synthetic sources were 
graded increased to this diet to generate the following treatments: T2) 
0.75 Val and 0.65 Ile; T3) 0.80 Val and 0.65 Ile; T4) 0.70 Val and 0.68 
Ile; T5) 0.70 Val and 0.71 Ile; T6) 0.75 Val and 0.68 Ile; T7) 0.80 Val 
and 0.71 Ile. A Positive Control (T8) with 1.1% digestible Lys formu-
lated with CP = 20.37% minimum was also used. Each treatment had 
9 replicates of 25 birds (8.9 birds/m2). Body weight, feed intake and 
mortality were not different between treatments (P > 0.05). Weight gain 
from 14 to 35 d was positively affected by any level of l-Val and l-Ile, 
whereas feed conversion was improved only when the both AA were 
supplemented at the highest levels. No differences were found in terms 

of meat yields, but abdominal fat was reduced with the positive control. 
It is concluded that supplementing l-Val and l-Ile favored weight gain 
and feed conversion. It seems, however, that a greater amount of AA 
when birds are fed diets formulated with a minimum CP provide more 
consistent benefits in reducing abdominal fat.

Key Words: broiler, valine, isoleucine

    33    Digestible lysine requirements and ideal amino acid ratios 
in diets for young (0–14 d) male broilers formulated to ideal ratios 
and balanced in amino acids.  F. G. P. Costa*2, Z. Wang1, C. Coto1, 
S. Cerrate1, F. Yan1, and P. W. Waldroup1, 1University of Arkansas, 
Fayetteville, 2Federal University of Paraiba, Areia-PB, Brazil.

For many years, it has been suggested that diets with a “perfect balance” 
of amino acids with little excess protein will result in optimum perfor-
mance of broilers. The objective of this study was to evaluate the need 
for digestible lysine in diets for the young (0-14 d) male broiler while 
maintaining a ratio of other amino acids to lysine. One series of diets 
used conventional amino acid supplements (Met, Lys, and Thr) to help 
meet amino acid needs while a second series of diets used additional 
amino acid supplements to have as many essential amino acids at the 
minimum level as possible. The ideal amino acid ratios suggested by 
Rostagno et al. (2005) were used as the basis for formulation. All diets 
were formulated to contain 1.14, 1.24, 1.34, 1.45, 1.55, and 1.65% 
digestible lysine with dietary ME level of 3,030 ME kcal/kg. In the first 
series of diets, minimum requirements were met for Lys, TSAA, Thr, and 
Val; in the second series minimum requirements for Gly+Ser, Arg, and 
Ile were also met. Diets with unconventional amino acid supplements 
ranged from 0.68 to 2.45% lower in crude protein than diets with con-
ventional supplements. Twelve pens of 5 male chicks (Cobb 500) were 
fed each diet from 1 to 14 d of age. When diets were formulated using 
conventional amino acid supplements, increasing the level of digestible 
lysine while maintaining other amino acids in a fixed ratio resulted in 
improved growth and feed conversion. When nonconventional amino 
acids were used to minimize excess levels of essential amino acids, 
there was little or no response in body weight or improvement in feed 
conversion as the level of lysine and associated amino acids increased. 
These results suggest that some of the amino acid to lysine ratios may 
be underestimated with these amino acids becoming deficient when 
forced to their minimum suggested levels.

Key Words: broilers, lysine, ideal protein

    34    Washington update.  R. D. Reynnells*, USDA/CSREES/PAS, 
Washington, DC.

The activities and observations of the National Program Leader, 
Animal Production Systems, are reported. The 2008 Extension Spe-
cial Recognition Award is presented to Jesse and Doris Lyons. Jesse 
provides exceptional leadership at the University of Missouri in youth, 
environmental protection, and extension programming, while Doris 
has made extensive contributions to the American Poultry Historical 
Society, and has several extension duties. Progress is being made in 
multi-state research committees: Agricultural Bioethics (NC_temp1902) 

was moved to the North Central Region; both Applied Animal Behavior 
and Welfare (NC1029), and Improvement of Poultry Air and Water 
Quality (S1035) are now full research committees. Portfolio reviews 
are yearly [Knowledge Area (KA) 306, Environmental Stress in Ani-
mals; KA308, Improved Animal Products (Before Harvest); KA315, 
Animal Welfare]. Project summaries submitted to the Current Research 
Information System (CRIS) are generally error free. The 2009 Southern 
Region (Quadrennial) Poultry Extension Workshop will be in Charlotte, 
NC, and the chair, Ken Anderson, requests ideas and volunteers. The 
2008 National Poultry Waste Management Symposium will be in Des 
Moines, IA. Casey Ritz (GA), coordinator, encourages submission of 

National Extension Workshop
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poster presentations and commercial exhibits. The 2008 Future Trends in 
Animal Agriculture symposium, the ninth since 2001, provides a neutral 
and balanced forum for opportunities to have positive dialog on animal 
welfare (AW) issues. The annual Animal Welfare Assessment Contest 
for students at land grant and other universities, held at Michigan State 
University, now will include a component for veterinary students. The 
contest is an opportunity to train students in AW and animal behavior 
areas, and emphasizes the importance of collaboration between disci-
plines to address AW issues. Bioethics is simply ethics as applied to 
biological systems, and are thus important in discussions of AW and 
rights issues. Discussions of bioethics help us understand societal per-
spectives on animal treatment, and the numerous factors that contribute 
to views of restrictions or imperatives of animal use.

Key Words: recognition award, animal welfare, bioethics

    35    The role of professional societies in addressing bioethical 
issues.  M. P. Lacy*, University of Georgia, Athens.

The use of animals in research and teaching continues to come under 
more and more scrutiny. The use of animals for food and even com-
panionship has been questioned by some from an ethical perspective. 
Animal, dairy, and poultry scientists obviously are trained and most 
interested in the science of animals, their production, and use. We have 
left the discipline of ethics to philosophers. Bioethics is a complex, 
controversial, and polarizing subject. Its origins go back at least to the 
Nuremberg war crimes trial, but recent advances in human medicine 
including stem cell therapies, cloning, genetic screening, and so on have 
resulted in accentuated attention to this area. Although bioethics has 
primarily focused on research or medical treatment related to humans, 
some want to apply bioethics to any living organism that can sense 
pain or fear. Physicians have found it necessary to insert themselves 
into the debate regarding medical bioethics. Animal, dairy, and poultry 
scientists will have to make the same decision as to whether to venture 
into the debate regarding ethical use of animals. Doing so will be neither 
easy nor pleasant. Critics will claim we cannot be unbiased in such a 
debate, and it will be challenging to counter such arguments. Most of 
us believe the use of animals for research, instruction, food, and com-
panionship is certainly ethical, and it is difficult for some of us to see 
another side to the debate. As I consider the future of our disciplines and 
industries, it appears the next generation of animal, dairy, and poultry 
scientists will have to be as well educated in ethics as in science. It 
will be important that these future scientists be trained and prepared to 
counter the argument that they are biased about the ethics of animal use 
simply because they are trained as animal, dairy, or poultry scientists. 
Professional societies will need to continue to strive to be involved in 
the bioethics debate and provide unbiased, science-based information 
just as they are involved today in controversial issues such as animal 
welfare, environmental protection, and food safety.

Key Words: bioethics, poultry scientists, professional societies

    36    Future expectations of extension: A student’s perspective.  
L. M. Stevenson*, Auburn University, Auburn, AL.

For extension to work with the generation that most students are in, it 
needs to be technologically advanced. Information must be readily avail-

able on the internet since this generation has grown up with technology 
and is used to having technology at their fingertips. It is second nature 
for these students to go to the internet for information rather than making 
a phone call to an office. Extension must have websites that are user 
friendly and explain important information clearly and concisely. Exten-
sion is a way to get information on the poultry industry out to the public. 
Students often do not know much about the role of extension. Extension 
work is often unseen by students in poultry science departments.

Key Words: students, extension

    37    Future expectations of extension: A faculty member per-
spective.  A. J. Pescatore*, Department of Animal and Food Sciences, 
University of Kentucky, Lexington.

The foundation of extension is to provide people with the knowledge 
and skills to make informed decisions that impact the quality of their 
life. In the beginning, the Cooperative Extension Service was the 
gatekeeper of information, and people attended extension programs to 
learn the latest information from the Ag College. Extension programs 
were viewed as social activities as much as educational opportunities. 
The gatekeeper role no longer exists, with information readily available 
from numerous sources. Our clientele have changed and will continue 
to change. They want instant access to information, are involved in 
more activities, have less time for new ones, and seem to have a shorter 
attention span. How we develop and deliver programs must account for 
these changes. The problems facing agriculture are more complex and 
the need for collaboration has never been greater, and will continue to 
increase. Extension’s greatest strength is its ability to create teams or 
task forces to develop programs and solve problems. Extension has 
access to a diverse knowledge and expertise base and must effectively 
utilize this talent. Our clientele demand instant excess to information 
and extension must meet this expectation if it is to remain relevant. 
Land grant universities must continue to invest in their computer and 
communication infrastructure in order to fully meet our client needs. 
Technical support for this infrastructure and training for all extension 
professionals is essential to adopt new delivery methods. As we adopt 
new delivery methods we need to be careful that we do not lose contact 
with any segment of the population. Electronic communication presents 
extension great opportunities to expand our programs; however, we 
must remember there is no true substitution for personal contact. For 
extension to remain viable it must compete for resources and must be 
accountable to its clientele, stakeholders and advocates. As the competi-
tion increases for the limited resources, there will be a shift from being 
accountable to being justifiable. For extension to remain the reliable 
source of information it must be rapid, accessible, research based and 
above reproach.

Key Words: extension, program development, program delivery

    38    Future expectations of extension: Administrative perspective.  
M. D. Ouart*, University of Missouri, Columbia.

Future expectations of extension will unfold in an environment of 
continued tight budgets characterized by near-level to dwindling appro-
priated funding yet increased programmatic demand. In response, this 
will require the following: 1) continued entrepreneurship of faculty and 
administrators in the areas of contracts, grants, fees, gifts, sponsorships, 
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and in-kind contributions, and 2) maintenance of appropriated funding 
and growth of competitive funding through program excellence char-
acterized by relevance, reliability, and responsiveness. Program excel-
lence will also require 1) focus on industry needs (e.g., issues-based 
programs such as animal welfare, food safety, waste management, and 
housing); 2) liaison work between industry and agencies/organizations 
with regulatory authority or interests; 3) strong 4-H Youth Development 
programs (including connections to undergraduate recruiting); and 4) 
focused efforts in the areas of small flocks, niche market production, 
game birds, and so on, as resources allow. Critical mass issues of 1) 
poultry graduates for industry and higher education needs; 2) faculty/
staff for existing poultry science departments; and 3) faculty/staff in 
poultry science within animal sciences departments and other university 
units will remain areas of concern that will require continued, creative 
solutions and models to preserve strong extension education in poultry 
science.

Key Words: extension, administration, expectations

    39    Youth and underserved audiences.  F. A. Bradley*, University 
of California, Davis.

Poultry specialists are faced with staffing shortages and the challenge 
of working with nontraditional clientele groups. The number of poultry 
specialists and 4-H Youth Development advisors continues to decline. 
While studies have addressed maintaining 4-H enrollments, of equal, 
if not greater, issue is the recruitment of volunteer leaders. In 2006 a 
California Master 4-H Poultry Volunteer Program was initiated. Program 
candidates were selected from areas at significant distance from the 
poultry specialist. After intensive training sessions and the receipt of 
large personal libraries, the Master Volunteers are effectively organiz-
ing events, disseminating science-based information, and collaborating 
between counties. Frequent communication between the specialist and 
the Master Volunteers is keeping everyone enthusiastically engaged. 
Program delivery has significantly increased in areas where previously 
4-H poultry participants had infrequent contact with the poultry special-
ist. California’s Game Fowl Health Assurance Program (GFHAP) is 
directed at the state’s game fowl breeders, including many of Hispanic 
and Asian descent. In general, most members of this clientele group 
do not have previous ties to Cooperative Extension or the University 
of California. Recruitment was an initial challenge that was addressed. 
Involving campus-based students from the Hispanic community aided 
outreach efforts. The GFHAP is constantly looking for ways to keep 
the game fowl breeders interested and fulfilling the Program require-
ments. Particularly successful have been contests and premiums for 
the first individuals to complete a required Program component. Those 
individuals are recognized with a special logo cap, their photograph 
in the GFHAP Newsletter, and so on. The premiums require a small 
monetary investment, but have resulted in increased participation from 
this very competitive clientele group. Extensionists deal not just with 
commodities, but with clients. Cooperative Extension (CE) has a strong 
tradition of effectively dealing with commodity issues. As CE moves 
forward, extensionists must find new ways to attract volunteers and 
underserved clients. Most importantly, once recruited, these individuals 
must be retained.

Key Words: Master 4-H Volunteers, game fowl

    40    Panel: Extension in the past, present, and future. B: Produc-
tion.  G. P. Martin*, Penn State University Extension, Lancaster.

Since the Hatch act of 1887 the role of extension work has been to 
bridge the educational gap between discoveries at experiment stations 
and university laboratories with industry that may be far removed 
from such places by distance or time. In essence the role of extension 
was and still is based on “service” to the industry who is one of many 
stakeholders in the land-grant university system. By many methods of 
delivery, educational programs have been delivered to help bolster the 
field knowledgebase of industry and to assist in and partner with industry 
in new discoveries to solve issues facing it.
With discoveries in the areas of physiology, nutrition, genetics, medicine, 
food safety, welfare and engineering, extension educators helped train 
and advise the industry as the demand for meat and eggs grew during 
key years. As input costs began to rise, examination of the industry in 
a systems approach was necessary to determine least cost measures and 
a means toward profitability in shrinking market margins was achieved 
with help from key extension advisors reviewing the marketplace.
In its current role, extension is working as an information source for 
industry and is partnering with industry in continual field experimenta-
tion of methods of management to solve key issues facing the industry. 
Environmental controls, production methods for poultry market seg-
ments, disease controls, and nutrient management will continue to be 
at the forefront in many plans of work for extension educators.
The partnership of the extension educator to the husbandryman in 
the field has been a long one. The only way to sustain extension into 
the future is to remain relevant to the needs of our stakeholders. This 
means that extensionists will need to remain flexible to help answer 
the next “challenge” facing the industry. It may also involve explain-
ing to other sectors of the stakeholder base (customers) how our food 
is produced. As new tools for educators evolve, we as our forefathers 
did, need to be early adopters to help stay current for inquiring minds 
in a hungry world.

Key Words: extension, education, industry

    41    Poultry processing.  P. A. Curtis*, Auburn University, Auburn, 
AL.

According to the National Chicken Council, in the 1800s and early 
1900s, poultry production consisted of many households having back-
yard flocks of dual-purpose chickens. These chickens supplied eggs 
and an occasional chicken for Sunday or holiday dinner. By the 1930s, 
chicken meat production, previously a subsidiary of the egg industry, 
began with the development of the broiler. In the 1940s, feed mills, 
hatcheries, farms, and processors were all separate entities. Eventually 
entrepreneurs consolidated feed mill, hatchery and processing opera-
tions, resulting in the beginnings of the integrated industry. Chickens 
were typically sold “New York dressed,” with only the blood and feathers 
removed. In 1942, the government approved “on-line” evisceration. By 
the 1960s, the commercial broiler industry began its economic boom. 
By 1952, specially bred meat chickens surpassed farm chickens as 
the number one source of chicken meat in the United States. “Verti-
cal integration” took hold, with a single company involved in every 
stage of production, processing and marketing. Federal inspection of 
broilers became mandatory in 1959. In the late 1960s and early 1970s, 
major companies begin to market chickens under brand names. Today, 
95 percent of broilers sold at retail grocery stores carry a brand name. 
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By the mid-1970s, the industry had evolved into its modern state with 
mechanization and automation technologies. By the early 1980s, con-
sumers preferred cut-up and further-processed chickens to the traditional 
whole bird. Chicken surpassed pork consumption in 1985. Chicken 
consumption surpassed beef consumption in the United States in 1992. 
In 1998, USDA required the Hazard Analysis and Critical Control 
Point (HACCP) process control system program in all large poultry 
slaughter establishments. The HACCP regulation totally changed the 

way chicken was inspected. No longer did the inspectors tell the plant 
how they need to accomplish something, now the plants must decide the 
best way to produce a safe product and be able to prove scientifically 
that their process is valid. The role of the Extension specialist has had 
to change and will need to continue to change to meet the changing 
needs of the industry.

Key Words: processing, history, extension

Physiology, Endocrinology, and Reproduction: Physiology I

    42    Effects of genetics, transport stress, and Escherichia coli 
challenge on hematology and clinical chemistry parameters of 
turkeys.  G. R. Huff*1, W. E. Huff1, N. C. Rath1, N. B. Anthony2, and 
K. E. Nestor3, 1USDA/ARS/PPPSRU, Fayetteville, AR, 2University of 
Arkansas, Fayetteville, 3The Ohio State University, Wooster.

Males and females from 3 genetic lines of turkeys were compared 
for their response to an Escherichia coli airsac challenge followed by 
transport stress (Transport). The turkey lines were a slow growing line 
selected for increased egg production (Egg line), a fast growing line 
selected for increased 16 wk body weight (F line), and a commercial 
line (Comm line). Birds from each line were challenged at 14 wk with 
an air sac injection of 5,000 to 10,000 cfu of E. coli and were subjected 
to a transport stress procedure 8 d after the challenge that included a 
total of 12 h holding time in a transport vehicle. At the end of Transport 
birds were returned to their pens and provided with feed and water. The 
following morning all birds (n = 10 to19 birds/line) were bled, which 
was 1 d after the start of Transport and 9 d after challenge with E. coli. 
Whole blood was analyzed using the Cell-Dyn 3500 blood analysis 
system (Abbott Diagnostics) and serum chemistry was measured using 
the Express Plus analyzer (Ciba-Corning Diagnostics Corp). Transport 
decreased hematocrit, hemoglobin, mean cell volume, mean corpuscu-
lar hemoglobin, glucose, triglycerides, cholesterol, phosphorus, iron, 
albumin, and alkaline phosphatase (ALP) levels and increased uric 
acid, blood urea nitrogen, alanine aminotransferase, aspartate amin-
otransferase, and creatine kinase (CK). Line differences were variable, 
but the levels of both iron and ALP were indirectly correlated with 
growth rate. Iron and ALP were also the only parameters influenced by 
gender, with males having higher levels of both compared to females. 
CK levels were over 6-fold higher in transported Comm line birds and 
iron levels of transported Comm males were 3-fold lower than controls. 
Previously, the growth rate of these lines was positively correlated with 
increased heterophil to lymphocyte ratios and susceptibility to colibacil-
losis. The highly significant differences seen in the Comm line for these 
commonly measured blood parameters suggest that they may be useful 
for profiling flocks to determine their response to transport stress and 
feed withdrawal.

Key Words: turkeys, transport stress, clinical chemistry

    43    Circadian expression of clock genes in the pineal gland, 
visual suprachiasmatic nucleus (vSCN) and premammillary nucleus 
(PMM) in photostimulated turkey hens.  B. Leclerc*, S. Kang, C. 
Howell, L. Mauro, and M. E. El Halawani, University of Minnesota, 
St. Paul.

Dopamine-melatonin (DA-MEL) neurons in the PMM have previ-
ously been described to be light/dark-inducible at 14 hours after light 

on during the photosensitive phase. It is hypothesized that these PMM 
DA-MEL neurons may be a component of a biological clock involved 
in the reception of photoperiodic information critical for the regulation 
of seasonal reproduction in turkeys. To establish whether clock and 
melanopsin genes rhythms are related to the activation of these neurons, 
night interruption studies and circadian expression profile of these genes 
were conducted. In the first experiment, short day (6L:18D) birds were 
subjected to a light pulse of 30, 60 and 180 minutes duration at circadian 
times (CT) 8, 14, and 20. In the second experiment, short (8L:16D) and 
long day (16L:8D) birds were both sampled at CT1, CT5, CT9, CT13, 
CT17 and CT21. Brains were collected from each bird, the PMM and 
the vSCN were isolated using micropuncture technique and total RNA 
was extracted from nuclei and pineal glands. RT-PCR analysis was per-
formed to determine the fold change in bmal1, clock, cry1, cry2, per2, 
per3, and melanopsin mRNA transcripts. In the night interruption study, 
our results suggest that 1 hour light stimulation induced (P < 0.05) per3 
gene expression in the pineal and PMM, but repressed it (P < 0.05) in 
the vSCN. A similar trend was observed for bmal1 and cry1 genes in the 
vSCN and PMM. In the circadian profile study, pineal cry1 gene reached 
a nadir at CT21 and peaked at CT13 in the PMM, whereas melanopsin 
gene reached a zenith at CT21 and nadir at CT13 in the respective tis-
sues. In the PMM, per2 gene peaked at CT5, whereas per3 gene was 
repressed at CT9. In the pineal and vSCN, both genes were positively 
related at CT1 and CT9-13, respectively. This study suggests that light 
is an effective entrainer of clock genes which are differently expressed 
in these neuronal targets.
Supported by National Research Initiative Grant (2007-35203-18072) 
from the USDA Cooperative State Research, Education, and Extension 
Service.

Key Words: gene expression, circadian rhythm, reproduction

    44    Influences of maternal corticosterone and selection for diver-
gent adrenocortical responsiveness to stress in Japanese quail on 
egg incubation length and hatchling body weight.  J. B. Schmidt*, 
S. T. Treese, K. A. Davis, R. M. Andree, and D. G. Satterlee, Louisiana 
State University Agricultural Center, Baton Rouge.

While changes in corticosterone (B) during embryogenesis are thought to 
play a role in egg hatching, only a scant and controversial literature exists 
concerning the effects of in ovo (embryonic and maternally derived) B 
on the length of egg incubation (LEI) and chick body weight (BWT) 
at hatching. Because quail hens selected for exaggerated (high stress, 
HS) rather than reduced (low stress, LS) plasma B response to stress 
deposit more B into their eggs, these lines provide a good model to study 
the relationship between embryonic B and the above hatch variables. 
Therefore, we conducted studies that investigated the interactive effects 
of line (LS vs. HS) and maternal B treatment on LEI and hatchling 
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BWT. In Exp. 1, a preliminary investigation that used approximately 
150 eggs per line, only the effects of line were studied; while Exp. 2, 
a large scale trial that used about 400 eggs per treatment combination, 
served to confirm Exp. 1 line effects on LEI as well as study any line 
interaction with hen B-treatment (sub-Q implants of B or no-B, CONs, 
during egg formation). In Exp.1, on average, eggs from HS hens hatched 
3.7 h sooner (P < 0.0003) than did eggs from LS hens while mean 
BWT was unaffected by line. In Exp. 2, the line effects on LEI were 
confirmed (HS eggs hatching 4.5 h sooner than LS eggs; P < 0.0001). 
In addition, eggs laid by B-treated hens hatched 2.9 h sooner than did 
CON eggs. Moreover, line*hen B-implant treatment effects on mean 
LEI partitioned (P < 0.05) as follows: LS-CON > LS-B > HS-CON > 
HS-B. BWT was not examined in Exp. 2 since line did not alter BWT in 
Exp. 1. Thus, selection for exaggerated adrenocortical responsiveness is 
associated with a reduction in the LEI without altering hatchling BWT. 
The findings of further shortenings of the LEIs in eggs of B-treated hens 
of both stress lines in Exp. 2 are particularly important to the poultry 
industry because they serve to warn layer, breeder farm and hatchery 
managers that unless stress in hens during egg formation is avoided, an 
abbreviated egg incubation period may result.

Key Words: Japanese quail, corticosterone, egg incubation length

    45    Influences of maternal corticosterone in Japanese quail 
selected for contrasting adrenocortical responsiveness on the fer-
tility, hatchability, and embryonic mortality of their eggs.  D. G. 
Satterlee* and J. B. Schmidt, Louisiana State University Agricultural 
Center, Baton Rouge.

In avians, either no effects or severe negative consequences on reproduc-
tive performance have been associated with chronic corticosterone (B) 
treatment of hens. Furthermore, hens selected for exaggerated (HS, high 
stress) rather than reduced (LS, low stress) plasma B stress responsive-
ness deposit more B into their eggs than do LS hens, and female progeny 
of HS B-implanted hens show reduced egg production when compared 
to their LS and HS control and LS-B counterparts. Herein, we examined 
the interactive influences of maternal B-treatment, either sub-Q implants 
filled with no-B (controls, CON) or B, with quail stress line on egg 
fertility (FRT), and total and fertile egg hatchability (TOTHATCH and 
FRTHATCH, respectively), as well as on the percentages of embryonic 
mortality (early deads, ED; late deads, LD) and pipped (PIP) eggs. 
FRT was dramatically reduced in eggs of HS compared to LS hens (P 
< 0.0001) and B-implant compared to CON-treated hens (P < 0.0001), 
with line*implant treatment FRT outcomes (P < 0.05) as follows: 
LS-CON = LS-B > HS-CON > HS-B. TOTHATCH was also affected 
by line (LS > HS; P < 0.0001), implant treatment (CON > B-implant; P 
< 0.0002) and their interaction (LS-CON = LS-B = HS-CON > HS-B; P 
< 0.05), while line and maternal B-treatment did not affect FRTHATCH 
and only a trend for FRTHATCH to be reduced was detected in eggs 
from HS-B-treated mothers. While the percentages of LD and PIP eggs 
were unaffected by any of the treatments, embryonic ED was higher 
(P < 0.05) in eggs laid by HS-B-implanted hens than in eggs from any 
of the other 3 treatment groups. These findings are important to avian 
geneticists as they further emphasize the overall benefit that selection 
for reduced adrenocortical responsiveness would likely have on the 
reproductive performance of hens. In addition, the maternal B findings 
serve to warn layer, breeder farm and hatchery managers that unless 
stress in hens during egg formation is avoided, negative consequences 
in FRT, TOTALHATCH, and ED can also result.

Key Words: Japanese quail, corticosterone, egg hatchability

    46    Alleviation of heat stress in market age broilers by strategic 
elevation of incubation temperature.  S. Yahav*1,2, E. Oviedo-Ron-
don2, and J. Brake2, 1Animal Science, Bet Dagan, Israel, 2Department 
of Poultry Science, University of North Carolina, Raleigh.

The potential of inducing thermotolerance in broilers was elucidated by 
exposing embryos to elevated temperature during specific critical periods 
of incubation. Fertile eggs were divided into 2 treatments: the control 
treatment was incubated under standard single-stage conditions; while 
the thermal manipulated (TM) treatment was incubated as the control 
except from 7 to 16 d when eggs were incubated for 12 h/d at 39.5°C and 
53% RH. At 17 d eggs were returned to standard conditions, transferred, 
hatched, and reared under standard conditions. At 35 d of age, broilers 
were heat challenged (35°C, low RH). The TM eggs exhibited slightly 
reduced hatchability (85.8% vs. 88.7%) as compared to the controls, but 
with no effect on chick BW. Body temperature (Tb) of the TM males and 
females was lower than that of the control treatment at hatching. Up to 
35 d of age there were no significant differences between treatments for 
BW or FCR observed. However, a numerically heavier breast muscle 
was observed in the TM males and females. Prior to heat challenge at 
35 d of age, Tb of the TM males was significantly lower than that of 
the controls suggesting that the TM males had a lower metabolic rate. 
Heat challenge for 5 h produced a severe hyperthermia in all males but 
hyperthermia was significantly less evident in the TM group than in the 
control group. No significant differences were observed in mortality. The 
females demonstrated less sensitivity to heat challenge with almost no 
mortality. Following heat challenge, significantly greater breast muscle 
was observed in both genders of the TM group at 39 d of age, which 
suggested reduced utilization of breast muscle during heat stress. It was 
concluded that exposure to elevated temperature during a specific period 
of embryogenesis improved acquisition of thermotolerance.

Key Words: embryogenesis, thermotolerance, heat stress

    47    Serotonergic and catecholaminergic interactions with 
co-localized dopamine-melatonin neurons in the hypothalamic 
premammillary nucleus of the female turkey during different 
reproductive states.  S. W. Kang*, B. Leclerc, L. J. Mauro, and M. E. 
El Halawani, University of Minnesota, St. Paul.

Serotonin (5-HT) and catecholamines (CAs; epinephrine and norepi-
nephrine) appear to have important roles as neurotransmitters in avian 
reproduction, but their neuroanatomical relationship to the neuroendo-
crine circuitry that regulates reproduction is poorly understood. Our 
previous studies lead to the hypothesis that 5-HTergic/CAergic neurons 
in the brainstem and their interaction with PMM DA-MEL neurons 
might be an important circuit for reproductive function in the female 
turkey. The retrograde fluorescent tract tracer, DiI was injected into the 
PMM, and combined with 5-HT, tyrosine hydroxylase (TH), dopamine 
β-hydroxylase (DBH), and phenyl N-methyltransferse (PNMT) immu-
nocytochemistry (ICC) to reveal neuroanatomical connections. Changes 
in the activities of 5-HTergic, and CAergic neuronal systems projecting 
to the PMM were measured at different reproductive states with in situ 
hybridization technique, using tryptophan hydroxylase 2 (TPH2) and 
TH mRNA expression, respectively. Cells labeled with DiI were found 
in anatomically discrete areas in or near the hypothalamus and the brain-
stem. Double ICC, using TH/5-HT, TH/DBH and TH/PNMT antibodies, 
confirmed that there were 5-HT, DBH, and PNMT immunoreactive fibers 
in close approximation to DA-MEL neurons. TPH2 mRNA expression 
in 5-HT neurons was found in the AVT, nDBC, LC, LoC, SCv and R. 
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TPH2 mRNA expression level was greatest in laying and incubating 
hens and least in the sexually inactive short day and photorefractory 
hens in all areas, except in the R. The most abundant expression of TPH2 
mRNA was seen in the LoC of laying and incubating hens. Among the 
CAergic areas labeled with Dil, the nTS showed the highest level of 
TH mRNA expression in photorefractory hens and the lowest level in 
incubating hens. The patterns of 5-HT/CA neuronal distribution and 
their variable interactions with PMM DA-MEL neurons during differ-
ent reproductive states may offer a significant neuroanatomical basis 
for understanding the control of avian reproduction. USDA Grant No. 
2007-35203-18072

Key Words: dopamine neuron, serotonin, catecholamines

    48    Caprylic acid maintains rooster sperm viability during in 
vitro storage.  G. Liu*1,2, A. M. Donoghue2, K. Venkitanarayanan3, and 
D. J. Donoghue4, 1Yangzhou University, Yangzhou, Jiangsu, P.R. China, 
2PPPSRU, ARS, USDA, Fayetteville, AR, 3University of Connecticut, 
Storrs, 4University of Arkansas, Fayetteville.

Campylobacter and Salmonella are leading bacterial causes of human 
food-borne infections. Studies suggest that these microorganisms are 
highly prevalent in poultry semen and may contribute to vertical trans-
mission between the breeder hen and offspring. Unfortunately, strategies 
to reduce or eliminate these pathogens in poultry semen negatively 
impact sperm viability. Caprylic acid, an 8-carbon fatty acid, has shown 
bactericidal effects against many pathogens in vitro, including Campy-
lobacter and Salmonella. Before testing the efficacy of this compound 
against pathogens in semen, determining the effect of caprylic acid on 
poultry sperm viability is necessary. Therefore, the objective of this 
study was to test various concentrations of caprylic acid on chicken 
sperm viability during in vitro storage. Semen collected from multiple 
roosters was pooled and diluted in poultry semen extender alone (con-
trol) or treatments containing serial dilutions of a 1.4% caprylic acid 
stock solution (1:1, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64; 1:128, 1:256, 1:512). 
Semen was stored at 4°C and assessed for viability utilizing SYBR 14/
Propidium iodide live/dead stain and fluorescent microscopy after 6 
h, d 2, d 5, and d 7 in vitro storage. At 6 h viability was maintained in 
controls and caprylic acid groups. By d 2 caprylic acid dilutions of 1:32 
to 1:512 maintained viability equal or greater than controls ranging from 
80–90% viable sperm. By d 7 the caprylic acid treatments of 1:32 to 
1:512 maintained 70% viable sperm whereas control viability was 40%. 
Caprylic acid at optimal doses maintained sperm viability during in vitro 
storage better than controls and may provide an effective treatment for 
reducing pathogens in poultry semen.

Key Words: sperm viability, caprylic acid

    49    Differential gene expression in the hypothalamus of neonatal 
chicks during feeding and fasting.  S. E. Higgins*1, L. E. Ellestad1, N. 
Trakooljul2, J. Saliba1, F. McCarthy3, L. A. Cogburn2, and T. E. Porter1, 
1University of Maryland, College Park, 2Universitiy of Delaware, 
Newark, 3Mississippi State University, Starkville.

Delayed access to feed following hatching has been associated with 
reduction in growth performance in chicks. However, the gene networks 
within the hypothalamus that regulate feed intake and metabolism, and 

the effects of fasting on those pathways are not well understood. The 
present experiment evaluated global hypothalamic gene expression in 
neonatal chicks using the Arizona Gallus gallus 20.7K Oligo Array 
v1.0 to elucidate genes and pathways regulated by feeding, fasting, and 
refeeding. Ten groups of chicks were sampled over 4 days posthatch, 
including: control (at hatch), 24-h fed, 24-h fasted, 48-h fed, 48-h fasted, 
48-h fasted then 4-h refed, 72-h fed, 48-h fasted then 24-h refed, 96-h 
fed, and 48-h fasted then 48-h refed. Nonesterified fatty acids were 
elevated, and triglycerides were decreased in fasted chicks at 24 and 48 
h, indicating that fasting induced physiological changes. Hypothalamic 
samples were collected from 8 chicks per group, and total RNA was 
extracted and pooled for hybridization (n = 4). Expression patterns of 
selected genes were confirmed by quantitative real-time PCR. Twofold 
differences in gene expression were detected in 1,272 genes between 
treatment groups, and of those, 119 genes were significantly (P < 0.05) 
different. Assignment of gene ontology terms to the significant genes 
resulted in 34 different categories of biological processes, with 24% 
of genes participating in signal transduction, transport, or metabolic 
processes. Genes that were up-regulated during fasting (and confirmed 
by qPCR) include FK506BP51, which is involved in the formation of 
steroid receptor complexes, and deiodinase type II, which is responsible 
for converting the thyroid hormone T4 into T3. Confirmed genes, down-
regulated due to fasting, included proopiomelanocortin and fatty acid 
binding protein 7. Other regulated genes were identified that play a role 
in feeding and obesity in other species, such as relaxin 3 and adrenergic 
receptor-β2. Further analysis of differentially regulated genes could 
provide new information regarding the role of the hypothalamus in feed 
intake and metabolism.

Key Words: hypothalamus, microarray, fasting

    50    Physiological status of the broiler embryo during vari-
ous phases of incubation with a special emphasis on the pipping 
muscle.  R. Pulikanti*, E. D. Peebles, R. W. Keirs, L. W. Bennett, S. 
K. Whitmarsh, and M. M. Keralapurath, Mississippi State University, 
Mississippi State.

The developmental relationships between liver and pipping muscle 
compositions of broiler embryos during incubation were determined. 
Ninety eggs obtained from a commercial source were incubated on 
3 replicate tray levels (30 eggs per tray) for 19 d. During incubation, 
internal incubator conditions were monitored daily and egg weight loss 
between Days 0 and 19 was determined. On Days 15 and 19 of incuba-
tion, eggs were candled, and at least 10 eggs were randomly selected 
from each tray level for live embryo analysis. Whole livers and pipping 
muscles were obtained from the live embryos and were then analyzed 
to determine their relative weights, and their protein, fat, glucose, and 
glycogen contents. Also, the Day 19 pipping muscles were analyzed to 
determine their calcium concentrations. Between Days 15 and 19 of 
incubation, relative liver and pipping muscle weights, and liver fat and 
pipping muscle glucose, glycogen, and protein concentrations increased; 
whereas, liver protein and pipping muscle fat concentrations decreased. 
At Day 19, relative pipping muscle weight was positively correlated 
with its calcium concentration and negatively correlated with its fat 
concentration. Also, at Day 19, liver fat concentration was positively 
correlated with relative pipping muscle weight, but was negatively 
correlated with pipping muscle glycogen concentration. These results 
suggest that glycogen and glucose accumulate in the pipping muscle 
in preparation for pipping. Furthermore, by Day 19, increased relative 
pipping muscle weight was associated with increased liver fat depots 
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and respective increases and decreases in pipping muscle calcium and 
fat concentrations.

Key Words: broiler embryo, nutrient profile, pipping muscle

    51    Changes in cellular localization of Nampt/PBEF/Visfatin in 
the chicken testis: Influence of sexual maturation.  S. M. Krzysik-
Walker*, O. M. Ocón-Grove, S. R. Maddineni, G. L. Hendricks III, and 
R. Ramachandran, Pennsylvania State University, University Park.

Sperm cells require vast amounts of energy upon maturation for suc-
cessful fertilization. Visfatin, also known as Nampt and PBEF, is a 
cytokine-like enzyme involved in nicotinamide adenine dinucleotide 
(NAD) production, a coenzyme necessary for energy metabolism. We 
hypothesized that testicular visfatin expression would increase with 
sexual maturation and spermatogenesis. The objective of the present 
study was to investigate testicular and sperm cell visfatin expression, as 
well as plasma visfatin levels, in prepubertal and sexually mature broiler 
breeders. By RT-PCR, visfatin cDNA expression was detected in prepu-
bertal and sexually mature breeder testes. Using immunohistochemistry, 
visfatin immunoreactive granules were predominantly observed in the 
nucleus of seminiferous peritubular and interstitial cells in prepubertal 
breeder testis. In sexually mature breeders, visfatin immunoreactivity 
was observed in interstitial cells as well as in the adluminal and luminal 
compartments of seminiferous tubules. Visfatin immunoreactivity was 
also observed in Sertoli cellular syncytia, as well as in spermatocytes 
and sperm cells, but not in the cytoplasm or nucleus of spermatogonial 
cells. Using real-time quantitative PCR, sexually mature breeder testis 
was found to contain 10-fold higher visfatin mRNA quantity compared 
to 14-week-old prepubertal breeders (n = 4–6; P < 0.05). Testicular 
visfatin protein quantities determined by Western blotting were not 
different between sexually mature and prepubertal breeder testes (n = 
5; P > 0.05). Using immunoblotting, visfatin was detected in protein 
extracts of sperm cells obtained from breeder semen. Plasma visfatin 
levels, determined by enzyme immunoassay, were at least 20-fold higher 
in sexually mature breeders compared to 4- or 14-week-old prepubertal 
male breeders (n = 6; P < 0.05). Collectively, our results provide novel 
evidence that testicular visfatin expression undergoes dramatic changes 
as the broiler breeder undergoes sexual maturation possibly indicating 
that visfatin is involved in spermatogenesis, Sertoli cell function, NAD 
production, steroidogenesis, and sperm cell viability.

Key Words: visfatin, spermatogenesis, breeder

    52    Impaired intestinal villi growth in broiler chicks with navel 
buttons.  L. T. Kawalilak*, A. M. Franco, and G. M. Fasenko, University 
of Alberta, Edmonton, AB, Canada.

By the time of hatching the residual yolk sac (RYS) has been inter-
nalized into the chick′s body cavity and the navel should be closed 
(healed). After hatching the RYS is absorbed and used for maintenance 
and growth. This research examined the relationship between unhealed 
navels and intestinal villi growth in chicks. Hatching eggs containing 
live embryos were collected from a commercial hatchery at 18, 19 
and 20 d of incubation (n = 5/day). At 21 d of incubation chicks with 
healed navels (H) and chicks with navel buttons no larger than 3 mm in 
diameter (B) (n =  30/group) were collected. The chicks were grown out 
and sampled over a 5 d period. Embryos (5/day) and chicks (5/group/

day) were weighed, euthanized, and the RYS removed and weighed. 
Samples of the small intestine (duodenum and ileum) were processed for 
histological analysis and villi height were measured using MetaMorph 
software. The trial was replicated in time using eggs and chicks from 
the same flock. Data were analyzed using SAS proc Mixed (P ≤ 0.05). 
No significant differences in average weight were observed between 
H and B chicks; however, the average RYS (as a percentage of chick 
weight) was greater in B (5.0 ± 0.3%) than in H (3.6 ± 0.3%) chicks. 
Significant increases in duodenal and ileal villi height were observed 
daily from 18 d of incubation until hatching. Duodenal villi height was 
shorter in H than in B chicks (386.0 ± 17.5 µm vs. 453.4 ± 17.5 µm, 
respectively) at hatching but longer on each day posthatch until 4 d. 
Ileal villi were longer in the H vs. the B chicks from hatching through 
to 5 d. The average posthatch villi heights were longer in the H chicks 
vs. the B chicks in both the duodenum (571.4 ± 7.2 µm vs. 545.0 ± 
7.2 µm, respectively) and in the ileum (320.5 ± 4.0 µm vs. 303.0 ± 4.0 
µm, respectively). The presence of even small navel buttons at hatch-
ing may lead to a subclinical yolk sac infection (omphalitis), and this 
may ultimately impair the absorption of the RYS causing a decrease 
in intestinal villi growth. Further research on the relationship between 
navel buttons and intestinal physiology is advised.

Key Words: chick navel, yolk sac, intestinal villi

    53    Effects of electrolytic lesions of the medial bed nucleus of the 
stria terminalis (BSTM) on sexual behavior in male broiler breed-
ers.  D. L. Allen*, W. J. Kuenzel, J. Xie, and A. Jurkevich, University 
of Arkansas, Fayetteville.

An experiment was conducted to test the effect of lesions to subnuclei 
of the BSTM on appetitive and consummatory sexual behavior in male 
broiler breeders. The BSTM is known to contain sexually dimorphic 
cells expressing arginine vasotocin (AVT), an important modulator 
of male sexual behavior. Male broilers, ranging in age from 28 to 45 
weeks were involved in the study. They were feed-restricted accord-
ing to industry standards and housed in individual battery cages. All 
males had previous sexual experience. On 3 different days each male 
was placed for 20 minutes in an observation pen with 8 laying hens, 
behavior was video recorded, and frequencies of courtship and copula-
tory behaviors were noted. Males who copulated in all 3 observation 
replicates received bilateral electrolytic lesions to different portions 
of the BSTM. Lesions were made for each target site applying 1 mA 
DC current for 15 seconds. Birds were allowed to recover for 7 days 
before initiating behavioral observations postoperatively. Again, three 
20-minute behavioral observations with 8 hens were recorded to deter-
mine if male sexual behavior had been altered. Birds were then perfused 
with Zamboni′s fixative, brains removed, sectioned, and prepared for 
Nissl staining and immunocytochemistry using antibodies against AVT 
and aromatase. Estimates of the percent destruction of AVT containing 
nuclei were determined. In cases affecting sexual behavior, the BSTM2 
(ventral medial BSTM) and the most caudal portion of the medial pre-
optic nucleus were lesioned. Males with lesions to the BSTM2 showed 
marked reduction of copulation and mounting behavior; while waltzing 
and tidbitting were reduced by 84 and 70%, respectively. These data 
reveal that lesions to the ventral medial BSTM of broiler breeder males 
virtually eliminate consummatory behavior while some components of 
appetitive sexual behavior are still displayed. Supported by NRI grant 
no. 2005-35203-15850 from USDA, CSREES.

Key Words: vasotocin, copulation, septal-hypothalamic region
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    54    Differential neural activation in the septo-hypothalamic region 
following sexual and agonistic behavior in male broiler breeders.  
J. Xie*, W. J. Kuenzel, D. L. Allen, and A. Jurkevich, University of 
Arkansas, Fayetteville.

Sexual and agonistic behaviors are important social variables affecting 
fertility in male broiler breeders. Studies in birds and mammals have 
shown that the same brain nuclei, such as the medial bed nucleus of stria 
terminalis (BSTM) and paraventricular nucleus (PVN), are activated 
by both copulatory and agonistic behaviors. Our goal was to determine 
anatomical specificity of neural circuits within the septo-hypothalamic 
region following activation by copulatory or agonistic behavior. Mature 
male broiler breeders (n = 19) with sexual experience were randomly 
allocated to 4 groups. Each male was transferred to a testing pen for 20 
min and placed either with a sexually mature female (FEM), a taxidermy 
adult female in a crouching position (DUMMY), a male (MALE), or 
alone (EMPT). One hour after observation, birds were perfused with a 
fixative and an immediate early gene product, Fos protein, a marker of 
cell activation was visualized in brain sections using immunocytochem-
istry. Number of Fos-immunoreactive cells, stained cell areas and optical 
density were determined in the BSTM1, BSTM2, PVN, and NCPa (bed 
nucleus of the pallial commissure). In the BSTM1, the FEM group had 
significantly more Fos-ir cells than the MALE group. No differences 
were found in the area and optical density of Fos immunoreactivity of 
this subnucleus. In contrast, no overall significant effect of treatment 
was found for Fos cell counts, their area and optical density in the 
BSTM2. In the PVN, the MALE group had significantly higher Fos-ir 
cell counts than the other 3 groups. In the NCPa, more Fos-ir cells were 
found in MALE and DUMMY groups than the FEM birds. Area of 
Fos-ir cells in the NCPa were significantly larger in the MALE group 
compared to the remaining ones. In summary, the BSTM1 appears to 
be activated following copulation, while stimulation of the PVN and 
NCPa is associated with agonistic behavior or stress. Supported by NRI 
grant 2005-35203-15850 from USDA, CSREES.

Key Words: Fos, stress, image analysis

    55    Investigating the effects of estrogen on Zebra Finch egg-
shell thickness and eggshell morphology.  S.L. Westmoreland*1, H. 
Pourarsalan1, K. A. Schug3, and J. R. Millam2, 1Department of Biol-
ogy, University of Texas, Arlington, 2Department of Animal Science, 
University of California, Davis, 3Department of Chemistry, University 
of Texas, Arlington.

Female Zebra finch chicks are exposed to estrogen in their daily con-
sumption of seeds. We hypothesized that estrogen causes eggshell thin-
ning in Zebra Finch and eggshells treated with estrogen show a higher 
mammillary cone density. We then hypothesized that the eggshells 
treated with estradiol benzoate show a higher concentration of magne-
sium. Jim Millam at UC Davis administered the experimental female 
chicks with estradiol benzoate and canola oil for 7 days when they were 
5–11 days old. Control females were administered canola oil only. They 
were allowed to form mating pairs with males at 110 days and 25 eggs 
were collected: 15 control and 10 experimental. Three samples were 
removed from each eggshell and digital electron micrographs of the eggs 
were taken at 500×. Thickness of the eggshells was determined using 
Image Pro Plus. It was found that the treated eggshells were significantly 
thinner than the control (P = 0.02). We then investigated the relationship 
between eggshell thickness and mammillary cone density. We marked 
the cone tips on the photos and counted the tips. The mean for treated 
eggshells was 65.97 (SD = 11.2) while the mean for control was 63 
(SD = 14.6). This difference was not significant (P = 0.228). We then 
ashed the eggshells to make 8 control and 8 experimental eggshells and 
measured their magnesium content using the atomic mass spectrometer. 
There was no significant difference between the treated and control 
groups (P = 0.48). We concluded that estradiol causes eggshell thinning 
in Zebra Finch, but the mammillary cone and magnesium content are 
not directly related to thickness.

Key Words: eggshell, estrogen, morphology

    56    Natural source vitamin E (RRR-α-Tocopheryl Acetate) 
level in broiler diets modulates expression of some cytokines.  S. S. 
Block*1, M. G. Kaiser2, E. Beach2, M. Sifri3, and S. J. Lamont2, 1ADM 
Research, Decatur, IN, 2Iowa State University, Ames, 3ADM Alliance 
Nutrition, Quincy, IL.

Level of vitamin E in the broiler diet has been reported to impact both 
growth and immune function. The objective of the current study was 
to determine the effects of varied levels of natural-source vitamin E 
(Nova-ETM) on growth and on mRNA expression level of 13 cytokines 
in the broiler chicken, with or without immune activation. Broilers, in a 
randomized block design, were fed 1 of 3 diets. Diets were industry stan-
dard, enhanced (standard + 10× Natural Source Vitamin E) and reduced 
(reduced Zn, Mn, Se, and vitamins A and D) for 23 days and a common 
diet days 24–36. Birds were given either a saline or lipopolysaccaride 
(LPS) injection on day 23, 3 hours before collecting blood for isolation 
of white blood cells for cytokine gene expression assays. Cytokines are 
natural immunomodulators produced in response to immune activation. 
The LPS source for immune activation was E. coli. Diet had a significant 

effect on body weight, with birds on the reduced diet being smaller and 
having a higher death rate than the other 2 diets from 2 weeks of age 
through trial completion. Birds fed the enhanced vitamin E diet had 
less reduction in average daily gain after immune activation by LPS 
than did the industry standard diet group. LPS treatment decreased 
mRNA expression of interferon-gamma and the major histocompat-
ibility complex IIB; and increased transforming growth factor β-4 and 
inducible nitric oxide synthase and interleukin-6. Interferon-gamma and 
transforming growth factor B4 gene expression was greater for birds on 
the enhanced diet than the standard. Blood vitamin E was numerically 
lower after LPS injection in birds receiving the industry standard (4.6 
vs. 3.9 µg/mL; P > 0.1) and reduced diets (5.4 vs. 3.9 µg/mL; P > 0.1). 
Collectively, the results indicate that standard and enhanced vitamin E 
levels support growth performance, level of vitamin E modulates the 
expression of interferon-gamma, and enhanced levels of Natural Source 
Vitamin E may protect broilers against the reduction in gain that occurs 
with immune activation.

Key Words: natural source vitamin E, immunity, broiler
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    57    Cytokine gene expression in CD4+ and CD8+ T-cell subsets of 
chickens infected with Marek’s disease virus.  P. Parvizi*, L. Read, 
M. F. Abdul-Careem, C. Lusty, and S. Sharif, University of Guelph, 
Guelph, ON, Canada.

Immunity to Marek’s disease virus (MDV) is dependent on T-cell-
mediated immune response. However, little information is available on 
the cytokines produced by T-cell subsets in response to MDV infection. 
To assess cytokine gene expression in CD4+ and CD8+ T-cell subsets 
of MDV-infected birds, chickens were infected with the RB1B strain 
of MDV. Subsequently, T cells from the spleens of infected as well as 
age-matched controls were fractionated by flow cytometry at 4, 10, 
and 21 days postinfection (d.p.i.), RNA was extracted and subjected 
to real-time RT-PCR to assess the level of cytokine transcripts as well 
as viral genes including meq and glycoprotein B (gB) in fractionated 
T-cell subsets. There was an increase in the number of CD4+ T cells 
as well as a significant increase in the expression of viral meq gene in 
CD4+ T cells, which coincided with the presence of tumours in various 
organs. It was also observed that there was an up-regulation of IL-18 
and IL-6 expression in both T-cell subsets at 4 and 21 d.p.i. The expres-
sion of IL-10 was up-regulated in both subsets at all time points, except 
for 10 d.p.i. when the expression of this gene was down-regulated in 
CD8+ T cells. IL-4 was also up-regulated in both subsets at 4 and 21 
d.p.i. Overall, there was a tendency in T-cell subsets of MDV-infected 
birds toward the expression of type II cytokines. Our study indicates 
that MDV-associated cytokine profiles vary in CD4+ and CD8+ T-cell 
subsets and that cytokines including IL-4 and IL-10 may play a role as 
a part of host responses to MDV.

Key Words: T-cell subsets, Marek’s disease, real-time RT-PCR

    58    Expression of inflammatory mediators in lungs of ascites-resis-
tant and susceptible broilers in response to microparticles entrapped 
in the pulmonary vasculature.  K. R. Hamal*, R. F. Wideman, N. B. 
Anthony, and G. F. Erf, University of Arkansas, Fayetteville.

Intravenous microparticle (MP) injection is a patented method used to 
select broilers that are resistant to pulmonary hypertension syndrome 
(PHS, ascites). In addition to occluding pulmonary arterioles, MP cause 
mononuclear cell infiltration and local inflammatory activity in the 
perivascular region. PHS-resistant broilers (R line) are able to resolve 
the vascular occlusion and inflammation, whereas PHS-susceptible 
broilers (S line) tend to progress to PHS. The objective of this study 
was to examine the expression of inflammatory mediators in lungs from 
4-wk-old R and S line broilers before (0 h, no MP) and 2, 6, 12, 24, 
and 48 h post-i.v. MP injection (6 birds/line/time point) by real-time 
quantitative RT-PCR. Data were expressed as the fold change in target 
gene expression relative to 0-h levels. In lungs from both broiler lines, 
the expression of IL-1β, IL-6, IL-8, IL-12, and K60 increased (P < 0.05) 
from 0 to 6 h, reached peak levels at 6 and 12 h, and decreased thereafter, 
whereas IFN-γ and iNOS expression increased consistently from 0 to 
48 h post-i.v. MP injection. The pattern of IL-4 expression differed in 
lungs from R vs. S line broilers; in the R-line IL-4 was elevated by 6 
h and continued to increase thereafter, whereas in the S line IL-4 was 
elevated by 2 h and remained at that level. Compared to lungs from S 
line broilers, lungs from R line broilers had higher expression (P < 0.05) 
of IL-1β and IL-6 at 2, 6, and 12 h; higher IL-4 at 12, 24, and 48 h; 
higher IL-8 at 6 and 12 h; higher K60 at 6, 12, and 24 h; higher IFN-γ 
at 6 and 48 h and higher iNOS at 12, 24, and 48 h post-i.v. MP injec-
tion. The lines did not differ in IL-12 expression. Higher expression of 

pro-inflammatory mediators and iNOS in R compared to S line lungs 
following i.v. MP injection may explain the ability of R line broilers 
to effectively counteract the MP-induced pulmonary hypertension and 
resolve the vascular occlusion.

Key Words: ascites, cytokines, inflammation

    59    Development and initial evaluation of a candidate Clostrid-
ium perfringens α toxin-based necrotic enteritis vaccine utilizing 
recombinant Salmonella as a vaccine vector.  A. Khatiwara*1, S. L. 
Layton1, G. Tellez1, L. R. Berghman2, W. J. Bottje1, B. M. Hargis1, and 
Y. M. Kwon1, 1Department of Poultry Science, University of Arkansas, 
Fayetteville, 2Department of Poultry Science, Texas A&M University, 
College Station.

Necrotic enteritis (NE) is a common disease of poultry associated with 
poor performance and mortality. C. perfringens (CP) is the primary 
causative agent of NE. Social pressures are demanding alternatives 
to antibiotics to prevent the incidence of NE. Among the alternatives 
to control NE in poultry, vaccination is a promising approach. Previ-
ous studies have shown that attenuated Salmonella-vectored vaccines 
presenting foreign immuno-protective epitopes, along with an immune-
enhancing oligopeptide, on the cell surface is a promising and versatile 
strategy to fight infectious diseases in poultry. The objective of this 
study was to develop and evaluate a candidate CP α toxin-based NE 
vaccine utilizing recombinant Salmonella as a vaccine vector. Attenu-
ated S. Enteritidis (SE) genome was manipulated to display CP α toxin 
epitope (ARGFAK) as a fusion to the outer membrane protein LamB. 
In addition, a short 10 aa sequence of CD154 (WAEKGYYTMS) was 
inserted to enhance immune response (SE vaccine candidate). Day of 
hatch chicks were randomly divided into 3 groups (saline control; SE 
vector only; SE vaccine candidate, 65/group). Saline or 107 cfu/chick of 
the SE vector or the vaccine candidate were administered by oral gavage 
(0.25 mL) to the respective groups. At d 3, 10, 21, and 30, liver/spleen 
and cecal tonsils were removed to determine invasion and colonization 
by the vector. Both the vector and the vaccine candidate showed signifi-
cant invasion and cecal colonization (P > 0.001). Saline control birds 
were negative for SE at all time points. Blood samples were collected 
to measure α toxin-specific IgG antibody titers at d 10, 21, and 30. 
Results demonstrated that chicks, which received the vaccine candidate 
exhibited significantly higher levels of α toxin-specific IgG antibody at 
d 21 and 30 when compared to the saline control or SE vector groups. 
These preliminary data suggest that effective α toxin seroconversion 
is possible with this Salmonella-vectored vaccine candidate and may 
provide an effective tool to combat NE in poultry.

Key Words: Salmonella, Clostridium perfringens, vaccine vector

    60    Smyth line chicken model for autoimmune disease.  G. F. Erf*, 
K. D. Bateman, F. Shi, C. T. Trovillion, and B. L. Plumlee, University 
of Arkansas, Fayettville.

Vitiligo is a common acquired hypopigmentary disorder characterized 
by a loss of epidermal pigment cells (melanocytes). The Smyth line 
(SL) chicken is the only animal model for autoimmune vitiligo that 
recapitulates the entire spectrum of clinical and biological manifesta-
tions of the human disease. SL vitiligo (SLV) is a multifactorial disorder 
involving an inherent melanocyte defect (abnormal melanosomes), an 
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immune system component (primarily melanocyte-specific CMI), and 
environmental factors (e.g., herpesvirus of turkey; HVT). Hence, SL 
chickens offer unique opportunities to examine the interplay between 
genetic susceptibility, immune system activity, and environmental fac-
tors. Moreover, as pigment cells are located in the feather rather than 
the skin, the target tissue is easily accessible and can be sampled prior 
to and throughout the development of vitiligo. Another advantage of this 
animal model is that the incidence of SLV by 20 wk of age is predictably 
high (>90%) and low (<20%) in HVT-vaccinated and HVT-negative SL 
chicks, respectively. Lastly, this animal model includes 2 MHC-matched 
control lines: the parental Brown Line (BL, vitiligo-susceptible, but <2% 
incidence) and the Light Brown Leghorn (LBL, similar plumage colors, 
vitiligo resistant). Previous studies showed that melanocyte destruction 
in the growing feather is associated with mononuclear cell infiltration 
(primarily CD8+ T cells), MHC class II expression, melanocyte apop-
tosis, and the presence of melanocyte-specific cell mediated immunity. 
Current studies using targeted gene expression analyses revealed that 
the onset of SLV is associated with increased expression of pro-inflam-
matory cytokines (IL-1β, IL-8, IL-12, IFN-γ) and NALP-1, but not the 
Th2 cytokine IL-4. These findings support a role of inflammation and 
Th1 mediated immune activity in SL melanocytes destruction. Using 
HVT-negative chicks, studies are underway to further examine the role 
of these inflammatory mediators as well as LPS and muramyl dipeptide 
in triggering the expression of SLV in susceptible individuals. Taken 
together, the Smyth line chicken model is an excellent model to study 
chronic inflammatory and autoimmune disease processes.

Key Words: cytokines, Smyth chicken, vitiligo

    61    Proteomics of host responses in spleen of chickens infected 
with Marek’s disease virus.  N. Thanthrige-Don*1, M. F. Abdul-
Careem1, S. C. Burgess2, and S. Sharif1, 1Ontario Veterinary College, 
Guelph, ON, Canada, 2Mississippi State University, Mississippi State.

In this study, differential protein expression in spleen in response to 
Marek’s disease virus (MDV) infection was studied at various time 
points postinfection, which coincided with phases of MDV life cycle. 
Although several studies have been performed to investigate host 
responses to MDV at the transcriptional level, there are limited studies 
on the proteomic changes in host tissues during the course of Marek’s 
disease. To achieve the objective of the study, 5-day-old specific patho-
gen free chickens were infected with 750 plaque forming units of a very 
virulent strain of MDV, RB1B, and spleens were harvested at 7, 14, 
and 21 days postinfection (dpi) to study the protein expression using 
2-dimensional gel electrophoresis (2DE). Identities of differentially 
expressed proteins were obtained using liquid chromatography/mass 
spectrometery. We were able to resolve more than 550 spots between 
158 and 9 kDa and pI of 3–10 pH from each spleen. 65 proteins were 
identified as significantly (P ≤ 0.01 and FDR ≤ 0.05) differentially 
expressed at least once out of 3 sampling points. The highest number 
of differentially expressed proteins was detected on 7 dpi whereas the 
number declined by 14 dpi and increased again by 21 dpi. Among those 
proteins that were expressed only in infected birds at 7 dpi, predicted 
immunoglobulin superfamily member 3, heat-shock protein 70 and tri-
osephosphate isomerase 1 are of note. A predicted protein similar to NK 
cell enhancement factor isoform 4 was significantly induced at both 7 
and 14 dpi. Cathepsin D, major vault protein, aldolase b fructose bispho-
sphate and eukaryotic translation elongation factor proteins were among 
those that were significantly induced in all infected birds regardless of 
the sampling time point. Among down-regulated proteins, a predicted 

hypothetical protein homologous to MHC class IIα chain was noted. 
Overall, differential protein expression in spleen in response to MDV 
infection was successfully studied using 2DE and mass spectrometry. 
The present findings provide a basis for further studies aimed at elucida-
tion of the role of these proteins in MDV interactions with its host.

Key Words: Marek’s disease virus, host response, proteomic

    62    Immunostimulatory and antitumor effects of plant extracts 
demonstrated by in vitro culture systems.  S-H Lee*1, H. S. Lillehoj1, 
Y. H. Hong1, S-I Jang1, C. Ionescu2, and D. Bravo2, 1Animal and Natural 
Resources Institute, Agricultural Research Service, USDA, Beltsville, 
MD, 2Pancosma, Le Grand, Saconnex, Switzerland.

Traditionally, the application of prophylactic antibiotics has been suc-
cessful in reducing infection-related morbidity and mortality in animal 
production. However, with increasing concerns over the widespread 
use of feed-added chemicals in animal production and the emergence 
of antibiotic resistant microbial pathogens in the fields, there is much 
interest to develop alternative methods of disease control in poultry 
production. In this regard, rapid progress has been achieved on the 
identification and commercial application of novel plant phytonutrients 
to boost innate immunity against infectious diseases and tumors in clini-
cal medicine. In this study, we evaluated several phytonutrients isolated 
from various plant sources for their immunostimulatory activities using 
in vitro cultures of splenocytes, macrophages and tumors. Extracts from 
4 different medicinal plants (cinnamaldehyde, capsicum, shiitake, and 
curcuma) were tested for their effects on various in vitro parameters of 
innate immunity such as lymphocyte proliferation, macrophage activa-
tion, cytokine secretion and the inhibition of tumor cell growth. All plant 
extracts tested stimulated lymphocyte proliferation and inhibited tumor 
cell growth compared to the medium control. Co-culture of macrophages 
with cinnamaldehyde, capsicum, and shiitake induced nitric oxide pro-
duction with shiitake significantly inducing the expression of IL-1β and 
IL-6 transcripts. Stimulation of macrophages with cinnamaldehyde and 
curcuma significantly induced IL-15 and IL-12 transcripts, respectively. 
This report documents the immunological basis of health-promoting 
effects of these plants in poultry for the first time. Further studies on 
the nature of the immunomodulating activities of these phytonutrients 
will facilitate the development of novel dietary strategies to reduce 
economic losses due to infectious diseases in poultry.

Key Words: immunomodulation, lymphocyte, macrophage

    63    Lysis of human and rabbit erythrocytes by duck sera: Dif-
ferentiating the alternate from the classic complement pathway.  
P. F. Cotter*1 and R. Murdoch2, 1Cotter Laboratory, Arlington, MA, 
2Maple Leaf Farms, Milford, IN.

Duck immune system peculiarities include: true lymph nodes, intestinal 
lymphoid bands, and a truncated antibody,IgY(∆Fc).The latter might 
explain the inability of duck antibody to participate in secondary reac-
tions; and duck immunity may illustrate a compromise between protec-
tion and injury. Market age ducks possess high titers of Rabbit RBC (Rb) 
agglutinins but generally lack human type O (HuO) agglutinins. In 42 d 
drakes the anti-Rb titer was 1:1,024, but HuO were not agglutinated by 
sera diluted to 1:10. Both cell types were lysed. Rb were rapidly agglu-
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tinated and lysed, but HuO were not agglutinated and lysed only after 
prolonged incubation. HuO lytic titers were typically lower than those 
for Rb in the same sera.In 91 commercial drakes complete HuO lysis 
occurred in 14/91 (15%), ≥ 50% lysis in 51/91 (56%), but 7 (8%) sera 
were negative. Heating sera reduced lytic capacity for both HuO and Rb 
but not to the same degree. Nearly all HuO lytic capacity was removed 
after 10 min exposure to 57°C while the same treatment reduced Rb 
lytic capacity by only 50%.Chelation of Ca++ by EGTA interfered with 
Rb lysis suggesting inhibition of the classic complement pathway (CP) 
perhaps by interference at the C1 q-r-s levels. EGTA had little inhibitory 
effect on HuO lysis, supporting an alternate pathway (AP) mechanism. 
EGTA did not affect Rb agglutination.
The addition of carbohydrates, especially melibiose and galactose, to 
diluents reduces both agglutination and lysis of Rb but has little effect 
on HuO lysis. This supports a role for anti-Gal as the antibody providing 
the substrate for CP lysis of Rb and tends rule out an antibody require-
ment for HuO lysis. Collectively these 2 systems seem to provide a 
convenient means for investigating innate and acquired immunity of 
ducks. Moreover the heterogeneity in lytic capacity for HuO of market 
age ducks may offer a screening tool for identifying those with a weak 
immunity.

Key Words: ducks, alternate and classic complement pathways, eryth-
rocyte agglutination, lysis, immunity

    64    Importance of in ovo environment on subsequent immune 
function and health risks.  R. R. Dietert*, Cornell University, Ithaca, 
NY.

The embryonic environment supporting immune development plays a 
crucial role in defining posthatch immune function as well as potential 
health risks of the chick. Because landmark immune maturational events 
occur in ovo and set the template for host defenses of the chick, manage-
ment of immune maturation is a critical first step in overall management 
of poultry health. Much of our knowledge of both immune development 
and embryonic immunomodulation has occurred through the use of in 
ovo environmental manipulation and/or intervention. Through these 
techniques a wide array of intended and unintended immune modifiers 
have been identified and studied. These include feed and water contami-
nants such as mycotoxins and heavy metals as well as dietary factors, 
cytokines and various adjuvants. This presentation will consider the role 
that in ovo manipulation and intervention has played toward improv-

ing immune function and reducing health risks of the chick. Research 
supported in part by USDA Regional Grant 1016.

Key Words: embryonic development, immune maturation, health 
risks

    65    The role of photoperiod and melatonin injection on alleviation 
of inflammation induced by lipopolysaccaride injection in broiler 
chickens.  A. O. Abbas*1, G. M. K. Mehaisen1, G. L Hendricks3, A. 
E. Gehad2, and M. M. Mashaly1,4, 1Cairo University, Cairo, Egypt, 
2National Research Centre, Cairo, Egypt, 3Pennsylvania State Uni-
versity, State College, 4Kuwait Institute for Scientific Research, Safat, 
Kuwait.

Two experiments were conducted with male broilers to study the effect of 
different light schedules and melatonin (mel) injection in enhancing the 
immune response and reducing the inflammatory response induced by 
lipopolysaccharide (LPS) injection. In the first experiment, 160 one-day-
old broiler chicks were divided into 2 groups: the first group was exposed 
to continuous light (CL) [23L:1D], whereas the other group was exposed 
to intermittent light [1L:3D]. At 6 wk of age, within each light treatment, 
15 broiler chicks were injected intravenously (i.v.) 3 mg/kg BW LPS, 
and another 15 broiler chicks were injected with saline. B-lymphocyte 
proliferation and antibody production were significantly higher in the 
IL-LPS group. However, body temperature and plasma corticosterone 
concentration, at 3 and 12-h postinjection, were significantly lower in 
the IL-LPS group, compared to the CL-LPS group. Furthermore, plasma 
IL-1-like activity, plasma IL-6 concentration, and H/L ratio were signifi-
cantly lower in the IL-LPS group compared to the CL-LPS group, at 3, 
12, and 24 h postinjection. In the second experiment, 160 one-day-old 
broiler chicks were reared under continuous light (23L:1D). At 6 wk of 
age, 45 broiler chickens were divided into 3 groups. The first group was 
injected i.v. with 40 mg/Kg BW mel, followed by 3 mg/Kg BW mel 1 
h later. The second group was injected with saline followed by 3 mg/
kg BW LPS 1 h later. The third group received 2 saline injections 1 h 
apart. T and B lymphocyte proliferation and antibody production were 
significantly higher in the mel-LPS group (mel-LPS) compared to the 
saline-LPS group (s-LPS). Plasma corticosterone concentration and body 
temperature were significantly lower in the mel-LPS group compared 
to the s-LPS group at 3 h postinjection. Plasma IL-1-like activity was 
significantly higher in the s-LPS group compared to the other 2 groups 
at 0, 3, 12, and 24 h postinjection, while plasma IL-6 concentration was 
significantly lower in the mel-LPS group compared to the s-LPS group 
at 3 and 12 h postinjection.

Key Words: broilers, LPS, light, melatonin, immunity

    66    Low protein, hydroxy- and keto-amino acid analog supple-
mented diets for broiler chickens: 1. Performance and carcass 
weight.  A. Adrizal1, P. Patterson*1, C. Angel2, and A. Markant3, 
1Deptartment of Poultry Science, Penn State University, University 
Park, 2Department of Anim al & Avian Science, University of Maryland, 
College Park, 3Fresenius Kabi Deutschland, Germany.

This study evaluated the potential of reduced dietary CP and amino acid 
analogs to sustain growth and carcass weight (wt) in broilers (0 to 21 

d). Six dietary treatments with 3 levels of CP (22.5, 19.5, and 16.5%) 
and 2 sources of amino acids (AA): synthetic AA (SA) vs. OH- or 
keto-AA analogs (KA) were assigned to 36 pens (8 chicks/pen) in a 
3 × 2 design. dl-Met in all SA diets was replaced by MHA in all KA 
diets. l-Ile and l-Val in the 16.5 and 19.5% SA diets were replaced by 
keto-Ile and keto-Val in the 16.5 and 19.5% KA diets. The 16.5% KA 
diet was made by replacing l-Leu and l-Phe in the 16.5% SA diet with 
keto-Leu and keto-Phe. All isocaloric diets (3,050 kcal) were given 
ad libitum. Lowering CP to 16.5% reduced BW at 7, 14, and 21 d (P 
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≤ 0.0001) and feed intake (FI) at 8 to 14, 15 to 21, and 0 to 21 d (P ≤ 
0.001). BW gain (BWG) was reduced, and feed-to-gain ratio (FGR) was 
increased (P ≤ 0.003–0.0001) at all times. Birds fed 22.5 and 19.5% 
CP had comparable performance with few differences. No effect of 
AA or the CP×AA interaction was observed on FI or BW. Differences 
in BWG (SA, 122.9 vs. KA, 113.9 g/bird) and FGR (SA, 1.26 vs. KA, 
1.32) due to AA were observed at 0 to 7 d. This effect on FGR disap-
peared thereafter, but presented as a 0- to 21-d cumulative effect (1.45 
vs. 1.51; P ≤ 0.02) and by the CP×AA interaction (P ≤ 0.05). There were 
no differences in carcass wt due to CP, AA, or the CP×AA interaction 
at 14 or 21 d. Greater liver wt among the 16.5% CP chicks vs. the 19.5 
or 22.5% CP chicks was observed at d 14 and 21 (P ≤ 0.0001 and P = 
0.06), but no effect of AA or CP×AA was noted. Dietary CP reduced 
spleen wt on d 21 (P ≤ 0.0005) with lower wt in the 16.5 and 19.5% 
groups vs. 22.5% CP (0.090, 0.095, 0.119 g/100 g BW). Breast and legs 
were not affected by treatments at d 14, except on d 21 by dietary CP 
(P ≤ 0.003 and P ≤ 0.04). Although breast wt of the 16.5% CP group 
was less than the 22.5%, the 19.5% CP was similar to the others. At 21 
d leg wt of the 16.5% CP birds was equal to 22.5% CP. Only dietary 
CP affected fat pad wt on d 21 resulting in the heaviest in the 16.5% 
birds (P ≤ 0.0004).

Key Words: keto acid, chick performance, carcass wt

    67    Low protein, hydroxy- and keto-amino acid analog supple-
mented diets for broiler chickens: 2. Manure nitrogen.  P. Patter-
son*1, A. Adrizal1, C. Angel2, and A. Markant3, 1Department of Poultry 
Science, Penn State Univ, University Park, 2Department of Animal & 
Avian Science, University of Maryland, College Park, 3Fresenius Kabi 
Deutschland, Germany.

This study evaluated the potential of reduced dietary CP and amino acid 
analogs to reduce manure N in broilers (0 to 21 d). Six dietary treatments 
with 3 levels of CP (22.5, 19.5, and 16.5%) and 2 sources of amino 
acids (AA): synthetic AA (SA) vs. OH- or keto-AA analogs (KA) were 
assigned to 36 pens (8 chicks/pen) in a 3 × 2 design. dl-Met in all SA 
diets was replaced by MHA in all KA diets. l-Ile and l-Val in the 16.5 
and 19.5% SA diets were replaced by keto-Ile and keto-Val in the 16.5 
and 19.5% KA diets. The 16.5% KA diet was made by replacing l-Leu 
and l-Phe in the 16.5% SA diet with keto-Leu and keto-Phe. All isoca-
loric diets (3,050 kcal) were given ad libitum. Dietary CP significantly 
impacted manure DM and nutrients in a repeatable fashion at 14 and 21 d. 
Manure DM was increased in a linear fashion (52.9 to 61.8%, d 14; 54.3 
to 63.5% d 21) as CP was reduced to 16.5% (P ≤ 0.05). Manure total-N 
and organic-N were reduced in a linear fashion (total-N 47.0 to 32.8 g/
kg, d 14; 47.6 to 31.9 g/kg, d 21) (organic-N 44.7 to 30.9 g/kg, d 14; 45.5 
to 29.9 g/kg, d 21) as CP was reduced to 16.5% (P ≤ 0.0001). Manure 
NH4-N at 14 d was also reduced (P ≤ 0.05) by lower diet CP. Dietary 
AA also significantly impacted manure nutrients with KA repeatedly 
reducing total-N and NH4-N compared to birds fed the SA diets, e.g., 
total-N was 40.9 vs. 38.3 g/kg for SA vs. KA on d 14 and 41.1 vs. 38.0 
g/kg, on d 21 (P ≤ 0.10). Manure NH4-N was reduced from 2.4 to 1.9 
g/kg when birds were fed SA vs. KA on d 14 and 21 (P ≤ 0.01). There 
were also interactions of CP×AA observed on d 14 (P ≤ 0.05) and 21 
(P = 0.11) for total-N. The trend was for higher dietary CP to elevate 
manure N, and KA supplemented diets to reduce N levels beyond that of 
SA diets. Manure NH4-N was also impacted by the CP×AA interaction 
on d 21 (P = 0.06) with the same trend for higher CP to elevate NH4-N, 
and KA diets to reduce NH4-N levels beyond the SA diets. Implications 
are chick liver l-AA oxidase and plasma aminotransferase were impacted 

by the CP and AA treatment diets. The application of dietary KA for 
environmental management of N wastes on poultry feeding operations 
appears to have technical merit.

Key Words: keto acid, manure nitrogen

    68    Impact of new or recycled litter on broiler performance, 
litter characteristics and nitrogen mass balance.  C. S. Taylor*1,2, J. 
L. Bray2,1, J. B. Carey1, T. E. Cherry2, and C. D. Coufal3, 1Texas A&M 
University, College Station, 2Stephen F. Austin State University, Nacog-
doches, TX, 3Mississippi State University, Mississippi State.

The broiler industry utilizes recycled litter to rear broilers under com-
mercial settings. It is also typical practice to clean-out commercial 
broiler houses after several flocks. Litter age and broiler age effect 
litter characteristics, nitrogen emissions, and production. Two flocks 
were raised on new and recycled rice hulls and one flock was raised on 
new and recycled pine shavings. The first 2 flocks (1 and 2) were raised 
to 42 days of age and the last flock (3) was raised to 49 days of age. 
Body mass, feed consumption and feed conversion was calculated for 
all flocks. Nitrogen loss was calculated using the mass balance method. 
Broiler performance was not significantly different in any of the flocks 
with the exception of feed consumption (P = 0.036) for flock 2. Start-
ing litter percent moisture was significantly lower (P < 0.0001) for new 
litter across all flocks. For flock 1 and 2, ending litter percent moisture 
was not significantly different between treatments. For flock 3 ending 
litter percent moisture of new litter was significantly higher than that 
of recycled litter. Caked litter percent moisture for flock 1 was 53.7 
and 42.5% (P = 0.012) for new and recycled litter, respectively. There 
was no significant difference in caked litter moisture for flocks 2 and 3. 
Litter dry matter gain (kg/bird) for new litter was significantly higher 
than recycled litter for flock 1, but did not differ in flocks 2 and 3. Caked 
litter production (kg/bird) was significantly higher for recycled litter in 
flock 1, but did not differ in flocks 2 and 3. Average N loss for flock 
1 and 2 was not significantly affected by treatment. Nitrogen loss for 
flock 3 was significantly higher for recycled litter. Flock 1 N partitioned 
to caked litter was significantly higher for recycled litter; flocks 2 and 
3 did not differ. N partitioned to litter was significantly higher in new 
litter for flock 3; flocks 1 and 2 did not differ. Based on this experiment, 
litter characteristics and nitrogen partitioning of new and recycled litter 
may differ for rice hulls and pine shavings. Broiler performance was 
not affected by these treatments.

Key Words: broiler, litter, nitrogen mass balance

    69    Efficacy of acidic calcium sulfate + (clay or diatomaceous 
earth) litter formulations against Salmonella in broilers.  E. L. Lar-
rison*1, M. A. Davis1, J. A. Byrd2, J. B. Carey1, and D. J. Caldwell1, 
1Texas A&M University, College Station, 2USDA/SPARC, College 
Station, TX.

Research has shown that Salmonella can be prevalent in poultry litter, 
which can be a source of contamination for newly arrived chicks at 
the poultry house. Since this organism is a pathogen of concern to the 
poultry industry, 2 types of litter amendments were created and tested to 
determine effects on broiler growth, litter moisture and efficacy against 
Salmonella colonization. Litter amendments consisted of the combina-

ABSTRACTS OF PAPERS22

Poult. Sci. 87 (E-Suppl. 1)



tion of Acidic Calcium Sulfate (ACS) with either diatomaceous earth 
(DE) or hydrated sodium calcium aluminiosilicate (HSCAS). Experi-
mental conditions consisted of 12 pens in 4 isolation rooms with 15 
broiler chicks in each pen. Each litter amendment was applied to 3 pens 
for replicates of experimental groups. After litter amendment applica-
tion, 150 mL of Salmonella solution at concentration 3.8 × 108 cfu/mL 
was applied to the litter. Chicks were placed and growout time was 5.5 
weeks. There were 2 control groups of 3 pens each consisting of absolute 
control (no Salmonella or litter amendment) and control (Salmonella, 
no litter amendment). Litter samples were taken weekly from 5 areas 
in each pen and combined for determination of Salmonella counts. At 
3 and 6 weeks postplacement, 6 birds from each pen were euthanized 
by CO2 asphyxiation. The crop and ceca from these birds were tested 
for counts and/or presence/absence of Salmonella. Application of both 
litter amendments positively affected feed conversion and at 3 weeks 
postplacement the DE+ACS treatment did not have any birds positive 
for Salmonella. Efficacy of the litter amendments were varied in other 
treatments and further research is planned to fully determine efficacy 
on Salmonella and Campylobacter jejuni colonization.

Key Words: Salmonella, litter, broiler

    70    Efficacy study of supplementing Bio-Mos® and NatuStat® for 
growth-promoting antibiotics on broiler performance and yield.  J. 
Bray*1,2, C. Taylor1,2, T. Cherry1, J. Carey2, T. Sefton3, and J. Pierce3, 
1Stephen F. Austin State University, Nacogdoches, TX, 2Texas A&M 
University, College Station, 3Alltech, Inc, Nicholasville, KY.

Alternatives to antibiotics have come to the forefront of research with 
the mandatory and voluntary decreased use of growth-promoting 
antibiotics (GPA) in the poultry industry. The objective of this study 
was to evaluate the feeding of Bio-Mos® and NatuStat® in the absence 
of GPA and to examine their efficiency on broiler performance and 
carcass yield. A total of 6,000 broiler chickens were randomly placed 
in 48 floor-pens (10 ft × 10 ft) at a stocking density of 125 birds/pen 
and raised to 49 d of age. One of 4 dietary treatments was randomly 
assigned to each pen. The 4 dietary treatments consist of: TX 1 negative 
control (basal diet + coccidiostat), TX 2 positive control (basal diet + 
coccidiostat + GPA + Roxarsone), TX 3 (basal diet + coccidiostat + 
Bio-Mos®), and TX 4 (basal diet + coccidiosis vaccine + NatuStat®). 
At 49 d of age, birds were weighed and average body weight and feed 
conversion was calculated. At study end, a total of 384 birds (4 males 
and 4 females/pen) were randomly selected and processed to evaluate 
carcass yield. Data was analyzed using the GLM procedure in the SAS 
software and significant differences were detected using the Duncan’s 
Multiple Range Test. At the completion of the trial, TX 1 and 2 had a 
significantly higher average body weight from TX 4 but not TX 3. All 
treatments had a similar feed conversion at 49 d of age with a maxi-
mum differential of 0.03 points and were not statistically different. No 
significant differences were detected between the treatments for carcass 
WOG, breast, tenderloin, wing and total white meat yield. However, 
TX 3 was found to have a significantly higher percentage white breast 
meat relative to live body weight as compared to TX 2 but not from TX 
1 and 4. The results of this study suggest that Bio-Mos® and NatuStat® 
can be substituted for a GPA program with out negatively impacting 
performance and yield.

Key Words: mannanoligosaccharides, growth-promoting antibiotics, 
performance

    71    Comparative commercial study on broiler performance 
between live oocyts Coccidiosis Vaccine-A and live oocyts Coccidi-
osis Vaccine-B containing the low penetrating Eimeria tenella.  N. L. 
Gaikwad*1, J. L. Bray1, and T. E. Cherry1, 1Stephen F. Austin State Uni-
versity, Nacogdoches, TX, 2Texas A&M University, College Station.

The purpose of the study was to compare commercial broiler perfor-
mance parameters and coccidiosis lesion scores between birds receiv-
ing 2 different commercial coccidiosis vaccines. Placement of birds 
was in pens within 2 solid-wall, tunnel ventilated commercial broiler 
houses for 48 days. The study was conducted with 400 total birds that 
were vaccinated with Commercial Vaccine-A (TX A) and Commercial 
Vaccine-B (TX B) consisting of 200 birds per treatment. In the study, 
8 pens (6 ft × 6 ft) were evenly divided between the 2 broiler houses 
with a stocking density of 50 birds/pen. Birds were lesion scored for 
coccidiosis using 4 birds per treatment at days 14, 21, 28, 35, and 42. 
Data was collected at 14, 28, and 48 days of age for analysis of average 
body weight, feed conversion, adjusted feed conversion and mortality. 
Data analysis revealed that TX A had a numerically lower feed conver-
sion and adjusted feed conversion, while TX B had a numerically higher 
average body weight. However, there was no statistical difference with 
respect to average body weight, feed conversion, and adjusted feed 
conversion between the treatment groups.

Key Words: coccidiosis, lesion scoring, Eimeria tenella

    72    Using body temperatures to manage broiler house tempera-
ture.  E. O. Oviedo-Rondón, M. J. Wineland*, J. H. Small, and H. R. 
Cutchin, North Carolina State University, Raleigh.

Ambient temperature affects broiler performance and gas usage. Propane 
gas cost has recently increased significantly and adequate management 
of house temperatures and ventilation are more critical now. Two experi-
ments (exp.) were conducted in commercial farms to estimate the best 
house temperature profile for broilers of 2 different strains raised to 9 
weeks. The standard house target temperature recommendations of the 
integrator companies (CON) were compared with house temperatures 
managed according to daily chicken body temperatures (CBT). Two 
paired houses with a comparable composition of day-old broilers were 
used. In both experiments, 21,000 chickens were placed in each house 
with old litter and processed at 68 and 61 days of age, in experiment 
1 and 2 during fall and winter conditions, respectively. In exp. 1, radi-
ant pancake brooders were used and in exp. 2 side wall heaters were 
used. Straight run broilers were used in exp. 1 and only males in exp. 
2. Body temperatures of at least 25 chickens per house were taken 
daily for the first 2 weeks and once a week until 35 days of age. House 
target temperatures were slowly reduced to avoid flock average body 
temperatures increasing above 105°F during the first 5 days. After the 
first week, house target temperatures were adjusted to avoid average 
body temperatures rising above 107.5°F. Total BW, feed conversion 
(FC), mortality, propane gas consumption, and flock uniformity were 
evaluated. Final average flock BWs were 109 and 57 grams better in the 
CBT compared to CON in the first and second experiment, respectively. 
The CBT group had a better adjusted FC in the first trial (2.10 CON vs. 
2.03 CBT) and an unadjusted FC in the second trial of 2.014 CON vs. 
2.019 CBT. Flock uniformities improved for males, but not for females 
in exp. 1 with CBT, and no improvement in exp. 2. Gas consumption was 
reduced in 20% in exp. 1 and 10% in exp. 2. The improvements in live 
performance and propane gas usage obtained with the CBT treatment 
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indicated that monitoring body temperatures could be used to optimize 
broiler performance and profitability.

Key Words: broiler, brooding temperatures, thermoregulation

    73    Ferric sulfate as a litter amendment for ammonia reduction 
in broiler houses.  C. W. Ritz*1, L. A. Harper1, B. D. Fairchild1, and 
V. Johnson2, 1University of Georgia, Athens, 2Kemira Water Solutions, 
Inc., Lakeland, FL.

Litter treatment products are commonly applied within broiler houses to 
aid in the reduction of ammonia generation during the critical brooding 
phase. Though effective for short-term ammonia reduction, most prod-
ucts have not proven to be a long-term solution for effective ammonia 
reduction. The purpose of this study was to evaluate the effectiveness 
of a new litter amendment containing ferric sulfate. Four commercial 
25,000-bird broiler houses were used for the study. Through a series 
of 5 consecutive flocks, the ferric sulfate product was evaluated for 
effective application rate, ammonia suppression period, and retention 
of litter nitrogen. The product was evaluated at varying rates (50, 75, 
and 100 lbs per 1,000 square feet), different within-house locations, 
and in comparison with aluminum sulfate. Litter samples for nitrogen 
species analysis were taken throughout the study. Aerial ammonia 
concentrations were measured using open-path laser spectrometers and 
electrochemical sensors. The ferric sulfate amendment was consistently 
effective in reducing ammonia concentrations in the houses during the 
first 10 to 15 days after bird placement. The effective rate for optimum 
ammonia suppression ranged from 75 to 100 lbs per 1,000 square feet. 
Ammonia concentrations between aluminum sulfate- and ferric sulfate-
treated houses were similar during the treatment period. There was 
no difference in litter nitrogen retention between any treatments. No 
differences were noted in body weight, mortality, and feed efficiency 
between the treatments. These results suggest that ferric sulfate is an 
effective product for broiler litter management.

Key Words: suppression, nitrogen, aluminum sulfate

    74    Evaluation of sulfuric acid application at three levels as a 
litter treatment for broiler chickens.  J. P. Blake*, J. B. Hess, K. S. 
Macklin, and C. A. Wilson, Department of Poultry Science, Auburn 
University, Auburn, AL.

A total of 1,120 commercial broiler chicks (Cobb × Ross) were random-
ized with 70 birds in each of 16 enclosed chambers (2.44 × 2.44 × 2.44 
m). Birds were fed a corn-soybean meal starter (1.5 lb/bird; 22% CP, 
3,087 kcal/kg ME), grower (3.0 lb/bird; 20% CP, 3,131 kcal/kg ME), 
finisher (4.0 lb/bird; 17.5% CP, 3,197 kcal/kg ME) and withdrawal 
(ca. 3.0 lb/bird; 16.5% CP, 3,219 kcal/kg ME). Treatments comprised 
an untreated control (CON) and concentrated sulfuric acid (SA) (98% 
H2SO4) applied at 20, 40, or 60-lbs/1,000 ft2 (9.76, 19.52, or 29.28 
kg/100 m2) of floor space with each treatment assigned to 4 pens. New 
pine shavings (54.42 kg) were placed in each pen. Feed and water were 
provided ad libitum with 24 h lights. Birds and feed were weighed on 
day 21, 42, and 49 and litter and air quality samples were obtained 
weekly through day 49. Ammonia measurements were conducted using 
a closed container of specified dimension inverted over the litter bed 

and determined using a Drager CMS Analyzer equipped with a remote 
air sampling pump.
No differences (P > 0.05) in growth performance occurred during the 
49-d experimental period due to treatment. Initial litter pH for CON and 
SA at 20, 40, or 60 lb rates was 6.73, 2.35, 2.40, and 2.18, respectively. 
Litter pH remained significantly (P < 0.05) lower for all SA-treated 
pens through day 28 (5.30 vs. 7.67 for CON), while the highest level of 
SA maintained a significantly (P < 0.05) lower pH compared to CON 
through day 49 (8.85 vs. 8.08). Changes in pH among all treatments 
tended to increase over time due to increased excretory contribution. 
Results indicated that by day 14 detectable ammonia levels appeared 
and by day 28 significantly (P < 0.05) lower ammonia levels (ca. 50% 
lower) were incurred for all SA treatments. By day 35 only the highest 
SA treatment level exhibited significantly (P < 0.05) lower (ca. 60%) 
ammonia levels as compared to CON. No reductions in ammonia were 
attributed to SA treatment after 35 days. Litter moisture increased from 
a low of 10.63 to 24.9% by day 49 with differences between treatments 
attributed to the volume of acid applied.

Key Words: sulfuric acid, litter treatment, ammonia

    75    Evaluation of a liquid aluminum sulfate litter treatment 
(A-7®) at three application rates for broiler chickens.  J. P. Blake*, J. 
B. Hess, K. S. Macklin, C. A. Wilson, R. N. Lehman, and F. Kocakaya, 
Department of Poultry Science, Auburn University, Auburn, AL.

A total of 1,120 commercial broiler chicks (Cobb × Ross) were random-
ized with 70 birds in each of 16 environmental chambers (2.44 × 2.44 × 
2.44 m). Birds were fed a corn-soybean meal starter (1.5 lb/bird; 22% 
CP, 3,087 kcal/kg ME), grower (3.0 lb/bird; 20% CP, 3,131 kcal/kg 
ME), finisher (4.0 lb/bird; 17.5% CP, 3,197 kcal/kg ME) and withdrawal 
(ca. 3.0 lb/bird; 16.5% CP, 3,219 kcal/kg ME). Treatments comprised 
an untreated control (CON) and liquid aluminum sulfate (A-7) applied 
at 20, 40, or 60-gals/1,000 ft2 (81.4, 162.8, or 244.2 lt/100m2) of floor 
space with each treatment assigned to 4 pens. New pine shavings (54.42 
kg) were placed in each pen. Feed and water were provided ad libitum 
with 24-h lights. Birds and feed were weighed on day 21, 42, and 49 
and litter and air quality samples were obtained weekly through day 49. 
Ammonia measurements were conducted using a closed container of 
specified dimension inverted over the litter bed and determined using 
a Drager CMS Analyzer equipped with a remote air sampling pump. 
No differences (P > 0.05) in growth performance occurred by the end 
of the 49-d experimental period due to treatment. Initial litter pH for 
CON and A-7 at 20, 40, or 60 gal rates was 4.35, 2.09, 1.97, and 1.90, 
respectively. Litter pH for all A-7-treated pens was lower (P < 0.05) 
through day 28 as compared to CON (5.83 vs. 7.09). Beyond 28 days, 
the most pronounced differences occurred for the 60 gal rate on day 35 
(5.94 vs. 7.35 for CON), 42 (7.20 vs. 8.40 for CON), and 49 (7.50 vs. 
8.40 for CON). Lower (P < 0.05) ammonia levels were encountered 
on day 21 and 28 for all levels of A-7 application, after which the 60 lb 
level proved most successful in maintaining a lower (P < 0.05) ammonia 
level (ranging from ca. 30–60%) as compared to CON through day 49. 
Results indicate that reductions in pH led to an associated reduction 
in detectable ammonia and that A-7 remained very effective on clean 
shavings through day 49.

Key Words: liquid aluminum sulfate, litter treatment, ammonia
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    76    Evaluation of acidifying litter treatments for broiler chickens.  
J. P. Blake*, J. B. Hess, K. S. Macklin, and C. A. Wilson, Department 
of Poultry Science, Auburn University, Auburn, AL.

For 2 consecutive experiments, 1,500 mixed-sex broiler chicks (Cobb × 
Ross) were randomized among 30 floor pens (42 ft2/pen) with 50 birds 
each. Experiment 1 was conducted February–March and Experiment 
2 April–May. Birds received a corn-soybean meal starter (1.5 lb/bird; 
22% CP, 3,087 kcal/kg ME), grower (3.0 lb/bird; 20% CP, 3,131 kcal/
kg ME), and finisher (ca. 5.0 lb/bird; 17.5% CP, 3,197 kcal/kg ME). 
Treatments were a control (CON); Poultry Litter Treatment (PLT), 
Poultry Guard (PG) or 50:50 All-Clear:PLT (ACPLT) at 100-lbs/1,000 
ft2 and liquid alum (A-7) at 30 gals/1,000 ft2 with 6 pens containing 
used litter per treatment. Feed and water were provided ad libitum 
with 23 h lights. Birds and feed were weighed on day 21 and 42 with 
air quality and litter samples obtained weekly for ammonia and pH 
analysis, respectively. Ammonia measurements involved a closed 
container of specified dimension (21 × 15.5 × 5 in) inverted over the 
litter bed and determined using a Drager CMS Analyzer equipped with 
a remote sampling pump. No differences (P > 0.05) in body weight, 
feed consumption or feed efficiency occurred in either experiment due 
to treatment. In Experiment 1, all treatments exhibited a reduced (P < 
0.05) pH as compared to CON through day 21 with A-7 maintaining 
the greatest reduction. A similar decrease (P < 0.05) in ammonia levels 
was observed in all treatments compared to CON through day 28. In 
Experiment 2, all treatments maintained a reduced (P < 0.05) pH as 
compared to CON through day 28 with PLT and A-7 exhibiting the 
greatest reduction. Any effect of litter treatments in reducing ammonia 
levels was limited to the first 14 days of brooding where A-7 appeared 
most effective. All treatments failed to reduce ammonia levels after day 
14 when compared to CON. Mean litter moisture on day 42 for Experi-
ment 1 and 2 were 18.50 and 22.63%, respectively, with no difference 
(P > 0.05) due to treatment.

Key Words: litter treatment, ammonia, broiler

    77    Litter bacterial levels associated with liquid aluminum sul-
fate (A7) litter treatment.  K. S. Macklin*, J. P. Blake, and J. B. Hess, 
Auburn University, Auburn, AL.

Litter treatments are commonly applied to litter to reduce ammonia 
and bacterial levels. In this experiment the effect of liquid aluminum 
sulfate litter treatment (A7) on litter bacterial counts, percent moisture 
and pH were measured. The trial was performed using clean pine shav-
ing litter that was placed into 16 environmental chambers (2.44 × 2.44 
× 2.44 m). Chicks were placed at a density of 70 chicks/pen. There 
were 4 treatments, with each treatment getting 4 pens. The treatments 
comprised of a control (CON) and A7 being applied at 20, 40 and 60 
gals/1,000 ft2. Litter was collected weekly from 3 areas within each 
pen for 7 weeks. Bacteriologically total aerobic, anaerobic, and C. 
perfringens levels (CFU/g) were determined. Additionally, the presence 
or absence of Salmonella was determined. Bacterial counts (CFU/g) 
and percent moisture data were transformed using log10 and arcsine 
transformations, respectively. The data was analyzed using GLM with 
P < 0.05 and significant means were separated using Tukey’s honestly 
significant difference test.
The results for the experiment showed that all A7-treated pens kept the 
pH lower than in the CON group for 3 weeks (P < 0.05). Overall aerobic 
and anaerobic numbers were lower in the treated pens (P < 0.05). How-
ever, there was no significant (P > 0.05) reduction in enteric bacteria, C. 

perfringens and the incidence of Salmonella at any sampling period. A7 
plays a role in reducing overall bacterial numbers by lowering the litter 
pH, but enteric bacteria and C. perfringens were not affected.

Key Words: liquid aluminum sulfate, litter, bacteria

    78    The fate of avian influenza and Newcastle disease viruses 
during composting.  J. Guan*, M. Chan, C. Grenier, D. C. Wilkie, 
B. W. Brooks, and J. L. Spencer, Canadian Food Inspection Agency, 
Nepean, ON, Canada.

Composting was used on a large scale for disposal of poultry carcasses 
and manure during an outbreak of avian influenza (AI) in Canada in 2004 
and this study was to investigate the survival of both AI virus (AIV) and 
Newcastle disease virus (NDV) during the composting process. Viruses 
were detected by assays in embryonated chicken eggs (ECEs) and their 
RNA was quantified by real time reverse transcriptase (RRT)-PCR. For 
the first 2 experiments, specimens were 20 g samples of AIV or NDV-
contaminated materials that were contained within nylon mesh bags. 
These materials were: chicken manure; used chicken litter; ECEs that 
had been homogenized and mixed into corn silage. For comparative 
purposes, allantoic fluid from infected ECEs was diluted in phosphate 
buffered saline and this was contained in sealed vials. The bags and 
sealed vials were buried in the upper, middle and lower regions of the 
compost on day 0 and from days 3 to 21 the temperatures ranged from 
40 and 60°C. Viruses in bags were killed soon after temperatures reached 
40 ºC and within an additional 7 days the RNA of the viruses was fully 
degraded. Viruses survived for about 1 week longer in sealed vials than 
in bags and the viral RNA persisted to day 21. Outside of the compost at 
ambient temperatures from 13 to 28°C, viruses in bags were inactivated 
by day 21 but survived in sealed vials. In all specimens held at ambient 
temperatures the RNA of viruses persisted to day 21. Supporting results 
were obtained from 2 other experiments in which virus-contaminated 
specimens were muscle, liver and whole ECEs. The results give evidence 
that composting could be an effective means for eliminating AIV or 
NDV from poultry carcasses and manure. Given the stability of viral 
RNA at ambient temperatures, the RRT-PCR could be used for studying 
the spread of AIV and NDV in the environment.

Key Words: survival, virus, compost

    79    Growth performance, carcass characteristics and antibody 
titer responses to Newcastle and Avian Influenza vaccine in broilers 
reared on different litter materials.  M. Toghyani*1, A. Gheisari2, and 
M. Toghyani3, 1Department of Animal Science, Islamic Azad University, 
Isfahan, Iran, 2Department of Animal Science, Isfahan Agricultural 
Research Center, Isfahan, Iran, 3Young Researcher Club of Islamic 
Azad University, Isfahan, Iran.

The objectives of this study were to investigate the effects of wood 
shaving, rice hulls, recycled paper roll and sand as litter sources on 
performance, carcass characteristics and antibody titer responses to 
Newcastle and Avian Influenza vaccine in broiler chicks. One hundred 
and sixty commercial broilers (Ross 308) were weighed and randomly 
assigned to 1 of 16 pens. There were 4 replicates for each of the follow-
ing 4 treatments: 1) wood shaving (control), 2) rice hulls, 3) recycled 
paper roll and 4) sand. All birds were fed the same feeding program: 
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starter from 0 to 2 wk, grower from 2 to 4 wk, and finisher from 4 to 6 
wk. Feed consumption, body weight and feed conversion were measured 
at 2, 4 and 6 wk. Carcass yield and weights of abdominal fat, gizzard 
and ceca were also determined at 6 wk. All birds were intramuscularly 
immunized with killed vaccine of Newcastle and Avian Influenza (H9 
N2) at 8 d and antibody titer responses to Newcastle and Influenza were 
determined by hemagglutination inhibition (HI) test at 18 and 28 d. 
Body weight and feed intake of broilers reared on rice hulls decreased 
compared to other litters (P < 0.05). Litter materials had no significant 
influence on feed conversion, carcass yield, gizzard and ceca weights. 
Percentage of abdominal fat were significantly lower for birds reared 
on paper roll than birds reared on rice hulls. Antibody titer against 
Newcastle and Influenza vaccine at 18 d elevated in broilers reared on 
sand. In conclusion, broilers reared on sand and paper roll perform as 
well as those reared on wood shavings.

Key Words: litter material, performance, antibody titer

    80    Ultrastructural diversity of eggshell quality in some Egyptian 
local breeds of chicken.  M. M. Fathi*1 and Y. K. Afifi2, 1Ain Shams 
University, Cairo, Egypt, 2Animal Production Research Institute, 
Alexandria, Egypt.

Ultrastructural variations of eggshell in some Egyptian local breeds 
(Bandara, Mandara, and Norfa) were evaluated using scanning electron 

microscopy (SEM). A total of 120 laying hens representing the differ-
ent breeds were used in this experiment (40 each). Hens were housed 
in individual wire cages in an open sided house. At 48 weeks of age, 
240 eggs were collected from all breeds (80 each) to measure internal 
and external egg quality traits. In addition, ultrastructural variations in 
eggshells were assessed. The current results revealed that eggshell of 
Norfa breed recorded the highest shell thickness compared to the other 
breeds. With respect to eggshell strength, it is of interest to note that 
the eggshells of Mandara and Norfa chickens had a highly significant 
strength compared to that of Bandara siblings. According to scanning 
electron microscopy data, the incidence of certain structural variants 
is more common in eggshells of Bandara breed suggesting poor shell 
strength. In general, the eggshells of Mandara and Norfa chickens had 
highly significant better total score for overall ultrastructural traits 
compared with those of Bandara breed. Alignment appearance was more 
prevalent in Bandara eggshells compared to the other breeds suggesting 
lower resistance to breakage. Also, type B abnormalities were obviously 
prevailing in Bandara breed. On the other hand, early fusion and narrow 
interstitial spaces of palisade layer indicating increase resistance to 
fracture were observed in eggshells of Mandara and Norfa chickens. 
In conclusion, although the shell thickness of Bandara and Mandara 
breeds was equal, the last one recorded higher shell strength and better 
ultrastructural measurements of the mammillary layer. Thus, the ultra-
structural measurements of the eggshell must be taken into consideration 
through poultry breeding programs and crossbreeding systems.

Key Words: scanning electron microscopy, ultrastructure, eggshell

    81    Quality characteristics of distillers dried grains with solubles: 
Wheat and corn DDGS comparison.  B. A. Slominski*, A. Rogiewicz, 
C. M. Nyachoti, and K. M. Wittenberg, Department of Animal Science, 
University of Manitoba, Winnipeg, Canada.

A comprehensive evaluation of the nutritive profiles of wheat-based 
DDGS in comparison to corn DDGS was undertaken. Two samples of 
wheat DDGS from the Husky Energy Lloydminster Ethanol Plant in 
Canada and 4 samples of corn-based DDGS from VeraSun, Aurora, ND, 
Glacial Lakes Energy, Watertown, SD, Minnesota Energy, Buffalo Lake, 
MN, and Archer Daniels Midland, Walhalla, ND, USA, were used in the 
study. On dry matter basis, a high level of protein (40.7%), and minimal 
levels of simple sugars (0.9%) and starch (1.8%) were found in wheat 
DDGS. This was not the case for the corn DDGS samples showing, on 
average, a much higher starch (7.1%) and simple sugar (2.1%) contents, 
and lower protein (30.5%) content. The total fiber content averaged 
33.2% for the 2 wheat DDGS samples and was lower than that of corn 
DDGS (35.5%). This was followed by even a higher magnitude of differ-
ence in the NDF content, which averaged 27.3% for wheat and 32.6% for 
the corn DDGS samples. Compared to wheat, the corn DDGS samples 
were found to be much higher in fat (4.5 vs. 10.7%), which along with 
the high starch content would contribute to the high energy content of 
this products. The nonphytate P content was found to be much higher 
in wheat DDGS (0.85 vs. 0.62%) which could be of importance and 
benefit in monogastric nutrition. A carbohydrate fraction deriving from 
nonstarch polysaccharides hydrolysis by viscosity-reducing enzymes 
used in the fermentation process accounted for 4.3% in wheat DDGS 
and was much higher than that of corn DDGS (1.2%), and distinct in 

component sugar profile. The total amino acid content averaged 37.0% 
in wheat and was much higher than that of corn DDGS (30.4%). This 
was not necessarily followed by the lysine content which averaged 1.0% 
and was identical, on average, to that of corn DDGS. Although consistent 
for wheat DDGS, the lysine content among the corn DDGS samples 
differed significantly (from 0.79 to 1.12%). Similar levels of methionine 
were found in wheat (0.80%) and corn (0.77%) DDGS.

Key Words: wheat DDGS, corn DDGS, chemical composition

    82    Quality characteristics of wheat distillers dried grains with 
solubles (DDGS).  A. Rogiewicz*1, B. A. Slominski1, C. M. Nyachoti1, 
A. L. Brule-Babel2, and K. M. Wittenberg1, 1Department of Animal Sci-
ence, University of Manitoba, Winnipeg, Canada, 2Department of Plant 
Science, University of Manitoba, Winnipeg, Canada.

The quality characteristics of corn DDGS have been extensively 
evaluated. Current ethanol production in Western Canada uses wheat 
as a primary feedstock. However, little is known about the chemical 
composition and nutritive value of wheat-derived DDGS. Therefore, a 
comprehensive evaluation of the nutritive profiles of wheat-based DDGS 
from the new-generation Husky Energy Lloydminster Ethanol Plant in 
Canada was undertaken. The results revealed good quality characteristics 
of the DDGS samples (n = 2) showing, on dry matter basis, a relatively 
high level of protein (40.7%), fat (4.5%), a very good proportion of 
nonphytate to phytate P (0.79 vs. 0.22%), and minimal levels of simple 
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sugars (0.4%) and starch hydrolysis product (i.e., maltose, 0.3%), which 
along with the starch content of 1.8% are indicative of an effective 
conversion of starch to ethanol. The color of the DDGS samples was 
yellowish indicating good drying practices. This was reflected in a rela-
tively high lysine content, which averaged 0.99% and was much higher 
than that of 0.68% observed in the wheat DDGS product originating 
from another plant utilizing the old drying technology. Total fiber con-
tent averaged 33.1%, with nonstarch polysaccharides (NSP) accounting 
for 19.9%. This value appeared to be lower than that calculated based 
on the average NSP content in Canadian wheat (i.e., 10.1%) and the 
assumption that a 3-fold increase in any nonfermentable component 
should occur in the final DDGS product. An interesting carbohydrate 
fraction derived from NSP hydrolysis during the fermentation process 
has been identified and accounted for 4.3%. A preliminary experiment 
with broiler chickens has shown promise for supplemental enzymes as 
a useful tool for enhancing the feeding value of wheat DDGS. Although 
not statistically significant, a trend toward improved BWG (328 vs. 360 
g/14 d) and FCR (1.38 vs. 1.33) was observed in broilers fed enzyme 
supplemented diets containing 10% wheat DDGS.

Key Words: wheat DDGS, chemical composition, enzyme supple-
mentation

    83    Dietary corn distillers dried grains with solubles does not 
affect generic E. coli numbers in the laying hen ceca.  S. Roberts*1, 
H. Xin1, D. Trampel1, H. Medina2, and K. Bregendahl1, 1Iowa State 
University, Ames, 2Sparboe Companies, Litchfield, MN.

Escherichia coli has been implicated as a cause of peritonitis in laying 
hens. An experiment was conducted to determine the effect of dietary 
corn distillers dried grains with solubles (DDGS) on generic E. coli num-
bers in the ceca of laying hens. Two proprietary commercial laying-hen 
diets were formulated with either 0 or 15% DDGS. Seventy-two Hy-Line 
CV20 hens at 91 wk of age were obtained from a commercial farm and 
were housed 3 per cage in 24 cages. Each cage was assigned to 1 of 
the 2 dietary treatments (n = 12) according to a completely randomized 
design. After the hens were fed the respective diet for 6 wk, they were 
euthanized by CO2 and the ceca were aseptically removed. The contents 
from 1 randomly chosen cecum of each hen were removed, mixed in a 
1:10 dilution with buffered peptone water, and serially diluted to 10−6. 
Dilutions were plated once onto Petri film and in duplicate to BioRad 
Rapid E. coli 2 agar and MacConkey agar. All media were incubated at 
44°C for 24 h (agar plates) or 18 h (Petri films). The average number 
of colony forming units (CFU) per gram of cecal contents among the 
3 hens in each cage was calculated and logarithmically transformed. 
Data were analyzed using ANOVA with P ≤ 0.10 considered significant. 
There were 6.4 log CFU of generic E. coli per gram of cecal contents 
in the hens fed the 15% DDGS diet compared to 6.0 log CFU per gram 
in the hens fed the 0% DDGS diet (SEM = 0.27; P = 0.32). This study 
shows that inclusion of 15% DDGS in a laying-hen diet does not cause 
a change in the generic E. coli numbers in the hen’s ceca.

Key Words: distillers dried grains with solubles, E. coli, laying hens

    84    Evaluation of limit feeding corn and DDGS in nonfeed with-
drawal molt programs for laying hens.  L. Mejia*, P. L. Utterback, 
C. W. Utterback, C. M. Parsons, and K. W. Koelkebeck, University of 
Illinois, Urbana.

An experiment was conducted using 504 Hy-Line W-36 hens (69 wk 
of age) to evaluate if limit feeding of corn and DDGS diets would 
provide for acceptable postmolt performance in a nonfeed withdrawal 
molt program for laying hens. Treatment 1 consisted of feeding a 47% 
corn: 47% soybean hulls diet (C:SH) ad libitum for 28 d. Treatments 2, 
3, and 4 received a 94% corn diet at a rate of 36 g/hen/d (C36), 45 g/
hen/d (C45), or 55 g/hen/d (C55), respectively for 28 d. Treatments 5, 
6, and 7 were fed a 94% DDGS diet at the same rates as Treatments 2, 
3, and 4 (DDGS36, DDGS45, DDGS55) for 21 d, followed by feeding 
a 16% CP corn-soybean meal layer diet for 7 d. The intent was to feed 
the DDGS diets for 28 d; however, all hens on these diets stopped eating 
feed on Day 19 and were switched to the layer diet. At the end of the 
28 d molt period, all hens were fed a 16% CP corn-soybean meal layer 
diet and production performance was measured for Weeks 5 to 22. All 
hens fed the 3 DDGS treatments and those on the C36 treatment reached 
0% egg production by Day 14. Egg production of hens fed the C:SH, 
C45, and C55 treatments dropped to 5% or less by Day 14. Body weight 
(BW) loss of hens on the C:SH and C36 treatments was 21 and 22%, 
respectively, on Day 28, whereas hens on the C45 and C55 treatments 
lost 17 and 14% BW, respectively. The hens fed the DDGS diets lost an 
average of 24% BW by Day 20. Feed consumption was greater for hens 
fed the C:SH diet during Weeks 1 to 4 of the molt period. Postmolt egg 
production (Weeks 5 to 22) was the lowest for hens on the C55 treat-
ment, compared to hens on the DDGS36 and DDGS55 treatments. Egg 
weights (Weeks 8 to 21) were also lower for hens on the C55 treatment. 
When compared to feeding the C:SH diet, the results suggest that limit 
feeding hens with corn or high DDGS diets can be effective nonfeed 
withdrawal methods for molting laying hens.

Key Words: molting, laying hens, DDGS

    85    Dried distillers grains with solubles in laying hens ration 
(Phase II).  M. K. Masa’deh*, P Weber, and S. E. Scheideler, University 
of Nebraska, Lincoln.

A study was conducted to test the effect of dried distillers grains with 
solubles (DDGS) inclusion rates in laying hens on feed intake, body 
weight and egg parameters for phase 2 of egg production. Two hundred 
eighty-eight Bovan White laying hens were fed diets containing 0, 5, 
10, 15, 20, or 25% DDGS from 47 to 76 weeks of age. The diets were 
formulated to provide 2,816 kcal/kg ME (metabolizable energy), 16.0% 
protein, 0.80% lysine, and 0.44% methionine. Six hens were placed 
per cage with 8 replicate cages per dietary treatment in an unbalanced 
randomized complete block design. Average feed intake was similar (P 
> 0.1) between treatments with an average of 101 g/hen/d. Average hen 
weights were different (P < 0.05) between dietary levels of DDGS with 
the greatest weight for hen fed 5% DDGS. However, there was no differ-
ence in hen weight gain (P > 0.1) between treatments. Egg production 
was not affected by dietary DDGS levels (P > 0.1) averaging 83% EP. 
Egg weight was not significantly (P > 0.1) affected by DDGS treatments. 
Hens fed 0, 5, 10, 15, 20, or 25% DDGS had an average egg weight for 
the trial of 63.1, 62.9, 63.3, 62.0, 62.0, and 62.0 grams, respectively. 
There was no difference (P > 0.1) in egg Haugh unit, albumen height, 
and specific gravity between the levels of DDGS. Yolk color increased 
with increasing DDGS level with the highest Roche color fan score (P 
< 0.05) of 7.2 for hens fed 25% DDGS. In summary, feeding up to 25% 
DDGS during phase 2 of production had no negative effects on feed 
intake, egg production, egg weight, Haugh unit, and specific gravity; 
and improved yolk color at the highest levels. Using 25% DDGS has an 

27ABSTRACTS OF PAPERS

Poult. Sci. 87 (E-Suppl. 1)



economical benefit of 12$/ton of feed compared to the basal diet (0% 
DDGS) when DDGS was priced at 136 $/ton.

Key Words: DDGS, distillers grains with solubles, laying hens

    86    Replacement of soybean meal with high-protein corn distillers 
grain in broiler diets.  T. J. Applegate*1, C. Troche1, Z. Jiang1, and T. 
R. Johnson2, 1Purdue University, West Lafayette, IN, 2Dairy and Animal 
Nutrient Management Systems, Noblesville, IN.

Two experiments were conducted with a by-product of corn endosperm 
fermentation (HP-DDG; 54% CP). The first experiment determined 
nutrient digestibility of the HP-DDG after feeding semi-purified diets 
to 6 cages of male broiler chicks (8/cage) from 15 to 22 d of age. The 
AMEn of HP-DDG was determined to be 2,526 kcal/kg while standard-
ized ileal lysine, methionine, and threonine digestibility was determined 
to be 73.0, 84.9, and 73.0%, respectively. A subsequent broiler grow-
out experiment was conducted from 0 to 42 d of age with 8 pens of 39 
male broilers/pen. An industry control diet (I) regimen was compared 
to that of either a 25 or 50% replacement for the level of 48% CP SBM 
inclusion in the diet utilizing the amino acid digestibility and AMEn 
determined from the first experiment. From 0–14, 14–28, and 28–42 d 
of age, the HP-DDG in the 50% SBM replacement diet was added at 25, 
20 and 21% of the diet, respectively. In order to meet digestible amino 
acid needs, the diet containing 50% SBM replacement with HP-DDG 
contained 4.1, 3.3, and 3.8%-units more CP than the I diet regimen 
from 1–14, 14–28, and 28–42 d of age, respectively. Similarly, the diet 
containing 50% SBM replacement with HP-DDG contained 0.06 and 
0.04% supplemental l-tryptophan from 1–14 and 14–28 d of age but did 
not need any supplemented to meet digestible tryptophan needs from 
28–42 d of age. Dietary replacement of up to 50% replacement of SBM 
inclusion with HP-DDG had no effect on bird performance at 14, 28, or 
42 d of age or breast meat yield at 42 d of age (mean 42 d BW = 2.87 
kg; cumulative FCR = 1.76).

Key Words: amino acid digestibility, broiler, high-protein distillers 
grain

    87    Impact of fiber separation on the nutritional value of distill-
ers dried grains with solubles in broiler diets.  R. E. Loar*1, K. J. 
Mayo1, R. Srinivasan1, M. T. Kidd1, W. A. Dozier III2, and A. Corzo1, 
1Mississippi State University, Mississippi State, 2USDA-ARS Poultry 
Research Unit, Mississippi State, MS.

In the corn-to-ethanol dry-grind process, starch is converted to etha-
nol, and the remaining corn nutrients (protein, fat, fiber, and ash) are 
recovered at the end of the process to form a by-product, distillers dried 
grains with solubles (DDGS). This by-product is currently used mostly 
as feed for ruminant animals, and is starting to be used at low inclusion 
levels in feed for broilers. Recently, Elusieve process, the combination 
of sieving and elutriation (upward air flow), was found to be effective in 
separating fiber from DDGS. The objective of this study was to compare 
the performance of broilers fed conventional DDGS vs. DDGS derived 
from Elusieve process. Three different dietary treatments were fed to 
Ross × Ross 308 broiler male chicks from placement at d of hatch until 
21 d of age. The first diet served as control and was composed primar-
ily of corn and soybean meal. The remaining experimental diets were 
also corn-soybean meal based but contained 8% inclusion of DDGS; 

this second diet served as negative control and contained conventional 
DDGS while the third and final diet was composed of the same source 
of DDGS but after being submitted to modification via Elusieve process. 
Data was analyzed as a randomized complete block design and Tukey’s 
test was used to separate treatment means (P < 0.05). Body weight gain 
showed no effect between the dietary treatments fed (P = 0.18), but did 
observe a 4% increase for the Elusieve DDGS diet when compared to the 
control diet, while the conventional DDGS diet had intermediate gain. 
Feed intake and feed conversion were also unaffected by dietary treat-
ments. A higher incidence in mortality (P = 0.07) at d 21 was observed in 
birds fed the control diet when compared to broilers fed the conventional 
DDGS diet. Results indicate that there may be potential for improving 
DDGS through the use of Elusieve technology, but perhaps these effects 
could be more apparent at later stages in life when feed consumption is 
higher, or when inclusion levels in the diet surpass 8%.

Key Words: broiler, distillers dried grains with solubles, Elusieve

    88    Effect of high-protein distillers dried grains at various levels 
on performance of laying hens.  B. Y. Jung*, P. Sedlacek, and A. B. 
Batal, University of Georgia, Athens.

Sectors of the ethanol industry are starting to use a new bio-refining 
production technology which separates the corn into 3 fractions: bran, 
germ and endosperm prior to ethanol production. The endosperm is 
then used for fermentation, resulting in a new by-product, high-protein 
distillers dried grains (HP-DDG). Thus, an experiment (Exp.) was con-
ducted to examine the effects of feeding HP-DDG on the performance of 
laying hens. Five experimental diets were formulated on a total amino 
acid basis with 0, 3, 6, 9, or 12% HP-DDG. The mash diets were fed to 
fifteen replications of 6 Hy-line W36 laying hens per treatment from 21 
to 41 wk of age. The laying hens were housed in a completely enclosed 
fan-ventilated building with elevated wire cages. Egg production was 
measured daily and egg weights were measured weekly for mean egg 
weight and egg mass. In addition yolk color (L*, a*, and b*), Haugh 
unit, and specific gravity were measured every 4 wk and feed intake 
and body weight were weighed every 5 wk. The HP-DDG contained 
2,883 kcal TMEn/kg with 45.6% protein, 5.4% fat, 9.2% fiber, 0.32% 
phosphorus, 1.38% lysine, and 1.10% methionine. The addition of 3 
and 12% HP-DDG to the diets significantly improved (P < 0.05) hen-
day egg production as compared to the laying hens fed the control diet. 
However, hen-day egg production was not different between the birds 
fed diets with 6 or 9% HP-DDG as compared to birds fed the control 
diet. The addition of 3% HP-DDG significantly improved (P < 0.05) 
egg mass as compared eggs from the birds fed the control diet. There 
was no effect of the inclusion of HG-DDG on feed efficiency, egg yolk 
color or specific gravity. High-protein distillers dried grains (HP-DDG) 
proved to be an acceptable feed ingredient when used up to 12% in 
laying hen diets.

Key Words: high-protein distillers dried grains (HP-DDG), laying hens, 
hen-day egg production

    89    Increasing level of nonstarch polysaccharides in diets may 
not reduce metabolizable energy or nitrogen-corrected metaboliz-
able energy of meat and bone meal.  O. A. Olukosi* and O. Adeola, 
Purdue University, West Lafayette, IN.
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Two-hundred eighty-eight 14-day-old male broilers were used to 
study the possible influence of nonstarch polysaccharides (NSP) on 
the metabolizable energy (AME) or nitrogen-corrected metabolizable 
energy (AMEn) of meat and bone meal (MBM). The broilers received 
corn-soybean meal (SBM) diet for the first 2 weeks. At day 14 of age, 
the broilers were allocated to 6 treatments in a randomized complete 
block design with 8 replicates and 6 birds per replicate. The treatments 
consisted of 3 pairs of basal and test diets as follow: 1) basal corn-SBM 
diet; 2) test diet similar to diet 1 but in which 80 g/kg MBM replaced 
corn and SBM; 3) basal corn-SBM diet in which 100 g/kg wheat as a 
source of NSP replaced corn; 4) test diet similar to diet 3 but with 80 g/
kg MBM replacing corn and SBM; 5) basal corn-SBM diet but with 200 
g/kg wheat replacing corn; and 6) test diet similar to diet 5 in which 80 
g/kg MBM replaced corn and SBM. In the standard-test diet pair, ratio 
of corn to SBM was kept constant to enable determination of AME and 
AMEn of MBM by difference. The birds were given 4 days to adjust to 
the diets, and excreta were collected the last 3 days of week 3. There was 
no difference in the AME or AMEn of the MBM as the level of NSP in 
the diet increased, AME ranged from 2,950 to 3,306 kcal/kg and AMEn 
ranged from 2,805 to 3,178 kcal/kg. On the other hand, both AME and 
AMEn of the diets increased (P < 0.05) with increasing level of wheat 
and decreased (P < 0.05) with increasing level of MBM. In addition, 
nutrients utilization decreased (P < 0.05) with addition of MBM to the 
standard diets at ileal and total tract levels. The result of the study sug-
gested that the wheat used was low in NSP and that increasing level 
of NSP may not reduce AME value of MBM. Further studies utilizing 
greater proportion of high-NSP cereals or total replacement of corn with 
other cereals may more clearly demonstrate possible influence of NSP 
on energy value of MBM.

Key Words: nonstarch polysaccharides, meat and bone meal, metabo-
lizable energy

    90    Feeding full-fat oilseeds to laying hens: Effect on production 
parameters, egg quality and yolk fatty acids.  Z. Hayat*1,2, T. N. 
Pasha1, F. M. Khattak1, G. Cherian3, and M. A. Jabbar1, 1University of 
Veterinary & Animal Sciences, Lahore, Pakistan, 2University College of 
Agriculture, University of Sargodha, Sargodha, Pakistan, 3Department 
of Animal Sciences, Oregon State University, Corvallis.

An experiment was carried out with three hundred, 53-week-old white 
leghorn hens to examine the effect of dietary full-fat oilseeds (sunflower, 
canola, flax) at 3 different levels (5, 10, 15%) on egg production, egg 
weight, feed consumption and yolk fatty acids. The inclusion of oilseeds 
did not alter the egg production or egg weight when compared with 
eggs from hens fed the corn- and soy-based control diet (P > 0.05). 
Feeding flax (10, 15%) and canola (5, 10, 15%) led to reduction in the 
total saturated fatty acids (P < 0.05). The deposition of α-linolenic acid 
(18:3n-3), eicosapentaenoic (20:5n-3) and total long chain n-3 fatty 
acids was highest with flax 15% (P < 0.05). The total n-3 fatty acids 
was 32, 26, and 15 mg/g yolk in eggs from hens fed flax (15, 10, and 
5%) when compared to 6 mg/g yolk in eggs from the control diet (P < 
0.05). The content of n-6 fatty acids and total polyunsaturates (n-6+n-3) 
was highest in eggs from hens fed 15% sunflower diet (P < 0.05). The 
feed intake was less for hens fed 10% flax diet when compared to those 
consuming the control diet (P < 0.05). These results suggest that full-fat 
oilseeds could be incorporated into laying hen diets without affecting 
production performance and egg quality. In addition, inclusion of oils 

seeds could also provide different n-6 and n-3 essential fatty acids to 
humans upon consumption of these eggs.

Key Words: eggs, full-fat oilseeds, n-3 fatty acids

    91    Lipid oxidation products, n-3 fatty acids and egg sensory 
aspects: Effect of feeding flax and two types of antioxidants.  Z. 
Hayat*1,2, G. Cherian3, T. N. Pasha1, F. M. Khattak1, and M. A. Jabbar1, 
1University of Veterinary & Animal Sciences, Lahore, Pakistan, 2Univer-
sity College of Agriculture, University of Sargodha, Sargodha, Pakistan, 
3Department of Animal Sciences, Oregon State University, Corvallis.

The effects of incorporating flax seed and 2 types of antioxidants 
(α-tocopherols, butylated hydroxy toluene) at 3 levels (50, 100, 150 
IU or mg/kg) on egg fatty acids, thiobarbituric acid reactive substances 
(TBARS) and organoleptic attributes were investigated. Hens (n = 96, 
32 weeks old, ISA Brown, 12 birds/treatment) were fed corn-soy diet 
(Control, no flax, no antioxidant), flax (10% with no antioxidant) or flax 
10% +antioxidants for 56 days. Feeding flax increased the α-linolenic 
(18:3), docosapentaenoic (22:5) and docosahexaenoic acid (22:6) and 
total n-3 fatty acids with a concomitant reduction arachidonic acid in 
the egg (P < 0.05). The incorporation of flax did not alter TBARS in 
fresh eggs (P > 0.05). However, upon 60 days of egg storage, TBARS 
were highest in flax with no antioxidant group (P < 0.05) α-tocopherol 
was better in preventing lipid oxidation in n-3 fatty acid-modified eggs 
than butylated hydroxy toluene. Among the flax supplemented group, 
eggs from 10% flax + 150 IU had the lowest TBARS (P < 0.05) upon 
storage. Antioxidant supplementation was not effective in enhancing the 
sensory attributes of n-3 fatty acid modified eggs. Significant differences 
were observed for overall difference, flavor and aroma in control vs. flax 
eggs. The data demonstrate that healthy eggs with increased n-3 fatty 
acids can be generated by minor diet modifications and α-tocopherol 
supplementation can reduce lipid oxidation products in n-3 fatty acid 
modified eggs.

Key Words: eggs, antioxidants, n-3 fatty acids

    92    Influence of soybean meal origin on its nutritive value and 
quality parameters.  S. Sueiro1, M. Hermida1, D. G. Valencia2, M. P. 
Serrano2, and G. G. Mateos*2, 1Laboratorio de Mouriscade, Pontevedra, 
Spain, 2Universidad Politécnica de Madrid, Spain.

A total of 258 samples of soybean meal (SBM) from 3 different origins 
(coded A, B, and C) were collected in 2 different years and the nutri-
ent content, protein quality and uniformity were evaluated. The SBM 
(88, 105, and 65 samples from A, B and C origin, respectively) were 
analyzed in duplicate. Data are presented on dry matter bases and the 
amino acid (AA) content as a percentage of crude protein (CP). The 
experiment was conducted as a completely randomized design with 3 
treatments. Additionally, the correlation among the different analyzed 
parameters was determined. In general, the AA content was higher for 
origin C than for origin B with origin A being intermediate. For lysine 
and methionine the contents were 7.00 vs. 6.79 vs. 6.87% and 1.53 
vs. 1.45 vs. 1.49% (P ≤ 0.001) for origin C, B, and A, respectively. 
Samples from A and C had higher cystine (1.75 and 1.76 vs. 1.68%), 
threonine (4.45 and 4.48 vs. 4.36%), and tryptophan (1.56 and 1.56 vs. 
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1.51%) content than samples from B (P ≤ 0.001). Samples from B had 
higher NDF content than samples from C with samples from A being 
intermediate (12.0 vs. 8.4 vs. 9.3%; P ≤ 0.001). The Ca (0.43 vs. 0.31 
and 0.40%) and K (2.52 vs. 2.11 and 2.21%) content were higher in 
A samples than in B samples, with C samples being intermediate (P ≤ 
0.01). The C samples had higher PDI (22.6 vs. 15.2 vs. 20.1%) and TI 
content (3.9 vs. 2.8 and 3.4 g/kg) than B samples with A samples being 
intermediate (P ≤ 0.001). In addition, C samples had higher KOH (87.6 
vs. 83.9 and 84.8%; P ≤ 0.001) than A and B samples. The TI content 
was positively correlated with PDI (r = 0.67; P ≤ 0.001) and KOH (r = 
0.75; P ≤ 0.001). In addition, PDI was positively correlated with KOH 
(r = 0.52; P ≤ 0.001). Finally, lysine (r = 0.31) and methionine (r = 0.40) 
were lower in those samples with lower KOH (P ≤ 0.001). In summary, 
the origin of the soybean meal influences nutrient content and the value 
of the parameters used to evaluate protein quality.

Key Words: soybean meal, chemical composition, quality control

    93    Field observation: Effects of long term feeding of soybean 
meal high in trypsin inhibitors to broiler breeders.  N. Ruiz*1, E. 
A. Vargas2, and F. de Belalcázar3, 1Continental Grain Company, New 
York, NY, 2Avícola de Occidente, Maracaibo, Estado Zulia, Venezuela, 
3Nutrianálisis, Bogotá, Colombia.

Nineteen broiler breeder flocks involving a total of 311,904 birds 
(271,705 hens and 40,199 roosters) of a commercial vertical integrated 
operation were fed commercial breeder feeds containing soybean meal 
(SBM) whose trypsin inhibitor (TI) contents fluctuated between 3.04 and 
5.02 mg of TI per gram of SBM. Out of these 19 flocks 11 flocks were 
exposed to high TI intake since one day of age. The general evolutionary 
observation of the effects of TI antinutritional activity is wet droppings 
accompanied with feed passage, dirty cloacae, and loss of uniformity. 
Necropsies of these birds show a consistent nonspecific enteritis and liver 
damage in every single flock. As the exposure to high TI continues over 
several weeks feather loss is evident in both males and females during 
the growing period. Roosters seem severely affected. However, the first 
exposure of sexually matured flocks to high TI follows basically the same 
pattern as the growing flocks, but egg production, percent of dirty eggs, 
fertility, and total hatch were negatively affected. Histopathology of the 
19 flocks not only confirmed the nonspecific enteritis, but also consis-
tently underlined the presence of liver toxicity suggesting mycotoxins 
as one of the several possible etiological agents. However, the routine 
analysis of white and yellow corn were always below 20 ppb, and the 
analyses of 15 additional mycotoxins in selected samples were either 
within normal levels, or not detectable. Only when the TI contents of 
the feed was reduced in concentration to the “normal” expected levels 

contributed by adequately processed SBM (around 2 mg of TI/gram of 
SBM) the enteritis and feed passage were not observed. Our conclu-
sion is that the TI contents of adequately processed SBM fed to broiler 
breeders should be at 2 mg/gram of SBM or lower. As the TI contents 
gets closer to 3 mg/g and higher, feed passage and enteritis are likely to 
occur at the normal inclusion levels of SBM in corn-soy diets.

Key Words: soybean meal, trypsin inhibitors, broiler breeder

    94    Nutritional value of imported corn versus locally produced 
bronze and white sorghum grain when fed to broiler chicks in Nica-
ragua.  C. Feoli*1, J. D. Hancock1, M. G. Viscarra2, R. Rodriguez2, M. 
J. Rios2, F. J. Baltodano2, F. Vargas3, and S. C. Mason4, 1Kansas State 
University, Manhattan, 2Universidad Nacional Agraria, Managua, 
Nicaragua, 3Asociacion Nacional de Productores de Sorgo, Managua, 
Nicaragua, 4University of Nebraska, Lincoln.

Four hundred sixty-eight 2-d-old broiler chicks (Cobb × Cobb with an 
avg initial BW of 57 g) were used in a 14-d growth assay to determine 
the nutritional value of imported corn (US no. 2 with 7.7% CP and 3.6% 
crude fat) vs. locally produced bronze (CB-8996, a hybrid with 7.9% 
CP and 2.5% crude fat) and white (Pinolero-1, a variety with 6.7% CP 
and 2.5% crude fat) sorghum grain. The chicks were allotted to 1.6-m 
× 2.9-m pens with 26 birds/pen and 6 pens/treatment. Feed and water 
were consumed on an ad libitum basis. The corn and sorghums were 
ground through a hammermill (4-mm screen openings) and blended into 
diets that were formulated to 1.29% Lys, 0.99% Met+Cys, 1.1% Ca, and 
0.49% available P. All data were analyzed as a randomized complete 
block with location within the barn as the blocking term and initial BW 
as a covariate. Orthogonal contrasts were used to separate treatment 
means with comparisons of corn vs. the sorghums and bronze sorghum 
vs. white sorghum. There was no effect (P > 0.22) of grain source on 
average daily gain. However, average daily feed intake was greater (P 
< 0.007) and gain to feed ratio was lower (P < 0.007) for chicks fed the 
corn-based diet compared to those fed the sorghum-based diets. There 
were no differences in rate of gain or food intake among chicks fed the 
2 sorghums (P > 0.22), but those fed white sorghum tended to have 
greater gain-to-feed ratio (P < 0.09). For the diets with corn, bronze 
sorghum, and white sorghum, average daily gain was 24.7, 25.2, and 
25.9 g/d, average daily feed intake was 48.5, 45.2, and 43.7 g/d, and 
gain to feed ratio was 509, 558, and 593 g/kg, respectively. In conclu-
sion, bronze and white sorghums produced in Nicaragua supported 
equal or greater growth performance compared to imported corn when 
fed to broiler chicks.

Key Words: broilers, corn, sorghum

    95    Effects of Echinacea purpurea fermented juice supplementa-
tion through drinking water on performance, serum proteins, and 
liver enzymes in broilers.  Z. Nasir* and M. A. Grashorn, Hohenheim 
University, Stuttgart, Germany.

Present experiment was conducted to study the effects of Echinacea 
purpurea (EP) fermented juice supplementation through drinking water 
on broiler performance, serum protein, and liver enzymes. In total, 96 

one-day-old broiler (Ross 308) chicks were randomly divided into 8 
groups (12 chicks/group). Four randomly selected groups received EP 
fermented juice at the rate of 0.25 mL/kg0.75/chick/day for 3 days fol-
lowed by a 9-day interval, while 4 other groups served as control with 
no supplementation. During the experiment, daily feed intake, weekly 
weight gain, and daily mortality were recorded. Blood collected on 35th 
day (at slaughtering) was analyzed to determine the levels of serum total 
protein, albumin, globulin, ALT, γ-GT, alkaline phosphatase, lactate 
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dehydrogenase, and creatine kinase. Results showed that treatment 
groups supplemented with EP showed better FCR than control. Serum 
total protein and globulin contents were significantly (P < 0.05) higher 
in EP supplemented group as compared to control, while no significant 
treatment effect was observed on albumin contents. Levels of creatine 
kinase were significantly (P < 0.05) less in EP supplemented groups as 
compared to control, while levels of ALT, γ-GT, alkaline phosphatase, 
and lactate dehydrogenase were nonsignificantly different. Improvement 
of FCR, serum total protein, and globulin contents showed positive 
effects of EP fermented juice supplementation through drinking water 
on protein metabolism and broiler performance, with no harmful effects 
on liver enzymes.

Key Words: Echinacea purpurea, broiler performance, serum proteins, 
liver enzymes

    96    Development of a precision-fed ileal digestibility assay utiliz-
ing 3-week-old broiler chicks.  E. J. Kim*, P. L. Utterback, and C. M. 
Parsons, University of Illinois, Urbana.

The objective of this study was to develop a precision-fed ileal digest-
ibility assay, primarily for amino acids, using 3-week-old chicks. Day-
old chicks were fed a standard corn-soybean meal diet until 22 days of 
age in all experiments. In Experiment 1, feed was removed and excreta 
were collected at 2, 4, 6, 8, 10, 12, and 14 hours postfeed withdrawal. 
Results indicated that 8 hours of feed withdrawal was sufficient to empty 
the ileum of feed residues. In subsequent experiments, cross-bred (New 
Hampshire × Columbian) or commercial broiler chicks (Cobb or Ross) 
were fasted overnight and then tube-fed 6, 9, 12, or 15 g of a corn-
soybean meal mixture. Ileal digesta from the Meckel’s diverticulum to 
the ileo-cecal junction were then collected at 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 
6.0, and 7.0 hours postfeeding. Results indicated that the amount of 
digesta in the ileum was generally maximized by 4.0 hours postfeeding. 
In addition, the amount of digesta in the ileum was maximized by feed 
intakes of 9 g or greater. Apparent ileal digestibility of amino acids in 
the corn-soybean meal mixture was determined at 2.5, 3.0, 3.5, and 
4.0 hours postfeeding in both the cross-bred and commercial broiler 
chicks. Ileal amino acid digestibility coefficients were similar for the 2 
types of chicks. Digestibility values were similar for the 3.0-, 3.5-, and 
4.0-hour collection times, but were lower at the 2.5-hour collection time. 
The results of this study indicate that ileal amino acid digestibility can 
easily be determined in 3-week-old broiler chicks using a precision-fed 
assay. For such an assay, it is recommended that the chicks be fasted 
for at least 8 hours prior to tube-feeding, that the level of feed intake 
should be approximately 10 g, and that the ileal contents be collected 
at approximately 4 hours postfeeding.

Key Words: ileal digestibility, amino acids, precision-feeding

    97    Effect of in ovo feeding on turkey embryo intestinal morphol-
ogy.  J. E. de Oliveira*1, C. M. Ashwell2, Z. Uni3, and P. R. Ferket2, 
1Provimi Research and Innovation Centre, Brussels, Belgium, 2North 
Carolina State University, Raleigh, 3Hebrew University, Rehovot, 
Israel.

During the first few days posthatch, turkey poults are susceptible to 
high morbidity and mortality and many have stunted growth due to 

poor digestive capacity and low energy status. Means that improve early 
gut development and stimulate digestive and absorptive capability may 
greatly reduce these early losses. Several studies have demonstrated 
that in ovo feeding improves morphological development of the gut in 
chicks and enhances gene expression of digestive enzymes and nutri-
ent transporters in both chicks and poults. This study investigated the 
effects of in ovo feeding (IOF) metabolic co-factors on the development 
of jejunal and ileal morphology. Eggs were injected into the amnion 
of embryos at 24 d of incubation a 0.4 mL saline solution containing a 
proprietary blend of nutrients. Jejunum and ileum sections of noninjected 
controls and IOF embryos were sampled at 25 days of incubation and at 
hatch, fixed, and stained with hematoxylin for histological evaluation. 
Morphological parameters measured were villus basal width, tip width, 
and height, crypt depth, villus height:crypt depth ratio, and muscularis 
depth. Relative to controls, IOF significantly increased villus height and 
height to crypt ratio at hatch by 30 and 37% in the jejunum (P < 0.05), 
and by 17 and 20% in the ileum (P < 0.05), respectively. However, the 
IOF treatment reduced the thickness of ileal muscularis layer by 12% in 
the jejunum and by 32% in the ileum (P < 0.05) relative to the control 
treatment. These changes indicated that the IOF solution tested stimu-
lated a shift of resources from building muscular structure to enteric 
mucosa, therefore increasing brush-border surface available for digestion 
and absorption of nutrients. In ovo feeding may be an effective method 
to enhance enteric morphological development of poults at hatch, which 
may improve their posthatch survival and growth.

Key Words: turkey embryos, in ovo feeding, gut development

    98    Effects of feed form and fiber inclusion in the diet on diges-
tive traits and nutrient utilization in eight-day-old broilers.  E. 
Jiménez-Moreno1, J. M. González-Alvarado2, A. de Coca-Sinova1, J. 
García1, R. Lázaro1, and G. G. Mateos*1, 1Universidad Politécnica de 
Madrid, Madrid, Spain, 2Universidad Autónoma de Tlaxcala, Tlaxcala, 
México.

We have evaluated the influence of feed form and inclusion of different 
fiber sources in a low fiber diet on digestive traits, total tract apparent 
retention (TTAR) of nutrients, and AMEn of diets in 8-d-old chicks. 
The control diet was based on rice (58%) and had 2% celite added. It 
contained 3,200 kcal AMEn/kg, 1.4% total lysine, and 1.6% crude fiber, 
and was offered either in mash or pellet form. In addition, 6 diets that 
consisted in a combination of 3 fiber sources (OH, oat hulls; RH, rice 
hulls; and SFH, sunflower hulls) at 2 levels of inclusion (2.5 and 5%) 
were also formulated and offered as mash or in pellet form. The fiber 
source was included (wt/wt) in the control diets at expenses of the whole 
diet. Each of the 14 treatments was replicated 6 times (14 chicks caged 
together). Pelleting increased the relative weight (RW; %BW) of the 
liver (P ≤ 0.05) and reduced that of the gizzard (P ≤ 0.001). Also, giz-
zard pH was increased with pelleting (P ≤ 0.001). The TTAR of N was 
not affected by feed form and in fact, pelleting reduced TTAR of EE 
and EMAn of the diet (P ≤ 0.01). Hulls inclusion increased the gizzard 
RW (P ≤ 0.001) and reduced the pH (P ≤ 0.001) of its digesta and the 
effects were more pronounced with OH than with RH or SFH. Hulls 
inclusion improved TTAR of soluble ash (P ≤ 0.01), N (P ≤ 0.01), and 
EE (P ≤ 0.05), and increased the AMEn of the diet (P ≤ 0.001). The 
AMEn of the diets was lower in chicks fed OH than in chicks fed SFH, 
with chicks fed RH being intermediate (P ≤ 0.01). We conclude that 
pelleting reduces gizzard RW and does not improve nutrient digestibil-
ity of the diet. Also, the inclusion of hulls in a low-fiber diet improves 
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utilization of nutrients. Young broilers might have a requirement for a 
minimal amount of fiber in the diet.

Key Words: hulls, nutrient digestibility, broilers

    99    Inhibition of autoinducer-2 activity by saponin rich guar 
extracts.  R. Kakani, O. Gutierrez*, C. A. Bailey, P. Jesudhasan, and 
S. D. Pillai, Texas A&M University, College Station.

Saponin rich extracts from guar meal have recently been shown to 
exhibit antimicrobial activity. Bacterial cells within microbial com-
munities communicate amongst each other using signaling molecules 
termed autoinducers, a process that has been termed quorum sensing. 
The autoinducer-2 (AI-2) molecule produced by bacteria is considered to 
be a universal signaling molecule since it influences gene expression in 
a variety of bacteria. Natural and manmade products that can modulate 
AI-2 activity may have therapeutic value. The objective of this study was 
to determine whether guar saponins have the capability to inhibit AI-2 
activity. The luminescence-based response of the reporter strain Vibrio 
harveyi BB 170 was used as the basis for determining AI-2 activity. 
Conditioned media (cell free supernatant) from E. coli #5 (a prolific AI-2 
producer) was used as a positive control. Freeze dried methanol extracts 
of guar meal (20% peak A&B, 60 and 100%) were tested for inhibition of 
AI-2 activity. The 100% extract showed an average inhibition of 80.3 ± 
1.18% at a concentration of 1 mg/mL (compared with positive control). 
The 60% extract showed an average inhibition of 54.7 ± 6.5% at a con-
centration of 1 mg/mL and the 20% A&B extracts showed an average 
of 42.7 ± 2.7% and 20.1 ± 0.2% inhibition, respectively. Interestingly, 
further purified extract from the 100% MEOH extract showed only 
54.7 ± 0.87% inhibition at a concentration of 1 mg/mL. The inhibitory 
activity by 100% MEOH extract was further analyzed by increasing the 
levels of concentration. Average inhibition increased to 89.8 ± 1.24% 
at a concentration of 5 mg/mL and to a 93.4 ± 0.9% at a concentration 
of 10 mg/mL. Understanding the mechanism behind the inhibition of 
AI-2 activity by guar saponins could open doors to use guar saponins to 
control microorganisms in poultry feed and other formulations.

Key Words: guar saponins, autoinducer-2, inhibition

    100    Femoral head disarticulation disorder in chickens.  V. 
Durairaj*1,2, C. N. Coon1, W. E. Huff2, G. R. Huff2, F. D. Clark1, and N. 
C. Rath2, 1University of Arkansas, Fayetteville, 2PPPSRU,ARS,USDA, 
Fayetteville, AR.

Femoral head disarticulation (FHD) and necrosis is an idiopathic skeletal 
metabolic disorder that causes degenerative changes in the proximal 
growth plate of the femur. It is common in meat-type poultry and nega-
tively impacts broiler breeder performance. With no overt signs of the 
disease, it is difficult to diagnose the problem until the birds are lame. 
To understand the mechanisms of FHD, suitable experimental models 
are desirable. A field study with 6-week-old chickens showed the birds 
with FHD had elevated serum levels of cholesterol, low density lipopro-
tein (LDL), and triglycerides. Therefore, an experiment was conducted 
feeding chickens diets enriched with 8% poultry fat or administered 
either cholesterol or prednisolone at week 6 to determine whether these 
treatments would increase the incidence of FHD. Neither the high fat diet 
nor cholesterol injection produced FHD. However, when the chickens 
were treated with prednisolone showed a significantly high incidence 

of FHD and had elevated levels of serum lipids. It appears that elevated 
blood lipid levels may be a risk factor in the development of FHD and 
the prednisolone-induced disease may be a suitable experimental model 
to study this disease in young broilers.

Key Words: femoral head disarticulation, serum chemistry, predni-
solone

    101    Evaluation of the effect of diet and phytase on broiler 
performance using a live coccidia oocyst vaccine.  C. L. Walk*1, C. 
Wyatt2, R. Upton2, and A. P. McElroy1, 1Virginia Polytechnic Institue 
and State University, Blacksburg, 2Syngenta Animal Nutrition, Research 
Triangle Park, North Carolina.

An experiment was conducted to evaluate the effects of diet and phytase 
on broiler performance and bone ash when using a live coccidia vaccine. 
One-day-old, Cobb 500 chicks were obtained and half were sprayed with 
Coccivac B. All chicks were weighed and placed in battery brooders 
according to 7 dietary treatments (n = 72). Dietary treatments were 
positive control (PC; 3,050 ME, 0.95% Ca, and 0.45% P), negative 
control 1 (NC1; 3,010 ME, 0.85% Ca, and 0.32% P), NC1 + phytase A 
(NC1+EnA), negative control 2 (NC2; 3,050 ME, 0.95% Ca, and 0.45% 
P), NC2 + phytase B (NC2+EnB), negative control 3 (NC3; 3,050 ME, 
0.95% Ca, and 0.45% P), and NC3 + phytase C (NC3+EnC). Phytase 
supplementation to NC improved (P < 0.05) feed intake (FI) comparable 
with PC, but not different than nonsupplemented NC. Phytase A or B 
supplementation improved (P < 0.05) body weight gain (BWG) com-
parable to PC but not different than NC1 or NC2, respectively. Dietary 
treatment did not significantly affect feed conversion (FC). Coccidia 
vaccination significantly increased (P < 0.05) FI during days 14 to 21 
which resulted in significantly increased (P < 0.05) BWG with no effect 
on FC. Diet and vaccination interactions significantly affected (P ≤ 0.05) 
FC from day 0 to 7. Phytase supplementation significantly improved (P 
< 0.05) 21-day tibia ash as compared to the NCs. Phytase A significantly 
improved (P < 0.05) 21-day tibia ash comparable to PC. Diet and vac-
cination interaction significantly affected (P ≤ 0.05) 21-day tibia ash. 
Mortality was significantly higher (P < 0.05) in unvaccinated broilers 
compared to vaccinated broilers from day 0 to 21. Phytase supplementa-
tion improved FI and BWG in diets with reduced ME, Ca, and P. There 
was no negative impact of coccidia vaccination in combination with 
phytase supplementation on broiler performance.

Key Words: phytase, coccidia vaccination, broilers

    102    Spleen tissue n-3 and n-6 fatty acid distribution and 
cyclooxygenase-2 (COX-2) protein expression during lipopolysac-
charide challenge in broiler chickens: Effect of dietary lipids and 
time of feeding.  D. Gonzalez* and G. Cherian, Oregon State Univer-
sity, Corvallis.

Newly hatched chicks are often subjected to a 48- to 54-h delayed 
access to feed and water due to shipment distances. Delayed access to 
feed has been reported to reduce growth and development of the small 
intestine, reduce organ weights and a lower final body weight. The 
current study investigated the effect of early vs. late access to feed and 
dietary lipids on lipopolysaccharide (LPS)-induced alterations in fatty 
acid metabolism in broiler birds, and cyclooxygenase-2 (COX-2) protein 
expression in spleen tissue. COX-2 is induced upon cell activation and 
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its expression is associated with inflammation. A total of forty (n = 40) 
chicks were used for the study. The chicks were fed a high or low n-3 
diet within 5 h of hatching (early) or after 48 h of hatching (late). LPS 
injection led to a decrease in total n-6 fatty acids in the spleen when 
compared with noninjected birds (P < 0.05) in all treatments. When 
exposed to LPS challenge, feeding high n-3 diets resulted in an increase 
in n-3 fatty acids in the spleen tissue when compared to low n-3 group 
(P < 0.05). Expression of COX-2 protein in spleen tissue was lower in 
noninjected birds fed high n-3 diet when compared to injected birds (P 
< 0.05). During inflammation, lipid substrates for the activated immune 
system are provided by fatty acids. As a major lymphoid organ, the 
spleen tissue plays an important role in immune function. Thus, dietary 
management strategies directed at attenuating spleen COX-2 expres-
sion may be beneficial to reducing immune inflammatory responses in 
broiler chickens.

Key Words: spleen, n-3, n-6 fatty acids, cyclooxygenase-2

    103    Influence of turkey genetic selection and parent flock age 
on embryonic metabolism.  J. A. Hamidu*, G. M. Fasenko, E. E. 
O’Dea-Christopher, and J. J. R. Feddes, University of Alberta, Edmon-
ton, AB, Canada.

In this study the effect of turkey breeder genetic strain [Hybrid (H) and 
Nicholas (N)] and parent flock age [Young (Y – 30 wk), Peak (P – 34 
wk), Mature (M – 55 wk) and Old (O – 60 wk)] on eggshell conductance 
(G), egg components, poult carcass and residual yolk sac wt (RYS), 
and embryonic metabolism were investigated. A total of 15 eggs/strain/
age were placed in a desiccator and used to assess G. Oxygen and CO2 
concentrations from embryos (n = 11 eggs/strain/age) in individual meta-
bolic chambers inside an incubator were used to calculate embryonic 
heat production (HP) throughout incubation. The data were analyzed by 
SAS® Proc Mixed Model at P ≤ 0.05. Average egg weight (N = 91.58 
± 0.88; H = 88.15 ± 0.88 g) and G (N = 22.29 ± 0.62; H = 20.36 ± 0.63 
g/d/mmHg) were higher in N vs. H strain but there were no differences 
in hatched poult wt, egg components or other poult characteristics due 
to strain. For parent flock age, egg wt (Y = 71.89 g; P = 89.05 g; M = 
94.99 g; O = 98.12; SEM = 1.11 g), poult wt (Y = 51.34 ± 1.09 g; P = 
64.15 ± 1.06 g; M = 71.10 ± 1.16 g; O = 70.89 ± 1.12 g) and % wet RYS 
wt (Y = 12.00 ± 0.57; P = 13.68 ± 0.56; M = 19.57 ± 0.61; O = 18.84 ± 
0.59) increased with flock age. However, the % wet YFBM decreased 
with flock age (Y = 87.42 ± 0.65; P = 85.93 ± 0.64; M = 79.93 ± 0.69; 
O = 80.33 ± 0.67). This shows that the increase in poult wt with age 
were due to RYS wt not body mass. Daily embryonic HP per unit wet 
embryo wt was consistently higher in Y compared to all other flock ages 
except on 9–12, 15–19, 23, 24, 27 and 28 d of incubation. This means 
that the embryos from the younger flocks were metabolizing at a much 
higher rate to gain 1 gram of wet body wt compared with embryos from 
the older parent flocks. The results form this study showed that turkey 
embryonic metabolism (HP) is more dependent on parent flock age than 
genetic strain. This information would be useful for hatchery managers 
when trying to decide which eggs to group together in order to adjust 
incubator condition for optimum hatchability.

Key Words: egg incubation, embryo weight, embryonic heat produc-
tion

    104    Role of phytogenic feed and water supplements in poultry 
nutrition.  Z. Nasir* and M. A. Grashorn, Hohenheim University, 
Stuttgart, Germany.

In-feed antibiotics have been used in poultry for maintaining health 
and improving performance for more than 60 years. The potential risk 
of bacteria acquiring resistance to specific antibiotics and detrimental 
effects that it may have on human health lead to complete ban imposed 
on their use in European Union since January 2006. After the ban 
imposed in European Union and growing demand of natural, organic 
and antibiotic free animal products in other parts of the world, there is 
need to find alternative substances that can ensure health and perfor-
mance, without residual effects on human health. Phytogenic products 
(having plant origin) are a source of various nutrients as well as provide 
a number of bioactive compounds. Bioactive compounds present in 
phytogenic substances have shown activities in different body systems 
(digestive, endocrine, reproductive, and immune), inhibitory activities 
(against bacteria, fungi and parasites), and effects on physiopatholo-
gies (antiinflammatory, antioxidant, and antidiarrheal properties). Most 
extensively investigated phytogenic products in poultry nutrition include 
herbs and spices (like garlic, turmeric, Echinacea spp., black seed, 
pepper, chillies, rosemary, thyme, anise, and fenugreek), their extracts 
(water, ethanol/alcohol, expressed juices), and essential and volatile 
oils. They can be administered through feed and/or drinking water. 
Beneficial effects of phytogenic products in poultry may arise from 
activation of feed intake and digestive secretions, immune stimulation, 
antibacterial, coccidiostatic, anthelmantic, antiviral, antiinflammatory 
activity and antioxidant properties. However, the desired activity of 
phytogenic products is not always constant, as affected by a number of 
factors. This paper summarizes the results of contemporary research 
work done on application of phytogenic products in poultry and their 
future role as alternative to antibiotics.

Key Words: phytogenic additives, essential oils, alternative to anti-
biotics

    105    Transepithelial HMTBA transport and utilization as 
methionine source in intestinal Caco-2 cells.  R. Matin-Venegas2, Y. 
Mercier1, M. J. Rodriguez-Lagunas2, P. A. Geraert1, and R. Ferrer*2, 
1ADISSEO France S.A.S., Commentry, France, 2Facultat de Farmacia, 
universitat de Barcelone, Barcelona, Spain.

The Met hydroxy analog, dl-2-hydroxy-(4-methylthio)butanoic acid 
(HMTBA), is a synthetic source of Met commonly added to commer-
cial animal diets to ensure that the nutritional requirement is satisfied. 
Taking into account the utilization of this analog in animal production, 
it is important to establish the role of intestinal absorption in its bioef-
ficacy. In intestinal Caco-2 cells, HMTBA is transported across the apical 
membrane by the H+-dependent transport system MCT1 (monocarboxy-
late transporter 1). The results of HMTBA efflux across the basolateral 
membrane suggest the participation of a transport mechanism sensitive 
to H+ gradient although the lack of effect obtained with MCT1 inhibi-
tors (CHC and phloretin) and substrates (l-lactate and butyrate) rules 
out the participation of this transport system. The kinetic of HMTBA 
efflux was described by a model involving passive diffusion (Kd, 0.26 
± 0.05 nL/µg protein) plus a single mediated transport mechanism (Km, 
18.2 ± 1.1 mmol/L and Vmax, 22.6 ± 1.8 pmol/µg protein). These results 
indicate that basolateral efflux rates were significantly lower than uptake 
across the apical membrane, thereby enabling enterocytes to accumulate 
and therefore to incorporate HMTBA into cellular metabolism. The 
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biological utilization of HMTBA relies on its conversion to l-Met, a 
process that already starts in the intestine upon absorption. In this sense, 
the results of HMTBA radioactivity incorporation into cellular proteins 
during transepithelial transport suggest its conversion to l-Met. These 
results were confirmed by the data obtained revealing d-HADH activity 
(d-2-hydroxy acid dehydrogenase), an enzyme involved in d-HMTBA 
conversion. In conclusion, the data of transepithelial HMTBA transport 
and its incorporation into cellular metabolism confer to this epithelium 
a notable role in the utilization of the hydroxy analog.

Key Words: methionine hydroxy analog, absorption, transport

    106    Processing characteristics of commercial and heritage broil-
ers fed standard or organic diets.  K. Hopkins and M. S. Lilburn*, 
The Ohio State University/OARDC, Wooster.

A randomized, complete block design experiment consisted of 4 treat-
ments: commercial broilers ad libitum-fed conventional or organic 
broiler diets, heritage strain broilers fed the conventional diets and 
commercial broilers fed conventional diets but restrict-fed to the same 
growth curve as the organic treatment. The birds in each treatment 
were processed at approximately similar body weights but not neces-
sarily similar ages. At harvest, live body weight, hot carcass weight, 
chilled carcass weight (24 h), moisture retention (24 h), breast muscle 
weight, and 24-h drip loss were determined. The organic and restrict-
fed broilers had similar carcass weights (Org, 2.02 kg; BrRF, 2.03 kg) 
and were significantly heavier than the heritage and full-fed broilers 
(Her, 1.86 kg; BrFF, 1.82 kg). Moisture pickup after 24 h was similar 
among the Org (9.3%), BrRF (9.44%), and BrFF (9.45%) birds but all 
were less than the Her (11.10%) treatment. Hot carcass temperature was 
significantly higher in the Org (112.2°F) and Her (112.5°F) compared 
with the BrRF (110.2°F) and BrFF (108.5°F) treatments and by 180 m 
postharvest, carcass temperature had dropped in all treatments to 35 to 
40°F. The weight of the pectoralis major breast muscle was lowest in 
the Her (137 g) and Org (168 g) birds compared with those in the BrRF 
(207 g) and BrFF (193 g) treatments. Drip loss (24 h) in the pectoralis 
major breast muscle was not significantly different among treatments (P 
< 0.101) but the Org (1.15%) and Her (1.12%) treatments had greater 
drip loss than the BrRF (0.76%) and BrFF (0.73%) birds. At 90 min 
postharvest, carcass temperature in the Org (50.8°F) and BrFF (52.1°F) 
birds (2 heaviest treatments) were significantly greater than in the Her 
(46.8°F) and BrFF (45.8°F) treatments. The data suggest that genotype, 
age, and diet can influence postprocessing characteristics and may influ-
ence consumer acceptance of alternative poultry products.

Key Words: organic, broiler, processing

    107    Influence of soybean meal source and feed form of the 
diet on performance, organ size and gizzard pH of broilers from 0 
to 25 days of age.  F. J. Corchero, G. Brumano, M. P. Serrano, D. G. 
Valencia, M. Frikha, and G. G. Mateos*, Universidad Politécnica de 
Madrid, Spain.

We investigated the effects of soybean meal source (SBM) and feed 
form of the diet on productive performance and digestive traits of 
broilers from 0 to 25 d of age. The experimental design was completely 
randomized with 12 treatments arranged factorially with 4 commercial 
SBM and 3 feed forms (mash, pellets, and crumbles). The SBM were 
collected at random from the market and had a CP content that varied 

from 46.30 to 48.10%. Each treatment was replicated 6 times and the 
experimental unit was a cage with 12 chicks. The quality of the pellets 
and crumbles was visually good, they were uniform in size, and dust 
was absent. The pellet had a diameter of 2 mm and an average length 
of 5.3 mm. SBM source did not affect any trait studied and therefore, 
only data on feed form are presented. From 0 to 2 d of age chicks 
fed crumbles had 9% higher BW gain (BWG) than chicks fed pellets 
or mash (P ≤ 0.05). Feed consumption was 11% lower (P ≤ 0.05) in 
chicks fed pellets than in chicks fed crumbles, probably because of the 
excessive length of the pellets. From 3 to 25 d of age birds fed pellets 
compensated and for the global experimental chicks fed pellets had 21% 
higher feed consumption and 26% higher BWG than chicks fed mash 
with chicks fed crumbles being intermediate (P ≤ 0.001). Feed form 
affected relative size (% BW) of most digestive organs. Gizzard weight 
was reduced in chicks fed pellets or crumbles with respect to chicks fed 
mash (P ≤ 0.001). Also, liver weight was increased (P ≤ 0.001) in chicks 
fed pellets, suggesting that fat metabolism was exacerbated with pellet 
feeding, probably as a consequence of the higher feed intake. Gizzard 
pH was higher in chicks fed pellets than in chicks fed mash, with chicks 
fed crumbles being intermediate (P ≤ 0.001). The results indicate that 
feed form affects performance and digestive traits of chicks and that 
pellets and crumbles are preferred to mash diets.

Key Words: broiler, performance, feed form

    108    Comparison of source and levels of sodium in broilers under 
low temperature condition.  A. Mahmud*1, Z. Hayat1,2, Z. Ullah1, M. 
M. H. Mushtaq1, and A. Khalique1, 1University of Veterinary & Animal 
Sciences, Lahore, Pakistan, 2University College of Agriculture, Univer-
sity of Sargodha, Sargodha, Pakistan.

Sodium (Na) is attracting increased interest in poultry nutrition. The 
objective of the present study was to evaluate the effect of 2 sources of 
sodium at different levels on broiler performance, water consumption 
and blood Na concentration under low temperature conditions. 240 day-
old Hubbard broilers were subdivided into 24 replicates of 10 chicks 
each. Six corn- and soy-based experimental diets containing graded 
levels (0.15, 0.20, or 0.25%) of sodium either from sodium chloride 
or sodium bicarbonate were formulated. Each of these treatments was 
assigned to 4 replicate pens of 10 broiler chicks (40 birds/treatment). 
Daily water consumption was measured. Body weight and feed con-
sumption were recorded weekly and used to calculate feed efficiency. 
At the end of experiment blood samples were collected from 2 birds 
in each replicate. Mean temperature was 70.6°F (61.4 to 79.8°F) and 
average relative humidity was 48.5 (40 to 57). Higher level of sodium 
(0.25%) especially when the source was sodium chloride, resulted in 
an increase (P < 0.05) in body weight and feed efficiency during first 2 
weeks of age. However, there was no carryover effect of this increase 
at the end of experiment. Feed consumption was independent of dietary 
Na treatments (P > 0.05). Water consumption was increased (P < 0.05) 
with the increasing level of Na in diet, but source of Na did not show 
any difference. Blood Na concentration showed a linear increase (P < 
0.05) from low to high level of Na. This increase was more pronounced 
when Na was added in diet as sodium bicarbonate. It can be concluded 
that feeding higher sodium levels especially as sodium chloride for first 
2 weeks may result in increases in body weight and feed efficiency but 
this effect did not persist till marketable age of broiler. Water consump-
tion and blood Na concentration has direct relationship with level of 
Na in diet.

Key Words: sodium, low temerature, broiler
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    109    Effects of in ovo injection of metabolic stimulants on subse-
quent broiler chick tissue nutrient profiles.  M. M. Keralapurath*, E. 
D. Peebles, R. W. Keirs, D. A. Braasch, L. W. Bennett, S. K. Whitmarsh, 
and B. M. McGruder, Mississippi State University, Mississippi State.

Previous investigations have confirmed the potential effectiveness 
of various metabolic stimulants and physiological salt solutions in 
supporting broiler embryogenesis. The current study investigated the 
effects of the same solutions on chick posthatch performance and tissue 
nutrient profiles. In the first of 2 trials, 200 µL each of a (i) 0.18 mM 
carbohydrate electrolyte nutrient (CEN) solution, (ii) 5 mM tripotas-
sium citrate solution, and (iii) 1 mM creatine solution were tested in 
conjunction with 5.5 mM potassium chloride. In the second trial, 1.0 
mM theophylline was tested as an additive to all the above treatment 
solutions. In both trials, a sham-injected 117 mM sodium chloride and 
a noninjected group were used as treatment controls. All the treatment 
solutions were in ovo-injected on Day 18 of incubation using an AviTech 
Intellilab™ injector. Chicks were weighed and tissue samples collected 
on Days 3 and 10 posthatch. Liver nutrient contents (glucose, glycogen, 
protein, and fat) and blood plasma profiles (refractive index, protein, 
triglycerides, glucose, and calcium) were also analyzed. The metabolic 
stimulant solutions used for in ovo injection did not produce any det-
rimental effects on the general liveability and overall performance of 
the broiler chicks. However, across all treatments, liver protein and fat 
concentrations increased and decreased, respectively, between Days 
3 and 10 posthatch. Liver glucose concentration was increased by 
tripotassium citrate and liver moisture content was decreased by CEN. 
Nevertheless, CEN and sodium chloride increased plasma refractive 
index and, except for the potassium chloride/creatine solution, liver 
glycogen content was reduced by all injected solutions.

Key Words: broiler chick, in ovo injection, metabolic stimulants

    110    Effect of photoperiod on upper gastrointestinal tract 
microbial ecology in broiler chickens.  S. Dalal*1, U. Fernando1, K. 
Schwean-Lardner1, B. Laarveld1, H. L. Classen1, A. V. Kessel1, and 
B. Fancher2, 1University of Saskatchewan, Saskatoon, SK, Canada, 
2Aviagen, Huntsville, AL.

Day-old chickens (n = 6,294) were placed in 1 of 9 rooms (12 pens per 
room) such that housing density would not exceed 30 kg/m2, to inves-
tigate the effect of photoperiod on upper gastrointestinal tract microbial 
ecology. Birds were assigned to 1 of 3 lighting programs, 13 h light:11 
h dark (13L), 18 h light:6 h dark (18L), and 23 h light:1 h dark (23L). 
At day 33, two birds from each pen were randomly killed to determine 
relative crop weight, pH of contents and microbial colonization. A dif-
ference (P = 0.002) was observed in the relative crop weight (gm/gm 
of body weight) for birds in the 13L (0.019) treatment compared with 
23L (0.0072). Crop pH was not affected by treatment. Crop microbiota 
were profiled in contents from 10 chickens in each of the 13L and 23L 
treatments using terminal restriction fragment length polymorphism 
(T-RFLP) based on MspI and HaeIII digests of 16s rDNA amplicons. 
Phylogenetic analysis based on the DICE coefficient of similarity using 

HaeIII digests indicated that individuals from the same lighting treatment 
showed more similarity than individuals from the different treatments. In 
MspI digested 16s rDNA amplicons, abundance of the 177- and 565-bp 
terminal restriction fragments (TRFs) corresponding to Lactobacillus 
amylovorus and Enterococcus/Streptococcus spp. group, respectively, 
were increased in crops from 13L chickens. Chickens with increased 
dark exposure (13L) also had a unique TRF at 574 bp representing the 
Lactobacillus casei/bifermentum/salivaris group. Analysis of HaeIII 
TRFs corresponded well with MspI TRFs. Increased dark exposure 
increased the relative size of the crop in the broiler chicken and altered 
the microbial profile potentially affecting functioning of the crop as a first 
line of protection against enteric colonization by (zoo)-pathogens.

Key Words: photoperiod, broiler, microbial ecology

    111    T-2 toxin further decreases testicular function in Japanese 
quail selected for exaggerated adrenocortical stress response.  J. 
M. Grizzle*1 and D. G. Satterlee2, 1University of Tennessee, Knoxville, 
2Louisiana State University Agricultural Center, Baton Rouge.

Trichothecene mycotoxin, T-2 toxin, negatively impacts growth and 
reproduction in avians. Selection of Japanese quail for exaggerated (high 
stress, HS) rather than reduced (low stress, LS) plasma corticosterone 
(B) response to brief restraint delays puberty and reduces cloacal gland 
size and foam production in adults. An experiment was conducted to 
determine the effects of dietary T-2 toxin on testicular function and body 
weight in quail of the HS and LS lines. Male quail (64 HS, 64 LS; 77 
d of age) were assigned to 1 of 3 diet treatments containing 0, 8, or 12 
ppm T-2 toxin. Data were collected on body weight (BW), cloacal gland 
area (CAREA), cloacal gland volume (CVOL), and cloacal gland foam 
(FOAM) production before and after a 28-day feeding period. All birds 
were euthanized at the end of the trial and their left testis was removed, 
weighed, and a portion fixed for morphological assessment. With the 
exception of BW, all pre-experiment measurements were less in HS 
birds than LS birds (P ≤ 0.05); HS birds produced less foam (1.9 vs. 
2.5 arbitrary units; AU), and had a smaller CAREA (177 vs. 191 mm2) 
and CVOL (1,614 vs. 1,784 mm3) than LS birds. Following T-2 toxin 
exposure, by 105 d of age, the stress lines continued to segregate with 
HS less than LS (P ≤ 0.05) as follows: CVOL = 1,491 vs. 1,797 mm3, 
CAREA = 169 vs. 192 mm2, and FOAM production = 1.6 vs. 2.7 AU, 
respectively. Within the LS line, T-2 toxin did not affect BW, CAREA, 
CVOL, or FOAM (P ≤ 0.05). However, in HS birds, feeding 12-ppm T-2 
toxin significantly reduced (P ≤ 0.05) CAREA, CVOL, and FOAM as 
compared to the 0-ppm controls. CAREA was 204, 188, and 181 mm2, 
CVOL was 1,951, 1,728, and 1,637 mm3, and FOAM was 3.2, 2.9, and 
1.8 AU for 0, 8, and 12 ppm T-2 toxin-fed birds, respectively. Results 
indicate T-2 toxin exacerbates negative effects of selection for high B 
response to stress on male reproductive performance as measured by 
CAREA, CVOL, and FOAM production. Reduced fertility and repro-
ductive performance may be expected in commercial birds exposed to 
high stress environments and mycotoxin contaminated feeds.

Key Words: T-2 toxin, corticosterone, Japanese quail
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    112    Anatomical and physiological changes in hens molted using 
nonfeed withdrawal.  A. L. McDonald*1, Y. Vizzier-Thaxton2, S. 
Branton3, C. G. Scanes4, J. P. Thaxton2, S. W. Anderson2, and A. War-
lick2, 1Cal Maine Foods, Jackson, MS, 2Mississippi State University, 
Mississippi State, 3USDA South Central Poultry Research Laboratory, 
Starkville, MS, 4University of Wisconsin, Milwaukee.

Forced molting of laying hens has been a controversial practice for years 
in the United States and abroad. The United Egg Producers industry 
association does not allow its members who participate in its animal 
husbandry program to molt using feed withdrawal. Much research exists 
regarding forced molting, but research regarding nonfeed withdrawal 
molting is scarce. Therefore, this study is designed to look at the physi-
ological changes laying hens undergo each day during a commercially 
used nonfeed withdrawal molt. Five (5) birds were separated into 38 
groups of 5 birds per pen/treatment. Hens were placed on molt feed in a 
staggered pattern so that all stages of molt can be compared. At day 38, 
three (3) birds from each treatment were evaluated for corticosterone 
levels, cholesterol, blood gases (pH, pCO2, pO2), electrolytes (cNA, cK, 
cCa2, cCL, ctHb, ctCO2), hematocrit, body weight, oviduct length and 
weight, follicle weight, follicle number, attritic follicle number, ovary 
weight, liver weight, small intestine length and weight, gallbladder 
weight, spleen weight, heart weight, gizzard weight, feather data, and 
blood glucose. Feed data was also collected as was egg production data. 
Eggs were evaluated for USDA grade, weight, and specific gravity. There 
were differences depending upon day of treatment as well as differences 
from controls in the various morphological and chemical parameters 
measured. Egg quality did not differ nor did feather loss. The purpose of 
this work was to describe differences in the morphological and chemical 
progression of molt using industry type nonfeed withdrawal molt which 
had not been previously reported.

Key Words: molting, nonfeed withdrawal, physiology

    113    Cytokine and chemokine gene expression in corticosterone-
stressed chickens: A new indicator of stress status?  S. Shini*1, 
A. Shini1, and P. Kaiser2, 1University of Queensland, Gatton, QLD, 
Australia, 2Institute for Animal Health, Compton, Berkshire, United 
Kingdom.

The expression of cytokines and chemokines in chickens during stress 
are poorly described and their role in the stress response has not yet been 
investigated. In this study we examined whether oral administration of 
corticosterone causes differences in cytokine and chemokine expression 
and whether these differences are detectable by real-time quantitative 
reverse transcription PCR. Moreover, we investigated if changes in 
cytokine and chemokine expression were associated with elevated 
plasma corticosterone concentrations and heterophil to lymphocyte 
(H/L) ratios. At 7 wk of age, 120 Hyline laying pullets were randomly 
divided in 3 groups and exposed for 1 wk to the following treatments in 
drinking water: corticosterone dissolved in ethanol, ethanol, or untreated 
water. Whole blood was collected at 1, 3, and 24 h, and 7 days posttreat-
ment and used to measure total and differential leukocyte counts and to 
isolate heterophils and lymphocytes for RNA extraction. The chickens 
were then euthanized and the spleen was removed for RNA extraction. 
In this study we analyzed the expression of IL-1β, IL-2, IL-4, IL-6, 
IL-10, IL-12α, IL-12β, IL-13, IL-13, IL-18, IFN-γ, TGF-β4, CCLi1, 
CCLi2, CCLi3, CCLi4, CXCLi1, CXCLi2, CXCR1, and CXCR4 
genes in heterophils, lymphocytes, and spleenocytes. Results showed 
that administration of corticosterone significantly increased plasma 
corticosterone concentrations and H/L ratios at 1, 3, and 24 h and 10 

days posttreatment. Exposure to corticosterone increased expression of 
chemokines CCLi2, CCLi3, CCLi4, CXCR1, and CXCR4 and cytokines 
IL-1β, IL-6, IL-12α, and IL-18 in heterophils 24 h posttreatment or at 
the peak of corticosterone and the H/L ratio levels. The expression of 
cytokine genes in lymphocytes revealed changes mainly in IL-1β, IL-6, 
IL-13, and IL-18, 1 h following corticosterone treatments. Cytokine 
(IL-1β, IL-6, IL-10, and IL-18) and chemokine mRNA (CXCR1 and 
CXCR4) expression in splenocytes were up-regulated 24 h post cor-
ticosterone treatment. The identification of a cytokine and chemokine 
profile in stressed chickens could contribute toward an improvement 
of the assessment of stress.

Key Words: cytokine, chemokine, stress response

    114    Solitary and interactive effects of corticotropin-releasing 
hormone and vasotocin in control of corticosterone in chickens.  A. 
Jurkevich*1, W. J. Kuenzel1, F. N. Madison1,3, M. V. Mikhailova2, and L. 
E. Cornett2, 1University of Arkansas, Fayetteville, 2University of Arkan-
sas for Medical Sciences, Little Rock, 3Hope College, Holland, MI.

Arginine vasotocin (AVT) and corticotropin-releasing hormone (CRH) 
are 2 regulators of glucocorticoid levels and stress responses in birds. 
Previously we have found that CRH administered intracerebroventricu-
larly (icv) appears to be a more potent stimulator of the hypothalamic-
pituitary-adrenal (HPA) axis compared to equimolar amounts of AVT as 
determined by increased plasma corticosterone (CORT). The aim of this 
study was to examine the stimulatory effects of AVT and CRH on the 
HPA axis at the pituitary level to reveal possible molecular interactions 
between AVT and CRH regulatory pathways. Peripheral (0.5 nmol/kg, 
i.v.) administration of AVT to 5-week-old male broiler chicks resulted 
in significant increases of plasma CORT while CRH was less efficient. 
The combined iv administration of both peptides in subthreshold doses 
(0.25–0.3 nmol/kg) caused a significantly greater increase of CORT than 
would be expected by a simple additive effect. Such a nonlinear effect 
was not observed when both CRH and AVT were concurrently given icv 
suggesting that corticotropes and not brain mechanisms are involved. 
Our in vivo data with ligand-induced internalization of vasotocin VT2 
or CRH receptors in corticotropes supported this assumption. The 
underlying mechanism was investigated by expressing CRH-R1 and 
VT2 receptors in a mammalian cell line. Using FRET analysis, both 
receptors were found forming heterodimers in the presence of CRH and 
AVT. Heterodimerization was accompanied by a significant augmenta-
tion of cAMP production compared to administration of CRH alone. It 
is concluded that the relative efficacy of CRH and AVT in stimulating 
the HPA axis is site-specific and their interaction at the pituitary level 
may critically contribute to the endocrine output of the HPA system. 
Supported in part by NSF grant no. IBN 01111006 and NRI grant no. 
2005-35203-15850 from USDA, CSREES.

Key Words: stress, pituitary, receptor oligomerization

    115    Cloning and characterization of chicken prostaglandin E 
receptor subtype 3 (EP3) and F receptor (FP).  A. H-Y. Kwok*, Y. 
Wang, C. Y. Wang, and F. C. Leung, University of Hong Kong, Hong 
Kong, HK-SAR, China.

Belonging to the eicosanoids, prostaglandin E2 (PGE2) and F2α (PGF2α) 
are important chemical mediators regulating many vital physiological 
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processes, from modulation of neurotransmitter release, sodium and 
water re-absorption to maintenance of pregnancy. Prostaglandin E 
receptor subtype 3 (EP3) is believed to mainly mediate a decline in 
intracellular cyclic AMP (cAMP) level via coupling to Gi protein, while 
prostaglandin F receptor (FP) is believed to affect an increase in intra-
cellular calcium ion level via Gq protein. Though both receptors were 
identified in mammals and FP in zebrafish, they have yet to be cloned 
in any avian species. In the present study, using reverse transcription-
polymerase chain reaction (RT-PCR), the full-length cDNAs for chicken 
EP3 and both FP receptor isoforms were cloned from adult chicken 
ovary. Chicken EP3 is 370 amino acids in length and shows high amino 
acid identities to that of mammals (human, 57%; mouse, 66%; rat, 68%; 
dog, 63%; cow, 57%; rabbit, 67%). The full-length cDNAs of FP gene 
encodes a long and short isoforms of 364 and 258 amino acids, respec-
tively. The long isoform shares a high degree of amino acid identities 
to that of mammals, including human (80%), mouse (77%), rat (78%), 
dog (81%), and cow (75%), and a low sequence identity to zebrafish 
(66%). Both long and short FP isoforms are shown to be expressed in 
all tissues examined. The tissue distribution profile is underway for EP3. 
The cloning and characterization of EP3 and FP receptors would help 
us to establish a molecular basis to elucidate the physiological roles 
of prostaglandin E2 and F2α in target tissues including their actions in 
chicken ovary.

Key Words: chicken, PGE2, prostaglandin receptors, cloning PGF2α

    116    Sexual maturation of blind Smoky Joe chickens is not con-
trolled by photoperiod.  J. Perttula* and G. Bedecarrats, University of 
Guelph, Guelph, ON, Canada.

In birds, light can be perceived by retinal and extra retinal photore-
ceptors, and sexual maturation is generally induced by an increase in 
photoperiod. Using a genetically blind line of chickens (Smoky Joe), we 
previously showed that the lack of retina advances egg-laying in hens 
and sexual development in roosters. However, whether the change in 
photoperiod was instrumental in inducing maturation in blind birds was 
not evaluated. Thus, the objective of this study was to determine if the 
lack of photostimulation interferes with the premature development of 
blind chickens. 70 hens (43 blind; 37 sighted) and 50 roosters (25 blinds; 
25 sighted) were raised from hatch and maintained under 8 h light. For 
females, egg production was recorded daily and age at first egg was 
determined. For males, 5 blind and 5 sighted roosters were sacrificed 
at 14, 17, 19, 21, and 23 weeks of age, and body weight (BW) as well 
as comb length were measured. In addition, blood and various tissues 
were collected. Relative testicular weight was then calculated and plasma 
testosterone concentrations were measured by ELISA. Histology was 
also performed on testis at 14, 17, and 19 weeks of age. Blind hens laid 
their first egg 2 weeks before sighted ones and their production remained 
higher throughout the experiment. No differences in BW were observed 
between blind and sighted roosters or between collection dates. Comb 
length significantly increased between 14 and 17 weeks in blind birds 
while no difference could be observed for the sighted birds. Testes 
were significantly larger in blind than sighted roosters at 17 and 19 
weeks (sighted: 1.7 ± 0.33% of BW and blind: 4.12 ± 0.73; P < 0.05). 
Interestingly, at 23 weeks sighted males had significantly larger testis. 
In blind roosters, plasma levels of testosterone increased significantly 
(P < 0.001) between 17 and 19 weeks, while there was no differences 
in sighted ones. Similarly, histology showed advanced spermatozoa 
development in testes from blind animals.
In conclusion, our study shows that the premature sexual maturation 

previously observed in blind chickens occurs independently of photo-
stimulation.

Key Words: photostimulation, reproduction, sexual maturation

    117    Identification and characterization of a novel receptor for 
chicken GHRH and the potential receptor(s) for chicken GHRH-
like peptide (GHRH-L) and peptide histidine isoleucine (PHI).  Y. 
Wang, J. Li, C. Y. Wang, and F. C. Leung*, University of Hong Kong, 
Hong Kong, HK-SAR, China.

GHRH and its structurally related peptides, GHRH-like peptide 
(GHRH-L, also named PRP), PHI, VIP, and PACAP, are demonstrated 
to play important roles in the pituitary and extra-pituitary tissues of ver-
tebrates; however, the molecular basis of their actions in various tissues 
of birds remains largely unknown. In this study, 6 highly homologous 
receptors for GHRH-L(GHRH-LR), PACAP(PAC1), GHRH(GHRHR1 
and GHRHR2), VIP and PHI (VPAC1 and VPAC2), respectively, were 
cloned from chicken brain (or pituitary) and their functionalities were 
examined in CHO cells using the pGL3-CRE luciferase reporter system. 
The results showed that: 1) all receptors are coupled to the cAMP-PKA 
pathway; 2) 2 GHRH receptors, named GHRHR1 and GHRHR2, respec-
tively, are co-existed in the chicken genome and both of them could be 
activated by chicken GHRH potently and specifically; 3) Interestingly, 2 
VIP receptors, namely VPAC1 and VPAC2, could be potently activated 
not only by chicken VIP and ovine PACAP38, but also by turkey PHI, 
suggesting that 2 VIP receptors may also function as the potential recep-
tors specific for PHI in birds; and 4) chicken GHRH-L can activate its 
receptor, GHRH-LR; however, it also activates the 2 chicken GHRH 
receptors. Using RT-PCR assay, we further examined the expressions 
of these 6 receptors in adult chicken tissues. Interestingly, the expres-
sions of GHRH-LR, GHRHR1 and GHRHR2 are mainly restricted to 
the pituitary and/or different brain regions, while PAC1, VPAC1, and 
VPAC2 are expressed virtually in all tissues examined. Together, our 
study not only identified a novel receptor for GHRH and the potential 
receptor(s) for GHRH-L and PHI in chickens, but also establishes a 
molecular basis to elucidate the physiological roles of these structurally 
and functionally related peptides in different tissues, including their 
actions in the pituitary of chicken.

Key Words: GHRH, GHRH-related peptides, GHRH-L, PHI, VIP

    118    Use of dietary thyroxin as an alternate molting procedure 
in turkey breeder hens.  V. A. L. Gulde*1, R. Renema2, and G. Y. 
Bédécarrats1, 1University of Guelph, Guelph, ON, Canada, 2University 
of Alberta, Edmonton, AB, Canada.

In the poultry industry, forced molting is achieved by reducing pho-
toperiod and withdrawing feed and water for several days. Although 
this practice is discouraged due to serious health and welfare concerns, 
it remains the most effective method and alternative strategies need 
to be established. During initiation of a natural molt, plasma levels 
of thyroxin (T4) increase significantly. Furthermore, dietary T4 was 
shown to induce molt in caged chickens. This study was performed to 
elucidate whether supplemental T4 can induce molt in turkey breeder 
hens without feed withdrawal/avoidance. Spent hens were randomly 
divided into 4 groups composed of 5 floor pens (replicates) each (5 hens 
per pen). While a control group was maintained under a 14 h photope-
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riod and fed a breeders’ diet throughout, hens from the 3 other groups 
were supplemented with 40 ppm T4 for 10 days. Of the 3 treatment 
groups, 1 was maintained under a 14-h light schedule and fed breed-
ers’ diet while the 2 others were subjected to a drop in photoperiod to 
6 h during or after supplementation, and were then fed a maintenance 
diet. Egg production, feed intake, body weight, molt and plasma levels 
of T4 were measured. All treated hens ceased laying within 20 days; 
however, several individuals spontaneously returned to lay when left on 
14 h light, suggesting incomplete involution of the reproductive tract. 
T4 supplementation significantly reduced feed consumption (P < 0.001) 
and induced significant rapid body weight loss (P < 0.001). However, 
all hens returned to their initial body weight by experiment’s end. Most 
treated hens initiated molt within 8 days of supplementation and all 
completed molt by day 37. Plasma T4 levels in treated hens increased 
significantly by day 3 of supplementation (P < 0.05) and remained sig-
nificantly higher than in controls until day 9 (P < 0.01). Levels returned 
to initial values by day 35. In conclusion, dietary supplementation with 
40 ppm T4 was successful in inducing molt in spent turkey breeder hens. 
However, a drop in photoperiod seems necessary to completely reset 
the reproductive system.

Key Words: molting, turkey, thyroxin

    119    Brain AMP-activated protein kinase and food intake in chick-
ens.  D. M. Denbow* and P. B. Siegel, Virginia Tech, Blacksburg.

AMP-activated protein kinase (AMPK) is an enzyme which monitors 
energy levels within cells, and possibly at the whole-body level. We 
investigated whether genetic selection for growth altered the brain’s 
response to changes in AMPK activity. Using chickens from lines 
selected from a common founder population for either low (LWS) or 
high (HWS) 8-week body weight, we investigated whether intracere-
broventricularly (ICV) injecting compounds known to affect AMPK 
had a differential effect on food intake. In mammals, Compound C is 
reported to inhibit whereas 5-amino-4-imidazole carboxamide ribo-
side (AICA) is reported to stimulate AMPK. ICV injection of AICA 
decreased food intake in 15-week-old HWS and 9-week-old LWS 
male chickens. In contrast, the ICV injection of Compound C increased 
food intake in males from both lines. In addition, the ICV injection of 
5-aminoimidazole-4-carboxaminde riboside (AICAR), which stimulates 
AMPK, also decreased food intake in LWS males. In rats, stimulating 
AMPK increased food intake while inhibiting its activity decreased food 
intake. These results with chickens are in contrast to those observed in 
rats. The reason for these disparate results remains to be elucidated. 
(This project was supported by National Research Initiative Competi-
tive Grant no. 2007-35206-17899 from the USDA Cooperative State 
Research, Education, and Extension Service).

Key Words: food intake, AMPK, chickens

    120    Sensory descriptive profiles of air and water chilled broiler 
breast fillets.  H. Zhuang*, E. Savage, D. Smith, and M. Berrang, ARS-
USDA, Athens, GA.

Air chilled chicken products are gaining popularity in the USA. It has 
been claimed that air chilling (AC) results in improved tenderness and 
flavor of broiler meat compared with water chilling (WC). However, 
there is a lack of published sensory study results to support the claims. 
The objective of this study was to evaluate the effect of carcass chilling 
methods on sensory texture and flavor descriptive profiles of broiler 
breast fillets deboned at 4 h postmortem. In each of 4 replications, 27 
eviscerated broiler carcasses (6 weeks of age) were collected from a 
commercial processing line prior to chilling. After transport to the labora-
tory, one-third of the carcasses were hot-boned (no chill), 1/3 chilled by 
water immersion (0.3°C, 50 min) and 1/3 chilled by AC method (0.7°C, 
150 min). The WC and AC fillets were removed from the bone at 4 h 
postmortem. Fillets were cooked to an endpoint temperature of 78–80°C. 
The sensory properties were measured by 7–9 trained panelists using 
0–15 point universal intensity scales (21 attributes). Our study shows 
that the average intensity scores of the 9 flavor attributes analyzed ranged 
from 0.9 to 4.0 and there were no significant differences between the 
3 treatments. The average intensity scores of the 12 texture attributes 
ranged from 1.5 to 7.5 and there were no significant differences between 
the AC and WC fillets. The average intensity scores of the texture attri-
butes, springiness, hardness, cohesiveness of mass, bolus size, rate of 
breakdown, and chewiness were significantly higher in the hot-boned 
samples than those of either of the chilled samples, which were not dif-
ferent from each other. These results demonstrate that the AC method 
did not affect the sensory flavor and texture quality of chicken breast 
meat deboned 4 h postmortem compared to the WC method.

Key Words: chicken breast, air chilling, sensory

    121    Effect of multiple washings in salicylic acid on the bacterial 
flora of the skin of processed broiler chickens.  A. Hinton Jr.* and J. 
A. Cason, Russell Research Center, Athens, GA.

Experiments were conducted to determine changes in the bacterial flora 
of the skin of processed broilers after each of 5 consecutive washings 
in solutions of the keratolytic agent, salicylic acid. Skin samples from 
commercially processed broiler carcasses were divided into 3 groups 
and washed in distilled water, 10% salicylic acid, or 20% salicylic acid 
by agitating skin in these solutions in a Stomacher laboratory blender. 
After each wash, skin was transferred to fresh solutions and washing 
was repeated to provide samples washed 1 to 5 times in each solution. 
Washed skin was then stomached in Butterfield′s Phosphate Buffer to 
recover viable bacteria remaining on the skin. Bacterial flora of the 
rinsates was enumerated on Plate Count Agar, Staphylococcus Agar, 
Levine Eosin Methylene Blue Agar, Lactic Acid Bacteria Agar, and 
C. perfringens Agar. Results indicated that after each of 5 consecutive 
washes in water, there was no significant difference in the number of 
bacteria recovered from skin on any of the agar media. Significantly 
fewer bacteria were recovered on Lactic Acid Bacteria Agar from skin 
after 5 washes in 10% salicylic acid than after 1 wash, but there was no 
significant decrease in the number of bacteria recovered on any other 
media after skin was washed in this solution. However, washing skin 
4 or 5 times in 20% salicylic acid significantly reduced the number 
of bacteria recovered on Plate Count Agar and Staphylococcus Agar. 
Furthermore, no bacteria were recovered on Eosin Methylene Blue or 
Lactic Acid Bacteria Agars from rinsates of skin washed 4 or 5 times 
in 20% salicylic acid or on C. perfringens Agar from skin washed 3 
or more times in the 20% solution. Findings indicate that successive 
washing of skin in salicylic acid may significantly reduce the number 
of bacteria recovered from the poultry skin, although bacterial popula-
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tions found on poultry skin vary in their resistance to the antibacterial 
activity of salicylic acid.

Key Words: salicylic acid, broilers, bacteria

    122    Dietary gelatin supplementation increases Salmonella Typh-
imurium levels in the ceca of young chicks.  Y. O. Fasina*, E. T. Moran, 
D. E. Conner, and S. R. Mckee, Auburn University, Auburn, AL.

The mucus layer and glycocalyx covering the intestinal epithelium act 
together to limit the level of pathogen penetration, colonization and 
invasion into the systemic circulation in the chick. Because the intestine 
of a newly hatched chick is immature at hatch, dietary supplementa-
tion of ingredients (or nutrients) that can specifically enhance mucin 
formation for incorporation into the mucus layer and glycocalyx may be 
beneficial. Gelatin is an ingredient that is high in crude protein (95%) 
and rich in mucin-forming amino acids such as glycine, glutamine, 
proline and serine. Incorporation of gelatin into chick starter diets may 
modify intestinal levels of different bacteria species. Thus, we designed 
an experiment to evaluate the effect of dietary gelatin supplementation 
on Salmonella Typhimurium levels in the chick intestine. A 14-day 
experiment was conducted using 224 day-old broiler chicks. Chicks 
were randomly allocated to 4 treatments. Treatments 1 (CS) and 2 (CST) 
consisted of chicks fed corn-soy starter diet and were either challenged 
with Salmonella Typhimurium (ST) or not. Treatments 3 (CSG) and 4 
(CSGT) consisted of chicks fed a corn-soy starter diet supplemented 
with gelatin (at 2% level) and were either challenged with ST or not. 
At 4 days of age, chicks in the CST and CSGT treatments were chal-
lenged with 7.8 × 106 CFU/mL of ST. On days 4 and 9 postchallenge 
(PC), intestinal and cecal ST levels were enumerated on XLT4 agar. 
CS and CSG chicks remained ST-free throughout the experiment. At 
4 days PC, intestinal ST levels were similar (P > 0.05) for CST (0.93 
log10 CFU/mL) and CSGT (1.04 log10 CFU) treatments while cecal ST 
level was higher (P < 0.05) for CSGT (4.46 log10CFU/mL) compared 
to CST chicks (3.11 log10 CFU/mL). At 9 days PC, no differences were 
observed in ST levels of all treatments. Gelatin supplementation at 2% 
level of the diet tended to enhance intestinal ST colonization.

Key Words: mucin, gelatin, Salmonella

    123    Gas stunning and quality characteristics of broiler chicken 
breast meat.  M. Bianchi*, M. Petracci, and C. Cavani, Alma Mater 
Studiorum–University of Bologna, Department of Food Science, 
Cesena, Italy.

During poultry processing, gas stunning systems are based on the 
birds exposure to gases which may induce either anesthesia or anoxia. 
Research comparing electrical and gas stunning have reported dif-
ferences in incidence of carcass defects and variation in meat quality 
traits. However, contradictory results have been reported, especially 
when different stunning conditions were compared. Three trials were 
conducted to evaluate breast meat quality of broiler chickens (2.5 kg live 
wt.) processed using electrical (E) (constant voltage of 120V pulsating 
DC, 200 Hz, 4.6 s; 60 mA/bird) or gas (G) stunning with carbon dioxide 
exposure (5.5 min). Birds that were gas stunned remained in crates that 
were passed through underground chamber with gas concentrations 
increasing from 10 to 32% (Linco® system). After slaughter and chilling, 
the incidence of carcasses with blood-engorged wing veins and/or blood 

spots on breast meat was evaluated (n = 144/stunning system). Breast 
(P. major) muscles were deboned immediately after air chilling (com-
mercial deboning time, 2.5 h) or after 6 and 24 h postmortem (n = 36/
deboning time/stunning system; n = 216). The meat pH was determined 
immediately after deboning, whereas color (L*a*b*), cook yield, and 
AK-shear of cooked meat were determined after 24 h postmortem. In 
comparison with electrical stunning, gas stunning produced a noticeably 
lower incidence of carcasses with blood-engorged wing veins and/or 
blood spots on breast meat (18.7 vs. 61.8%; P < 0.01). The stunning 
system did not influence breast meat postmortem pH fall, color, and cook 
yield. Gas stunning resulted in a lower AK-shear values when fillets were 
deboned after 2.5 h of aging (4.86 vs. 6.89 kg/g; P < 0.01); however, 
shear values were similar for both treatments when fillets were aged 
for 6 or 24 h postmortem. Using the conditions adopted in the present 
study, the major advantages of gas stunning over electrical stunning are 
the lower incidence of breast meat defects and lower AK-shear values 
of cooked meat for fillets deboned immediately after chilling.

Key Words: broiler chicken, gas stunning, breast meat quality

    124    Evaluation of the anti-Listeria properties of nisin on ready-to-
eat turkey ham.  A. Ruiz1, S. K. Williams*1, A. Hinton2, G. E. Rodrick1, 
and N. Djeri1, 1University of Florida, Gainesville, 2USDA ARS Richard 
B. Russell Agricultural Research Center, Athens, GA.

The incidence of Listeria monocytogenes in ready-to-eat meat products 
has become a major concern for the meat processing industry. The 
objective of this study was to determine the anti-Listeria and general 
antimicrobial properties of different concentrations of nisin (0.2, 0.3, 
0.4, and 0.5%) on ready-to-eat vacuum packaged turkey ham inoculated 
with a 5-strain inoculum of Listeria monocytogenes. All samples were 
stored at 4 ± 1°C for up to 63 days and analyzed at 1-week intervals 
for pH, lactic acid organisms and Listeria monocytogenes. Anti-Listeria 
effects of nisin at different concentrations were similar (P > 0.05) for 
the first 2 weeks. The data demonstrated an extended lag phase for the 
0.5% nisin treatment through 63 days storage. Listeria monocytogenes 
counts remained less than 1.95 log CFU/g for 0.5% nisin through 63 
days. Lactic acid bacteria counts for 0.5% nisin-treated ham were sig-
nificantly lower (P < 0.05) than the positive and negative controls from 
28 through 63 days storage. An increase in pH (P < 0.05) was observed 
for the 0.5% nisin-treated hams at days 56 and 63 when compared to 
the positive and negative controls. Although none of the treatments 
completely eliminated L. monocytogenes, the overall results suggested 
that the antimicrobial effectiveness of nisin increased as its concentra-
tion increased from 0.2 to 0.5%. The methodology used in this study 
and its results could be used to improve the microbial safety of ready-
to-eat meat products.

Key Words: bacteriocins, ready-to-eat products, listeria monocyto-
genes

    125    Anti-Salmonella properties of PronTech® on commercial 
poultry broiler meat when inoculated with Salmonella Typhimu-
rium.  A. Ruiz1, S. K. Williams*1, A. Costa2, W. Dominguez2, and K. 
C. Sarjeant1, 1University of Florida, Gainesville, 2Pan-American School 
of Agriculture, El Zamorano, Francisco Morazán, Honduras.

The objective of this research was to determine the anti-Salmonella 
properties of PronTech ® (Alkyl Dimethyl Benzyl Ammonium Chloride) 
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on poultry broiler meat when inoculated with Salmonella Typhimurium 
and stored at 4 ± 1ºC for 7 days. Fresh broiler chicken drumsticks were 
purchased from a local processor, inoculated with a pure culture of Sal-
monella Typhimurium to yield a final concentration of 4 log CFU/mL on 
the surface of the drumsticks. The final treatments included drumsticks, 
no inoculum, no treatment (negative control), drumsticks + inoculum 
(positive control), drumsticks + inoculum + 100 ppm PronTech®, and 
drumsticks + Inoculum + 200 ppm PronTech®. Two samples were ana-
lyzed for each treatment after 0, 3, 5 and 7 days storage at 4 ± 1ºC for 
total psychrotrophic counts and Salmonella Typhimurium (direct and 
enrichment methods). Two trials were conducted. Treatment of broiler 
drumsticks with 100 or 200 ppm PronTech® resulted in 1 log reduction 
in total psychrotrophic counts and Salmonella Typhimurium, when 
compared to the positive control drumsticks. Total psychrotrophic counts 
and Salmonella Typhimurium were similar (P > 0.05) for drumsticks 
treated with 100 and 200 ppm PronTech®.

Key Words: Salmonella Typhimurium, PronTech®, antimicrobial

    126    Effects of chlorine or chlorine dioxide during immersion 
chilling on recovery of bacteria from broiler carcasses and chiller 
water.  J. K. Northcutt*1, D. P. Smith2, N. A. Cox2, K. D. Ingram2, R. 
J. Buhr2, L. J. Richardson2, J. A. Cason2, and A. Hinton Jr.2, 1Clemson 
University, Clemson, SC, 2USDA-ARS, Athens, GA.

A study was conducted to determine the impact of immersion chilling 
broiler carcasses with chlorine or chlorine dioxide. Prechill commercial 
broiler carcasses were cut into left and right halves along the keel bone, 
and each half was rinsed (100 mL, 0.1% peptone, 1 min). Halves were 
inoculated with 0.1 g of cecal material containing 107 cells per g of 
gentamicin-resistant Campylobacter (gen-Campy) and 107 cells per g 
of nalidixic acid resistant-Salmonella (nal-Sal). Halves were immersion 
chilled in either 20 ppm chlorine (pH 7.0) or 3 ppm chlorine dioxide. 
Noninoculated carcasses (NIC) were added to chillers to achieve com-
mercial fill volumes. After 40 min, halves and NIC were removed from 
chillers and rinsed as mentioned above. Postchill rinses were analyzed 
for numbers of E. coli, coliforms, gen-Campy and nal-Sal. Chiller water 
samples were evaluated for levels of gen-Campy and Enterobacteri-
aceae. Numbers of E. coli, Campylobacter and Salmonella found in 
postchill half rinses were similar for both treatments. Coliform levels 
were slightly different on halves chilled with chlorine (4.1 log 10 cfu/
mL rinse) compared to halves chilled with chlorine dioxide (4.4 log 10 
cfu/mL; P < 0.05). Bacteria were not recovered from chlorinated chiller 
water; however, gen-Campy (2.3 log 10 cfu/mL) and Enterobacteriaceae, 
(3.5 log 10 cfu/mL) were found in chlorine dioxide chiller water. On the 
NIC, gen-Campy was found on 55% (5/9 positive; 2.0 log10 cfu/mL) after 
chlorine chilling and 33% (3/9 positive; 2.3 log10 cfu/mL) after chlorine 
dioxide chilling. Salmonella was not found on NIC after chlorine dioxide 
chilling, but populations were detected on 22% (2.6 log10 cfu/mL) of 
NIC chilled in chlorine. The present study shows that immersion chill-
ing with chlorine and chlorine dioxide removed bacteria from carcass 
surfaces. Data also showed that chlorinated chiller water had reduced 
bacterial levels but there was greater carcass cross-contamination with 
Campylobacter and Salmonella as compared to chlorine dioxide.

Key Words: broilers, immersion chilling, carcass bacteria recovery

    127    Listeria monocytogenes biofilm formation on silver ion 
impregnated cutting boards.  M. E. Berrang*1, J. F. Frank2, and R. 
J. Meinersmann1, 1USDA-ARS-Russell Research Center, Athens, GA, 
2University of Georgia, Athens.

Listeria monocytogenes is a human pathogen that can be a member of 
a biofilm community attached to surfaces in poultry processing plants. 
When present as a biofilm on product contact surfaces, this organism 
can effectively cross contaminate fully cooked ready-to-eat meat. Plastic 
cutting boards can be formulated to include antibacterial agents such 
as silver ions. In this study we compared the ability of L. monocyto-
genes to attach and form a biofilm on identical plastic cutting boards 
manufactured with and without silver ions. Cutting boards were cut 
into 2 by 2 cm squares and inoculated with a poultry plant isolate of L. 
monocytogenes known to effectively form biofilms. Inoculation was 
conducted by submersion in a cell suspension of approximately 108 cells 
per mL PBS for 2 hours. All pieces were then washed in PBS to remove 
unattached cells and incubated in dilute (1/10) brain heart infusion broth 
for 24 hours at 25°C. Unattached cells were again removed by washing 
in PBS. The surface was sampled using a premoistened sterile cotton 
swab either immediately after removal of unattached cells or after a 24 
hour dry exposure of attached cells to the board formulation at 25°C. 
Three replications were conducted with 5 cutting board squares for each 
treatment in each replication (n = 15). When sampled immediately after 
washing, similar numbers were recovered from treated and untreated 
boards: 6.83 and 6.86 log cfu/cm2, respectively. Twenty-four-hour dry 
time lessened the density of viable attached L. monocytogenes on both 
types of cutting boards to the same degree; silver ion impregnated boards 
had 3.95 log cfu/cm2 while untreated control boards had 3.97 log cfu/
cm2. Under the conditions of these tests, silver ion impregnation did not 
lessen the ability of L. monocytogenes to form a biofilm on the surface 
of plastic cutting boards.

Key Words: Listeria monocytogenes, silver ion, biofilm

    128    Effect of quartering and sampling method on recovery of 
bacteria from broiler carcasses.  D. P. Smith*, USDA, ARS, Athens, 
GA.

Four eviscerated broiler carcasses were obtained from a commercial 
processing plant just prior to the final inside-outside bird washer in 
each of 3 replicate trials. Carcasses were separated into leg quarters 
and breast quarters (n = 48) and weighed. One breast and leg quarter 
from the same carcass side were assigned to the rinse method; quarters 
from the other side were assigned to grinding. Right and left sides were 
alternated for methodology with each carcass. Rinsing was conducted on 
quarters using 100 mL 0.1% peptone, shaken manually for 1 min, and 
rinsate was serially diluted. Grinding was conducted using a commercial 
grinder for 30 s (to produce a paste), then 25 g was weighed and added 
to 225 mL 0.1% peptone then stomached for 1 min. Rinses and diluted 
pastes were serially diluted and plated on E. coli/coliform Petrifilm. 
Plates were incubated 24 h at 35°C and colonies representative of E. 
coli and coliforms were counted. Numbers of bacteria are reported as 
log cfu/mL (rinse) or log cfu/g (grind). Average breast quarter weight 
was 397 g and leg quarter weight was 321 g. No difference in numbers 
of bacteria was observed due to side (left or right) or quarter (breast or 
leg). Significantly (P < 0.05) higher numbers of E. coli were recovered 
by rinsing (5.3 log cfu) than by grinding (4.2 log cfu). Coliforms were 
also recovered in higher numbers by rinsing (5.6 log cfu) than by grind-
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ing (4.4 log cfu). Results indicate bacteria may be equally distributed 
over carcasses with regard to side and quarter, and that rinsing recovers 
more bacteria than grinding.

Key Words: E. coli, coliforms, broiler carcass

    129    Effects of postprocessing shell surface sanitizers on egg 
physical quality.  D. R. Jones*1, S. K. Trabue2, J. D. Shaw3, and M. T. 
Musgrove1, 1USDA-ARS, Egg Safety and Quality Research Unit, Rus-
sell Research Center, Athens, GA, 2Department of Biological Sciences, 
Tennessee State University, Nashville, 3Department of Food Science, 
University of Georgia, Athens.

All eggs processed under the voluntary USDA grade shield standards are 
required to be exposed to a postprocessing sanitizing rinse of 100 – 200 
ppm chlorine (Cl) or equivalents. There has been speculation as to the 
effectiveness of this sanitizing rinse. The current study was undertaken 
to determine the effects of the postprocessing sanitizing rinse on the 
physical quality of shell eggs during 4°C storage. Unwashed, nest run 
eggs were compared to those exposed for 1 min to 49°C, pH 11 wash 
water followed by a 52°C sanitizing rinse of either: water, 100 ppm 
Cl, 200 ppm Cl, 50 ppm electrolyzed water or 200 ppm peracetic acid. 
The eggs utilized in this study were acquired on 3 consecutive wk from 
a local processor then processed the following day in the laboratory 
(replicate). Testing was conducted weekly through 5 wk of storage. The 
physical quality parameters monitored were: shell strength (SS), vitelline 
membrane strength (VMS), vitelline membrane elasticity (VME), egg 
wt, albumen height (AH) and Haugh unit (HU). Throughout the study, 
no significant differences were noted between treatments for any of the 
physical quality parameters monitored. There were replicate differences 
for SS, VMS, VME and egg wt. Replicate 3 had the weakest shells 
(3,294.54 g force, P < 0.01) and greatest egg wt (65.02 g, P < 0.01). 
The greatest (P < 0.01) VMS and VME were seen in replicates 1 and 
3 (122+ g force and approx. 8 mm deformation). There were highly 
significant (P < 0.0001) replicate*wk interactions for AH and HU. The 
presence or lack of a variety of postprocessing shell surface sanitizers 
did not affect the egg physical quality attributes monitored. Replicate 
differences were seen for many factors which can be attributed, in part, 
to the variable nature of the egg.

Key Words: egg, shell surface, sanitizer

    130    Evaluation of pulse electric fields to reduce Salmonella 
Typhimurium and Salmonella Enteritidis levels in scalder water 
during poultry processing.  B. C. Martin* and M. X. Sánchez-Plata, 
Texas A&M University, College Station.

The use of a common scalding tank during poultry processing increases 
the likelihood of carcass cross contamination from external contamina-
tion and fecal droppings released in the process. Excessive organic mate-
rial minimizes the activity of common antimicrobials, thus contributing 
to contamination with foodborne pathogens. A plausible approach to 
decontaminate carcasses and recycled scalder water is the use of Pulsed 
Electric Fields (PEF). PEF uses electricity to kill bacteria suspended in 
liquid media, and could be utilized in the scalder water to reduce patho-

gen contamination on processed carcasses. In addition, the current could 
exert muscle stimulation that may affect meat tenderness by accelerating 
rigor mortis completion. A small scale system was assembled with the 
use of a PEF generator (Model SF-700, Simmons. Eng. Co., Dallas, 
GA). Marker strains of Novobiocin and Nalidixic acid resistant Salmo-
nella enterica serovar Typhimurium and Salmonella enterica serovar 
Enteritidis strains were used in challenge studies evaluating the effects 
of the PEF application on carcasses and scalder water contamination. 
The system was evaluated with 0, 0.5, and 1% sodium chloride and with 
40 volts and 0.54 amps of electric current. Samples were collected at 0, 
40, 80 and 160 s of treatment with a 10 s on, 5 s off cyclical pulses. The 
use of PEF in regular scalder water showed little effect on Salmonella 
reductions. However, with the addition of 0.5% NaCl, the intervention 
resulted in a 0.20, 0.77, and 2.63 log CFU/mL reduction of Salmonella 
spp. counts within the scalder water after 40, 80, and 160 s, respectively. 
However, evaluation of PEF directly applied in a commercial scalding 
tank (Dunkmaster®, Knase Company Inc, MI), showed minimal reduc-
tion on carcass contamination levels and no detectable differences in 
Allo-Kramer shears of breast muscle harvested after 2, 6, and 24 h 
postmortem. Pulse Electric Field has great potential as an alternative 
nonchemical intervention for recycled poultry processing water, thus 
potentially reducing food-borne pathogens in poultry products.

Key Words: Salmonella, pulse electric fields, poultry

    131    DOA determination for hanging at processing plant with 
CAS or LAPS stunning systems.  Y. Vizzier-Thaxton*1 and K. Chris-
tensen2, 1Mississippi State University, Mississippi State, 2OK Industries, 
Inc., Ft. Smith, AR.

Birds arriving at the processing plant dead on arrival (DOA) are a prob-
lem for the poultry processor due to loss of production yield. However, 
with the advent of controlled atmosphere stunning (CAS) and low atmo-
spheric stunning (LAPS), DOA pose an additional problem. DOA cannot 
be processed and therefore should not be hung on the processing line. 
With methods of stun that render birds unconscious before hanging on 
the line, distinguishing them could be a problem. That is, they must be 
identified from among a group of as many as 250 birds contained in the 
typical live haul cage so that they are not hung on the processing line. 
Previous work by Ritz et al. demonstrated that full rigor can occur in 
as few as 10 minutes and last for prolonged periods of time. Rigor state 
along with nominal temperature determinations are the most common 
method of identifying DOA in the CAS and LAPS systems. The present 
study combined body temperatures with degree of rigor to determine 
whether or not DOA can be identified from the dump system at the hang-
ing process at a commercial broiler processing plant. Observers were 
placed in the hanging area and at the exit from the pickers to monitor 
removal of DOA. Tests were run on 4 consecutive days. One thousand 
birds per day were monitored with an average of 0.58% identified as 
DOA. Only one bird reached the picking area indicating that DOA were 
easy to identify. The average temperature of the DOA was 33°C with a 
range of 15–44°C. For experienced hanging line employees, identifying 
DOA was not a problem. Based on this work, it was determined that 
simple training will allow poultry hanging line employees to identify 
DOA birds through rigor rather than temperature.

Key Words: DOA, hanging, processing
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    132    Dietary conjugated linoleic acid, flaxseed, and menhaden 
fish oil effect on lipid oxidation stability of sous vide chicken meat.  
C. Narciso-Gaytan*1,2, D. Shin1, C. A. Bailey1, A. R. Sams3, and M. X. 
Sanchez-Plata1, 1Texas A&M University, College Station, 2Colegio de 
Postgraduados, Cordoba, Ver. Mexico, 3Clemson University, Clemson. 
SC.

Lipid oxidation is known to occur rapidly in thermally processed chicken 
meat. To assess the lipid oxidation stability of sous vide chicken meat, 
624 broilers were randomly assigned into 6 treatments, 4 replications, 
with 26 broilers each, and fed diets including 2% of CLA (Luta-CLA 
60®, BASF), flaxseed, or menhaden fish oil, each supplemented with 
42 or 200 mg/kg of α-tocopheryl acetate, during 42 days. Skinless and 
boneless breast and thigh muscle pieces were harvested, individually 
vacuum-packaged and cooked in a water bath (to an internal tempera-
ture of 74°C). Meat packages were stored at 4.4°C for 0, 5, 10, 15, 
and 30 days. Meat thiobarbituric acid reactive substances, fatty acid 
methyl esters (FAME), nonheme iron, moisture, and fat analysis were 
performed. Results showed that dietary CLA induced deposition of 
cis9,trans11 and trans10,cis12 CLA isomers, increased the proportion 
of SFA (16:0, and 18:0) and decreased the ones from MUFA (16:1, 18:1, 
18:1c11) and PUFA′s. In contrast, flaxseed oil induced higher deposi-
tion of oleic (18:1), linoleic (18:2), linolenic (18:3), and arachidonic 
(20:4) fatty acids, particularly in thigh muscle; while menhaden fish oil 
induced higher deposition of EPA (20:5) and DHA (22:6) fatty acids 
(P ≤ 0.05). The lipid oxidation stability was affected independently 
by the interaction of dietary fat or vitamin E level by storage day. 
Significantly (P ≤ 0.05) higher malonaldehyde values were found in 
menhaden and flaxseed oil, compared to the CLA treatment. Higher (P 
≤ 0.05) malonaldehyde values were detected in meat samples from the 
low than the high level of vitamin E. Neither nonheme iron, fat, nor 
moisture values affected the lipid oxidation development (P ≥ 0.05). 
In conclusion, dietary CLA, flaxseed, and menhaden oil influenced 
the deposition of fatty acids in chicken muscles. Changes in the com-
position, amount, and degree of unsaturation of fatty acid in the meat 
affects the lipid oxidation development in sous vide cooked chicken 
meat. Supranutritional supplementation of vitamin E is more effective 
in inhibiting the development of lipid oxidation than the commercial 
levels currently used.

Key Words: CLA, EPA, DHA, sous vide, lipid oxidation

    133    External and internal bacteria in broiler chickens before 
and after defeathering.  J. A. Cason*, A. Hinton Jr., J. K. Northcutt, 
R. J. Buhr, K. D. Ingram, D. P. Smith, and N. A. Cox, Russell Research 
Center, Athens, GA.

Broiler chicken carcasses were removed from the shackle line in a com-
mercial processing plant to determine incidence and counts of coliforms, 
Escherichia coli, Campylobacter, and Salmonella both before and after 
picking. Five carcasses were taken from each sampling location on 10 
different days (n = 50). External samples included rinses of picked car-
casses, feet, and hand-picked feathers from the carcasses before picking. 
Internal samples included the colon, ceca, crop, and contents of each. 
Samples were diluted in 0.1% peptone water and bacteria were cultured 
by standard methods. Campylobacter was present at 100% incidence in 
3 flocks, but was absent in the other 7 flocks. Numbers of coliforms and 
E. coli were significantly (P < 0.05) lower in rinses of carcasses picked 
in the plant, but numbers of Campylobacter were significantly higher in 
the same samples. All samples from 2 flocks were Salmonella negative 

before picking, but at least one carcass was Salmonella positive in all 10 
flocks after picking. Salmonella was isolated in external samples from 
46% of carcasses before picking versus 74% after picking. Salmonella 
incidence in internal samples was 8% before picking compared to 14% 
after. Only one cecal sample was Salmonella positive at each sampling 
location, indicating that flocks had a low level of colonization. In most-
probable-number (MPN) assays performed on the qualitatively positive 
samples, approximately half had no Salmonella-positive tubes, indicat-
ing that many of the Salmonella-positive samples probably contained 
only a few cells. Mean MPNs were lower than in previous sampling of 
flocks that had greater intestinal colonization by Salmonella, indicating 
that incidence data alone may hide differences in Salmonella carriage 
by carcasses from positive flocks.

Key Words: Salmonella, Campylobacter, Escherichia coli

    134    Supplemental vitamin B6 improves vitelline membrane 
strength in layer hens fed a flaxseed ration.  M. Pichardo*, J. Lee, C. 
Creger, C. Ruiz-Feria, J. Carey, D. Hyatt, and M. Farnell, Department 
of Poultry Science, Texas A & M University, College Station.

Increased consumption of omega-3 polyunsaturated fatty acids has 
been suggested to reduce the incidence of heart disease and cancer in 
humans. Because of these apparent human health benefits, flax seed and 
fish oil based rations are often fed to layer hens to increase the levels of 
omega-3 fatty acids in table eggs. However, reductions in egg quality 
from older hens fed omega-3 rations has been reported. Declines in 
egg quality may be due to the presence of linatine, which is a vitamin 
B6 antagonist found in flax seed. Fish oil and flax seed have also been 
shown to cause fatty liver syndrome when fed at high concentrations for 
4–6 months. The objective of this study was to determine if the addi-
tion of vitamin B6 or the removal of fish oil to an omega-3 diet would 
improve egg quality. Laying hens were fed 1 of 4 diets: Diet A) a standard 
omega-3 ration; Diet B) Diet A supplemented with vitamin B6; Diet C) 
Diet A without fish oil; and Diet D) a conventional milo based ration. 
Three separate pools of eggs were stored for 3 weeks in a refrigerator 
to simulate consumer storage conditions and were later evaluated for 
egg quality. Measurements were made to determine egg weight, yolk 
weight, albumen thickness and vitelline membrane strength. Significant 
differences in eggs weights were observed with Diet B samples in the 
first pool and Diets B, C, and D in the third pool of eggs. Yolk weights 
were significantly increased with Diet B samples from the third pool. 
No differences were observed in albumen thickness in either of the 3 
pools of eggs. Numerical increases in vitelline membrane strength were 
observed in Diets B, C and D in each of the 3 data sets, but only the 
third pool tested to be significant due to a larger sample size. These data 
suggest that egg quality is affected by diet. Furthermore, the addition of 
vitamin B6 or the reduction of fish oil to a typical omega-3 ration may 
improve egg quality similar to what is observed with a conventional 
layer ration.

Key Words: omega-3 fatty acid, egg quality, linatine

    135    Efficacy of postwash shell egg sanitizers.  M. T. Musgrove*1, 
S. K. Trabue2, J. D. Shaw3, and D. R. Jones1, 1Egg Safety and Quality 
Research Unit, USDA-ARS, Athens, GA, 2Dept. of Biological Science, 
Tennessee State University, Nashville, 3Dept. of Food Science, University 
of Georgia, Athens.
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Chlorine (Cl) solutions of 100–200 ppm are the standard by which 
postwash shell egg sanitizers are measured. Any facility that packages 
eggs with the USDA grade shields must use a comparable sanitizer. 
While Cl solutions are inexpensive, noncorrosive, and safe to handle, 
they are not very effective after coming into contact with shell egg wash 
water which has a pH 10–11 and always contains organic material such 
as feed, shells, and egg meat; all of which decrease the effectiveness of 
this sanitizer. A study was conducted to determine the efficacy of post-
processing sanitizing rinses on microbial populations associated with 
eggshells immediately after washing and during 5 weeks of 4°C storage. 
After eggs were washed for 1 min by spraying with wash water of pH 11 
and heated to 49°C, eggs were treated with one of the following 52°C 
sanitizing rinses: water, 100 ppm Cl, 200 ppm Cl, 50 ppm electrolyzed 
water or 200 ppm peracetic acid. A control group of unwashed nest 
run eggs was also evaluated. The experiment was replicated 3 times. 
Eggs from each replicate were evaluated on the day of processing and 
weekly for 5 weeks of 4°C storage. For each treatment group, 10 eggs 

were sampled by crushing shells and membranes in phosphate buffered 
saline. Microbial populations enumerated were: Aerobic microorgan-
isms (AM), Enterobacteriaceae (ENT), and yeasts/molds (YM). Pooled 
samples (2 sets of 5 eggs) from each of the treatments were culturally 
enriched for Salmonella but the organism was never recovered. Levels 
for the 3 enumerated populations ranged from 0–2.0, 0–0.8, and 0–2.0 
log10 CFU/mL of shell/membrane slurry, respectively. Prevalence (% 
of eggs contaminated) ranged from 50–100, 0–33, and 17–100, respec-
tively. Control eggs (not washed or sanitized) had the highest counts 
and the highest prevalence for the 3 populations monitored. None of 
the sanitizers tested were more effective than rinsing with water (P < 
0.05). These data indicate that while washing reduced AM, ENT, and 
AM numbers by 90–99%, the sanitizing rinses tested in this study were 
unable to elicit a further reduction in the numbers of microorganisms 
associated with the eggshells and membranes of washed eggs.

Key Words: shell eggs, sanitizers, food safety
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    136    Male broiler breeder management: Paradigm and paradox.  
J. T. Brake*1 and H. Romero-Sanchez2, 1North Carolina State Univer-
sity, Department of Poultry Science, Raleigh, 2University of Antioquia, 
Medellin, Colombia.

Two of the paradigms of male broiler breeder management have been 
that fertility would be improved by using a low density separate male 
diet during the laying period and by the use of light control during rear-
ing. Practical data from 29 commercial flocks that completed 60-wk 
production cycles during 2005 to 2007 in Brazil, Colombia, and Peru 
were collected to evaluate these paradigms. Each flock contained an 
average of 28,000 females. Data regarding feed consumption, BW, 
fertility, and hatchability were collected from each flock. The flocks 
were grouped according to open house or brown-out house rearing for 
an initial ANOVA and then grouped according to the use of a male diet 
or female diet for the males during the production period for a second 
ANOVA. The commercial data revealed that managers who fed males a 
female laying diet rather than a low-density male diet during the produc-
tion period also fed more feed throughout life, which produced slightly 
greater male BW as well as better fertility. The commercial data also 
revealed that males that had been grown in open houses exhibited better 
fertility than males that were grown in low light intensity “brown-out” 
houses. The data revealed that males grown in open houses achieved the 
same BW as males grown in “brown-out” houses but consumed more 
feed in so doing, probably because of greater physical activity in the 
open houses. Therefore, in spite of practical paradigms to the contrary, 
it was the simple presence of less than adequate nutrition of the male 
broiler breeder that was associated with fertility problems in the com-
mercial flocks that were examined. This was consistent with published 
controlled experimental data that the strict control of BW alone was not 
necessarily associated with optimum fertility and hatchability.

Key Words: broiler breeder males, fertility, body weight

    137    Infrared beak treatment: An alternative to conventional 
beak trimming.  R. L. Dennis*1,2, A. G. Fahey1,2, and H. W. Cheng2, 
1Purdue University, Department of Animal Sciences, West Lafayette, IN, 
2Livestock Behavior Research Unit, USDA-ARS, West Lafayette, IN.

Infrared lasers have been widely used in human medicine and its results 
are reliable, predictable and reproducible. Infrared lasers have recently 
been designed with the expressed purpose of providing a less painful, 
more precise beak treatment compared with conventional beak trimming. 
This study was designed to examine the potential of infrared (IR) beak 
treatment to provide a welfare friendly alternative to the conventional 
hot blade (HB) method in chickens. The birds were beak trimmed by 
IR at the hatchery or HB at day 7 at a commercial production setting, 
in accordance with standard procedure. The beak trimming and associ-
ated physiological characteristics including production and aggressive 

behavior were analyzed in the birds at 30 weeks of age. There was no 
difference in egg production (P > 0.05) or bird body weight (P > 0.05) 
between the 2 beak trim treatments. Birds also exhibited no difference 
in additional stress physiology measures such as fluctuating asymmetry 
(P > 0.05) and heterophil and lymphocyte profiles (P > 0.05). Surpris-
ingly, IR birds showed superior feather condition (P < 0.05) and reduced 
aggressiveness (P < 0.05) under high light intensity, even though less of 
the beak tip was removed. Infrared trimming may even further reduce 
the damage done by aggressive and feather pecking without the painful 
procedure of the HB method. Indeed, IR trimming may provide a more 
welfare friendly alternative to conventional beak trimming without 
compromising productivity.

Key Words: beak trim, infrared, egg production

    138    The effects of feeding broiler breeders on different crude 
protein levels.  D. E. Yoho*, J. R. Moyle, R. S. Harper, and R. K. 
Bramwell, University of Arkansas, Fayetteville.

Managing the modern broiler breeder for optimum production is a 
constant challenge for the commercial integrator. Feed management 
is one of many critical factors that affect desired results. In the past, 
crude protein levels in broiler breeder diets have been manipulated with 
mixed results. There is some evidence that lower protein can improve 
egg production in addition to lowering feed cost. The objective of the 
current study was to feed a control diet (15.5% CP; T1) and 2 lower 
protein diets (14.5 and 13.5% CP; T2 and T3, respectively) at onset 
of egg production and measure reproductive parameters such as: hen 
body weight, egg production, egg weight, egg shape, eggshell thickness, 
fertility, hatchability and hatch of fertile. 
Five hundred female and one hundred male commercial strain broiler 
breeders were raised separately from 8 weeks to 21 weeks of age. All 
birds receive the same diet and were fed according to industry standards 
in order to maintain acceptable body confirmation. At 21 weeks of age, 
hens were randomly sorted into the 3 treatment groups each represented 
by 6 replicate groups. Twenty-five females and 3 males were randomly 
placed in each of the 16 treatment pens. Hens were fed an identical ration 
until egg production reached 5% for an entire treatment group, at which 
time the treatment group was placed on T1, T2, or T3 CP diet and fed 
daily amounts to meet industry requirements for age. Results indicate 
that age at first egg for T2 and T3 was 24 weeks 2 days and 24 weeks 6 
days for the control group. All groups peaked in the same week at 81.1, 
81.4, and 78.4%, respectively. There was no significant difference in 
egg weights or number of eggs per hen housed through 35 weeks of age. 
Therefore, through 35 weeks of age, these results indicate that lowering 
dietary crude protein did not negatively affect egg production.

Key Words: broiler breeder, egg production, crude protein

Tuesday, July 22, 2008

Environment and Management II

ABSTRACTS OF PAPERS44

Poult. Sci. 87 (E-Suppl. 1)



    139    Production performance of broiler breeder hens raised on 
various growth curves.  J. R. Moyle*, D. E. Yoho, R. S. Harper, and 
R. K. Bramwell, University of Arkansas, Fayetteville.

With the continual development in genetics of broiler breeder, new 
lines that are generated need to be tested to evaluate their reproductive 
capabilities. This study was undertaken to determine the best growth 
curve to use in rearing a new Cobb line of broiler breeders. At one day 
of age, 3,375 Cobb pullets were randomly placed into 1 of 3 treat-
ments, and 1,125 Cobb 500 pullets were placed for a comparison of 
performance and acted as a control. In treatment 1 and 3, pullets were 
reared to achieve target weights of 18 or 9% less than the recommended 
weight at 21 weeks of age, respectively. Treatment 2 and the control 
group were reared to meet the standard growth curve recommended for 
the control 500 breed strain. Production parameters analyzed were hen 
body weight, egg weight, egg production per hen housed, and mortality 
through 61 weeks of age. All data were analyzed using JMP statistical 
software comparing the means from each set of observations, with 
significant differences determined at the P < 0.05 level. Results found 
that hens from treatments 1, 2 and 3 produced significantly less eggs 
per hen housed (149.9, 143.2, and 142.1, respectively) as compared to 
158.2 eggs per hen housed for the Cobb 500 strain. Among the different 
growth curves, treatment 1 produced significantly more eggs than the 
other 2 treatments. Results for mortality showed no significant difference 
between any of the treatments. The results indicate that a reduction in 
the 21-week target weight resulted in increased egg production without 
affecting mortality.

Key Words: broiler breeders, pullet growth curves, egg production

    140    Effect of maternal feed management and maternal efficiency 
on chick quality, residual yolk utilization, and early growth of broiler 
chicks.  A. Naeima*1, M. J. Zuidhof2, L. F. Romero1, R. A. Renema1, 
and F. E. Robinson1, 1University of Alberta, Edmonton, AB, Canada, 
2Alberta Agriculture and Food, Edmonton, AB, Canada.

A total of 894 broiler chicks from 3 maternal BW profiles and 3 maternal 
feed energy categories were examined to assess yolk utilization and 
chick quality. The maternal treatments were as follow: 3 BW target 
profiles, Standard (Std), High (Std X 1.1), and Low (Std × 0.9). Hens 
were sorted in to 3 maternal efficiency groups (High = HE, Medium = 
ME, and Low = LE).
Specific gravity, yolk weight, albumen height, albumen weight, eggshell 
thickness, and eggshell weight were assessed on eggs from 58-wk-old 
hens. Chick traits included chick reflex, navel condition, hock color, 
chick length, shank length, and abdomen score by manual palpation. 
One quarter of chicks at each of 0, 1, 3, and 6 d were weighed and dis-
sected to assess growth rate and yolk absorption.
The HE hens produced eggs with lower yolk% (P < 0.0001), shell% 
(P < 0.0034), and specific gravity (P < 0.0012) but higher albumen% 
(P < 0.0001). BW profiles did not affect these characteristics. Maternal 
efficiency affected egg weight (P < 0.005), egg weight at transfer (P 
< 0.0266), and chick length (P < 0.0184) where HE hens produced 
heaviest eggs, heaviest chick at 0 d, and their offspring had longer 
length in comparison to LE hens. Maternal BW profiles did not affect 
these traits. 
Pooled chick quality was affected neither by maternal BW profiles nor 
by maternal efficiency. Maternal efficiency affected beak color (P = 
0.015). Interaction between BW profiles and maternal efficiency affected 
chick reflex time (P = 0.038).

Maternal efficiency affected residual yolk utilization in 1 d old chicks, 
where chicks from HE showed greater yolk absorption compared to ME 
and LE hens (6.8%, 9.0%, 8.1%, respectively; P < 0.05). 
Maternal efficiency affected egg characteristics, weight, length of 0 
d chicks, and yolk absorption at d 1. Maternal BW profiles did not 
affect residual yolk utilization. Growth rate was not affected by any of 
maternal treatments.

Key Words: maternal effect, residual yolk, chick growth

    141    Effect of the inclusion of phytase on low available phosphorus 
broiler breeder diets on fecal moisture.  M. Arguelles-Ramos*1, J. T. 
Brake1, and A. B. Leytem2, 1North Carolina State UniversityDepartment 
of Poultry Science, Raleigh, 22USDA-ARS, NISRL, Kimberly, ID.

A 21-d experiment was conducted to determine the effect of inclusion 
of phytase in low available phosphorus (AvP) broiler breeder diets on 
fecal moisture (FM) content. A total of forty-eight 30-wk-old female 
broiler breeders were fed a standard broiler breeder diet (2.7% Ca, 
0.375% AvP). Collection of feces were performed for determination of 
FM content at 7 d in order to group birds as High, Average, and Low FM. 
From 8 –21 d birds were fed with 1 of 4 treatment diets that consisted 
of a Negative Control (NC) with 0.25% AvP, a Positive Control (PC) 
with 0.50% AvP, the NC with 275 FTU/kg (1XPase), and the NC with 
550 FTU/kg (2XPase). A randomized complete block design with 12 
replications per treatment and 4 replications per FM group was used. 
Egg production, egg characteristics, fecal liquid portion (urine) pro-
duced, and change in FM were determined. There were no significant 
differences among treatments for egg production or egg characteristics. 
Nevertheless, birds fed the 1XPase and 2XPase diets produced numeri-
cally fewer eggs than the NC and PC treatments. Urine production was 
increased in all treatments after the change from the standard broiler 
breeder diet to the treatment diets (8 –14 d). However, there was also an 
increase in average daily house temperature during this period, which 
could have affected urine production. After allowing 7 d for the birds to 
adapt to the treatment diets (15–21 d) urine production decreased in all 
treatments. At 14 d FM was decreased in all treatments, with the feces 
produced by the PC and 1XPase treatments numerically drier than the 
other treatments. On the other hand, the FM at 28 d was similar to that 
at 7 d for all treatments, with the exception of the 2XPase hens, which 
exhibited significantly greater FM (P < 0.005). These results indicated 
that the inclusion of excess phytase in low AvP broiler breeder diets 
may increase FM content.

Key Words: broiler breeders, phytase, litter moisture

    142    Effect of feed space during the growing and laying periods 
and the rate of feed increase at the onset of lay on reproductive 
performance and mortality of broiler breeder females.  N. Leksri-
sompong*, J. T. Brake, and E. Oviedo-Rondon, North Carolina State 
University, Department of Poultry Science, Raleigh.

A study was conducted to examine how feed space during the rearing 
period interacted with feed space during the laying period as further 
influenced by rate of feed increase from photostimulation to peak egg 
production to affect broiler breeder female reproductive performance 
and mortality. Sixteen pens of 75 females were provided either 4 tube 
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feeders (7.1 cm/female) or 6 tube feeders (10.6 cm/female) each from 
1 to 21 wk of age. The circumference of each feeder pan was 42 cm. 
Thereafter, 7 males and 65 females were moved to each breeding pen, 
photostimulated, and fed separately. The females were then provided 
either 3 (6.1 cm/female) or 5 (10.0 cm/female) feeders per pen with 
slow or fast feed increase programs. As a result, a 2 × 2 × 2 factorial 
design with 2 replicate pens per interaction cell was used. Thus, the 
4 feed space combinations included a similar feed space per female 
during both rearing and laying at either a low (7.1–6.1 cm) or high level 
(10.6–10.0 cm), an increase in feed space (7.1–10.0 cm), and a decrease 
in feed space (10.6–6.1 cm). There were no significant differences in 
egg production, mortality, fertility, or hatchability due to any of the main 
effects. However, there were significant (P < 0.01) interactions of the 
feed space during growing and laying for egg production and mortality. 
Female mortality was greater for the 7.1–10.0 cm combination than 
for the 7.1–6.1 cm and 10.6–10.0 cm combinations while the 10.6–6.1 
cm was intermediate. Hen-housed egg production was higher for the 
10.6–10.0 cm combination than for the 7.1–10.0 cm and 10.6–6.1 cm 
combinations with the 7.1–6.1 cm combination being intermediate. Hen-
day egg production was similar. It was concluded that any change in feed 
space at photostimulation was detrimental while consistent feeder space 
was beneficial, regardless of the amount of feed space allocated.

Key Words: broiler breeders, feed space, mortality

    143    Hens or roosters: Which gender has a greater impact on 
fertility and broiler body weights as a flock ages?  M. E. MacKen-
zie*1, G. M. Fasenko1, E. E. O’Dea Christopher1, J. L. Wilson2, and D. 
P. Froman3, 1University of Alberta, Edmonton, AB, Canada, 2University 
of Georgia, Athens, 3Oregon State University, Corvallis.

Past research has focused on the breeder hen′s reproductive ability as a 
flock ages. However, little attention has been given to the rooster. Two 
flocks, young (Y) and old (O) of Cobb 500 hens (H) (n = 62 hens/flock) 
were artificially inseminated (suboptimal dose of 70 million sperm per 
inseminate). Pooled semen from roosters (R) of the same flock ages (n 
= 15/flock) was used. The objective of this study was to examine which 
gender has a greater impact on fertility, chick production and broiler 
performance as the parent flocks age. The parent age groups (PG) were: 
OH×OR (OO); OH×YR (OY); YH×OR (YO); YH×YR (YY). Hatching 
eggs produced by these hen/rooster combinations were collected twice 
and incubated when the birds were 28 and 51 wk [Trial 1 (T1)], and 
37 and 60 wk [Trial 2 (T2)]. Saleable chicks were grown out for 6 wk 
(T1, n = 26/pen × 2 pens/PG; T2, n = 19/pen × 2 pens/PG). Data were 
analyzed using the SAS® Proc Mixed Model at P ≤ 0.05; differences 
were separated using LSMeans. Fertility (%) was different between 
the trials (T1 = 74.2a; T2 = 67.9b). In T1 the PG with young hens had 
higher percentage fertility (YY = 80.5a; YO = 82.5a; OY = 66.4b; OO 
= 67.5b). Trial 2 followed a similar pattern but percentage fertility in 
all PG was lower (YY = 79.5a; YO = 70.0ab; OY = 57.5c; OO = 64.5bc). 
Hatchability of fertile eggs (%) was pooled as there were no difference 
between the trials; there was also no difference between the PG (YY = 
89.0; YO = 89.0; OY = 81.2; OO = 81.5). Early, mid, and late embryo 
mortality was not affected. Trial influenced 6 wk BW. In both trials YO 
had the lowest final BW (T1 = 2,287 g; T2 = 2,092 g), followed by the 
YY (T1 = 2,447 g; T2 = 2,407 g) and finally the OY (T1 = 2,488 g; T2 
= 2,415 g) and OO (T1 = 2,571 g; T2 = 2,462 g) which did not differ 
from each other. The data from this study show that it is hen age that has 
the greatest impact; PG with YH had the highest fertility, but the lowest 
broiler BW at 6 wk. Semen from old flocks had the same fertilization 

capacity as that of young flocks indicating that it is not suboptimal sperm 
quality that contributes to an age related decline in fertility.

Key Words: broiler breeder flock age, fertility and hatchability, broiler 
performance

    144    The evaluation of selected disinfectants, chemicals and other 
agents to inactivate avian influenza virus (AIV).  R. L. Alphin*, K. J. 
Johnson, B. S. Ladman, M. P. Lombardi, and E. R. Benson, University 
of Delaware, Newark.

Ten chemical, disinfectant and other agents at various concentrations 
were tested individually for effectiveness against the low pathogenic 
avian influenza virus (LPAIV), A/H7N2/Chick/MinhMa/04. For test-
ing, the agents were divided into 2 groups: Group A and Group B. The 
Group A agents were 5% acetic acid [C2H4O2],1 and 3% citric acid 
[C6H8O7], 750 ppm calcium hypochlorite [Ca(ClO)2], 750 ppm sodium 
hypochlorite [NaOCl], powdered laundry detergent with peroxygen 
bleach (2, 4, and 6 g/L), and 1:300 commercial iodine/acid disinfectant. 
Group A agents were tested for viral inactivation efficacy on porous 
wood and nonporous plastic and metal surfaces. The Group B agents 
included 1 and 3% acetic acid, 5% sodium carbonate [Na2CO3], 1 and 
2% sodium hydroxide [NaOH], 1% calcium hydroxide [Ca(OH)2], 
and powdered laundry detergent without bleach (2 g/L, 4 g/L, and 6 
g/L). The Group B disinfecting agents were tested for viral inactivation 
efficacy on nonporous metal surfaces only. Based on group, 12 coupons 
of the appropriate surfaces were coated with the virus mixture. At room 
temperature, all coupons were allowed to dry, then placed into 2 six-
well plates and treated with an agent for 10 minutes per coupon type. 
The fluids from each plate were pooled into a single tube. For virus 
recovery, the 2 samples of each agent, per coupon type, were inoculated 
into eggs. Fluid from each egg found to have hemagglutination activity 
was considered to contain LPAIV, indicating the agent tested did not 
inactivate the virus. Several of these chemicals: acetic acid (1, 3, and 
5%), citric acid (1 and 3%), sodium hydroxide (2%), calcium hydroxide 
(1%), calcium hypochlorite (750 ppm), and sodium hypochlorite (750 
ppm) inactivated LPAIV on hard, nonporous surfaces. The laundry 
detergent with peroxygen was tested at several concentrations; however, 
only at a concentration of 6 g/L was inactivation of LPAIV observed 
on nonporous surfaces. Only citric acid and a commercial iodine/acid 
disinfectant were found to be effective at inactivating LPAIV on both 
porous and nonporous surfaces.

Key Words: disinfectant, avian influenza, inactivation

    145    Consequences of long term storage conditions and the 
addition of organic matter on the antimicrobial activity of diluted 
disinfectants.  K. Stringfellow*1, P. Anderson1, D. Caldwell1, J. Lee1, 
J. Byrd2, J. McReynolds2, J. Carey1, and M. Farnell1, 1Texas A&M 
University Department of Poultry Science, College Station, 2United 
States Department of Agriculture Agriculture Research Service, Col-
lege Station, TX.

The correct usage of disinfectants is an important component of a suc-
cessful biosecurity program. The objective of this study was to deter-
mine the effect of time, temperature and organic matter on disinfectant 
efficacy. Quaternary ammonium, chlorohexidine, phenolic and binary 
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ammonium based compounds were used in this study to represent dis-
infectants commonly used within the poultry industry. Staphylococcus 
aureus and Salmonella Typhimurium were used as indicator organisms 
to represent Gram positive and Gram negative bacteria, which are found 
in commercial poultry housing. The first study evaluated the effect of 
temperature (4, 20, 32 or 43°C) and long term storage on the efficacy 
of disinfectants, diluted to working concentrations, against our indicator 
organisms. The second study determined the effect of organic matter 
(sterilized broiler litter) on disinfectant efficacy against the same indica-
tor organisms. We observed that only the phenolic based disinfectant 
had reduced efficacy against Salmonella Typhimurium after 6 weeks of 
incubation at the highest temperature of 43° and after sixteen weeks at 
the second highest temperature of 32°C. All of the disinfectants retained 
potency against Staphylococcus aureus regardless of temperature 
treatment. The addition of organic matter had deleterious effects on 
all 4 classes of disinfectants against Salmonella Typhimurium. Similar 
reductions in disinfectant efficacy against Staphylococcus aureus were 
observed, with the exception of the phenolic compound which retained 
its potency. These data suggest that working concentrations of disin-
fectants, with the exception of phenolics, may be stored for extended 
periods of time under a wide range temperatures without loss of effi-
cacy. The organic matter study further illustrates the need for surfaces 
to be thoroughly cleaned of organic matter prior to the application of 
disinfectant regardless of its classification.

Key Words: disinfectant, biosecurity, poultry

    146    Effects of eggshell sanitation using ultraviolet light and 
hydrogen peroxide in combination on hatch parameters of broiler 
breeder eggs.  J. Wells*, C. Coufal, H. Parker, and C. McDaniel, Mis-
sissippi State University, Mississippi State.

Previous research in our laboratory has shown that exterior eggshell 
bacteria are greatly decreased using the combination of ultraviolet light 
(UV) and hydrogen peroxide (H2O2). However, it is unknown whether 
this reduction in eggshell bacteria has any effect on hatch. Therefore, 
the objective of this experiment was to determine if eggshell bacte-
rial reduction using UV and H2O2in combination could improve the 
hatchability of broiler breeder eggs. Eggs from 3 commercial houses 
(57-wk-old broiler breeders) were collected over 2 d. A total of 1,944 
eggs were transported to the laboratory, where half were treated with 
UV and H2O2and the other half served as controls, for a total of 54 total 
replications with 18 eggs per replication. At time of treatment, 1 egg was 
randomly selected from each replication for bacterial enumeration on 
TSA. The remaining eggs were stored at 18.3 C up to 2 d. Prior to set, 
1 egg per replication from day 1 of collection was sampled for bacterial 
enumeration, and the 16 remaining eggs for incubation were weighed 
prior to set. Eggs were incubated for 21 d using 6 incubators, 3 each 
for control and treated eggs. At 18 d, eggs were weighed to determine 
egg moisture loss during incubation. At hatch, chick weights were 
obtained for each replication, and meconium samples were collected 
from 1 chick per replication. Meconium samples were plated on TSA 
agar to determine the presence of intestinal bacteria. Hatch residue 
analysis was performed on unhatched eggs after 21 d of incubation. A 
1,000-fold reduction in bacterial counts was found for treated versus 
control eggshells. At hatch, no statistically significant differences in 
chick weight, egg moisture loss, positive meconium samples, or hatch-
ability were observed between treatments. However, numerically, hatch 
of set and hatch of fertile was 2 and 5 percentage points, respectively, 
higher for the treated versus control eggs. In conclusion, UV and H2O2 

in combination reduced eggshell bacteria on broiler breeder eggs and 
shows great potential for improving hatchability.

Key Words: broiler breeder, hatchability, egg sanitation

    147    Alterations in gastrointestinal development by incubation 
temperature and posthatch transportation in broiler chicks.  A. 
Barri*1, M. Wineland2, C. Novak3, and A. McElroy1, 1Virginia Poly-
technic Institute, Blacksburg, 2North Carolina State University, Raleigh, 
3Virginia Polytechnic Institute, Blacksburg.

This study evaluated the effects of embryonic incubation temperatures 
and posthatch transportation stress in the development of the small 
intestine in broiler chicks. Five thousand two hundred Cobb 500 eggs 
were incubated at eggshell temperatures of low (L, 36.7°C), standard 
(S, 37.5°C), and high (H, 39°C). Eggs were incubated at L or S for 
E1–7 (early), S for E8–17, and S or H for E18–21 (late) to generate 
4 incubation treatments: SS, SH, LS, and LH. At hatch, chicks were 
separated into 2 transportation groups: control (1) and stressed (2). At 
d 0 (pre- and post-transport), 2, 4, and 6 posthatch, samples from small 
intestine (duodenum, jejunum and ileum) were collected from 8 birds 
per treatment. Samples were processed for histological analysis. Villus 
length, crypt depth, and villus length:crypt depth ratios (V:C) were 
evaluated. Prior to transportation, villi were significantly (P ≤ 0.05) 
shorter in the ileum of chicks incubated at late H as compared to late 
S. An increased V:C showed that the duodenum had better mucosal 
development in chicks incubated at early S as compared to early L. 
After a 4-h transportation, morphological differences were found in 
all 3 intestinal segments. In duodenum, chicks incubated at late H had 
deeper crypts and lower V:C than late S temperature. Interaction of age 
by transportation was observed for crypt depth and age by temperature in 
V:C. In jejunum, villi from early L were significantly shorter than early 
S, and villi and V:C were increased in chicks transported under stress. 
Interactions of temperature by transportation were observed in villi and 
V:C measurements and temperature by age in crypt measurements. In 
the ileum, deeper crypts were seen in late H compared to late S, and an 
increase of V:C was observed in late S compared to late H. Villi and 
crypt measurements indicated interactions of temperature by age and 
transportation by age. An interaction of temperature by transportation 
was observed in V:C. The present study indicates that incubation tem-
perature and/or transportation stress have an impact on gut development 
in broilers that may contribute to posthatch performance.

Key Words: stress, incubation, broiler

    148    Embryonic incubation temperature, transport stress, and 
posthatch age impact gene expression of mucin and heat shock 
protein in commercial broilers.  J. Sottosanti*, A. Barri, R. Dalloul, 
and A. P. McElroy, Virginia Polytechnic Institute and State University, 
Blacksburg.

Mucin and heat shock protein 47 (HSP47) play critical roles in innate 
immunity, and stress is among factors known to increase their production. 
This study examined the effects of embryonic incubation temperature 
and posthatch transport stress on gene expression of mucin and HSP47 
in the intestinal brush border membrane of commercial broilers. Cobb 
500 eggs were incubated with the following shell temperatures during 
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early and late incubation: low (L:36.7°C), standard (S:37.5°C), and high 
(H:39°C). Eggs were incubated at standard temperature from E8–17, 
and combinations of low or standard during early (E1-7) incubation, and 
standard or high during late (E18-21) incubation, yielding 4 incubation 
temperature treatment groups: LH, LS, SH, and SS. Chicks were sepa-
rated into 2 transport groups at hatch: control (1) and stressed (2), which 
produced 8 total treatments: LH1, LS1, SH1, SS1, LH2, LS2, SH2, and 
SS2. On d0, 4, and 6 posthatch, intestinal samples were collected from 
each treatment to evaluate MUC2 and HSP47 expression in the duo-
denum, jejunum, and ileum. Results suggest that posthatch age played 
a role in mucin expression with younger birds exhibiting significantly 
lower expression than older birds. Changes in MUC2 expression were 
most affected over time (age × temp) in response to LH treatment. Birds 
incubated at LH had the lowest expression of MUC2 at d 0; however, 
expression increased to levels comparable to other treatments on d 4 
or d 6. Age × temp and temp × transport interactions impacted HSP47 
expression. Incubation at SS resulted in the highest HSP47 expression 
at d 0 which slightly decreased to d 6, while other treatment groups 
had lower d 0 levels which increased over time to d 6. SS group with 
transport stress increased in HSP47 expression, while other incubation 
treatments decreased or had no change in expression during transport 
stress. Results suggest that embryonic incubation temperature profiles 
altered MUC2 and HSP47 expression, which is further suggestive of 
incubation temperature variation as a stressor for the embryo, which 
could affect posthatch performance.

Key Words: incubation, heat shock protein, mucin

    149    A field comparison of hatch and broiler performance using 
both single stage and multi-stage incubation.  M. J. Wineland*1, E. 
O. Oviedo-Rondon1, H. R. Cutchin1, J. H. Small1, K. M. Mann1, and 
J. Beavers2, 1North Carolina State University, Raleigh, 2Mountaire 
Farms, Siler City, NC.

A comparison of single stage (SS) and multi-stage (MS) incubation 
systems of hatchery and broiler performance was made in a commercial 
broiler hatchery. Fourteen trials were conducted comparing MS and 
SS Chick Master incubators. Eggs from breeder flocks of various ages 
were split equally between the types of incubation and set at the same 
time. Both MS and SS incubators were run using appropriate param-
eter profiles. Within the SS incubation, a second profile was used after 
observing indices in the hatch residue indicating an adjustment should 
be made. Variables examined at hatch were hatchability, hatch residue, 
chick weight at hatch, percent residual yolk and moisture content of 
both chick tissue and yolk. At hatch the chicks were placed into paired 
houses on 4 house farms. A 200 broiler/house sample of broilers were 
weighed at 1 and 8 weeks of age. At approximately 9 weeks of age the 
broilers were processed and data was collected on plant body weights 
and feed conversion (FC). On selected trials, plant yield data was col-
lected. In the first series of trials chicks hatched in SS incubators were 

not significantly heavier, but this was due primarily to more residual 
yolk and less chick tissue mass in the chicks from MS incubation. There 
was a 1% improvement in hatch, and no difference in 1 week mortality. 
A significant 30-gram body weight advantage was seen at 8 weeks of 
age and 27 gram at the processing plant for SS incubation over MS. 
When examining results by sex the males showed a numerical increase 
while the females exhibited the significantly greater body weight when 
incubated single stage. The adjusted FC to 3.63 kilograms was 0.005 
better for single stage.

Key Words: incubation, broiler performance, hatchery

    150    The effect of incubation temperature on embryonic devel-
opment of White Pekin ducks.  J. Bowers*1, H. Kohl2, and M. S. 
Lilburn1, 1The Ohio State University/OARDC, Wooster, 2Maple Leaf 
Farms, Syracuse, IN.

The objective of the incubation period is to provide an environment 
that provides adequate heat for embryonic development during the 
initial stages of incubation and then allows for adequate heat removal 
from older embryos. In a series of experiments, commercial duck eggs 
were obtained from Maple Leaf Farms, Syracuse, IN. All eggs were 
individually weighed and placed in 1 of 2 incubators that were set at 
either 37.5 or 38.0°C for the first 10 days of incubation. Internal egg 
temperatures were determined on a sample of eggs from each treatment 
at 7 d of incubation to confirm that our treatments were in fact effective 
at alterring internal egg temperature. All eggs were incubated at 37.5°C 
from 11 d through hatch (28 d). In Experiment 1, the weight of the wet 
and dry embryos were obtained from each incubation treatment at 14, 
16, 18, 20, and 22 d of incubation along with hatchling weight and 
cloacal temperature. The 38.0°C treatment from 0 to 10 d resulted in a 
significant increase in embryo dry weight through 20 d of incubation 
but the differences disappeared by 22 d. There was likewise a decrease 
in hatchling weight in the 38.0°C ducklings (51.9 vs. 48.0 g) and a con-
comitant decrease in cloacal temperature (40.0 vs. 39.5°C). In a second 
experiment, the same incubation treatments and approaches were used. 
Embryos were sampled daily from 7 to 11 d and whole embryo skeletal 
development was determined using the procedures described by Nakane 
and Tsudzucki (1999). The length of the torso (base of the skull to the 
femoral head junction), femur, and tibia were individually measured in 
a blind, random fashion. Overall, the torso increased from 9.1 to 27.0 
mm from 7 to 11 d and there was a significant increase in torso length 
in those embryos incubated at 38.0°C. Similar treatment effects were 
also observed for the femur and tibia. In summary, elevated incubation 
temperature during the first third of incubation can have a significant 
effect on early embryo development and skeletal growth in ducklings 
and these differences may carry over through hatch.

Key Words: duck, embryo, incubation
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    151    Update on Professional Animal Auditing Certification 
Organization (PAACO).  K. D. Christensen*1,2, 1OK Farms, Inc., Fort 
Smith, AR, 2Mississippi State University, Starkville.

PAACO was certified by FASS, ARPAS, AABP, AASV, and AAAP. It 
serves as a nonprofit organization to benefit all stakeholders, industry 
groups and consumer groups. 
The mission of PAACO is to train industry experts to audit grow out 
and processing facilities in a consistent, professional and knowledge-
able manner. PAACO also provides nonbias, third party certification of 
animal welfare audit instruments.
Training of auditors includes a review of industry standards and pro-
cesses, audit training and field training. Completion of a comprehensive 
exam after the training and the completion of shadow audits are required 
for certification. Yearly education is required to maintain certification. 
Two groups have completed the broiler, table egg, and turkey training 
to date.

Key Words: animal welfare, audits, PAACO

    152    Innovation in the poultry industry: Digital video production 
for classroom and web-based learning.  D. C. Penrice*, F. E. Robinson, 
and N. J. Wolanski, University of Alberta, Edmonton, AB, Canada.

With improved biosecurity and food safety practices in the poultry 
industry, it is becoming increasingly challenging to have students and 
consumers visit and experience a poultry operation in person. As a 
result, Innovations in the Poultry Industry, an educational DVD, was 
developed to visualize the day-to-day operations which span the North 
American poultry industry. The DVD covers 7 sections including an 
Overview of the Poultry Industry, Incubation and the Hatchery, the 
Hatching Egg Industry, the Broiler Industry, the Turkey Industry, the 
Table Egg Industry, and the Egg Grading Facility. The target audience 
for this DVD includes elementary school students through to univer-
sity students and also includes the general food consuming, public. It 
was created to be an introduction to the industry as well as a tool that 
instructors can use for visual examples of concepts that they teach. The 
video is also intended to be used by poultry producers and the poultry 
industry to provide other producers, company employees and other 
industry participants with a glimpse into sectors of the poultry indus-
try that they might not be familiar with. The content covers aspects of 
feed and lighting management, housing, reproductive physiology, the 
role of genetics, biosecurity protocols, and industry practices. Footage 
includes shots of incubators and hatchers, day-old chick placement, 
broiler breeder mating, turkey insemination, table egg collection, egg 
grading, and shots from niche market operations, to describe a few. The 
video is presented in DVD format and in low-resolution web formats. A 
description of the development, a complete overview of the objectives 
and industry evaluation results will be presented.

Key Words: video, learning, teaching

    153    Learning by teaching to increase student interest in poul-
try.  R. J. Balander* and D. M. Karcher, Michigan State University, 
East Lansing.

In the past, poultry laboratories in the introductory animal science course 
were similarly received by students when compared to all other species 
laboratories. Generally, the laboratories were a combination of lecture 
and demonstration. Student evaluations of laboratories were generally 
positive, but indistinguishable from each other. In an attempt to increase 
student participation and appreciation of “poultry,” laboratories were 
redesigned with the concept of “learning by teaching.”
Learning by teaching is a teaching method of using active learning 
with simultaneous instructional guidance. With the addition of a new 
second faculty member to help in teaching, we were able to divide 
the students into small groups for bird dissection, fertile egg/embryo 
observation, exterior grading, interior grading, candling/breakout 
and a poultry farm tour. By dividing the students into small groups, 
each student has the opportunity for hands on participation, up-close 
observation and peer education. General instructions were given at the 
beginning of the laboratory and then specific instructions were given as 
various laboratory topics were explored. The 2 instructors were able to 
circulate amongst the small groups to answer questions while allowing 
more peer educational interaction. As a result, poultry laboratories were 
rated the highest of all the intro animal laboratories on end of the term 
evaluations. Therefore, using this new teaching paradigm, we have seen 
increased student interest in poultry (although not measured) compared 
to previous years.

Key Words: learning by teaching, active learning, student poultry 
interest

    154    Using clickers to enhance the student academic experience.  
R. J. Balander*, Michigan State University, East Lansing.

Clickers (AKA classroom or personal response systems) are one of the 
more recent technology devices that can be used to promote a wide array 
of classroom activities. These include, but are not limited to promoting 
classroom participation, taking attendance, gathering student opinions 
and facilitating discussion, taking quizzes and collecting immediate 
feedback regarding the students’ understanding of lecture material. A 
few response activities throughout the lecture also help reduce student 
attention lapses. Most clicker systems will integrate with Blackboard 
or Angel to provide the instructor with individual student data (each 
clicker has a unique registration).
Clickers were used in 2 MSU animal science classes this year with gener-
ally positive acceptance by the students. Students who tended to be quiet 
and shy could participate easily. In one class where attendance by clicker 
participation counted for 5% of the grade, absenteeism was low.

Key Words: clickers, classroom response system
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    155    Effect of source and level of trace minerals on performance 
and eggshell quality.  M. Daley*1, A. E. Sefton2, and S. Leeson1, 
1University of Guelph, Guelph, ON, Canada, 2Alltech Canada Inc., 
Guelph, ON, Canada.

Research on which NRC trace mineral requirements are based was 
done with inorganic transitional minerals and purified and semi-purified 
diets. Research with organic trace minerals and standard rations have 
demonstrated that requirements are much lower than the levels set by 
NRC, due to the greater availability of these organic minerals. Further, 
not all organic minerals are the same. Pullets from day-old through a 
laying cycle were fed diets with conventional inorganic minerals at 
conventional levels or reduced trace mineral, either as inorganic trace 
mineral or organic trace minerals (Bioplex® and Sel-Plex®, Alltech, 
Inc. Lexington, KY). Standard production parameters were recorded. 
Shell defects, were investigated using optical and electron microscopy. 
Diet had no effect on pullet growth up to 133 days of age or on average 
feed intake in the growing phase. Egg production was not significantly 
affected. Egg weight was significantly reduced in the 4th, 28 day lay 
period by both reduced mineral levels; in the subsequent periods the 
conventional mineral levels were significantly different with the Bioplex/
Sel-Plex reduced level being intermediate and not different form either 
conventional level. Both zinc and manganese levels in the reduced 
supplement rations were lower in the excreta due to the lower supple-
ment levels; copper and iron were not. This failure to influence copper 
and iron excretion levels is due to the relatively height endogenous level 
of these minerals in the basal ration. Level and source influenced shell 
quality. The number of mottled eggs was not influenced by mineral 
source or level, while the degree of mottling decreased when organic 
minerals were used. Streaked eggs (very fine crack-like defects) were 
not influenced by level or source of minerals.

Key Words: shell quality, trace minerals, organic minerals

    156    Tissue lipid and vitamin E status of broiler chicks: Effect 
of in ovo feeding of vitamin E.  T. Schaal* and G. Cherian, Oregon 
State University, Corvallis.

In ovo feeding of vitamin E during incubation may enhance tissue lipid 
and polyunsaturated fatty acid content by altering the antioxidant status 
of the broiler chicken embryo during development. This hypothesis was 
evaluated with Cobb broiler breeder eggs receiving in ovo feeding of 
10 or 20 IU of vitamin E on day 14 of incubation. Two treatments were 
injected with 10 µL of vegetable oil or not injected to act as controls. 
At hatch, body weights for all chicks were recorded and 6 chicks per 
treatment were sampled to determine tissue weight, vitamin E, total 
lipids, and fatty acid content. Tissues selected were liver, heart, brain, 
yolk sac, and blood plasma. These tissues were selected due to their 
respective roles in lipid assimilation (liver), as a major oxidation site 
(heart), as a site enriched with long chain polyunsaturates for function 
(brain), as a storage depot (yolk sac), and as a marker (blood plasma). 
No difference was observed in body weight, liver, heart, or yolk sac 
weight of chicks (P > 0.05). The brain weight as percent of body weight 
was higher in vitamin E-injected chicks compared to noninjected chicks 
(P < 0.05). In ovo feeding of vitamin E increased the brain total lipids 
and vitamin E compared to control chicks (P < 0.05). In ovo feeding 
of 20 IU vitamin E led to a significant increase in yolk sac vitamin E 

content (P < 0.05). No difference was found between the total lipid or 
vitamin E content of liver, heart, or blood plasma of in ovo vitamin 
E-injected compared with noninjected chicks (P > 0.05). Polyunsatu-
rated fatty acid concentrations were not affected by in ovo injection of 
vitamin E. Hatchability of fertile eggs was 90% for vitamin E injected 
and noninjected eggs. The results of this experiment demonstrate that 
in ovo feeding of vitamin E may enhance brain tissue lipids and the 
antioxidant status of hatched chicks.

Key Words: in ovo feeding, vitamin E, polyunsaturated fatty acid

    157    Vitamin E and selenium supplementation in laying hens.  
A. A. Aljamal*, M. K. Masa’deh, and S. E. Scheideler, University of 
Nebraska, Lincoln.

The objective of this study was to assess the effect of dietary Vit E 
and selenium (Se) level and source on egg production parameters. A 
total of 432 White Bovan hens were fed the experimental diets for 25 
weeks from 25 to 50 wk of age. Three levels of Vit E (0, 50, 100 IU/
kg diet), 3 levels supplemental Se (0, 0.25, 0.50 ppm), and 2 sources 
of Se (SelPlex, Na Selenite) were combined in a factorial design and 
added to a corn-soybean meal basal diet. Feed intake and egg produc-
tion were measured daily. Egg weights were done weekly on 1 days 
egg production. Specific gravity, Haugh unit, aged and fresh albumen 
and yolk pH were measured biweekly. Hens were weighed every 4 
weeks. Four eggs from each treatment were taken 3 times throughout 
the experiment to determine α-tocopherol content in yolks. Feed intake 
increased linearly at higher Se levels. Hens fed Selenite had significantly 
greater feed intake than those fed SelPlex (P < 0.05). Supplementation 
with 50 IU/kg produced greater feed intake (P < 0.05) than the other 2 
levels of Vit E. When supplementing the hens either with 50 or 100 IU/
kg Vit E, egg production was maximized. Supplementing 0.5 ppm Se 
in the diet regardless of the Se source, gave the highest egg production 
(P < 0.05). Egg weight linearly increased with increasing the level of 
Vit E in the diet (P < 0.05). Source of Se had no effect on egg specific 
gravity, but higher levels of Se (0.5 ppm) resulted in the highest spe-
cific gravity (P < 0.05). A significantly higher Haugh unit was found in 
eggs from hens supplemented with SelPlex (P < 0.05). Fresh yolk pH 
also increased linearly with increasing Se level in the diet (P < 0.05). 
Whereas fresh albumen pH significantly decreased when using SelPlex 
in the hens‘ diet (P < 0.05). The α-tocopherol in yolks increased linearly 
by increasing Vit E in diet (P < 0.05). In summary, when including the 
highest level of Vit E (100 IU/kg) in the diet of laying hens, the qual-
ity of eggs is enhanced significantly. Egg production, feed intake, and 
specific gravity are significantly increased with increasing level of Se 
in the hens’ diet.

Key Words: laying hens, SelPlex, egg production

    158    Inadequate vitamin A during development increases bur-
sacyte apoptosis in chicks.  K. A. Livingston* and K. C. Klasing, 
University of California, Davis.

Vitamin A has been shown to facilitate peripheral B-cell maturation, but 
its role during B-cell development is unclear. We used a 2-generation 
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model where HyLine W36 hens were fed diets that contained either 
2,100, 3,000, or 3,900 IU/kg of vitamin A. Chicks hatched from eggs 
with 0.95 µg retinol/g egg yolk were fed 1,050 IU/kg of vitamin A, those 
from eggs with1.29 µg retinol/g yolk were fed diets that contained 1,500 
IU/kg of vitamin A, and those hatched from eggs with 1.66 µg retinol/g 
yolk were fed 1,950 IU/kg of vitamin A. At 7, 14, and 21 d of age the 
bursa of Fabricus was collected and relative mRNA expression for 
activation-induced cytidine deaminase (AID) and Bu-1 was measured. 
AID and Bu-1 expression was significantly depressed in chicks with 
inadequate vitamin A at 7 d of age (P < 0.02). Next bursacytes were 
isolated and stained with annexin V to determine the amount of apopto-
sis. When compared to bursacytes isolated from adequately fed chicks, 
bursacytes from chicks fed inadequate vitamin A had significantly higher 
amount of apoptosis at 7 and 11 d of age (P < 0.02); however, neither 
total IgM nor IgG were different among dietary treatments. In conclu-
sion, inadequate vitamin A during bursacyte development increases 
apoptosis, which leads to a decrease in AID expression.

Key Words: activation-induced cytidine deaminase, apoptosis,  
vitamin A

    159    Deposition of and performance responses to Zn from 3 
organic sources fed to broiler chickens in the presence of cotton 
seed hull diets containing gossypol.  M. D. Sims*1 and M. J. de Veth2, 
1Virginia Diversified Research Corp., Harrisonburg, VA, 2Balchem 
Corp., New Hampton, NY.

A 42 d, 48 pen study was conducted to determine Zn deposition and 
response of broilers fed diets supplemented with different Zn sources in 
the presence of gossypol, a trace mineral antagonist found in cottonseed 
hulls (CSH). On this study were 3 organic Zn groups: Keyshure Zn® 
(KeyZn), Availa-Zn 40® (AvZn) and Mintrex® (MinZn); 2 inorganic 
Zn (from ZnSO4) groups: inorganic Zn in both a CSH diet (CSH+Zn) 
and non-CSH diet (CON+Zn); and a CSH group with no added Zn 
(CSH-Zn). Nutritionally similar (cr. protein = 20%; ME = 1,400 kcal/
lb; cr. Fat = 9.9%) corn/soy based diets were used in all groups. Diets 
of the 3 organic Zn, CSH-Zn and CSH+Zn groups included 10% CSH. 
Straight-run, Cobb × Ross, 1-day-old broilers (n = 1,200) were placed 
25/pen at 0d. Broilers were weighed (BW) on 0, 28, and 42 d and feed 
intake documented through 28 and 42d. Femurs were harvested at 28 and 
42d for determination of bone Zn levels (BZL). BW at 42 d of KeyZn 
(1.90 kg) and CON+Zn (1.93 kg) were not different (P > 0.05) while 
both were heavier (P ≤ 0.05) than MinZn (1.76 Kg) and AvZn (1.80 
Kg). BW at 42 d for CSH-Zn (1.65 kg) and CSH+Zn (1.68 kg) were 
the lightest (P ≤ 0.05) in this study. Mortality adjusted feed conversions 
(AFCR) at 42 d for CON+Zn (1.66 kg/kg) and KeyZn (1.69 kg/kg) 
were similar (P > 0.05) while better (P ≤ 0.05) than all other groups 
with CSH-Zn (1.93 kg/kg) inferior (P ≤ 0.05) to all groups. BZL at 28 d 
showed: CON+Zn (176 ppm) having highest (P ≤ 0.05); CSH+Zn (159 
ppm) and AvZn (165 ppm) similar (P > 0.05); MinZn (143 ppm) lower 
(P ≤ 0.05) than CSH+ZN and AvZn; and KeyZn (155 ppm) similar (P 
> 0.05) to AvZn, CSH+Zn and MinZn. BZL at 42 d showed: CSH-Zn 
(99.94 ppm) as lowest (P ≤ 0.05) on study; and CON+Zn (121 ppm), 
CSH+Zn (111 ppm), KeyZn (116 ppm), MinZn (113 ppm) and AvZn 
(113 ppm) similar (P > 0.05). Data show that broilers fed organic Zn 
in CSH diets had greater 28 d bone Zn levels and heavier 42-d body 
weights than broilers fed inorganic Zn in CSH diets.

Key Words: broilers, organic trace minerals, zinc

    160    The effect of dietary supplementation on egg vitamin 
content.  M. L. Johnson* and D. R. Korver, University of Alberta, 
Edmonton, AB, Canada.

Nutrients are deposited into eggs by hens to allow growth of the embryo 
should the egg be fertilized. Eggs produced for consumption are usually 
not fertilized, but may contain a significant proportion of the recom-
mended daily intake of various vitamins for humans. The egg content 
of several vitamins can be manipulated with relative ease. A laying 
hen vitamin premix was developed with the intention of increasing 
the vitamin content of eggs relative to a control premix. The control 
and experimental diets contained the following levels of supplemental 
vitamins: A, 11,600 or 23,200 IU/kg; E, 36 or 91 IU/kg; menadione, 
1.8 or 11.8 mg/kg; folic acid, 1.4 or 4.4 mg/kg; B12, 16 or 116 mg/kg; 
riboflavin, 8 or 48 mg/kg; pantothenic acid, 16 or 76 mg/kg; thiamine, 
2.4 or 11.4 mg/kg; and biotin, 200 or 450 mg/kg, respectively. Vitamin 
D (3,760 IU/kg), niacin (80 mg/kg) and pyridoxine (4.0 mg/kg) levels 
were the same in both diets. Each diet was fed to a commercial flock 
of laying hens. Feed samples and eggs were collected from both flocks 
at 6 weeks of supplementation and analyzed for levels of the following 
vitamins: A, E, K, B12, folacin, riboflavin, pantothenic acid, and thiamin. 
Egg vitamin concentrations were analyzed using ANOVA using the 
General Linear Models procedure of SAS. Differences were considered 
significant at P < 0.05. Average vitamin contents (µg/60 g egg unless 
otherwise noted) of the control eggs were: vitamins A, 464 IU/egg; E, 
2.19 IU/egg; B12, 0.72; folic acid, 28.31; riboflavin, 204; thiamin, 239; 
and pantothenic acid, 842. We found increased egg concentrations of 
vitamins A (34.65%), E (135.67%), B12 (28.1%), thiamin (65.4%), 
folic aid (59.5%), riboflavin (36.3%), and pantothenic acid (111.4%) 
relative to the control eggs, whereas vitamin K concentrations were not 
increased. The enriched eggs could be claimed to be an excellent source 
of vitamins E, B12 and thiamin; and a good source of vitamin A, folic 
acid, riboflavin, and pantothenic acid according to the Food and Drug 
regulations of the Canadian Food Inspection Agency.

Key Words: laying hens, egg enrichment, vitamins

    161    A dose titration comparison of Mintrex® Zn versus ZnSO4 
on performance in broilers with high dietary Cu supplementation.  
J. Zhao*, R. B. Shirley, T. R. Hampton, J. D. Richards, R. J. Harrell, J. 
J. Dibner, P. Winkelbauer, C. D. Knight, M. Vazquez-Anon, and A. F. 
Giesen, Novus International Inc, St. Charles, MO.

High dietary Cu is used in commercial broiler diets as a growth promot-
ant and may antagonize Zn utilization. The objective of this study was 
to compare the dose response of ZnSO4 and Mintrex® Zn on growth 
performance and tibia Zn in broilers supplemented with 250 ppm dietary 
Cu. A total of 576 ROSS 308 male chicks were allotted to 8 experimental 
treatments with 6 replicate cages per treatment and 12 birds per cage. 
All birds were fed a semi-purified Zn deficient basal diet (5.5 ppm) for 
the first week, and then were fed the experimental Zn diets for 2 weeks. 
The dietary treatments were: ZnSO4 or Mintrex® Zn added to the basal 
diet at levels of 30, 45, 60, and 75 ppm. Weight gain, feed intake, and 
tibia Zn increased with higher Zn (dose, P < 0.001), and feed conversion 
decreased with increased Zn (dose, P < 0.004). Compared to ZnSO4, 
birds fed Mintrex® were heavier, had higher feed intake and lower feed 
conversion (source, P < 0.01) and the benefits of Mintrex® were more 
profound at lower Zn supplementation (dose × source, P < 0.02). Final 
body weights were 406 and 468 g at 30 ppm, and 488 and 519 g at 45 
ppm for ZnSO4 and Mintrex®, respectively (dose × source, P < 0.02). 
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Feed intakes were 455 and 528 at 30 ppm, and 550 and 572 g at 45 ppm 
for ZnSO4 and Mintrex®, respectively (dose × source, P < 0.002). No 
differences were observed on tibia Zn or mortality between Zn sources 
(P > 0.05). Birds fed Mintrex® had improved performance compared to 
birds fed ZnSO4 with 250 ppm CuSO4. The benefits of Mintrex® were 
more apparent at lower dietary Zn levels and less Mintrex® than ZnSO4 
is required to achieve similar performance.
Mintrex® is a trademark of Novus International, Inc. and is registered 
in the United States and other countries.

Key Words: copper, Mintrex Zn, broiler

    162    Benefits of an organic trace mineral on performance with 
dietary Cu antagonism in broilers.  J. zhao*, R. B. shirley, T. R. 
Hampton, J. D. Richards, R. J. Harrell, J. J. Dibner, C. D. Knight, and 
M. Vazquex-Anon, Novus International, Inc., St. Charles, MO.

The objective of this study was to investigate the potential antagonism 
of high dietary Cu between 2 sources of Zn on performance and tibia Zn 
levels in broilers. A total of 288 ROSS 308 male chicks were divided into 
4 experimental treatments with 6 replicate cages per treatment and 12 
birds per cage. All birds were fed a common semi-purified Zn deficient 
diet (5.5 ppm) for the first week and then were offered their respective 
experimental Zn diets for 14 days. The trial was a 2 × 2 factorial design 
with 2 levels of Cu (10 vs. 250 ppm CuSO4) and 2 Zn sources at 30 
ppm (ZnSO4 vs. Mintrex®). Significant 2-way interactions of Cu level 
and Zn source were observed on body weight, weight gain and perfor-
mance index (P < 0.05). Weight gain was decreased 14% with 250ppm 
Cu supplementation in ZnSO4 groups (382 vs. 328 ± 7 g), but not in 
Mintrex® groups (404 vs. 390 ± 7 g). Similar results were observed on 
final body weight: where high dietary Cu reduced final body weight in 
ZnSO4 groups (465 vs. 407 ± 8 g) but not in Mintrex® groups (481 vs. 
467 ± 8 g). Feed intake was increased 12% with Mintrex® (P = 0.001) 
and decreased 11% with 250 ppm Cu supplementation (P = 0.005). No 
interaction was observed between Cu level and Zn source on feed intake 
(P = 0.33). Feed conversion, mortality, and tibia Zn were not affected 
with dietary treatments (P > 0.05). In summary, Mintrex® improved 
weight gain and feed intake when compared to ZnSO4 in broilers and 
the magnitude of the response over ZnSO4 was higher when Cu was 
supplemented at 250ppm. High Cu is an effective antagonism on Zn 
utilization, and Mintrex® Zn is more effective than ZnSO4 at overcom-
ing high Cu supplementation.
Mintrex® is a trademark of Novus International, Inc. and is registered 
in the United States and other countries.

Key Words: zinc, copper, broiler

    163    Mintrex® organic trace minerals are more bioavailable and 
support the antioxidant response more than other trace mineral 
forms.  J. D. Richards*, C. A. Atwell, P. Winkelbauer, C. W. Wuel-
ling, M. E. Wehmeyer, and J. J. Dibner, Novus International, Inc., St. 
Charles, MO.

Zinc, copper and manganese play a wide variety of biochemical roles 
in the cells and tissues of an animal. One of their functions is to reduce 
oxidative stress, partly by acting as cofactors to antioxidant enzymes 
such as superoxide dismutase. High oxidative stress induces damage 

to lipids, proteins, and nucleic acids, and can lead to high rates of cell 
death. Trace minerals are generally supplemented as inorganic trace 
mineral (ITM) salts such as sulfates and oxides. However, trace mineral 
chelates, or organic trace minerals (OTM), can be more bioavailable and 
thus more functional than ITMs. We tested the relative bioavailability 
of several trace mineral forms, as well as the ability of these minerals to 
reduce oxidative stress in a 29 day broiler experiment. The experiment 
had 4 treatments (negative control, or the control supplemented with an 
additional 30 ppm Zn, 20 ppm Mn and 5 ppm Cu as ITM, amino acid 
complexes (AAC), or Mintrex Organic Trace Minerals). There were 
12 replicates per treatment with 13 Ross 308 males per cage. Birds 
were vaccinated for coccidiosis on day 10. There were no differences 
between supplemental treatments with respect to body weight, gain, feed 
conversion, or feed intake at day 29, although all were superior to the 
control birds in performance. Tibias were measured for Zn and Mn on 
days 7, 14, 22, 24, and 29. Bone Mn levels fell significantly over time 
across treatments. Across time all supplemented treatments exhibited 
numerically or significantly greater tibia manganese and tibia zinc than 
control. Birds fed Mintrex exhibited significantly or numerically higher 
tibia Mn and Zn than all other treatments. As an indicator of oxidative 
stress, lipid hydroperoxide (LPO) levels in plasma were measured on 
day 29. There was no difference in plasma LPO levels in control, ITM 
or AAC birds. Birds fed diets containing Mintrex exhibited significantly 
lower LPO levels than all other treatments, indicating lower oxidative 
stress in these birds. Mintrex® is a trademark of Novus International, 
Inc., and is registered in the United States and other countries

Key Words: Mintrex, bioavailability, oxidative stress

    164    Se contents of eggs from broiler breeders fed Se from selenite 
or Zn-l-Se-methionine.  R. N. Reis1, S. L. Vieira*1, P. C. Nascimento2, 
D. M. Freitas1, and R. Barros1, 1UFRGS, Porto Alegre, RS, Brazil, 
2UFSM, Santa Maria, RS, Brazil.

This study evaluated sources and levels of Se supplemented into broiler 
breeder diets and the effects on Se concentration in the white + yolk 
fractions of eggs. Fifty Cobb 500 hens 22 wk of age were weighed and 
selected prior to placement. Each bird was individually placed in a wire 
laying hen cage, 0.33 cm wide × 46 cm deep × 0.40 cm high. Hens were 
fed a basal diet w/o Se supplementation to 25 wk and then were given 
5 treatments with 10 replications each were composed of sodium sel-
enite (inorganic) and Zn-l-Se-methionine (organic; Availa® Se, Zinpro 
Corporation). Both were supplemented on a corn-soybean meal basal 
diet as follows: T1) 0.15% inorganic; T2) 0.30% inorganic; T3) 0.15% 
organic; T4) 0.30% organic; T5) 0.15% inorganic and 0.15% organic. 
Two birds of each treatment were maintained aside in individual cages 
and in the same house to replace mortality. Egg production and egg 
weight were daily recorded whereas specific gravity was done twice 
a week toward the end of the study. Egg white + yolk fractions were 
stored frozen (−18°C) as a pool of 2 hens for two 4-week periods. Egg 
contents were mixed after the end of each period. Samples were analyzed 
for Se content using graphite furnace atomic absorption spectrometry. 
A one-way ANOVA was conducted on the egg production and Se con-
tents and means were separated using Tukey at 5%. In the first period 
egg production was reduced for T2 and w/o difference in the second 
period. Egg weight and specific gravity were not different in any period. 
Se content of eggs was higher when hens were fed 0.30% organic Se 
compared to the other treatments in both periods, but supplementing 
0.30% Se from both sources led to a similar content in the second period. 
It is concluded that Se contents in egg white + yolk resemble the levels 
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added to the feeds, but deposition from Zn-l-Se methionine was more 
effective than sodium selenite.

Key Words: broiler breeder, selenium, egg

    165    Impact of vitamins and minerals on breeder nutrition.  L. F. 
Araujo*1,2, C. S. S. Araujo1, D. Dumwalt1, A. Corzo1, C. D. MacDaniel1, 
and M. T. Kidd1, 1Mississippi State University, Starkville, 2University 
of Sao Paulo, Pirassununga, SP, Brazil.

The effect of vitamins and minerals supplementation was studied in 
broiler breeders from 27 to 37 wk of age. Bird performance was assessed 
in that period and egg weight, incubational egg weight loss and hatch 
weight were measured at 34 wk of age. Ross 708 breeders received a 
control diet (vitamin and mineral premix devoid of Se) or diets contain-
ing supplemental vitamin B (vitamin B12, 60 µg/kg; d-biotin, 500 µg/
kg; folic acid, 4 mg/kg; niacin, 80 mg/kg; d-pantothenic acid, 25 mg/kg; 
vitamin B6, 10 mg/kg; riboflavin, 25 mg/kg), vitamin D (1 kg of HyD/
ton), and vitamin E 120 IU/kg, the combination of the 3 vitamins, Se 
(0.3 mg/kg), Zn (30 mg/kg), Mn (40 mg/kg) from organic sources, the 
combination of the 3 minerals and an additional diet containing combina-
tion of all vitamins and minerals. During the laying period from wk 27 to 
37, egg production was lower for broiler breeders fed with control diet 
and supplemental combinations of vitamins B, D, E, compared with the 
other treatments. Breeders fed with organic manganese provided higher 
egg weight and incubational egg weight loss at 34 wk of age. However, 
progeny from breeders fed with vitamins B and D showed lower hatch 
weight at 34 wk. This suggests that supplemental vitamins and minerals 
in broiler breeder diets effects offspring performance.

Key Words: eggs production, incubational egg weight loss, hatch 
weight

    166    The effect of diet formulation and manufacturing technique 
on pellet processing variables and quality.  N. P. Buchanan*, K. G. 
S. Lilly, C. K. Gehring, and J. S. Moritz, West Virginia University, 
Morgantown.

The majority of commercial broilers and turkeys are fed pelleted feed. 
Least-cost diet formulation and pellet mill operating technique vary 
widely. As a result, pellet quality is often inconsistent. Past research has 
associated pellet quality changes to feed formulation and manufactur-
ing technique. However, the interaction between the 2 factors is rarely 
explored. The objective of the current study was to evaluate the effects 
of altering a least-cost diet formulation and altering manufacturing 
technique on pellet processing variables and quality. Past research has 
shown an improvement in pellet quality with higher levels of protein 
and moisture. Therefore, increased levels of crude protein and moisture 
were added to a least-cost (LC) broiler starter and grower formulation 
in order to comprise a research-based (RB) formulation. The LC and 
RB formulations were pelleted using 2 manufacturing techniques, a thin 
die with a fast production rate (TnF) or a thick die with a slow produc-
tion rate (TkS). During manufacture of starter diets, RB formulation 
improved Pellet Durability Index (PDI) and Modified Pellet Durability 
Index (MPDI) while decreasing Pellet Mill Relative Electrical Energy 
Usage (PREE) (P = 0.0044, 0.0005, and 0.0031, respectively) com-
pared to LC formulation. The TkS technique increased PDI and MPDI 
while decreasing fines production (P = 0.0001) compared to the TnF 

technique. However, PREE and production rate increased (P = 0.0001 
and 0.0001) for both the starter and grower diets. During manufacture 
of grower diets, both RB formulation and TkS technique resulted in 
decreased fines production (P = 0.0003) compared to LC formulation 
and TnF technique. A significant interaction observed for PDI and MPDI 
of grower diets indicated that RB formulation improves pellet quality 
and is even more beneficial if a mill uses a TnF technique (P = 0.0013 
and P = 0.0025, respectively). These results demonstrate that diet for-
mulation and manufacturing technique are, in fact, linked and must be 
considered when attempting to optimize pellet quality.

Key Words: feed manfacture, pellet quality, diet formulation

    167    The effect of diet formulation, manufacturing technique, 
and antibiotic inclusion on broiler growth and development.  N. P. 
Buchanan*, K. G. S. Lilly, A. L. Rack, K. R. Beaman, and J. S. Moritz, 
West Virginia University, Morgantown.

Feeding pellets results in improved weight gain and feed conversion 
compared to feeding mash. Past research has shown that optimizing diet 
formulation and manufacturing technique improves pellet quality. How-
ever, high pellet quality must equate to improved broiler performance in 
order to justify increased economic input. Moreover, high pellet quality 
has been linked to an increased incidence of necrotic enteritis in broiler 
chickens and may necessitate the use of antibiotics. The objective of 
the current study was twofold; 1) to assess broiler performance based 
on changes in pellet quality obtained by altering diet formulation and 
manufacturing technique and 2) to assess broiler performance using pel-
leted diets including and excluding antibiotics. Male broiler chicks (n = 
1,280) were obtained from a commercial facility at hatch. Commercial 
nutrient recommendations based on digestible amino acids were used to 
formulate starter (3–21 d) and grower (21–42 d) diets. All broilers were 
reared on built-up litter. Experimental treatments were arranged in a 2 × 
2 × 2 factorial design consisting of 2 diet formulations [least-cost (LC) 
or research-based (RB)], 2 manufacturing techniques [thin die with fast 
production rate (TnF) or thick die with slow production rate (TkS)], and 
2 antibiotic inclusions [including antibiotics or excluding antibiotics]. 
Starter diets were fed in crumbled form and grower diets were fed in 
pelleted form. Antibiotic inclusion had no effect on broiler performance 
(P > 0.05). Feeding RB formulation improved live weight gain and fat 
pad yield compared to feeding LC formulation (P = 0.0002 and 0.0001, 
respectively). A significant interaction was observed for carcass weight 
and breast yield (P = 0.0132 and 0.0194, respectively). A RB formulation 
was found to be most beneficial when TnF technique was utilized. These 
data demonstrate that, in order to maximize broiler performance, diet 
formulation and manufacturing technique must be considered.

Key Words: feed manufacture, pellet quality, broilers

    168    The effects of fiber, moisture and protein on pellet manu-
facture variables.  K. G. S. Lilly*, N. P. Buchanan, S. E. Cutlip, and 
J. S. Moritz, West Virginia University, Morgantown.

Pelleted feed increases weight gain and feed efficiency in comparison to 
mash feed. However, improvement in broiler performance is reliant upon 
pellet quality. Past research has shown that pellet durability is improved 
with increased inclusions of fiber, moisture and protein. The objectives of 
this study were to determine the main effects and interactions of graded 
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levels of fiber, moisture and protein on pellet manufacture variables. 
Treatments were arranged in a 3 × 3 × 3 factorial design consisting of 
3 levels of added fiber (0, 2 and 4% oat hulls), added moisture (0, 2 and 
4% tap water) and added protein (0, 2 and 4% soybean meal). Fiber, 
moisture and/or protein were added to a corn/soybean based basal diet 
that was formulated to Cobb specifications. Feed was manufactured 
at the West Virginia University pilot feed mill utilizing a randomized 
complete block design over a 4-week period. Steam conditioning 
temperature was held at 80 ± 2°C. Steam pressure was held constant 
at 262kPa. Fiber decreased modified pellet durability index (MPDI), 
bulk density and production rate (P = 0.0001, 0.0001, and 0.0524, 
respectively) and increased total fines (P = 0.0234). Detrimental pellet 
manufacture effects of fiber were likely associated with particle size. 
Moisture increased MPDI and decreased bulk density and production 
rate (P = 0.0030, 0.0001, and 0.0001, respectively). Protein increased 
MPDI (P = 0.0440). Ingredient interactions (fiber|moisture|protein) 
were not significant (P > 0.05). Results suggest that further research is 
warranted using increased levels of moisture and protein in practical 
diet formulations.

Key Words: pellet quality, feed manufacture, diet formulation

    169    Effects of diet preconditioning on digestive system morphol-
ogy in roosters fed increasing levels of guar meal.  O. Gutierrez*, A. 
Haq, and C. A. Bailey, Texas A&M University, College Station.

Several studies report adaptive morphological responses in the diges-
tive system of gallinaceous birds fed high-fiber diets over an extended 
period of time. This often results in increased utilization of diets low 
in nutrient density. The purpose of the current study was to determine 
whether morphological adaptations could occur as a result of feeding 
relatively high levels of guar meal (GM) to adult Leghorn roosters over 
a 3-week period. Guar meal is a high fiber by-product of guar gum 
processing and contains approximately 18% residual gum, which is 
comprised of a β-1→ 4-linked d-mannopyranose chain with α-1→6-
linked d-galactopyranose branches. A total of 28 roosters were fed 1 of 
4 diets containing differing amounts (0, 6, 12, and 24%) of GM for a 
period of 3 weeks. Following this preconditioning period, all birds were 
euthanized and evaluated for changes in villus height and incidence of 
intestinal mucosal damage as determined by light microscopy. Changes 
in relative organ weights (ventriculus, liver, heart, pancreas, spleen, and 
small intestine), cecum length, body weight, and feed consumption were 
also measured. Significant increases in cecum length, villus height and 
severity of intestinal mucosal injury were observed in birds consuming 
the 24% GM diet. Additionally, increased pancreas and liver weight 
and decreased heart and body weight was noted for this group. Birds 
consuming the 6% GM diet exhibited intestinal lesion scores and relative 
heart weights intermediate to those of the control and 24% GM groups. 
No significant differences were noted for any other parameters. These 
results indicate that a diet preconditioning period of 3 weeks is sufficient 
to induce morphological adaptations of the digestive system of chickens 
consuming a 24% GM diet. However, the effect of these adaptations 
on nutrient utilization is unknown due to factors such as the increase in 
intestinal mucosal damage associated with the 24% GM diet.

Key Words: diet preconditioning, digestive morphology, guar meal

    170    Effect of passage through laying hens on organ invasive-
ness and phenotypic heterogeneity of Salmonella Enteritidis.  R. K. 
Gast*, J. Guard-Bouldin, R. Guraya, and P. S. Holt, USDA-ARS, Egg 
Safety and Quality Research Unit, Athens, GA.

Horizontal transmission within and between flocks is an important 
aspect of the epidemiology of Salmonella Enteritidis (SE) in poultry. 
Previously, a series of passages through infected laying hens increased 
the frequency at which an SE isolate was deposited inside eggs. The 
present study evaluated the effect of in vivo passage of an SE isolate on 
its ability to invade to internal tissues and its expression of a phenotypic 
property (biofilm production) associated with invasiveness and egg 
contamination. In each of 3 trials, a group of laying hens was infected 
orally with a PT13a strain of SE (prepared from a separate stock culture 
each time). After internal organ samples were removed for culturing 
at 7 days postinoculation, an SE isolate from the upper oviduct of an 
extensively infected hen was used to infect a second group of hens in 
each trial. In trial 1, the frequency of SE isolation from organs declined 
from 40 to 12% between the 2 rounds of infection, but the frequency 
of biofilm production by SE colonies obtained from round 2 organ 
samples (98%) was higher than for the original inoculum culture (59%). 
In trial 2, no colonies from either the inoculum strain or round 2 organ 
isolates were biofilm-positive, and the frequency of SE isolation from 
organs increased from 27 to 42% between rounds 1 and 2. In trial 3, 
the frequency of SE isolation from organs was similar in the 2 rounds 

of infection (61 and 58%), but the frequency of biofilm production by 
round 2 organ isolates (58%) was lower than for the original inoculum 
strain (88%). Passage of SE through infected chickens did not always 
select for a higher ability to invade internal organs in the present study. 
Moreover, in vivo passage did not consistently select for either increased 
or decreased phenotypic diversity within the overall SE population. The 
characteristics of the original inoculum population, the selective pressure 
exerted in the tissues of infected chickens, and the exact proportions of 
relevant phenotypic subpopulations actually transferred to subsequently 
infected birds may combine to determine the outcome.

Key Words: Salmonella Enteritidis, in vivo passage

    171    Development and evaluation of candidate recombinant 
Salmonella-vectored Salmonella vaccines.  R. E. Wolfenden*1, S. 
L. Layton1, A. D. Wolfenden1, A. Khatiwara1, G. Gaona-Ramírez1, N. 
R. Pumford1, K. Cole2, Y. M. Kwon1, G. Tellez1, and B. M. Hargis1, 
1University of Arkansas, Fayetteville, 2The Ohio State University, 
Columbus.

Attenuated Salmonella Enteriditis (∆SE) recombinant vaccine vectors 
incorporating a Salmonella flagellar protein (fliC) subunit, a hydrophobic 
putative cell-mediated epitope, (∆SEfliC) for LamB expression, with or 

Pathology
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without co-expression of a putative immune-enhancing CD154 oligo-
peptide (∆SEfliC-CD154) were developed and compared to wild type 
SE (wtSE) as initial vaccine candidates against Salmonella infection. 
Two initial exp. were performed to assess the clearance of each construct 
and antibody response to the fliC peptide. Each construct was orally 
administered to broiler chicks at day-of-hatch by oral gavage (~108 cfu/
chick). At d21 liver/spleen (LS) and cecal tonsils (CT) were removed 
aseptically for recovery of SE or ∆SE mutants. For exp. 1 vector recov-
ery from LS and CT was as follows: Control (nonvaccinated) LS-0/7 
(0%)b, CT-0/7 (0%)c; wtSE LS-5/8 (63%)a, CT-8/8(100%)a; ∆SEfliC 
LS-0/9 (0%)b, CT 0/9 (0%)c; ∆SEfliC-CD154 LS-4/8 (50%)a, CT-4/8 
(50%)b. In exp. 2 vector recovery was as follows: Control (nonvac-
cinated) LS-1/10 (10%)ab, CT-3/10 (30%)bc; wtSE LS-5/10 (50%)a, 
CT-8/10(80%)a; ∆SEfliC LS-0/10 (0%)b, CT 2/10 (20%)c; ∆SEfliC-
CD154 LS-4/10 (50%)a, CT-7/10 (70%)ab. A significant difference in 
antibody response to the fliC peptide was not detected, which may be 
anticipated for a hydrophobic epitope. These preliminary exp. suggest 
that cell surface expression of fliC alone markedly increased clearance 
rate at 21 d postvaccination. Although more total exogenous peptide 
sequence is expressed by the ∆SEfliC-CD154 than ∆SEfliC, clearance 
was enhanced by the fliC sequence alone, suggesting that insertion of 
this candidate epitope was responsible for enhanced immune response in 
these preliminary experiments. Since a significantly different antibody 
response against fliC was not found, we suspect that ∆SEfliC induces 
a cell-mediated response. ∆SEfliC-CD154 was less effective, possibly 
due to steric hindrance or production of anti-CD154 antibody. Ongoing 
studies will evaluate the effect of immunization with these vectors on 
protection from wt challenge and further characterization of the immune 
response to ∆SEfliC.

Key Words: Salmonella vaccine, fliC, Salmonella vector

    172    Comparison of vitamin U, Bio-Mos and BMD on Salmonella 
control and intestinal measures.  A. L. Shaw*, K. S. Macklin, and J. 
P. Blake, Auburn University, Auburn, AL.

This study evaluated the effectiveness of Vitamin U (dl-methionine 
methylsulfonium chloride), Bio-Mos (mannan-oligosaccharide), and 
BMD (bacitracin methylene disalicylate) on cecal loads of Salmonella 
and characteristics of the small intestine villi in broilers challenged 
with S. Typhimurium. Two-hundred day-old broilers of mixed sex were 
randomly allotted to treatments (3 reps/trt) employing a corn-soy basal 
diet (21.5% CP, 3,142 kcal/kg). Dietary treatments were: 1) Control, 2) 
Mos (Ctl + 0.095% Bio-Mos), 3) BMD (Ctl + 0.005% BMD), 4) LVU 
(Ctl + 0.03% Vitamin U), and 5) HVU (Ctl + 0.3% Vitamin U). All birds 
were orally gavaged with 1 mL S. Typhimurium (108 cfu/mL) at place-
ment. On a weekly basis cecal contents were obtained for derivation of 
colonization and liver samples collected to verify septicemia in 6 birds/
trt. Intestinal samples were also gathered from the duodenum, jejunum, 
and ileum for measurement of villi length and crypt depth. 
Cecal colonization remained constant across all treatments throughout 
the experiment, except during week 3, where HVU birds were found 
to have lower colonization (P < 0.05) as compared with all other treat-
ments. A greater number of birds (P < 0.05) exhibited septicemia for 
BMD, LVU, and HVU groups during week 2 when compared with Ctl 
and Mos birds. No differences were found during the prior or subse-
quent weeks.

Mos birds were found to have greater jejunal and ileal length (P < 
0.01) than HVU birds during the first week, though similar crypt depths 
were found in both treatments. During the second week, Mos provided 
improvements (P < 0.05) over BMD in duodenal villi length as well as 
duodenal and jejunal crypt depth. Week 3 intestinal differences were 
inconclusive for the measured tissue sections. During the final week, 
Mos birds showed deeper crypts (P < 0.05) in the duodenum and jejunum 
than HVU birds, while both BMD and LVU birds had greater duodenal 
villi length (P < 0.01) than HVU birds. 
Overall effects of Vitamin U on Salmonella colonization and septicemia 
were comparable to Bio-Mos and BMD. BMD and LVU treatments 
effected intestinal villi measures similarly, with Mos affecting the same 
measures to a different extent.

Key Words: vitamin U, Bio-Mos, BMD

    173    Control of necrotic enteritis and reduction of environmental 
level of Salmonella with the natural feed additives NatuStat and 
Bio-Mos.  G. Mathis*1, C. Hofacre2, and S. Heintzelman3, 1Southern 
Poultry Research, Inc., Athens, GA, 2University of Georgia, Athens, 
3Alltech, Inc, Lexington, KY.

The objective of the study was to determine if a NatuStat, starter/grower, 
Bio-Mos, finisher program would reduce Necrotic Enteritis (NE) and 
Salmonella environmental contamination when fed to coccidial vac-
cinated broiler chickens. The treatments were nonmedicated (NM), no 
Clostridium perfringens (CP) challenge; nonmedicated, CP challenge; 
and NatuStat (2 kg/mt) in the starter/grower diets and Bio-Mos (1 kg/mt) 
in the finisher, CP challenged (NatuStat/Bio-Mos). A complete random-
ized block design was used with 6 replications of each treatment. Sixty 
male broiler chickens were placed into each pen. Prior to placement all 
birds were vaccinated with the coccidial vaccine, Coccivac-B. Half of 
the birds from each pen were tagged and dosed with Salmonella Heidel-
berg. On Days 20 and 21, NM CP challenged and NatuStat/Bio-Mos 
treatment birds were dosed with CP. On Day 22, ten birds per pen were 
Necrotic Enteritis lesion scored. 
The birds fed NatuStat/Bio-Mos had significantly lower NE lesion 
score and NE mortality compared to NM, CP challenged birds. NM, CP 
challenged birds had significantly poorer performance on Days 22 and 
42 compared to the both NM, no CP challenge and NatuStat/Bio-Mos 
treatments. NatuStat/Bio-Mos birds’ performance, both feed conversions 
and weight gains, were not significantly different from the birds that were 
not dosed with CP. Salmonella drag swab samples on Day 14 showed 
that Salmonella was detectable in all pens, confirming the validity of 
the disease model. Salmonella drag swab samples on Day 42 showed 
significantly lower number of positive samples in the NatuStat/Bio-Mos 
compared to the both control treatment pens. This indicates a reduction 
in environmental Salmonella contamination. This study demonstrated 
the benefits of feeding NatuStat and Bio-Mos to coccidial vaccinated 
broilers exposed to Clostridium perfringens and Salmonella. The study 
showed a significant improvement in performance, less severe Necrotic 
Enteritis development, and a reduction in environmental contamination 
of Salmonella.

Key Words: necrotic enteritis, Bio-Mos, NatuStat
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    174    Gene expression profiling within the spleen of Clostridium 
perfringens-infected Broilers fed antibiotic-medicated and non-
medicated diets.  A. J. Sarson*1, Y. Wang2, Z. Kang1, H. Yu1, Y. Han3, 
H. Zhou2, S. Sharif4, and J. Gong1, 1Guelph Food Research Centre, 
Agriculture and Agri-Food Canada, Guelph, ON, Canada, 2Texas A&M 
University, College Station, 3Nutreco Canada Agresearch, Guelph, ON, 
Canada, 4University of Guelph, Guelph, ON, Canada.

Clostridium perfringens (CP) is an anaerobic bacterium causing necrotic 
enteritis in chickens. It is a major target of dietary antibiotics to reduce 
flock mortality; however, this practice is facing a restriction worldwide. 
Thus, developing alternatives to improve immunity against CP has 
become important. Since little is known about molecular mechanisms 
of host response to CP infection, determination of mechanisms that may 
lead to such alternatives has been pursued by this study. Gene expression 
profiles were examined with a chicken 44K Agilent microarray, com-
paring RNA from spleen tissues of antibiotic-medicated (bacitracin, 55 
ppm) and nonmedicated birds prior to, and following CP inoculation. At 
hatch, 600 Ross broilers were divided into 6 pens fed medicated Starter 
diets and 6 pens fed nonmedicated Starter diets. At 18 days of age, birds 
were challenged with CP. Spleens were collected from 12 birds per group 
at day 18 (before infection), 19, 20, and 22. cDNA was prepared from 
splenic total RNA for microarray hybridizations. LOWESS-normalized 
signal intensity was analyzed using a mixed model to identify signifi-
cant differentially expressed genes between treatments and time points. 
Expression profiles indicated up-regulation of genes encoding members 
of the Toll-like receptor pathway, antibody response, T-cell markers, 
and inflammatory cytokines in nonmedicated, CP-infected chickens 
compared to infected chickens fed a medicated diet. Moreover, when 
expression profiles of day 19, 20, and 22 of CP infected, nonmedicated 
birds were compared to the day 18 baseline, the majority of immune-
related genes were up-regulated. Overall, CP infection appeared to have 
a more robust effect on inducing gene expression in the spleen than 
did antibiotics; however, host response factors that were differentially 
expressed upon infection were very similar between the medicated 
and nonmedicated groups. Further analysis of the highlighted immune 
mechanism is underway to better understand the role of antibiotics in 
the host response to CP infection in chickens.

Key Words: Clostridium perfringens, necrotic enteritis, microarray

    175    Bacillus licheniformis (GalliPro Tect) prevent necrotic 
enteritis in broiler chicken.  I. Knap*1, B. T. Lund1, and G. F. Mathis2, 
1Chr. Hansen A/S, Hoersholm, Denmark, 2Southern Poultry Research 
Inc., GA.

Purpose of study: Evaluate the dose effect of B. licheniformis to pre-
vent necrotic enteritis (NE) in Clostridia perfringens challenge studies 
and to understand mode of action of the NE preventing effect of B. 
licheniformis.
Trial design: Three Clostridium perfringens challenge studies were 
carried out at Southern Poultry Research, Inc. Two studies were cage 
studies and one study was performed as floor pen study. In the studies 
were different doses of Bacillus spores tested from 8 × 105 CFU/G to 
8 × 107 CFU/G. In all studies were a nonchallenged group, a negative 
control; challenged group without additive; and a positive control with 
Virginamycin 15 g/t. Unmedicated commercial chicken feeds commonly 
used in the United States were used in all studies. Feed and water were 
available ad libitum throughout all trials. The Clostridium challenge 
was made by fresh C. perfringens broth culture given to the birds daily 

in 2 or 3 days. Weight gain, feed consumption, feed conversion, lesion 
scores, and mortality were calculated.
Results: In all trials a significant effect was seen of using B. licheniformis 
with regards to lesion score, mortality, weight gain, and FCR. There was 
no significant difference between the B. licheniformis treatments and the 
Virginamycin treatment with regards to mortality and lesion score. A 
dose of 1.6 x 106 CFU/G feed seems to be optimal to prevent necrotic 
enteritis and gave the same performance (live weight, mortality) as the 
nonchallenged group
Conclusion: B. licheniformis used as a direct-fed microbial could prevent 
necrotic enteritis in broiler chicken.

Key Words: B. licheniformis, necrotic enteritis, C. perfringens

    176    Utility of probiotics as part of an integrated control strategy 
against coccidiosis in broiler chickens.  J. L. McPherson Komorowski* 
and J. R. Barta, Ontario Veterinary College, University of Guelph, 
Guelph, ON, Canada.

Coccidiosis is a major parasitic disease of poultry caused by protistan 
parasites that invade and inhabit the gut. Probiotics (defined or undefined 
commensal enteric bacteria, e.g., lactobacilli) could contribute to suc-
cessful coccidiosis control because microflora are an important first line 
of defence against enteric infections. To assess this, groups of chickens 
were orally challenged with E. tenella and were either administered 
a probiotic or sham inoculated and/or vaccinated or not vaccinated. 
Growth rate and food conversion efficacy of the birds was calculated 
over the challenge period and lesions resulting from the parasite were 
scored blindly using a qualitative scale. Messenger RNA was isolated 
from cecal tonsils to detect differences in cytokine gene expression to 
characterize the nature and intensity of any immune response. Lastly, 
chickens were bled and ELISAs were performed to detect the level 
of antibodies against sporozoites to further characterize any immune 
response. These experiments examined the complex interactions among 
protistan pathogens, beneficial gut microflora and the immune system 
of the chicken and may lead to more successful and widespread use of 
live coccidiosis vaccines in the broiler industry, thereby reducing the 
industry’s reliance on in-feed prophylactic medications.

Key Words: coccidiosis, probiotics, broilers

    177    Effect of some chemical pollutants on the response of chick-
ens to vaccination.  A. A. El Meleigy*1, S. E. Mesalhy1, M. M. El Ham-
mamy1, N. A. Shalaby2, and S. F. El Hadad2, 1Suez Canal University, 
Ismailia, Egypt, 2Animal Health Research Institute, Gharbia, Egypt.

Based on the water analyses in the field study, 180 one-day-old broiler 
chickens were used in the experiment and divided into 12 equal groups. 
All birds were vaccinated against Newcastle and Gumboro diseases 
except the negative control group (gp). The groups were treated daily 
at the age between 1 and 42 days; gp. 1 (potassium nitrite normal, 0.005 
mg/L), gp. 2 (potassium nitrite high, 0.0083 mg/L), gp. 3 (potassium 
nitrite low, 0.003 mg/L), gp. 4 (potassium nitrite high with Bio-v-mix, 
0.005 + 0.5 mL/L), gp. 5 (lead acetate normal, 0.1 mg/L), gp. 6 (lead 
acetate high, 0.381 mg/L), gp. 7 (lead acetate low, 0.05 mg/L), gp. 
8 (lead acetate high + Bio-v-mix, 0.381 + 0.5 mg/L), gp. 9 (calcium 
hypochloride, 14 mg/L), and gp. 10 (calcium hypochloride + Bio-v-mix, 
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14 + 0.5 mg/L), gp. 11 served as control + ve (vaccinated), while gp. 
12 served as control – ve (nonvaccinated). 
In this study, the mean values for cobalt, copper, lead, cadmium, chlo-
ride, nitrite, nitrate, and phosphate were 0.16 ± 0.05, 0.07 ± 0.02, 0.26 
± 0.47, 0.02 ± 5.95, 89 ± 11.66, 0.02 ± 0.01, 4.14 ± 274, and 0.04 ± 
0.01, respectively. The comparison of these chemical values with their 
permissible limit in the water revealed only cobalt, lead, cadmium, and 
nitrite were exceed the permissible limit. Bio- v-mix, is a catalyst and 
vaccine stabilizer, contains yucca extract, castor oil, calcium chloride, 
and magnesium sulfate dissolved with water. It neutralizes chlorine 
which reduces or damages the vaccine present in the drinking. 
Body weight was determined. Blood samples were collected 3 times, 
at days 14, 28, and 42 days for determination of antibody titers against 
Newcastle and Gumboro diseases. Chickens from each group were 
slaughtered at days 14, 28 and 42 day of ages and examined for 
postmortem lesions and specimens from thymus, bursa, brain, liver, 
kidney, heart, lung, spleen, and intestine were collected and examined 
microscopically. 
The mean values of antibody titers against Newcastle vaccine of chickens 
significantly (P < 0.001) decreased at 14 days of experiment in gps. 6 and 
7, at 28 days in gps. 1, 4 6, 7, and 8 and at 42 days in gps. 1 and 7. The 
antibody titer against Gumboro vaccine revealed significant decrease 
in gp.4 at 28 days using the neutralizing antibody test and in gps. 3, 5, 
6, 7, and 9 using ELISA. The antibody titer against Gumboro vaccine 
revealed significant decrease in gp. 4 at 42 days using the neutralizing 
antibody test and in gps 5 and 6 using ELISA. The body weight, growth 
performance and histopathological examination revealed variable 
changes depending on type, dose and period of pollutant application.

Key Words: pollutants, vaccine response, pathology

    178    Evidence for Clostridium septicum as a primary cause 
of gangrenous dermatitis (cellulitis) in commercial turkeys.  G. 
Tellez*, M. J. Marion, N. Pumford, A. Wolfenden, S. Shivaramaiah, 
E. V. Eskridge, S. L. Layton, R. Wolfenden, G. Gaona-Ramírez, R. 
L. Brewer, N. Neighbor, C. Lester, and B. M. Hargis, University of 
Arkansas, Fayetteville, AR.

Recently, we have investigated the etiology and methods of immuno-
prophylaxis against common field gangrenous dermatitis (cellulitis), 
in commercial turkeys. In Exp. 1, 9 Clostridium isolates from cellulitis 
lesions were purified, grown to high titer, and evaluated for ability to 
produce lesions in apparently susceptible culls from young (10–16 week) 
breeder hens. Five C. perfringens (CP) isolates, and 3 C. septicum (CS) 
isolates did not induce cellulitis lesions following IV administration of 
~108 cfu. One CS isolate consistently reproduced lesions, often associ-
ated with bruised areas, when administered IV as a single dose. CS 
and CP were isolated from turkeys that died acutely with the lesions of 
cellulitis. In Exp. 2, both isolates were grown in Cooked Meat Medium 
(CMM) and injected IV into turkeys (~108 cfu), singly, and in mixed 
culture. Turkeys receiving CP alone failed to develop clinical lesions of 
cellulitis. Turkeys inoculated with CS alone or mixed with CP developed 
lesions of cellulitis. CS was recovered again from the cellulitis lesions. 
In Exp. 3, CMM cultures of the CS isolate was centrifuged to remove 
cells. The supernatant was injected IV into turkeys. The turkeys became 
ill but survived. Lesions of cellulitis were not observed. In Exp. 4, an 
ELISA was developed for measuring antibody titer against the known 
CS etiology. This assay has allow to predict susceptibility to infection. 
When turkeys were selected from flocks without detectable antibody, 
they were susceptible and vice versa. In Exp. 5, an experimental 

formalin-killed bacterin was produced from the challenge strain of CS 
to yield maximum toxin and ~108 cells per mL. This bacterin (SQ, day 
of hatch) generates rapid and persistent antibody response against the 
homologous CS to the time of move (6 wk of age). The ability of this 
vaccine to protect birds in the field as well as the evaluation of unvac-
cinated flocks to establish the time frame for sero-conversion and the 
relationship to clinical disease is currently under evaluation.

Key Words: turkeys, cellulitis, bacterin

    179    Antibiotic treatment, small group size and strict biosecurity 
as a method to eradicate Mycoplasma and Salmonella from novel 
turkey breeding stock.  B. J. Wood*, N. Buddiger, H. van der Hoef, C. 
J. Kostal, and A. Ferenz, Hybrid Turkeys, Kitchener, ON, Canada.

The commercial turkey industry requires the supply of breeding stock 
guaranteed free of major pathogens. To maintain the supply of breeding 
stock, new genetic lines may occasionally be incorporated into a primary 
breeding program. The source of that material must be of comparable 
or higher health status than the current program. The Orlopp Turkey 
Farms pure lines were acquired in 2005 with knowledge of the stock 
being positive for a number of Mycoplasma and Salmonella spp., con-
sequently, a program was initiated to eradicate both types of pathogens 
from subsequent generations.
First generation eggs were temperature and pressure differential dipped 
and injected with a sensitive antibiotic solution. Treatment had a negative 
effect on hatchability with decreases of 20–45% depending on line. Male 
lines were more susceptible than female. Male lines were injected with 
larger amounts of total antibiotic to compensate for greater egg size but 
both had similar total egg concentration. An explanation for the greater 
susceptibility other than total dose and line were not identified. First gen-
eration poults were mass placed with fortnightly screening (cloacal and 
tracheal swab) for pathogens with all but M. meleagridis eradicated in 
generation one. Second generation eggs were again dipped and injected 
with a sensitive antibiotic but in this generation poults were placed 
into small brooding groups of between 250 and 300 birds. Converted 
tractor-trailers proved suitable brooding areas with each having posi-
tive ventilation and individual bio-secure entry points. Brooding groups 
returning positive cultures were removed leaving other brooding groups 
uncontaminated. Generation 3 remained negative for both pathogens. 
M. meleagridis appears less susceptible to egg treatment than other 
pathogens with the key to eradication, the identification of an effective 
antibiotic, biosecurity and the use of small groups in the anticipation 
that the pathogen will remain viable in a select number of eggs.

Key Words: disease eradication, mycoplasma, turkeys

    180    Evaluation of an inactivated autogenous vaccine for turkey 
bordetellosis.  N. R. Pumford*, G. Tellez, M. J. Morgan, A. D. Wolfen-
den, and B. M. Hargis, University of Arkansas, Fayetteville.

Bordetellosis is a highly infectious respiratory disease that causes mil-
lions of dollars in annual losses to the turkey industry. The disease is 
caused by the bacterium Bordetella avium, frequently in combination 
with other opportunistic pathogens. Commercially available vaccines 
are thought by some to have marginal efficacy, possibly due to vaccine 
delivery or strain specificity. B. avium isolated from a turkey farm with 
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persistent clinical bordetellosis in sequential flocks was used to develop 
an autogenous vaccine. Day-of-hatch poults were vaccinated subcutane-
ously with decreasing concentrations of this bacterin. Vaccinated turkeys 
had significantly higher antibody levels (sample to positive ratios, S/P 
ratio) compared to controls. Since B. avium tends to persist on infected 
premises, poults raised in a typical turkey farm would probably be 
continuously exposed to B. avium. Potentially, continuously exposed 
vaccinated poults would experience an anamnestic response. To test this 
hypothesis, we vaccinated poults delivered to a farm with a history con-
sistent with a diagnosis of bordetellosis (60–80%) in sequential flocks. 
Poults were subcutaneously vaccinated on day-of-hatch with B. avium 
inactivated with formaldehyde and aluminum hydroxide was added as 
an adjuvant. This vaccinated flock had an antibody response twice the 
level found in a facility that had no history of outbreaks of bordetellosis. 
Continual exposure to B. avium on this premise may have stimulated 
an anamnestic response to the Bordetella. Not only did the vaccinated 
birds have an elevated immune response, the turkeys did not break with 
bordetellosis. Although not evaluated in the present study, day-of-hatch 
bacterin administration may have reduced shedding of B. avium, thereby 
reducing challenge, while accelerating the acquired secondary immune 
response. Ongoing studies will evaluate the potential for day-of-hatch 
autogenous B. avium bacterin administration for reducing the incidence 
and severity of bordetellosis in commercial turkey flocks.

Key Words: turkey, vaccine, Bordetella avium

    181    Bone development and leg problems in four strains of tur-
keys.  P. E. Eusebio-Balcazar*1, E. O. Oviedo-Rondón1, J. Small1, J. 
Grimes1, P. Valdivia2, and A. Tercero2, 1North Carolina State University, 
Raleigh, 2Escuela Agrícola Panamericana Zamorano, Tegucigalpa, 
Honduras.

Leg problems are a concern for turkey production and a poultry welfare 
issue. Leg health is affected by genetics, nutrition and management. The 
objective of this experiment was to evaluate the leg bone development 
of 4 strains of turkeys. Fertile eggs from each strain identified as A, B, 
C and D were selected and incubated under the same conditions and 
placed in the same house divided in floor pens. Random samples of 
turkeys from each strain were taken from day of hatch until 20 wk on a 
biweekly basis. At day 1, body weights (BW) and residual yolk weights 
were obtained, both legs were dissected and shank, tibia, and femur 
weights, lengths, and thicknesses were recorded. Relative asymmetry 
(RA) and weight relative to BW without yolk (BWY) of each leg section 
were calculated. Leg problems were observed at 11 d. The BW and leg 
traits of birds with twisted legs were recorded at 16 d. Percentages of 
incidence of leg disorders were obtained at 33 d. At day 1, strain A had 
higher BW (P < 0.001), BWY, and residual yolk % (P < 0.01) compared 
with C and D strains. Strain B had higher BW (P < 0.001) and longer 
femurs (P < 0.05) compared with C, but was not different from A and 
D. Strain A had heavier (P < 0.01) right tibias and femurs compared 
with strain C. The strains A and B had heavier (P < 0.01) shanks and 
left tibias and longer shanks compared with C. No significant differ-
ences among strains were observed in relative weights (%) of bones 
and RA, except for relative weight of shanks (P = 0.06) at 1 d and right 

tibia (P = 0.09) at 16 d. At 16 d of age, strain B had longer left shanks, 
but higher RA of tibia weights (P < 0.05) compared with C, but was 
not different from the strain A. The incidence of twisted legs at 16 d of 
age was 5.1, 2.7, 5.0 and 0% for A, B, C, and D strains, respectively. 
At 33 d, varus, valgus, twisted legs, crooked toes and slipped tendons 
were observed. The total leg problem incidence until 33 d was 10.8, 
14.4, 14.6, and 5.7% for A, B, C, and D strains. These 4 genetic strains 
differed in bone development and leg disorder incidence. However, to 
draw final conclusions, it is necessary to consider the effects of yolk 
absorption and initial body weight on leg problems.

Key Words: bone development, leg problems, turkeys

    182    Leg defects and gait patterns on turkey bone biomechanical 
properties.  E. O. Oviedo-Rondón*1, P. L. Mente2, B. D. X. Lascelles3, 
J. Grimes1, P. Ferket1, and A. Mitchell4, 1Department of Poultry Science, 
CALS, North Carolina State University, Raleigh, 2Biomedical Program, 
COE, North Carolina State University, Raleigh, 3Department of Clinical 
Sciences, CVM, North Carolina State University, Raleigh, 4USDA-ARS, 
BARC, Beltsville, MD.

Bone fractures have become more frequent in fast growing turkeys. It 
has been difficult to determine the origin of these spontaneous fractures. 
Bone strength has been related to bone mineral density (BMD) and 
forces applied to bone during daily physical activity. The objective of 
this experiment was to evaluate the effects of common leg defects and 
gait patterns on bone biomechanical properties. Sixty male-Nicholas 
turkeys were selected from a large flock raised in floor pens. Turkeys 
were clustered into 4 categories: normal (N) valgus (V), crooked toes (C) 
and shaky legs (S) according to visual evaluations performed between 9 
and 12 wk of age. Turkeys were trained to walk on a force plate walkway. 
Data of gait analyses were collected at 13, 16, and 20 wk of age. Data 
from the pressure sensitive mat was analyzed to obtain the peak vertical 
force, vertical impulse, peak contact area, foot contact time, and stride 
length. At 20 wk of age, all turkeys were euthanized, legs collected and 
frozen for analyses. Weights and morphologic measurements of femur, 
tibia and shanks were recorded. The BMD and bone mineral content 
(BMC) were obtained with Dexa. Tibia strength was evaluated by 4-point 
bending test. There were no significant differences for morphological 
measurements or bone strength of tibias among the 4 groups evaluated. 
The BMD and BMC of both tibias from C turkeys were lower (P = 0.07) 
than in the other groups. The tarso-metatarsus BMC in C and S turkeys 
was lower (P < 0.05) than in the N and V groups. There were no differ-
ences (P > 0.05) on femora BMD and BMC among groups. The BMD 
of proximal tibia epiphyses varied between medial and lateral sections. 
No significant differences were observed in femur lengths, diameters 
and the diaphyseal curvature. However, the relative asymmetry of 
femur length was lower (P < 0.05) in N and V turkeys than in C and S 
turkeys. Differences observed in gait parameters and effects on bone 
biomechanics will be discussed. In summary, leg defects such C and S 
that occur during early development affect the BMD of turkey bones 
at 20 wk of age and this may affect fracture incidence.

Key Words: leg problems, bone strength, gait
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    183    Impact of monthly cage sanitation on two- to four-year-old 
Gallus domesticus laying hens.  K. E. Anderson*, P. E. Mozdziak, and 
J. N. Petitte, North Carolina State University, Raleigh.

The chicken model related to ovarian adinocarcinoma (OVAC) holds 
tremendous potential for ovarian cancer research, but there has been 
some welfare related controversy regarding flock husbandry for these 
2 – 4 yr old hens. Furthermore, there has been limited research using 
a long term an-ovulatory egg type chicken often needed for chemo-
preventive studies, and there have been no studies involving the man-
agement, productivity and feeding of these hens past the normal 2 cycle 
productive life. Problems arise when dealing with agricultural animals 
in a biomedical research setting. The recommended husbandry practice 
currently described for animals in biomedical research by the ILAR 
Guide, indicate that animals should be moved for cage sanitation on a 
biweekly basis. We examined the mortality records from 2 comparable 
flocks containing 2- to 4-year-old hens. Flock 1 contained 2,880 hens 
housed at 619 sq cm using the FASS Ag Guide standard agricultural 
husbandry practices and Flock 2 with 3,672, 2 year old laying hens 
that were initially housed at 550 or 619 sq cm for the first year of the 
study. After 9 months, to meet regulatory requirements, the Flock 2 
hen population was reduced to 2,592 to initiate a housing density of 
826 sq cm along with a monthly cage sanitation program. Both flocks 
were fed a body maintenance diet and provided levonorgestrel as a 
chemopreventive agent to reduce the percentage of spontaneous OVAC 
formation. In Flock 1 the mortality decreased after the initial housing 
and remained at a relatively constant level from 2 to 4 years; however, 
in Flock 2 mortality was significantly higher (P ≤ 0.05) after the third 
month on ILAR Guide monthly sanitation (6.4%) compared to birds that 
were maintained under standard FASS Ag Guide management practices 
(1.3%) These results suggest that monthly cage sanitation does not 
benefit flock health since there was no change in disease presence, but 
there was a higher level of mortality associated with the sanitation. It 
appears that the implementation of monthly sanitation for 2 to 4 yr old 
hens increases flock mortality suggesting an adverse effect handling 
for monthly sanitation.

Key Words: chicken, husbandry, sanitation

    184    Effects of feeder space allowance on behavior and produc-
tivity of caged hens.  C. M. Thogerson*1, P. Y. Hester1, J. A. Mench2, 
R. C. Newberry3, E. A. Pajor1, and J. P. Garner1, 1Purdue University, 
West Lafayette, IN, 2University of California, Davis, 3Washington State 
University, Pullman.

Limited feeder space for laying hens could increase competition at 
the feed trough causing aggression, disrupted feeding, and reduced 
productivity. Our goal was to test this hypothesis by evaluating how 

feeder space allocation affects feeding behavior and productivity in a 
modern layer strain. We predicted that decreasing feeder space would 
increase monopolization of the feeder by some hens and decrease 
feeding by cagemates. We housed 480 Hy-Line W-36 hens at 5/cage 
(stocking density, 434 sq cm/hen with feeder space of 12.2 cm/hen). 
After 1 wk acclimation, baseline measures were taken for 2 wk and then 
hens were given 5.8, 7.1, 8.4, 9.7, 10.9, or 12.2 cm of feeder space/hen 
(16 cages/treatment). Hen/day egg production and feed consumption/
cage were calculated monthly for 12 mo. We used one-zero recording 
to score feeding behavior in each cage for 5 s every 10 min over a 24 h 
period each mo and, for each hen, calculated % time spent feeding and 
synchrony (mean number of additional hens feeding at the same time), 
and averaged these scores/cage. For each cage we calculated: feeding 
switches (no. of observations hens changed between feeding and not 
feeding), and feeder monopolization (the probability that feeder access 
was equally distributed among all hens). Data were analyzed using a 
repeated measures GLM incorporating tier, treatment, and age. Hens 
with reduced feeder space spent less time feeding (F5,683 =10.93 P < 
0.001); used more food (F5,1000 = 6.83 P < 0.001) with more kg/feed/
dozen eggs produced (F5,913 =22.74 P < 0.001); synchronized their 
feeding bouts to a lesser extent (F5,683 = 14.04; P < 0.001); made fewer 
switches at the feeder (F5,692 = 7.18; P < 0.001); and exhibited more 
feeder monopolization (F5,692 = 2.75 P = 0.018). Total egg production 
was not affected by feeder space. Our results suggest that the Hy-Line 
W-36 hens adapted behaviorally to reduced feeder space, but used more 
food with no production benefit.

Key Words: laying hens, feeder space, welfare

    185    Classification of stressful vocalizations of captive laying 
chickens using the Hidden Markov Model (HMM).  E. Otu-Nyarko*1, 
M. J. Darre1, P. M. Scheifele2, D. B. Miller1, and M. T. Johnson3, 1Uni-
versity of Connecticut, Storrs, 2University of Cincinnati, Cincinnati, 
OH, 3Marquette University, Milwaukee, WI.

A 3-month study was conducted at the University of Connecticut to clas-
sify stress vocalizations made when the normal living environmental and 
management conditions of white leghorn laying chickens were altered. 
For this study 100 birds at 36 weeks of age were randomly selected. 
The birds were divided into 4 groups of 25 birds per group. Physical, 
psychological and mixed stressors were applied as treatments against a 
control. The objective of the study was to determine the extent to which 
vocalizations made by laying chickens under different stressful condi-
tions could be classified using the Hidden Markov Model (HMM) with 
voice recognition algorithms. HMM, is a statistical model that represents 
both the temporal and spectral characteristics of audio signals. An addi-
tional objective was to establish the use of vocalizations as a means of 
determining if chickens are straining in response to a stressor. Heat at 
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37.78°C, human presence, crowding (595 cm2 per bird) and combina-
tions of these stressors were applied as treatments. Vocalizations and 
behavioral data were collected for analysis. A total of 4,640 minutes 
of sound bytes were recorded and edited for analysis. HMM was used 
to classify the vocalizations. The model achieved an overall condition 
classification accuracy of 74% showing a clear pattern of vocalizations 
relative to the different stressors applied to the chickens. A confusion 
matrix reinforced the ability of the HMM to correctly identify different 
vocalizations resulting from different stressors, suggesting that the chick-
ens have different repertoires under different stressful conditions.

Key Words: vocalizations, stress, hidden Markov

    186    Effect of amount of human contact on behavioral, physi-
ological, and production responses of turkeys.  N. A. Botheras*1, 
P. H. Hemsworth2, J. M. Engel1, and M. S. Lilburn1, 1The Ohio State 
University, Columbus, 2University of Melbourne, Victoria, Australia.

Research in the egg and meat chicken industries has shown that human-
animal interactions can affect animal fear, stress physiology and pro-
ductivity. However, no such research has been conducted in the turkey 
industry. We investigated the effects of different levels of human contact 
on fear behavior, physiology and growth of turkeys. Male poults (N = 
180) were housed from hatching to 10 weeks of age in groups of 10 
to 11, in 2 similar, adjacent rooms in the same building. In one room, 
poults received minimal human contact (MC), consisting of routine 
husbandry each day. In the other room, poults in each pen received 2 min 
of additional human contact (AC), twice daily, in which an experimenter 
stood stationary in the center of each pen for 1 min, and then walked 
slowly and deliberately around the perimeter of each pen for 1 min. At 
5 and 10 weeks of age, fear of humans and body weight were measured. 
Fear of humans was evaluated in a behavioral test in which the poults’ 
withdrawal and approach behavior to a human was measured. Plasma 
corticosterone concentration in response to handling was assessed at 
10 weeks of age. More AC poults remained near an approaching and 
stationary experimenter in the behavioral test, at both 5 and 10 weeks 
of age (P < 0.01). These results suggest AC poults were less fearful of 
humans than MC poults. There was no difference in the body weights 
of AC and MC poults at 5 and 10 weeks of age. There was also no sig-
nificant difference between AC and MC poults in plasma corticosterone 
concentrations in response to handling. While the handling treatments 
may have been confounded by location (room), the findings suggest 
that human contact may be an important determinant of turkey behav-
ior. However, the handling treatment did not affect productivity. Fear 
differences between treatments may not have been sufficient to elicit a 
physiological stress response nor affect animal performance.

Key Words: fear of humans, human-animal interactions, turkeys

    187    Vocalizations as an indicator of distress in laying hens.  J. 
L. Canterbury*1, F. J. Struwe1, E. Blankenship1, H. Taira1,2, and M. 
M. Beck1,2, 1University of Nebraska, Lincoln, 2Clemson University, 
Clemson, SC.

A study was conducted to determine whether changes in call character-
istics could be elicited by mildly stressful conditions in Leghorn laying 
hens (G. gallus) to determine whether vocalizations could be reliable 

indicators of distress. Four birds each were placed in 4, 55 × 63 cm cages 
(852 cm2/bird). Recordings were made on a Uher 4200 Report Monitor 
with a Sennheiser microphone 3m from the edge of each cage. A total 
of 28 recordings were analyzed (5min recordings; 7 recordings per 
treatment). Treatments were control (C); mild hunger/frustration (FC; 
feed covered); mild thirst (WW; water removed 12 h); heat stress (HS; 
36°C). All treatments except mild thirst were recorded 3×/d for 3 d from 
May to Aug. Birds in mild thirst were sampled after 12 h without water. 
Tapes were digitized and analyzed using Raven© (Cornell University). 
Acoustic properties (max frequency, max power, notes/s, percent time 
calling, call rate) were measured. Data were analyzed using ANOVA, 
PROC MIXED. Two observers were present during each taping session, 
taking notes and classifying calls to 4 call types: moan, squaak kluck, 
kluck kluck, and kuk (Wood-Gush, 1971; Collias, 1987). In order for a 
call to be classified, both observers had to be in agreement. Sonograms 
were used to visually inspect and confirm each call type. Of 1,177 calls, 
1,034 could be typed reliably (C 177; FC 247; WW 191; HS 277). Across 
type, 3 properties were higher in HS (notes/s, P = 0.0007; max power, 
P = 0.08; max frequency, P = 0.04). Percent time calling was higher 
in HS, FC than in C or WW (P < 0.09). Call rate was higher in HS and 
FC than in WW (P < 0.045); C was intermediate. Within call type, only 
the kuk call was consistent across acoustic properties; max power, max 
frequency, and notes/s were higher in HS (P < 0.02; P = 0.0001; P < 
0.0006, respectively). Squaak kluck was higher in max power in HS, FC, 
and WW than in C (P = 0.0001, 0.001, and 0.055, respectively). Kuk 
may be a more consistent stress call for signaling HS and max power 
(call intensity) may be a more general distress signal.

Key Words: vocalizations, well-being, Gallus gallus

    188    Effects of photoperiod on measures of stress and mobility in 
growing chickens of three breeds.  R. J. Lien* and J. B. Hess, Auburn 
University, Auburn, AL.

Growing chickens of the 2 primary commercial breeds and a heritage 
breed were subjected to long and short photoperiods to determine effects 
on heterophil-lymphocyte ratio (H:L), tonic immobility (TI), perching, 
and mobility. Either 30 straight-run commercial broiler, commercial 
layer, or White Plymouth Rock (WPR) chicks were placed at 1 day of 
age in each of 2 pens (3.7 × 1.5 m) in 6 light controlled rooms. Three 
rooms were subjected to long photoperiods (23L:1D) and 3 to short pho-
toperiods (16L:8D), all at an intensity of 2 footcandles. Water and feed 
were provided ad libitum and a typical brooding temperature regimen 
was provided. A 15 cm high × 1 m square deck and two 15 cm high × 
20 cm wide × 1 m long decks were provided in each pen. Perching on 
decks (decking), the ability to climb on the deck to feed after a period 
of feed removal (mobility), H:L, and TI were determined during wk 
4 and 7. Breeds and photoperiods made up a randomized incomplete 
block design. Data were analyzed as a 2 by 3 by 2 factorial arrange-
ment of photoperiods, breeds, and ages. A 3 way interaction affected 
H:L. In broilers, H:L was elevated by 23L:1D during wk 7. In layers, 
H:L was greatest under 16L:8D during wk 4 and least under 23L:1D 
during wk 7. In WPR, H:L was reduced by 16L:8D and increased by 
23L:1D during wk 4, but intermediate during wk 7. Age (P = 0.0567) 
and breed (P = 0.0880) effects approached significance for TI. Decking 
was affected by age × breed and photoperiod × breed interactions. In 
broilers, decking was moderately reduced under 16L:8D and markedly 
reduced under 23L:1D. Decking was increased in WPR during wk 7. 
Mobility was affected by age × breed and photoperiod × breed interac-
tions. Mobility was reduced by 23L:1D in broilers and increased by 
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23L:1D in layers and WPR. Effects of photoperiod on H:L and TI were 
not consistent at different ages in different breeds, although the only 
markedly elevated H:L levels observed did occur under 23L:1D in 2 
breeds. While decking and mobility were generally reduced in broilers 
this effect was attenuated by 16L:8D.

Key Words: chicken, photoperiod, welfare

    189    Physiological response of broilers during water based foam 
depopulation.  M. D. Dawson1, E. R. Benson*1, R. L. Alphin1, G. W. 
Malone2, K. J. Johnson1, S. E. Seta1, and D. Hougentogler1, 1University 
of Delaware, Newark, 2University of Delaware, Georgetown.

Avian influenza virus (AIV) and other zoonotic poultry diseases are 
serious risks to the United States poultry industry. The US Department 
of Agriculture Animal and Plant Health Inspection Service (APHIS) pro-
vide the guidance for responding to AI outbreaks. “When AI outbreaks 
occur in poultry, quarantine and depopulation (culling) of all infected, 
exposed or potentially infected birds, followed by proper disposal of 
carcasses and the quarantining and rigorous disinfection of farms and 
surveillance around affected flocks are the preferred eradication and 
control options.” Depopulation is one of the major steps involved in a 
response. Unfortunately, current depopulation methods leave room for 
improvement. A new procedure using water based fire fighting foam was 
developed by the University of Delaware. Initial studies showed that 
water based foam is faster to implement, caused more rapid cessation of 
activity, and caused corticosterone stress levels that are not statistically 
different from other depopulation methods. In this study, EEG, ECG 
and other sensors were used to record time to unconsciousness, time to 
cessation and other parameters during Ar-CO2 gassing, CO2 gassing, 
and water based foam depopulation.

Key Words: depopulation, EEG, broiler

    190    Simulation of cold temperature transportation of broiler 
chickens.  T. L. V. Leer*, N. A. Burlinguette, S. Dadgar, E. S. Lee, T. 
D. Knezacek, T. G. Crowe, P. J. Shand, and H. L. Classen, University 
of Saskatchewan, Saskatoon, SK, Canada.

Previous research on broiler transportation has focused on defining the 
acceptable upper temperature ranges, but little is known about the lower 
limit. An environmental chamber was used to study this lower limit by 
investigating the effect of cold conditions on the core body temperature 
of broiler chickens. The chamber held 2 commercial transport drawers, 
each subdivided into 15 equally sized cells. Temperature and relative 
humidity levels within each cell were logged at 1-minute intervals. 
Four hundred eighty broilers (39–43 d) were used in 16 experiments. 
Birds were randomly selected, weighed and orally gavaged with 
temperature loggers at least 1.5 h prior to testing to capture deep core 
body temperatures. Birds were assigned to cells and held at controlled 
temperatures within the chamber for 3 h. Air temperatures entering the 

chamber were −18, −15, −12, −8, 11, or 20°C. Birds were weighed, 
stunned and exsanguinated at 0 and 2 h after removal from the chamber 
with 2 h lairage temperature ranging from 15–22°C. The mean core 
body temperatures (±SE) following 0 h lairage were 38.1 ± 0.30, 37.7 
± 0.27, 38.8 ± 0.13, 39.4 ± 0.14, 40.1 ± 0.05, and 40.6 ± 0.03°C after 
exposure to −18, −15, −12, −8, 11 and 20°C conditions, respectively. 
After 2 h of lairage, mean core body temperatures in the same order 
as above were 38.1 ± 0.66, 40.1 ± 0.15, 40.1 ± 0.12, 40.4 ± 0.11, 41.0 
± 0.06, and 41.2 ± 0.03°C, respectively. Linear relationships between 
ambient and bird core body temperatures for both lairage times were 
significant (P < 0.0001). Individual bird weight loss decreased in a linear 
fashion (P < 0.0001) with increasing chamber ambient temperature. 
Reducing ambient temperature decreases core body temperature and 
increases weight loss in broiler chickens. These data can be used with 
other welfare assessment parameters to determine lower temperature 
limits for broiler transportation.

Key Words: welfare, cold stress, shrink

    191    Photoperiod effects on broiler behavior.  A. J. Brown*1, A. 
B. Webster1, B. D. Fairchild1, and R. J. Buhr2, 1Department of Poultry 
Science, University of Georgia, Athens, 2Russell Research Center, 
USDA-ARS, Athens, GA.

This study evaluated the effects of 3 photoperiod regimes on behavior 
of broilers. The photoperiods were 23 h for all treatments from 1–6 d. 
Treatments 1 and 2, 20L:4D and 18L:6D, were applied from 7–36 d, 
after which the photoperiod was 23L:1D. In treatment 3 the photoperiod 
was changed to 18 h at 7 d, decreased by 3 h at 10 and 13 d to achieve 
12L:12D, then increased to 18 h by 1 h daily increments between 22 
and 27 d, and to 23 h by 1 h daily increments between 37 and 41 d. 
Light intensity was 20 lux. In 2 trials, each light treatment was applied 
to 2 rooms, with 6 pens per room. Videos were taken of 2 pens in each 
room at 9, 15, 22, 29, and 43 d. Standing, walking, feeding, drinking, 
wing flapping, preening, nonnutritive pecking and inactivity were 
recorded. In addition, blood for heterophil to lymphocyte (H/L) ratios 
was collected at 38 d in both trials and gait scores were observed during 
week 6 of trial 2. Management protocols followed the breeder company 
guidelines, with water and a standard series of broiler diets provided ad 
libitum. Stocking density was 0.7 ft2/bird.
At 22 d, birds in treatments 2 and 3 were significantly more inactive 
over the 24-h period than birds in treatment 1. During the dark period, 
however, broilers in treatment 3 performed significantly more standing 
and walking at 22 d, indicating that while darkness may inhibit activity, 
extended darkness may cause broilers to resume activity before light 
is restored. The proportion of birds feeding during the light period 
was significantly higher at 29 d in treatments 2 and 3, indicating that 
broilers learned to eat during the available photoperiod. There were no 
significant differences in H/L ratios or gait scores, suggesting that the 
birds were not differentially stressed nor was leg condition affected by 
the different treatments.

Key Words: photoperiod, broiler, behavior
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    192    Ammonia concentrations downwind of broiler houses.  B. 
D. Fairchild*, M. Czarick, J. W. Worley, C. W. Ritz, B. D. Hale, and L. 
P. Naeher, University of Georgia, Athens.

Ammonia (NH3) concentrations have always been of concern from a 
bird performance and worker health standpoint. However, NH3 emitted 
from poultry houses is receiving more attention from environmental and 
nuisance aspects. There are several reports on NH3 emissions from poul-
try operations but these do not address how NH3 disperses or the actual 
concentrations observed at varying distances from poultry houses. The 
objective of this study was to measure NH3 concentrations downwind 
of broiler house tunnel ventilation fans located in the end wall when 
ventilation rates would be at a maximum. Data were collected during 
the last 4 weeks of grow-out during a summer flock on a 4-house broiler 
farm located in Southeastern United States. Climate conditions were 
monitored with a weather station and sonic anemometer. Open-path 
laser spectrometers were placed 100, 200, 300, and 500 ft downwind 
from the houses. In general, NH3 concentrations were lower as distance 
from the houses increased with NH3 levels at 100, 200, 300 and 500 ft 
being less than 1 ppm (5× lower than the NH3 detectable odor threshold 
of 5 ppm) approximately 50, 75, 85 and 90% of the time, respectively. 
Ammonia concentrations approximately 100 ft from the houses were 
influenced by the tunnel fans themselves. Wind direction and wind speed 
significantly influenced downwind NH3 concentrations beyond 100 ft. 
At no time were NH3 levels measured that met or exceeded ammonia 
odor threshold values.

Key Words: ventilation, climate

    193    Modeled ammonia plume dissipation from broiler houses.  
L. A. Harper*1, C. W. Ritz1, B. D. Fairchild1, T. K. Flesch2, M. Czarick1, 
J. W. Worley1, L. P. Naeher1, and B. D. Hale1, 1University of Georgia, 
Athens, 2University of Alberta, Edmonton, AB, Canada.

Ammonia can serve as a potential source for complaints against poultry 
producers expressed as an environmental impact or as perceived odor 
or health problems. The purpose of this study was to validate model 
predictions of ammonia concentration dissipation downwind of broiler 
houses under varying meteorological and operational conditions. Ammo-
nia concentrations and climatic information were measured downwind 
of a 94,000-bird, 4-house broiler operation during the final weeks of 
production using open-path laser spectrometers and sonic anemometry. 
Measurements were made during summer maximum emission periods 
with fan configurations all directed parallel to the prevailing wind 
direction. Emission rates were calculated using inverse-dispersion 
analysis from measured concentrations and climatic conditions taken 
outside of the broiler houses downwind of the obstruction influence 
by the houses. Downwind concentration plumes were then determined 
using a Lagrangian dispersion analysis model based on the calculated 
emission rates and climatic information. Predicted downwind concen-
trations during stable (nighttime) climatic conditions were much larger 
than during unstable (daytime) conditions throughout all measurement 
periods. End-of-flock modeled average stable and unstable conditions’ 
concentrations (3-day period) compared closely to measured concen-

trations at distances beyond the influence of the exhaust fans (about 
300 ft). Daily average predictions compared more closely with daily 
average measured concentrations than 15-min predictions due to the 
inherent stochastic variability of short-term measurements. Compari-
son of the modeled and measured downwind concentrations suggests 
that the Lagrangian dispersion analysis model provides an accurate 
means of estimating downwind ammonia concentrations from poultry 
production facilities with nonobstructed downwind terrain. Additional 
comparisons would be desired to validate the model for other housing 
and fan configurations.

Key Words: emissions, climate, concentration

    194    The potential of vegetative buffers to reduce dust, ammo-
nia, and virus transmission from commercial poultry farms.  H. K. 
Burley*, P. H. Patterson, R. M. Hulet, H. Lu, A. Adrizal, R. M. Bates, 
G. P. Martin, C. A. B. Meyers, and H. M. Atkins, Pennsylvania State 
University, University Park.

This study explored the potential of vegetative buffers to reduce trans-
mission of avian respiratory viruses using vaccine strains of Newcastle 
disease virus (NDV) and infectious bronchitis virus (IBV) as a model. 
Six commercial layer houses, 250,000 hens each, were spray vaccinated 
once in June (trial 1) and once in September (trial 2) 2007. Before each 
vaccination, 10 to 12 7-wk-old specific pathogen free (SPF) white 
leghorn chickens were placed in each hen house and 24–32 7-wk-old 
SPF chickens were placed in a coop located 27.4 m downwind of each 
house’s 27 tunnel fans. Between houses 2, 4, and 6 and their coops, a 
vegetative buffer (VB), including willow, arbor vitae, poplar, elm, maple, 
alder, oak and hackberry, and warm-season grass, was planted. Coops 1, 
3, and 5 acted as controls (C). At 2, 7, and 17 d postvaccination (pv) in 
trial 1 and 4, 7, and 11 d pv in trial 2, blood samples, tracheal and cloacal 
swabs were collected from 2 house SPF birds and 6–8 coop SPF birds 
at each site. Vegetation clippings or swabs and the filters from aerial 
pumps used to capture dust were also collected. Swabs were placed in 
15-mL sterile tubes containing viral transport medium (VTM). Mean 
temperature and relative humidity in trials 1 and 2 were 25.1°C, 50.0% 
and 19.0°C, 46.0%, respectively. Total dust measures (mg/h) in both 
trials and ammonia levels (ppm/h) in trial 1 were numerically greater 
at the VB coops than at the C coops. Ammonia levels were too low to 
measure in trial 2. In laboratory tests, all swab and dust samples were 
processed for virus isolation (NDV and IBV) in SPF embryonating 
chicken eggs (ECE). Serum was processed from the blood samples 
for NDV and IBV antibody detection by IDEXX ELISA. The vaccine 
strain of NDV was found in SPF sentinel birds placed in houses and 
coops, which demonstrated that virus transmission did occur from 
houses to coops. The same is true for IBV antibodies detected from 
the SPF sentinel birds. Further comparison studies between VB and C 
birds, regarding NDV and IBV transmission, will be conducted with an 
improved VB in our next experiment.

Key Words: vegetative buffer, Newcastle disease virus, infectious 
bronchitis virus
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    195    Varying dietary protein level during rearing affects breeder 
pullet growth and development.  A. Pishnamazi*1, R. Renema1, F. 
Robinson1, and M. Zuidhof2, 1University of Alberta, Edmonton, AB, 
Canada, 2Alberta Agriculture and Food, Edmonton, AB, Canada.

A total of 600 female broiler breeders of a classic (Ross 308) and 600 
females of a high breast yield strain (Ross 708) were reared to deter-
mine the effects of 3 dietary balanced protein (DBP) levels (HIGH = 
+20%, STANDARD = Control, and LOW = −20%) during 1 of 4 6-wk 
periods (1 to 7, 7 to 13, 13 to 19, or 19 to 25 wk of age) on change in 
individual BW and external frame size and fleshing measures, and on 
breast muscle, abdominal fat pad, liver and reproductive organ weights 
at the end of each test period. Shank and keel length were measured to 
assess frame size. The STANDARD DBP was fed during the remain-
ing periods and all birds of each strain were allocated the same feed 
quantity. Each period was analyzed separately, with DBP and strain as 
main factors in the factorial design.
The higher BW targets of the Ross 308 compared to Ross 708 pullets 
resulted in higher BW, shank and keel length and shank width measures 
in all 4 test periods (P < 0.0001). In all test periods, Ross 708 pullets 
had more breast muscle as a % of BW, and a lower absolute and relative 
fat pad weight, exception 1 to 7 wk period (P ≤ 0.05). Except for the 13 
to 19 wk, feeding the HIGH DBP diet resulted in higher BW, BW gain, 
and breast width gain compared to the LOW DBP diet (P ≤ 0.05). In the 
first period, the HIGH DBP diet increased absolute and relative breast 
weight and conversely, absolute and relative fat pad weight decreased. 
By the 13 to 19 wk period, abdominal fat pads of the LOW DBP group 
weighed much more than that of the STANDARD or HIGH groups 
(P < 0.0001) and relative ovary weight was also higher (P = 0.04). 
These differences grew larger in the last period (P < 0.0001), with the 
difference in relative ovary weight also increasing (P = 0.05). Ross 
308 pullets fed the LOW DBP in this period, had higher reproductive 
organs weight than Ross 708 birds (P < 0.006). Skeletal development 
and body composition most were affected by DBP during the 1- to 7-wk 
and 19- to 25-wk periods.

Key Words: broiler breeder, dietary protein, frame size

    196    Dietary acids for laying hens: Performance, and egg and 
environmental parameters.  P. H. Patterson*, T. L. Cravener, E. F. 
Wheeler, and P. A. Topper, Pennsylvania State Universiy, University 
Park.

The impact of dietary acids were evaluated using 288 Hy-line W-36 
hens divided equally into 4 dietary treatments (72 hens/each) including 
a Control (CON); 0.3% Caprylic acid (CA); 0.05% Galliacid (GA); 
and 0.4% Phosphoric acid (PA). There were 12 replicates per treatment 
with 2 cages of 3 birds/cage for each replicate. The hen diets were 
iso-caloric and iso-nitrogenous meeting NRC (1994) nutrient require-
ments for amino acids, minerals, and vitamins. Birds were provided 
the treatment diets and water ad libitum. Hen light intensity was 5 lux, 
and day length was 16:8, light:dark by 24 wk of age. The hens were on 
treatment diets from 19 to 49 wk of age in 9 4-wk experimental periods 
(P). Ammonia emissions were measured using a non-steady-state flux 
chamber for rapid detection in facilities with multiple-diet treatments 
(Innova model 1412, Photoacoustic Gas-Monitor, AirTech Instruments, 

Ballerup, Denmark). Hen BW at the beginning of the study was not dif-
ferent, but by 49 wk PA hens (1,679 g) weighed more than CA or GA 
hens (1,612 g) and CON were intermediate (1,641 g, (P < 0.05). Feed 
intake was consistently greater among PA hens (P < 0.05) compared to 
CON and CA hens in P5, P8 and P1 to 9, with GA hens intermediate. 
There were no significant trends in egg production or specific gravity; 
however, egg weight was significantly reduced in CON compared to 
the hens fed acid treatments (P2, P4, P8). Hens fed PA had the greatest 
egg weight in P2 and P4 and in P8 CA and PA eggs were 64.2 and 64.0 
g, respectively, and more than 2 g greater than CON. Manure sampled 
at 23 and 36 wk from PA hens had less P2O5 than those fed GA, CA or 
the CON (P < 0.10 and P < 0.05). Manure from PA fed hens at 23 and 
49 wk also contained more total-N, organic-N, and less NH4-N than 
the other treatments. Manure NH3 emissions (kg/d/m2) from PA fed 
hens were numerically less than the others at 19 and 23 wk and at 49 
wk flux was approximately on half the CON, CA and GA treatments (P 
= 0.0712). Ammonia emissions of PA hens expressed in mg/g manure, 
were numerically lower at 23 wk and significantly less than the other 
treatments at 49 wk (1.43 vs. 2.79 mg/g, P = 0.0205).

Key Words: laying hens, dietary acids, ammonia

    197    Controlling postmolt body weight and egg weight with 
reduced crude protein and lower metabolizable energy.  P. L. 
Ruszler*1 and C. L. Novak2, 1Virginia Polytechnic Institute and State 
University, Blacksburg, 2Land O’Lakes Purina Feed, Kansas City, 
MO.

In a trial to determine how to control egg weight and body weight in 
molted hens, 210 hens were full fed a low nutrient (FFLN) molt diet 
and 42 hens (controls) were molted with a 4-day fasting method. Each 
treatment (TMT) was replicated 14 times with 3 hens per replicate. On 
the 29th day of the molt, the 5 FFLN molt TMT were placed on 13% 
CP layer diets with energy ranging from 2,756 to 2,886 kcal ME/kg by 
increments of 26 kcal. The control hens were fed a 15.5% CP/2,822 
kcal ME/kg layer diet. Control hens were on average 90 g/bird heavier 
(P < 0.05) between 12 and 24 wk postmolt as compared to the heaviest 
FFLN birds. At 24 wk the body weight of the control hens was 1,814 g 
vs. FFLN hens ranging from 1,631 to 1,733 g. The egg weight of eggs 
from control hens between 10 and 18 wk postmolt was significantly 
heavier as compared to the egg weight of eggs produced by FFLN fed 
hens. At 16 wk postmolt, the control diet was reduced to 14.5% CP and 
methionine in all 6 diets was reduced from 0.39 to 0.32%. Egg weight 
was similar from 18 to 24 wk postmolt with control fed hens producing 
a smaller egg due to the adjustment in protein and methionine while egg 
weight remained constant in the FFLN fed birds. As a result, the control 
hen’s egg weight became nonsignificant but stayed 1 g heavier than the 
heaviest egg weight from hens on the FFLN diets. All TMT achieved 
zero egg production for 2 to 3 wk and peaked between 88.4 and 95.9%. 
Hen day egg production at 24 wk postmolt was not significantly different 
and ranged from 83.7% for the lowest FFLN fed hens to 90.1% for the 
control hens. This study shows that postmolt body weight and egg weight 
can be controlled using 13% CP with energy levels between 2,756 and 
2,858 kcal ME/kg without adversely affecting egg production.

Key Words: egg weight, body weight, energy and protein

63ABSTRACTS OF PAPERS

Poult. Sci. 87 (E-Suppl. 1)



    198    Phytase supplementation of canola meal based diets on 
phosphorus bioavailability and performance of broiler chicks.  J. I. 
Sultan*1, S. Khalil1, A. Javed1, M. Yaqoob1, and M. Yousaf1, 1Institute of 
Animal Nutrition and Feed Technolgy, University of Agriculture, Fais-
alabad, Pakistan, 2Department of Livestock Management,University of 
Agriculture, Faisalabad, Pakistan, 3Department of Poultry Science, Uni-
versity of Agriculture, Faisalabad, Pakistan, Faisalabad, Pakistan.

The present study was conducted to investigate the supplementa-
tion effect of phytase to canola meal based diet on bioavailability of 
phosphorus (P) and performance of broiler chicks. Two hundred and 
forty day-old commercial Arbor Acres broiler chicks were used in a 
completely randomized design with 2 × 2 factorial arrangements of 
treatments. The chicks were randomly divided into 12 experimental 
units of 20 chicks each. Four isonitrogenous (CP: 20) and isocaloric 
(ME, 2,800 kcal/kg) experimental diets were formulated using 2 levels 
of canola meal, i.e., 15 and 20% supplemented with 2 levels of phytase, 
i.e., 600 and 800 IU/kg. The chicks were fed for 6 week. Feed intake 
was increased (P < 0.05) by increasing phytase level from 600 to 800 
IU/kg in chicks fed 15% canola meal diet; however, it was decreased 
(P < 0.05) in chicks fed 20% canola meal diet. Weight gain and feed 
conversion ratio also decreased (P < 0.05) with increasing phytase level 
from 600 to 800 IU/kg in chicks fed 20% canola meal diet; however, 
it was increased (P < 0.05) in chicks fed 15% canola meal diet. The 
broiler chicks performed better, when fed diets containing 15% canola 
meal supplemented with 600 IU/kg and 20% canola meal supplemented 
with 800 IU/kg. Increasing phytase level from 600 to 800 IU/kg resulted 
in increased (P < 0.05) serum P, whereas increasing canola meal from 
15 to 20% resulted in decreased (P < 0.05) serum P. The results of the 
study inferred that phytase supplementation to canola meal based diet 
improved the performance and P availability.

Key Words: weight gain, FCR, P bioavailability, canola meal, 
phytase

    199    The effect of phytase, protease and carbohydrase on ileal 
amino acid digestibility of corn/soy diets for broilers: Complimen-
tary mode of action?  A. J. Cowieson*, Danisco Animal Nutrition, 
Marlborough, Wiltshire, United Kingdom.

The additivity of carbohydrase and phytase in the diets of broilers has 
been demonstrated several times by various authors. However, the 
relative effects on ileal amino acid digestibility is reported less often 
though this information is both scientifically enlightening and highly 
relevant to least-cost poultry production. The effect of phytase on ileal 
amino acid digestibility is thought to be related to a reduction in the 
loss of endogenous protein from the terminal ileum and is associated 
with the antinutritive effect of phytate in the GI tract. Carbohydrases 
and proteases also confer improvements in ileal amino acid digestibility 
and this may be related to improved access for endogenous enzymes 
to encapsulated or poorly soluble nutrients, as well as augmentation of 
endogenous enzyme systems. In recent studies (Ravindran et al., 2006; 
Cowieson and Ravindran, 2008) the mean response to phytase and a 
carbohydrase/protease multi-enzyme system on ileal amino acid digest-
ibility was 4.4 and 2.9%, respectively. Further, there was a strong (r2 
= 0.74; P < 0.01) correlation between the improvement in ileal amino 
acid digestibility with phytase and with that of carbohydrase/protease 

suggesting similar underlying modes of action, which intuitively reduces 
the likelihood of additivity. However, in a further study (Cowieson et 
al., 2006) which assessed the effect of a combination of carbohydrase, 
protease, and phytase, the mean improvement in ileal amino acid digest-
ibility was 7.3% suggesting mechanistic additivity. Instructively, on an 
individual amino acid basis, there was subadditivity or even synergy 
between phytase and carbohydrase, trends that suggest differences 
in absorptive and secretory physiology in response to the ingestion 
of different exogenous enzymes. It can be concluded that exogenous 
enzymes can influence apparent digestibility of amino acids via different 
mechanisms and in order to maximize magnitude and consistency of 
bioefficacy an appreciation for the mode of action and likely additivity 
should be considered.

Key Words: enzyme, amino acid digestibility, broiler

    200    Influence of dietary phytic acid and source of microbial 
phytase on ileal endogenous amino acid flows in broilercChickens.  
A. J. Cowieson*1, P. H. Selle3, and V. Ravindran2, 1Danisco Animal 
Nutrition, Marlborough, Wiltshire, United Kingdom, 2Massey Univer-
sity, Palmerston North, New Zealand, 3University of Sydney, Camden, 
NSW, Australia.

The effects of phytic acid (PA) and 2 sources of exogenous phytase 
(bacterial vs. fungal) on the flow of endogenous amino acids at the 
terminal ileum of broilers were assessed using a peptide alimentation 
method. Phytic acid (as the sodium salt) was included in a purified diet 
at 8.5 and 14.5 g/kg and each diet was fed without or with a fungal 
(Aspergillus niger-derived) or a bacterial (Escherichia coli-derived) 
microbial phytase at 500 FTU/kg diet. Increasing the concentration of 
PA in the diet from 8.5 g/kg to 14.5 g/kg increased (P < 0.001) the flow 
of all measured amino acids by an average of 68%, with a range from 
17% for proline to 145% for phenylalanine. The flow of endogenous 
aspartic acid, serine, glutamic acid, glycine, leucine, tyrosine, pheny-
lalanine and histidine were increased by more than the mean, indicat-
ing changes in the composition of endogenous protein in response to 
the presence of higher concentrations of PA. Supplementation of both 
phytases reduced (P < 0.001) the flow of endogenous amino acids but 
the reduction tended (P = 0.06) to be greater for the bacterial phytase 
compared with the fungal phytase. These data suggest that the capac-
ity of different phytases to counteract the antinutritive properties of PA 
vary and that a substantial part of the amino acid and energy responses 
observed following phytase supplementation in broiler chickens stem 
from reduced endogenous amino acid flows.

Key Words: phytase, endogenous loss, phytate

    201    Comparative broiler performance and phosphorus equiva-
lency of thermostable coated phytases to 2,000 FTU/kg feed.  P. W. 
Plumstead*1, C. E. Gilbert1, G. A. Partridge1, and O. Zimonja2, 1Danisco 
Animal Nutrition, Marlborough, United Kingdom, 2Norwegian Univer-
sity of Life Sciences, Aas, Norway.

The objective of the present study was to compare broiler performance 
and bone mineralization from 2 commercially available thermostable 
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phytase variants included in pelleted diets to 2,000 FTU/kg. Male Ross 
308 broilers were assigned at day-old to 8 dietary treatments and reared 
from 0–11 d in 16 floor pens (35 birds per pen and 2 pen replicates/
treatment). At 11 d 50 randomly selected birds from each treatment 
group were transferred to smaller wire cages with 25 replicate cages 
of 2 birds per treatment from 12–21 d of age. Dietary treatments were: 
positive control (PC), negative control (NC) reduced by 0.23% total P 
and 0.10% calcium. The remaining 6 treatments comprised the NC diet 
supplemented with 500, 1,000, or 2,000 FTU/kg phytase from either 
phytase F (coated fungal Peniophora lycii phytase) or B (coated bacterial 
Escherichia coli phytase). All diets were pelleted at 90°C. Body weight 
(BW) gain and feed intake were determined from 0–11 d and 12–21 d 
and tibia ash at 21 d of age. Increasing phytase dose from 0 to 2,000 
FTU/kg resulted in a linear increase in broiler BW gain, feed intake, 
and tibia ash (P < 0.001). There was a significant (P < 0.001) main 
effect of phytase source and a phytase source × phytase dose interaction 
for BW gain and feed intake, with 2,000 FTU/kg phytase B being the 
only treatment able to restore 11–21 d BW gain and feed intake to the 
same level as the PC diet that contained 0.23% more total P. Broiler 
tibia ash increased linearly to 2,000 FTU/kg (P < 0.001) and tended to 
be higher (P = 0.08) when phytase B was added to the NC diet. Tibia 
ash was restored to the PC diet with 1,000 FTU/kg phytase B vs. 2,000 
FTU/kg phytase F. These results suggested that broiler performance 
and bone mineralization responded up to 2,000 FTU/kg phytase but 
that standard P equivalency values should not be assumed when using 
different sources of phytase.

Key Words: broiler, phosphorus, phytase

    202    Effects of amylase and β-glucanase on the availability of 
true metabolizable energy and digestibility coefficient of corn in 
roosters.  J. C. C. Carvalho1, J. A. G. Brito1, V. A. Costa1, A. G. Berte-
chini1, F. Piracés2, and J. O. B. Sorbara*2, 1Universidade Federal de 
Lavras, Lavras, MG, Brazil, 2DSM Nutritional Products, São Paulo, 
SP, Brazil.

The use of enzymes in animal nutrition, particularly for poultry, repre-
sents a possibility of optimizing the use of cereals such as corn, resulting 
in a better use of these nutrients. This trial aimed to evaluate the use of 
a carbohydrase on the energy and dry matter digestibility of corn. Metal 
cages with individual drinkers and feeders were used. The trial included 
32 cecectomized Leghorn roosters and each bird was an experimental 
unit. The roosters were fasted for 24 hours and then forced to eat 30 
grams of each experimental feed. The effects of increasing inclusion 
levels (0, 100, 200, 300, 400, and 500 ppm) of enzyme complex (EC, 
Ronozyme® A) were studied. The experimental design was fully random-
ized with 6 treatments and 10 replicates. The fecal material was used to 
determine dry matter, crude energy and nitrogen in order to establish 
the coefficient of dry matter apparent digestibility (CDMAD) and true 
metabolizable energy corrected for the nitrogen balance (TMEn). The 
data was analyzed using the QRP (Quadratic Response Plateau) with 
linear and nonlinear regression analysis to determine the optimum EC 
level to be used in order to maximize the studied variables. The best 
data adjustment for CDMAD was for QRP (P < 0.01) with a maximum 
estimated point for EC being 422 ppm with a CDMAD of 67.99% (which 
represents a CDMAD improvement of 7%). The adjustment with the 
linear model (quadratic response, y = 63.3008 + 0.0223x − 0.00003x2; 
R2 = 0.94; P < 0.05) made it possible to estimate (derivation of the 
regression equation) the 459 ppm level to maximize the CDMAD. The 
best data adjustment for TMEn was for QRP (P < 0.01) with a maximum 

estimated point for EC being 461 ppm, with a TMEn of 3,850 kcal 
(improving corn TMEn by 118 kcal). The adjustment with the linear 
model (quadratic response, y = 3732.5 + 0.5103x − 0.00055x2; R2 = 
0.97; P < 0.05) made it possible to estimate (derivation of the regression 
equation) the 492 ppm EC level to maximize TMEn. The inclusion of 
increasing Ronozyme® A levels increased corn TMEn and CDMAD, 
confirming that its use in poultry diets improves corn digestibility.

Key Words: Sibbald, enzymes, digestibility

    203    Effect of β-glucanase and α-amylase supplementation either 
individually or in combination with xylanase for broiler chickens 
after 21 days of age on performance and production cost.  J. O. B. 
Sorbara*1,2, A. E. Murakami1, E. S. Nakage1, E. M. Massuda1, R. L. H. 
Guerra1, and F. Urgnani1, 1Universidade Estadual de Maringá, Maringá, 
PR, Brazil, 2DSM Nutritional Products, São Paulo, SP, Brazil.

A few papers have been recently published suggesting that age-related 
maturity of the digestive tract must be taken into account when using 
enzymes in poultry feed. And some of these papers that used enzymes 
during the entire lifetime of the bird show a better response at the end 
of the rearing period. Therefore, a trial was conducted to determine if 
1 or 2 commercial enzymes can be used, individually or in combina-
tion, to supplement a corn and soybean meal based feed after broilers 
chicken were 21 days of age. The trial was conducted in floor pens in a 
completely randomized design with 4 treatments and 5 replicates with 
34 male Cobb broilers each. The treatments included a positive control 
(PC); a negative control (NC) with a reduction of metabolizable energy 
(ME) by 120 kcal/kg less than the PC; NC + 400 ppm Ronozyme® A 
(NC+A, β-glucanase and α-amylase); and NC + 400 ppm Ronozyme® 
A + 100 ppm Ronozyme® WX (NC+A+WX, xylanase) from 21 to 40 d. 
The birds were reared from 1 to 20 days of age in the same environmental 
conditions and the starter feed was the same for all treatments and was 
not supplemented with any exogenous enzyme. Performance parameters 
were measured from 21 to 40 days and production cost was calculated 
using actual feedstuffs price (100%) and decreasing or increasing corn, 
soybean meal and oil price by 40% (60, 80, 120, and 140%) all other 
feedstuffs, including enzymes price remained unaltered. The body 
weight gain (BWG) and feed intake (FI) were affected by treatments 
(P < 0.05). The supplementation of enzymes increase the FI when com-
pared to the NC (P < 0.05) and the Ronozyme® A+WX supplementation 
increased the BWG from 21 to 40 days when compared to the NC. The 
economic evaluation shows that enzymes can reduce production cost, 
even when feedstuffs price decrease by 40%. However, the more the 
feedstuffs price decreases, the smaller will the difference between the 
treatments with enzymes and the controls without enzymes be.

Key Words: enzymes, performance, production cost

    204    The effect of B-Mannanase (Hemicell Feed Enzyme) and 
high levels of distillers dried grains on turkey hen performance.  
M. E. Jackson*1, K. R. Stephens1, and G. F. Mathis2, 1ChemGen Corp, 
Gaithersburg, MD, 2Southern Poultry Research, Athens, GA.

B-mannan, a polysaccharide found in soybean meal and other plant 
proteins, exhibits powerful antinutritive effects in monogastrics. The 
enzyme B-mannanase (Hemicell) has been shown to improve perfor-
mance and live weight uniformity in turkeys in corn-soybean meal type 
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diets. Distillers dried grains with solubles (DDGS), a by-product of 
ethanol production, has become a common feed ingredient in regions 
where it is economical. An experiment was conducted to evaluate the 
efficacy of B-mannanase in corn-soybean meal based diets vs. diets 
containing a high level of DDGS. A 2 × 2 factorial arrangement of dietary 
treatments consisted of commercial diets containing 0 and 15% DDGS 
with and without B-mannanase at the manufacturer’s recommended 
dosage. Basal diets were formulated to have equal levels of metaboliz-
able energy and essential nutrients within each test period. Treatments 
were assigned to 8 replicate pens with 15 Nicholas female turkeys per 
pen. Body weight was determined at 0, 3, 6, 9, and 12 weeks of age 
and feed consumption was determined between these ages. There were 
no significant interactions between B-mannanase and DDGS for any 
variable.15% DDGS resulted in significant reductions in live weight 
and feed efficiency during most test periods, the largest differences 
observed at earlier stages. At 12 weeks of age, B-mannanase increased 
live weight 2.3% (P < 0.05) with corn-soybean meal diets and improved 
weight adjusted feed conversion by 13.8 and 13.9 points without and 
with 15% DDGS, respectively (P < 0.05). The experiment demonstrated 
that B-mannanase is a viable method in which to reduce feed costs with 
the current high feed ingredient prices in corn-soybean meal based diets 
with and without DDGS.

Key Words: turkeys, hemicell, DDGS

    205    The effect of dietary supplementation of Alltech VegPro 
enzyme on amino acid digestibility in turkeys.  M. S. Lilburn*1, J. 
Pierce2, and A. E. Sefton2, 1The Ohio State University/OARDC, Wooster, 
OH, 2Alltech Inc., Lexington, KY.

Semi-purfied diets containing soybean meal as the sole source of protein 
or practical type corn-soy diets were fed to commercial poults from 28 
to 34 d of age. The diets were supplemented or unsupplemented with 
Alltech VegPro enzyme. There were 4 poults per experimental pen and 
10 replicate pens per diet. There was an additional replicate group of 
pens that were fed a diet with hydrolyzed casein for determination of 
endogenous amino acid flow. The supplemental enzyme was supplied 
by a commercial company and enzyme specific activity was confirmed 
by Alltech Inc. Ileal digesta was collected from each bird and pooled by 
pen. Each pool was freeze dried and analyzed by ion-exchange chroma-
tography for total amino acids and chromium. For the semipurified diets, 
supplemental enzyme consistently increased amino acid digestibility 
by 0.5 to 1.0% for most amino acids and 2.0% for threonine but the 
improvements were not significant. Enzyme supplementation increased 
individual amino acid digestibility by 1 to 2% in the practical diet and 
the improvements were significant for lysine, methionine, threonine, 
and valine. The standard errors for the practical diets were considerably 
lower than those observed with the semipurified diets, thus increasing 
the sensitivity of the assay.

Key Words: enzyme, soybean meal, amino acids

    206    GalliPro®—Same performance in energy-reduced diets 
for broilers.  I. Knap* and B. T. Lund, Chr. hansen A/S, Boege Alle, 
Hoersholm, Denmark.

To evaluate the performance improving effect of GalliPro® (B. subtilis 
DSMZ 17299) in broiler diets based on corn/soybean meal/soy oil 
(100%ME) and compared to a similar diet reduced 4% in metabolizable 

energy (96%ME). 
800 one-day-old male Ross 308 broiler chicks were randomly distrib-
uted in a factorial design 2 × 2 (diet × probiotic) with 4 treatments, 8 
replicates and 25 birds per experimental unit (floor pen) in the starter 
phase and 20 birds in the grower/finisher phase. The starter diets had, 
respectively, 55.2 or 58.1% corn, 37.3 or 36.8% soybean meal, 3.4 or 
1.1% soy oil and 12.69 or 12.18 MJ/kg ME and a grower/finisher diet 
had, respectively, 60.6 or 63.5% corn, 31.5 or 31.0% soybean meal, 4.2 
or 1.8% soy oil and 13.19 or 12.66 MJ/kg ME. The treatments were 
Control and GalliPro® (8 × 105 CFU/g) in 100% ME diets and Control 
and GalliPro® (8 × 105 CFU/g) in 96% ME diets. A digestibility trial 
ran in parallel: 128 males, 26 days old Ross 308 broilers fed the same 
grower/finisher diet. The similar factorial design 2 × 2 (diet × probiotic) 
with 4 treatments, 8 replicates and 4 birds per experimental unit (cage). 
After adaptation of 5 days, feed consumption and excreta production 
per pen and the metabolizable energy values (apparent ME and apparent 
nitrogen-corrected ME) were calculated over the next 7 days. 
Use of GalliPro® in the 100%ME diet improved body weight at slaughter 
by 0.9% and FCR by 1.9% compared to the 100% control diet. In the 
96% ME diet the effect of GalliPro® was 1.8% on WG and 1.8% on FCR. 
The effect on FC was most pronounced in the grower/finisher phase. The 
improvements were 2.4% (100% ME diet) and 3.7% (96% ME diet). 
Use of GalliPro® in a 100% ME diet improved the metabolized energy 
(nitrogen-corrected) of the diet by 2%, whereas the improvement was 
3.6% in the 96% ME diet.
The conclusion is that GalliPro can be used not only on top of a nutrient-
optimized diet, but with even better effect in energy-reduced diets. The 
efficacy results obtained with GalliPro® in 96% ME diets were not 
significantly different from those obtained with a 100% ME diet.

Key Words: broiler performance, energy-reduced diet, GalliPro®

    207    Effects of amylase and β-glucanase on the availability of 
true metabolizable energy and digestibility coefficient of sorghum 
in roosters.  J. C. C. Carvalho1, L. S. B. Queiroz1, H. B. Braga1, A. 
G. Bertechini1, J. Lecznieski2, and J. O. B. Sorbara*2, 1Universidade 
Federal de Lavras, Lavras, MG, Brazil, 2DSM Nutritional Products, 
São Paulo, SP, Brazil.

The use of corn for ethanol production inflates the price, and alterna-
tive ingredients such as sorghum need to be considered. The use of 
carbohydrase to increase energy and nutrient digestibility is another 
tool that should be considered in a period of high feedstuff prices. 
Therefore, the present trial had the objective of evaluating the use of 
a carbohydrase on the energy and dry matter digestibility variables of 
sorghum. Metal cages with individual drinkers and feeders were used. 
The trial included 32 cecectomized Leghorn roosters and each bird 
was an experimental unit. The roosters were fasted for 24 hours and 
then forced to eat 30 grams of each experimental feed. The effects of 
increasing inclusion levels (0, 100, 200, 300, 400, and 500 ppm) of 
enzyme complex (EC, Ronozyme® A) were studied. The experimental 
design was fully randomized with 6 treatments and 8 replicates, with 
a time replicate in a subdivided parcel design. The fecal material was 
used to determine dry matter, crude energy, and nitrogen to establish 
the coefficient of dry matter apparent digestibility (CDMAD) and true 
metabolizable energy corrected for nitrogen balance (TMEn). The data 
were analyzed using the QRP (Quadratic Response Plateau) with linear 
and nonlinear regression analysis to determine the optimum EC level to 
be used to maximize the studied variables. The best data adjustment for 
CDMAD was for QRP (y = 64.06 + 0.0258x − 0.00003x2; R2 = 0.97; 
P < 0.05) with a maximum estimated point for EC being 397 ppm with 
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a CDMAD of 69,19% (which represents a CDMAD improvement of 
8%). The best data adjustment for TMEn was for QRP (y = 3,565.1 + 
0.54616x − 0.0007x2; R2 = 0.95; P < 0.05) with a maximum estimated 
point for EC being 433 ppm, with a TMEn of 3,665.35 kcal (improving 
sorghum TMEn by 100 kcal). The inclusion of increasing Ronozyme® 
A levels increased sorghum TMEn and CDMAD, confirming that its use 
in poultry diets improves sorghum digestibility.

Key Words: Sibbald, enzymes, digestibility

    208    Differences in corn energy with the use of α-amylase and 
β-glucanase for broilers in various production stages.  J. C. C. 
Carvalho1, R. L. Rios1, E. M. C. Lima1, A. G. Bertechini1, F. Piracés2, 
and J. O. B. Sorbara*2, 1Universidade Federal de Lavras, Lavras, MG, 
Brazil, 2DSM Nutritional Products, São Paulo, SP, Brazil.

Forecasts point out that energy sources used worldwide will undergo 
changes, and some of the crops that are presently essential in poultry 
production chain will be directly involved in energy production. The 
most coherent use of enzymes in poultry diets will be based on knowl-
edge about their interaction with the substrate plus the economic aspects 
involved. The present study evaluated the effects of corn inclusion levels 
and supplementation with an enzyme complex on apparent metaboliz-
able energy of corn for broilers. The metabolic assays was divided into 
3 stages: prestarter (day 1–7), starter (day 14–21) and final (day 35–42). 
Male Cobb-500 broiler chicks were used, maintained in 72 cages with 
individual feeders and drinkers. The trial involved 4 diets with differ-
ent corn levels (0, 20, 30, and 40%) replacing the reference diet. Four 
levels of enzyme complex (EC, Ronozyme® A; 0, 200, 300, and 400 
ppm) supplementation were associated. The analyzed variable was the 
AMEn. In general differences in AMEn increases for all production 
stages for corn inclusion (P < 0.01) and EC supplementation level (P 
< 0.01) and no interaction corn inclusion vs. EC supplementation level 
were detected (P > 0.05). The EC supplementation had linear effect 
for all phases (P < 0.05). The following equations were determined 
for the prestarter, starter and final phase: y = 3,409.21 + 0.3622x (R2 
= 0.99); y = 3,665.06 + 0.4610x (R2 = 0.95); y = 3,659.71 + 0.7226x 
(R2 = 0.99), respectively. The use of amylase and glucanase was effec-
tive in improving corn AMEn, and differences were higher in the final 
production stage.

Key Words: Matterson, enzymes, digestibility

    209    Enzyme complex containing NSP-enzymes and phytase 
improves the performance of broilers fed corn-based diet.  M. Fran-
cesch*1 and P. A. Geraert2, 1IRTA-Animal Nutrition, Constanti, Spain, 
2ADISSEO France SAS, Antony, France.

The present experiment was conducted to investigate the benefits of a 
multi-enzyme complex (RovabioTM Max) containing carbohydrolases 
(from Penicillium funiculosum) and phytase (bacterial 6-phytase) activi-
ties on the performance of broilers.
Five basal diets based on corn and soybean meal were tested: one 
positive control (PC) diet formulated to be adequate in nutrient and 4 
negative control (NC1 to NC4) diets with gradual decrease in energy 
(AME), crude protein (CP), digestible amino acids (DAA), available 
phosphorus (AP) and total calcium (Ca): NC1: −65 kcal/kg, −1.5% CP 
and DAA, −0.15 pcent point avP, −0.12 pcent point Ca; NC2: −85 kcal/

kg, −3.0% CP and DAA, −0.15 pcent point avP, −0.12 pcent point Ca; 
NC3: −65 kcal/kg, −1.5% CP and DAA, −0.20 pcent point avP, −0.16 
pcent point Ca; NC4: −85 kcal/kg, −3.0% CP and DAA, −0.20 pcent 
point avP, −0.16 pcent point Ca. NC diets were supplemented or not with 
RovabioTM Max supplying 1,100 visco units of endo-β-1,4-xylanase, 
100 AGL units of endo-1,3(4)-β-glucanase, and 500 phytase units of 
6-phytase per kg of feed. 
2,160 day-old Ross male broilers were distributed into 9 experimental 
treatments, 6 replicates, 40 birds per pen. Growth performances were 
determined at 21 and 42 days where tibias from 2 chickens per pen were 
also collected for bone mineralisation determinations. 
Supplementation of the NC reformulated diets with the multienzyme 
complex improved feed intake, weight gain and feed conversion. 42-d 
bodyweight were comparable to those observed in the PC group. 42-d 
feed conversion was even improved with RovabioTM Max supplementa-
tion on the lower reformulated diet (NC4) compared to PC. Moreover, 
the bone mineralisation did not significantly differ between enzyme 
supplemented NC groups and PC. These results support that the dietary 
supplementation with a multi-enzyme complex containing NSP-enzymes 
and phytase is efficient in reducing the phosphorus, energy and protein 
specifications of a corn-based diets without performance losses.

Key Words: NSP-enzymes, phytase, broilers

    210    Effect of protein and energy levels on core body tempera-
ture dynamics and response to heat stress in meat-type chickens.  
M. J. Zuidhof*1, R. A. Renema2, D. S. Peters1, J. Berezowski1, F. I. L. 
Hernandez1, and C. Annett1, 1Alberta Agriculture and Food, Edmonton, 
AB, Canada, 2University of Alberta, Edmonton, AB, Canada.

Genetic selection of modern broilers has resulted in birds with impres-
sive growth potential and improved feed efficiency. To determine the 
effect of various protein and energy levels on the dietary thermogenesis 
in broilers, 30 females of an experimental yield strain (Aviagen, Inc) 
were raised on a broiler breeder growth profile to 6 wk of age, and 
surgically implanted into the abdominal cavity with a live broadcasting 
temperature reader (1,700 readings/bird/d) through a 1.5 cm incision. 
Birds were housed individually in cages containing data loggers record-
ing temperatures in the microclimate of each bird. After a 4-d recovery 
period, birds were randomly allocated to 1 of 6 diets with a 3 × 2 facto-
rial arrangement of 85, 100, or 115% of recommended dietary balanced 
protein (DBP) levels (balanced for 6 most limiting amino acids) and 
94 or 100% of recommended broiler ME levels (Cobb-Vantress recom-
mendations for maximum yield). After 21 d on these diets, birds were 
exposed to an environmental temperature around 30°C. The effect of 
nutrition and heat stress on core body temperature was investigated. 
Body temperatures were higher in birds fed the low compared to high 
ME diet (39.6°C vs. 39.3°C; P < 0.0001). Body temperature was sig-
nificantly different in all DBP treatments, with higher and lower DBP 
levels than recommended resulting in lower body temperature (39.4°C 
vs. 39.4°C vs. 39.7°C, respectively). Heat stress conditions increased 
body temperature by 0.42°C (P < 0.0001). Interactions between heat 
stress and both ME (P < 0.0001) and DBP (P = 0.0016) were significant. 
Body temperatures of low ME birds increased 0.37°C more than in birds 
fed higher ME. Body temperatures increased 0.60°C in birds fed 100% 
of recommended DBP, 0.37°C in birds fed 115%, and 0.29°C in birds 
fed 85% of recommended DBP. These results demonstrate that nutrition 
affects body temperatures of broilers, and that nutrient levels in feed 
can modulate their response to heat stress.

Key Words: core body temperature, diet-induced thermogenesis, 
broiler chickens
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    211    Effects of dietary protein and energy on broiler live perfor-
mance to 36 days.  F. I. L. Hernandez*1, D. R. Korver2, R. A. Renema2, 
and M. J. Zuidhof1, 1Alberta Agriculture and Food, Edmonton, AB, 
Canada, 2Agricultural, Food and Nutritional Science, University of 
Alberta, Edmonton, AB, Canada.

A study was carried out to investigate the effects of energy and protein 
levels on performance of Cobb Avian 48 broilers to 36 d. Chicks were 
randomly assigned to a 2 × 2 × 3 × 5 factorial arrangement of treatments, 
with 2 sexes; 2 levels of early nutrition (0 to 11 d); and after 11 d, 3 
metabolizable energy (ME) levels and 5 dietary balanced protein (DBP) 
levels, balanced for 4 limiting amino acids. The 3 ME levels were 94, 
97, and 100% of Cobb-Vantress dietary specifications for maximum 
growth rate and feed conversion ratio (FCR). The 5 DBP levels were 
85, 92.5, 100, 107.5, and 115% of these same specifications. From 0 to 
11 d, 2 prestarter nutrient densities were used, based on Cobb’s starter 
recommendations for maximizing growth rate and FCR (HIGH), or for 
reduced feed cost (LOW). From 12 to 36 d of age, the prestarter treatment 
was nested within pens, which housed ME × DBP × sex interactions. By 
36 d, the HIGH prestarter increased BW (2.14 vs. 2.08 kg; P < 0.0001). 
Male broilers were heavier than females (P < 0.005) in all levels of ME 
and DBP. Females had a higher cumulative FCR than males (P < 0.0001). 
In females, DBP did not affect cumulative FCR at 36 d. Males fed 100% 
through 115% DBP had a lower cumulative FCR than those fed 85 and 
92.5% DBP (P < 0.05). Covariate analysis (adjusted for BW) indicated 
that breast yield was higher at 107.5 and 115% DBP than at 85% through 
100% DBP (range: 389.7–381.4 g vs. 372.6–378.5 g, respectively; P < 
0.05). Fat pad decreased with increasing DPB levels (P < 0.0001). Fat 
pad was higher at 100% ME than at 97% ME and 94% ME. Females 
had higher fat pad weight and lower eviscerated BW and legs yield. In 
conclusion, HIGH prestarter improved growth rate, males were more 
efficient than females, low DBP levels increased fat pad, and breast 
yield increased by 1 g for every 1.5% increase in DBP.

Key Words: live performance, metabolizable energy, dietary balanced 
protein

    212    Methionine deficiency in chicks reduces hepatic recycling of 
dehydroascorbic acid and up-regulates renal l-gulonolactone oxi-
dase activity.  D. V. Maurice*, S. F. Lightsey, and J. E. Toler, Clemson 
University, Clemson, SC.

The effects of oxidative stress are well known and antioxidants allevi-
ate adverse responses. Ascorbic acid (AsA), a potent antioxidant (AO) 
synthesized by poultry, is oxidized to dehydroascorbic acid (DAsA) 
that can be converted to AsA. Methionine (MET) plays a central role 
in metabolism and recent findings demonstrate that it functions not 
only as an antioxidant but also induces the expression of an AO pro-
tein. The paucity of information on the relationships between AsA and 
MET lead us to examine the effect of MET deficiency on tissue AsA, 
plasma total antioxidant capacity (PTAC), hepatic recycling of DAsA, 
and l-gulonolactone oxidase activity (GLOX). In each experiment 
commercial broiler chicks were grown in wire-floor cages to 24–25 
days of age. A pen of 6 birds formed an experimental unit with 8 pens 
per treatment and 1 chick was sampled from each pen at termination. 
A corn-peanut meal-soybean meal diet with added MET (0.27%) and 
lysine HCl (0.3%) was the control diet (22.4% CP; 0.58% MET; 0.90% 
SAA) and the same diet without added MET was the MET deficient 
diet (22.4% CP; 0.32% MET; 0.63% SAA). The assayed values for the 
deficient diet were 21.8% CP; 0.31% MET; 0.65% SAA; 0.21% added 
lysine and 0.01% added MET (courtesy Evonik Degussa, Atlanta). Body 
weights were comparable in Expt 1 (851 vs. 834 g) with deficiency 
induced increase in feed intake (42.1 vs. 46.5 g/day) and significantly 
reduced by deficiency in Expt 2 (819 vs. 748 g). Plasma AsA, bursal AsA 
and PTAC were significantly reduced by MET deficiency but significant 
differences were not detected in splenic and testicular AsA. Hepatic 
recycling of DAsA was reduced by 18% in deficient chicks (17.8 vs. 
13.7; P < 0.01) but changes in relative weight and hepatic AsA were not 
detected. In both experiments GLOX was significantly up-regulated by 
28–29% in MET deficient chicks (464 vs. 364 units P < 0.01 and 566 
vs. 438 units P < 0.01). The results demonstrated that MET deficiency 
induced increased GLOX and suggest that the 2 nutrients form a link 
in the AO defense system and contribute to homeostasis.

Key Words: ascorbic acid, l-gulonolactone oxidase, methionine 
deficiency
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    213    The paternal effect of Campylobacter jejuni colonization in 
broilers.  X. Li1, C. Swaggerty2, M. Kogut2, H. Chiang1, Y. Wang1, K. 
Genovese2, H. He2, N. Stern3, and H. Zhou*1, 1Texas A&M University, 
College Station, 2ARS-USDA, College Station, 3ARS-USDA, Athens, 
GA.

Day-one broilers from 2 pure lines (A and B) and 2 F1 reciprocal 
crosses C and D were challenged with 105 cfu (colony forming unit) 
of Campylobacter jejuni (C. jejuni). Cloacal swab were collected on 
3, 6, 10, and 13 dpi, and cecal contents on 7 and 14 dpi for C. jejuni 
counting, respectively. Colony categories in the swab and the number 
of C. jejuni colonies in cecal contents of each bird were recorded and 
relative bacterial numbers for the swab in each line were calculated. 
Number of bacteria in cecal content in line B was significantly higher 
than in line A (P < 0.05), and line C (A♀×B♂) significantly higher than 
line D (A♂×B♀) (P < 0.05) at both 7 and 14 dpi, respectively. Similar 
results were observed in cloacal swab. There was significant correlation 
between C. jejuni count in cloacal swabs and that in cecal content. The 

results indicated that paternal effect might be one of important genetic 
factors influencing the resistance to C. jejuni colonization in broilers.

Key Words: C. jejuni, paternal effect, challenge

    214    Differentially expressed soluble proteins in aortic cells from 
atherosclerosis-susceptible and resistant pigeons.  S. C. Smith, E. C. 
Smith, M. L. Gilman, J. L. Anderson, and R. L. Taylor Jr.*, University 
of New Hampshire, Durham.

Atherosclerotic cardiovascular disease is the leading cause of death 
in economically developed countries. Numerous hypotheses have 
attempted to explain the initiation of lesions but the underlying cause(s) 
remains unclear. Complex gene-environment interactions are believed 
to be involved in the disease. In attempts to understand genetic compo-
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nents of this disease, the susceptible-resistant pigeon (Columba livia) 
model has been employed. The White Carneau (WC) pigeon develops 
spontaneous atherosclerosis without elevated plasma cholesterol levels 
and in the absence of other known risk factors. These noninduced ath-
erosclerotic lesions have morphological and ultrastructural similarity 
to those seen in humans. The Show Racer (SR) pigeon is resistant to 
this lesion formation. Soluble proteins in aortic smooth muscle cells 
cultured from atherosclerosis-susceptible WC and atherosclerosis-
resistant SR pigeons were extracted and separated on 2-dimensional 
electrophoresis gels. Spots were analyzed with Phoretix™ software and 
compared between the 2 breeds. Proteins differentially expressed were 
plotted using molecular weight (MW) against pI. Eight discrete zones 
were identified, 5 which included only proteins unique to susceptible 
cells and 3 which included proteins unique to resistant cells. Of the 88 
differentially expressed proteins from susceptible cells, 41 were located 
in unique zones while 29 of 82 differentially expressed proteins from 
resistant cells were in unique zones. Selected proteins from susceptibility 
and resistance zones were annotated by peptide mass fragments, MW, 
pIs, and correspondence with genes differentially expressed between 
cells from the 2 breeds. Some of the annotated proteins (smooth muscle 
myosin phosphatase, myosin heavy chain, fatty acid binding protein, 
ribophorin, heat shock protein, and TNFα-inducing factor), corre-
sponded to current hypotheses to explain atherogenesis. In addition, 
the unique electrophoretic migration zones of proteins should prove 
valuable to further distinguish atherosclerosis susceptible or resistant 
phenotypes.

Key Words: proteomics, atherosclerosis, smooth muscle cells

    215    The inheritance of embryonic chick edema and its pen-
etrance in dwarf SCWL chickens.  W. A. Given, T. F. Savage*, and 
J. C. Hermes, Oregon State University, Corvallis.

The concept of genetic penetrance, “the frequency of manifestation of 
a genetic factor” was introduced by Timofeef-Ressovsky (Naturwis-
senschaften 19:493, 1931). Incomplete penetrance has been used to 
explain the absence of phenotypic expression when otherwise antici-
pated. Embryonic chick edema, ECE a semilethal heritable condition 
was initially described in a line of dwarf SCWL chickens in 1998 [Poult. 
Sci. 77 (Suppl. 1):69]. The condition was characterized by the presence 
of one or more subcutaneous fluid filled sacs present most commonly 
on the embryo’s thighs. These sacs varied in diameters from 0.5 to 6 
cm. The condition was originally reported as the gene expression of 
2 autosomal recessive loci expressing incomplete penetrance ranging 
for 0 to 100%. With the inclusion of a third hypothesized contributing 
locus responsible for ECE, the data was reevaluated. Heterogeneity and 
pooled chi square tests when applied to the data confirm the hypothesis 
that ECE expression is the result of autosomal dominant genes at 2 loci 
and one homozygous recessive locus. This study suggests that a more 
accurate explanation for the phenomenon of incomplete penetrance is 
the hypothesized number of gene loci responsible for the trait.

Key Words: inheritance, embryo edema, penetrance

    216    Genetic variations in immune-related genes in free-run and 
free-range chicken flocks.  F Izadi*1, S. J. Lamont2, M. G. Kaiser2, and 
K. M. Cheng1, 1Department of Animal Science, University of British 
Columbia, Vancouver, BC, Canada, 2Department of Animal Science, 
Iowa State University, Ames.

Chickens raised under free-range conditions have likely been exposed 
to more environmental variations, including pathogen types, than com-
mercial chicken lines raised in a highly controlled environment. To test 
the hypothesis that free-run/free-range chickens have more genetic 
variation related to immune response than highly selected commercial 
chicken lines, we examined SNP variations of 7 immune-related genes 
(IFN-γ, CHB6, TGF-β3, Md2, TLR4, iNOS, CASP1) in 30 samples of 
2 free-range stocks (Taiwanese cross, Silkies), a Rhode Island Red × 
Barred Plymouth Rock cross, and 2 commercial stocks (Commercial 
Brown, Commercial White). Six of the 7 genes were polymorphic in 
1 or more stocks. Observed heterozygosity within lines ranged from 
0.25 to 0.455. Unexpectedly, the free-range stocks did not have higher 
heterozygosity in these immune-related genes than the commercial 
stocks. This may be related to their generally small population size or 
the timing when the crosses were made.

Key Words: single nucleotide polymorphisms, genetic variability, 
immune-related genes

    217    The inheritance of clubbed down in Coturnix embryos and 
its associated genotype-environment interaction.  M. A. Charbonneau, 
T. F. Savage*, and J. C. Hermes, Oregon State University, Corvallis.

During a long-term genetic selection study to increase hatchability of 
Coturnix embryos incubated at 102°F, a heritable embryonic lethal con-
dition described as clubbed down was characterized and its mode of gene 
transmission was studied. This condition was characterized by a bulbous-
like or nodular swelling/s in the proximal region of the embryos down 
plumules. The aberrant plumules were most prominent in the ventral 
body pterylae of the sternum and neck though some embryos possessed 
the clubbed down condition over the majority of embryo’s body. The 
numbers of clubbed down plumules varied from 1 to 20+ per 5 mm2 of 
body surface. Some nodules were red in appearance due to the observed 
presence of erythrocytes. Plumules with the nodules were detectable as 
early as 8 days of incubation and some affected embryos were observed 
to be alive at 14 days of incubation. A reduction in embryo size was 
often associated with the presence of clubbed down plumules. Some of 
the clubbed down embryos observed also exhibited other deformities, 
amaxilla and or celosomia. Neither of these deformities was associated 
with clubbed down. Histological examinations of the clubbed down 
were not informative while scanning electron micrographs revealed the 
interiors of the nodules to be devoid of cellular matter.
The clubbed down condition was determined to be the expression of 
an autosomal recessive allele in the homozygous condition. Further 
studies revealed that the expression of clubbed down occurred when 
the homozygous embryos were incubated at 102°F.

Key Words: clubbed down, Coturnix embryo, inheritance
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    218    Association of FMO3 gene with egg production and quality 
traits in brown layers.  P. Settar*, J. E. Fulton, J. Arango, J. A. Arthur, 
and N. P. O’Sullivan, Hy-Line International, Dallas Center, IA.

Fishy taint occurs in eggs of some brown egg layer stocks when fed diets 
high in choline or choline precursors (such as sinapine from rapeseed 
meal). It has recently been determined that this phenotype is due to a 
genetic defect in the FMO3 (flavin-containing mono-oxygenase 3) gene 
such that the enzyme can not efficiently convert TMA (trimethylamine) 
to the nonodorless form. Identification of the genetic defect as a single 
gene and the subsequent development of rapid DNA-based tests for 
detection of the defect means that this defect can be quickly removed 
from commercial brown egg lines. It is important to know if there are 
any associations between the FMO3 gene and economically important 
traits. In this study, the association between FMO3 genotypes and 10 
economically important traits was evaluated. A total of 12,600 birds 
from 2 consecutive generations brown egg layer line with complete 
phenotypic records were genotyped for the FMO3 gene. Traits evaluated 
include: age at sexual maturity (SM), egg weight (EW3) and shell color 
(SC3) of the first 3 eggs laid, egg weight (EW), shell color (SC), shell 
strength (SS), albumen height (AH) and yolk weight (YW) measured 
in 5 consecutive eggs at 26 wk of age, along with body weight (BW) 
at 38 wk of age and production (PD) during the entire laying cycle. 
Association tests were carried out by using marker information as a 
fixed effect in the model along with hatch and generation effects. Sire 
and dam effects were included in the model as random effects. There 
were no associations between FMO3 and SC3, SS, AH, YW, PD, and 
BW traits. However, SM, SC, E3, and EW showed significant associa-
tion with FMO3 genotype. Differences between wild type and mutant 
FMO3 allele were calculated as 0.6 days for SM, 0.8 units for SC, 0.4 
g for E3, and 0.5 g for EW. These results show that elimination of the 
mutant allele from this particular population should be slow and sys-
tematic in order to avoid any negative impact on egg weight and age 
at sexual maturity.

Key Words: brown egg layer, FMO3, marker association

    219    A new cytogenetic model for the order of the nucleolus 
organizer region (NOR), major histocompatibility complex (MHC) 
-B, and -Y on microchromosome 16 in chicken.  M. E. Delany*1, C. 
M. Robinson1, R. Goto2, and M. A. Miller2, 1University of California, 
Davis, 2City of Hope Beckman Research Institute, Duarte, CA.

The MHC-B complex and the NOR were determined to be linked on 
chicken chromosome 16 through trisomy mapping (Bloom and Bacon, 
1985); a second MHC-like complex, the Rfp-Y (now termed MHC-Y) 
was also determined to be linked on GGA 16 (Miller et al., 1996). A 
chromosomal model was developed to explain the apparent lack of 
genetic linkage between MHC-B and MHC-Y which proposed that 
the NOR was located in between the 2 MHC complexes. That is, it 
was postulated that the size of the NOR (6 Mb) and its propensity for 
recombination could be the underlying basis for inheritance data show-
ing segregation of the MHC-B and MHC-Y as if these complexes were 
encoded by different chromosomes. Here we present new evidence from 
high resolution fluorescence in situ hybridization analysis of mitotic 
prometaphase and pachytene chromosomes using BAC probes specific 
for MHC-B and MHC-Y, which provides an alternative explanation. The 
cytogenetic results indicate that the MHC-Y is proximal (adjacent) to 
the NOR on the q arm with the MHC-B located distal and near the q 
terminus although on the same side of the NOR as the MHC-Y; it is the 

presence of a large GC-rich chromosomal region which separates the 
MHC-Y from the MHC-B, rather than the NOR. The updated model 
will be discussed and compared with that described for other avian 
species. Research was supported by funds from the USDA-CSREES 
Multistate Research Project NE-1016 (MED: CA-D*-ASC-7281-RR) 
and USDA-CSREES-NRI (MAM: 2006-35205-16678).

Key Words: cytogenetics, NOR, MHC-Y, MHC-B, fluorescence in 
situ hybridization

    220    DNA based test for the identification of fishy taint in chick-
ens.  J.E. Fulton*1 and D. E. Harry2,3, 1Hy-Line International, Dallas 
Center, IA, 2Oregon State University, Corvallis, 3Genetic Foundations, 
Philomath, OR.

Fishy taint in commercial brown egg layer stocks has been determined 
to be due to a mutation of the FMO3 (flavin-containing mono-oxygenase 
3) gene. This mutation is a single base pair change that results in an 
amino acid substitution in an active site of the FMO3 enzyme. Females 
homozygous for this defective enzyme were found to have high levels of 
the fishy odor compound TMA (trimethylamine) in their eggs after being 
fed high levels of choline chloride. This study was done to determine 
if this same genetic defect and subsequent phenotype was present in 
unrelated brown eggs stocks. A total of 592 females from 3 Hy-Line 
brown egg layer pure lines were fed high levels of choline chloride 
and TMA levels were measured in their eggs. The sequence of exon 7 
of the FM03 gene was determined from 24 of these individuals. Those 
hens that produced TMA in their eggs were found to have the same 
genetic change in their FMO3 gene as had been reported. An allele 
specific PCR test was developed to more rapidly detect homozygous 
affected individuals, heterozygous carriers, and homozygous unaffected 
individuals as well as to identify males carrying the defective gene. 
This test provides unambiguous results within 24 hours of sampling, 
allowing rapid detection of this undesirable gene in breeding stocks. The 
FMO3 gene is located at one end of chromosome 8, in a region known 
to contain genes and QTL that influence several traits of commercial 
interest. Even though rapid DNA based tests can be developed, rapid 
elimination of genes must be approached with caution so as to not affect 
the frequency of linked desirable genes.

Key Words: brown egg layer, FMO3, fishy taint

    221    A diallele cross to investigate the impact of selection age 
on growth response in Japanese quail.  I. D. Harford*, L. K. Stamps, 
and N. B. Anthony, University of Arkansas, Fayetteville.

To study the effect of selection age on growth response, 4 Japanese quail 
lines were developed that were selected for increased body weight at 
10 (H10), 17 (H17), 28 (H28) or 40 (H40) days of age. These selection 
ages represent reported key points on the growth curve. In these quail 
populations, it has been observed that selection for rapid growth at any 
selection age resulted in increased final body weights when compared 
to the randombred control. Between the selected lines, however, the 
various selection ages resulted in clear differences on both growth 
response and final body weights. Growth response was observed to be 
stepwise in that maximal asymptotic body weights ranked highest for 
H40, followed by H28, H17 and H10. In order to further investigate the 
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effects of selection age on growth and development, a complete diallele 
cross was made between the 4 selected quail populations. Growth and 
yield was measured on 4 replicate pens for each cross, with each pen 
containing a minimum of 20 birds. Growth and yield for all crosses 
were evaluated at each of the 4 selection ages: days 10, 17, 28, and 40. 
Of particular interest in this study is the change in both reciprocal and 
heterotic effects over time. In this study it was observed that reciprocal 
and heterotic effects did change over time. In both cases nonadditive 
genetic variation seems to play a much greater role prior to rather than 
post point of inflection (POI). In general, the utilization of a line selected 
at or prior to POI is advantageous as it maximizes growth potential 
due to the effects of nonadditive variation. This advantage was appar-
ent for both growth and yield parameters in this study. It is interesting 
to note that the crosses that resulted in the most heterosis were those 
that included a line selected at POI and a second line selected for late 
body weight.

Key Words: Japanese quail, diallele cross, point of inflection

    222    Gene expression profiling of host responses to Marek’s 
disease virus: A comparison of genetically defined resistance and 
susceptibility.  A. J. Sarson*1,2, P. Parvizi1, D. Lepp2, M. Quinton1, 
and S. Sharif1, 1University of Guelph, Guelph, ON, Canada, 2Guelph 
Food Research Centre, Agriculture and Agri-Food Canada, Guelph,ON, 
Canada.

Marek’s disease virus (MDV) is a cell-associated oncogenic herpes-
virus that induces lymphoid tumours in chickens. Genetic resistance 
to Marek’s disease (MD) has been largely associated with the major 
histocompatibility complex (MHC). For example, chickens with the 
B21 and B19 haplotypes have been strongly correlated with resistance 
and susceptibility to MD, respectively. However, MD resistance is under 
polygenic control and therefore we sought to compare the gene expres-
sion profiles of MDV infected B19 and B21 chickens, to assess the role 
of non-MHC genes in MDV infection. Birds from both B21 and B19 
haplotypes were divided into 2 groups with one group infected (10,000 
plaque-forming units of JM-16, MDV at 5 days posthatch). On days 
4, 7, 14 and 21 postinfection, gene expression profiles in spleen tissue 
were obtained using a chicken immune-specific microarray. LOWESS 
normalized signal intensity was analyzed for differential expression 
using a mixed model (P ≤ 0.05). Microarray results indicated signifi-
cantly differential gene expression across time and treatments (AH221, 
Bu-1, IgG, IgA, IgM, MHC class II β chain, granzyme A, and STAT2). 
However, only immunoglobulin genes were differentially expressed 
when comparing B19 and B21 infected chickens. A subset of genes 
derived from microarray analysis was validated by quantitative PCR. 
Overall, we noted gene expression patterns that differed between lines 

in infected birds, as well as within lines when comparing infected and 
uninfected birds. These gene expression data have suggested novel 
candidate genes for resistance or susceptibility to MD emphasizing 
the involvement of several gene families, including those encoding 
immunoglobulins, MHC molecules, signal transduction molecules, and 
cytolytic proteins. Future directions will be aimed at further dissecting 
the function of these genes and their products in immunity to MD and 
genetic regulation of resistance to this disease.

Key Words: Marek’s disease, disease resistance, microarray

    223    Cholesterol levels in divergently selected Japanese quail 
lines following 35 generations of relaxed selection.  C. B. Stephens*, 
H. L. Marks, M. P. Lacy, E. H. Foster, and M. M. Compton, Department 
of Poultry Science, University of Georgia, Athens.

The purpose of this experiment was to determine if cholesterol levels in 
a high cholesterol line (HL) and low cholesterol line (LL) of Japanese 
quail would drift back toward control line (CL) levels if selection pres-
sure was removed. Japanese quail were divergently selected over 18 
generations for high and low plasma cholesterol. After 18 generations, 
the cholesterol levels of high line quail averaged 28% more than controls 
and the cholesterol levels of low line quail averaged 31% less. The diver-
gently selected lines were then regenerated without additional selection 
pressure for 35 generations. At 26 weeks of age, 15 male and 15 female 
quails from each genetic line were weighed and serum samples were 
obtained. Samples were analyzed for total cholesterol using an enzymatic 
cholesterol quantification assay. Mean total cholesterol for the HL (400 
mg/dL) differed significantly (P < 0.05) from the LL (295 mg/dL) and 
CL (272 mg/dL). There was no significant difference between the LL 
and CL. No significant differences between cholesterol levels of males 
and females were observed in any of the lines. There was no significant 
correlation between cholesterol levels and body weight. These results 
suggested that genetic differences are still present in HL quail even 
after long term relaxed selection; however, cholesterol levels in the LL 
quail appear to have returned to CL levels. Minimum cholesterol levels 
are essential to many physiological functions including cell membrane 
development and maintenance, vitamin metabolism, and reproduction. 
This may be one explanation as to why LL quail returned to CL levels 
when selection pressure was removed. In the protocol used to generate 
the 2 divergent lines, quail with high and low cholesterol levels were 
selected at 4 weeks of age. In the current study, cholesterol was mea-
sured in 26-week-old birds. These results indicated the need for further 
research including assaying cholesterol at 4 weeks of age.

Key Words: Japanese quail, cholesterol, divergent selection

    224    Cardiac morphology, fatty acid status and eicosanoid pro-
duction in broiler birds: Effect of maternal omega-3 fatty acids.  J. 
Bautista-Ortega, G. Cherian*, and D. E. Goeger, Oregon State Univer-
sity, Corvallis.

Metabolic, inflammatory (e.g., joint abnormalities), sudden death, 
ascites, and cardiovascular irregularities are major causes of morbidity 
and mortality in broiler chickens. The objective of this research was to 

evaluate the contribution of a maternal diet rich in n-3 fatty acids on car-
diac morphology, polyunsaturated fatty acid and eicosanoid metabolism 
in broiler birds. Fertile eggs with diverse n-6 and n-3 fatty acids were 
obtained by feeding breeder hens diets containing 3.0% sunflower oil 
(Low n-3), 1.5% sunflower oil and 1.5% fish oil (Medium n-3), or 3.0% 
fish oil (High n-3). These oils were chosen due to their high content of 
n-6 or n-3 fatty acids. The hatched chicks were fed a diet devoid of long 
chain n-6 or n-3 fatty acids for 6 weeks. Chicks hatched from Low n-3 
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eggs were heavier than those hatched from High n-3 (P < 0.05). The 
difference in initial body weight lasted up to day 42 of growth. The heart 
weight:body weight ratio at 28 days of age was lower for Low n-3 when 
compared to Medium n-3 or High n-3 birds (P < 0.05). The ventricular 
weight index was affected by bird age (P = 0.003), but not by maternal 
diet. The n-6 fatty acid in cardiac tissue was lower in High n-3 chicks 
than in Low and Medium n-3 chicks (P < 0.05). Lower concentrations 
of arachidonic acid (20:4n-6) in the cardiac tissues were evident up 
to day 14 of growth in High n-3 chicks (P < 0.05). Prostaglandin E2 
(proinflammatory) production by heart and peripheral mononuclear 
cells was lower in High n-3 chicks than in Medium or Low n-3 chicks. 
Because broiler birds are raised commercially for 5 to 6 weeks, and 
considering the role of eicosanoids in metabolic and inflammatory 
pathways, decreasing proinflammatory eicosanoid generation through 
maternal dietary manipulation could lead to fewer inflammatory and 
metabolic disorders in poultry.

Key Words: metabolic disorder, n-3 fatty acid, eicosanoid

    225    Improvement in hot (dry) breast meat yield of broiler 
chickens with dietary AZOMITE®, natural mineral supplement, as 
shown by statistical meta-analyses of data from 13 contract research 
trials and 10 integrator field trials.  W. Emerson1 and D. M. Hooge*2, 
1Peak Minerals-AZOMITE, Inc., Warrensburg, MO, 2Hooge Consulting 
Service, Inc., Eagle Mountain, UT.

A hydrated calcium sodium aluminosilicate product (Azomite®, Peak 
Minerals-Azomite, Inc., Warrensburg, MO) from a mound east of 
Yuba Lake near Levan, Utah, thought to be comprised of volcanic ash 
and ancient marine deposits, typically contains detectable quantities 
of 75 of the 92 naturally occurring elements on earth (UT-HCSAS). 
Based on research and commercial use since the 1940s, it is known to 
enhance plant growth, flowering, and fruit yields and flavor, and has 
been reported to have several beneficial effects in poultry production, 
including improved broiler chicken BW, feed conversion ratio, livabil-
ity, carcass yield, and breast meat yield. This product is on the OMRI® 
list of approved organic feed ingredients and is FDA approved as an 
anticaking (flow) agent which may be added at levels up to 2% (40 lb/
ton) of the diet; however, practical levels of inclusion have been about 
0.5% (10 lb/ton) in prestarter or starter feeds dropping to about 0.4% 
(8 lb/ton) in grower, and 0.3% (6 lb/ton) or less in subsequent feeds. 
In broiler feeds, UT-HCSAS product may act as a mycotoxin binder, 
provide ultra-trace elements which have been studied to only a limited 
extent if any, and/or have some other complementary mode of action 
which has not yet been discovered. The objective of this report is to 
provide results of meta-analyses of data from 13 contract research trials 
and from 10 integrator field trials comparing negative control (nCON; no 
UT-HCSAS supplementation) diets vs. UT-HCSAS supplemented diets 
for broilers. In 13 contract research trials, hot (dry) breast meat yield 
means were 17.94% for nCON vs. 18.65% for UT-HCSAS (+0.70%; P 
< 0.001). In 10 integrator trials, hot (dry) breast meat yield means were 
16.73% for nCON vs. 17.11% for UT-HCSAS (+0.38%; P < 0.001). The 
dietary UT-HCSAS supplement produced highly significant increases in 
hot (dry) breast meat yield of broiler chickens both in contract research 
and in commercial situations.

Key Words: Azomite, breast meat yield, ultra-trace minerals

    226    The effects of supplemental guanidino acetic acid as a 
precursor of creatine in vegetable broiler diets on performance and 
carcass parameters.  J. Ringel*1, A. Lemme1, M. S. Redshaw1, and K. 
Damme2, 1Evonik Degussa GmbH, Hanau, Germany, 2Bavarian State 
Research Center for Agriculture, Kitzingen, Germany.

After the ban of animal protein many broiler producers switched to 
purely vegetable diets. Consequently performance losses were reported. 
A potential reason for this may be the lack of creatine, as creatine is not 
present in raw materials of plant origin. The experiment was carried out 
to test whether dietary supplementation of all-vegetable broiler diets 
with guanidino acetic acid, which is a natural precursor of creatine, 
improves production performance in broilers. Purely vegetable basal 
starter, grower and finisher diets with either no (control), 600 or 1,200 
mg/kg (GAA/CreAmino™) were fed to 3,400 male Ross 308 broilers 
(170 birds per treatment × 6 pens for the control or × 7 pens for the 
CreAmino™ treatments, respectively) for 35 days. At termination of 
the trial 5 birds per pen were slaughtered for carcass analyses. Overall 
weight gain was not affected by inclusion level. CreAmino™ supple-
mentation reduced feed intake resulting in a significantly improved 
feed conversion ratio (P ≤ 0.05) over the 35 day period. Breast meat 
(as a percentage of carcass weight) linearly increased (P ≤ 0.05) with 
CreAmino™ inclusion level from 27.7% on the control diet to 28.9% 
at 600 mg/kg inclusion level to 29.5% at 1,200 mg/kg inclusion level. 
Results indicate that supplemental CreAmino™ to all-vegetable broiler 
diets improves performance and carcass parameters in terms of feed 
conversion and breast meat yield.

Key Words: guanidino acetic acid, creatine, broiler

    227    Field trial demonstrating the beneficial effect of dietary 
Bacillus subtilis C-3102 spores (Calsporin®) on brown shell color 
scores of eggs from hens on litter in three U.S. commercial flocks 
producing eggs for the free-range egg market versus pretrial color 
fan scores.  D. M. Hooge*1, N. Otomo2, and S. C. Johnson3, 1Hooge 
Consulting Service, Inc., Eagle Mountain, UT, 2Calpis Co. Ltd, Tokyo, 
Japan, 3Quality Technology International, Inc., Elgin, IL.

Three U.S. commercial Bovans Brown flocks each consisting of about 
14,500 laying hens producing brown eggs were utilized to compare 
pretrial brown egg color fan scores (Ghen Corp., Japan; 1 lightest to 
10 darkest) versus scores during supplementation of Bacillus subtilis 
C-3102 spores (Bs C-3102; Calsporin®, Calpis Co. Ltd, Tokyo, Japan) at 
300,000 cfu/g feed (egg sampling after about 2 to 3 wk). Brown eggshell 
color typically declines with age and may vary due to strain of hens or 
certain diseases. The flocks were at one company and were about 50 to 
60 wk of age when the direct-fed microbial began to be added to feeds. 
In each flock, the pretrial, random egg sampling involved 3 sampling 
dates over about 2 1/2 wk and 100 eggs collected per sampling. During 
supplementation, in 2 flocks there were 2 and in 1 flock there were 3 
egg sampling dates (100 eggs were taken at random per sampling). 
Brown eggs were color fan scored by the same person each time under 
fluorescent light and natural daylight (near a large window permitting 
sunlight to enter) in an egg processing plant. Pretrial vs. Bs C-3102 
supplementation period egg scores for youngest to oldest flocks were: 
1) pretrial 8.26, 7.11, 6.74 (avg 7.37a; however, avg 6.93 with very high 
initial value removed) vs. during Bs C-3102 feeding 7.64, 6.60, 6.99 (avg 
7.08b, P = 0.022); 2) pretrial 7.87, 6.38, and 6.31 (avg 6.85b) vs. 7.90 
and 7.66 (avg 7.78a, P = 0.000); and 3) pretrial 6.63, 5.63, and 6.70 (avg 
6.32b) vs. during Bs C-3102 feeding 6.72 and 7.99 (avg 7.36a; P = 0.000). 
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Nonsigificant differences were found in % scores less than 5 (“too light”) 
between pretrial and Bs C-3102 feeding periods for the 3 flocks (4.33 vs. 
5.33%; 8.33 vs. 1.00%; and 12.67 vs. 5.50%, respectively). Dietary Bs 
C-3102 significantly increased brown eggshell color fan scores (+0.93 
and +1.04 units) in 2 of 3 flocks in spite of age progression.

Key Words: brown egg color, Calsporin, direct-fed microbial

    228    Effects of Candidad source yeast (CitriStim®) and Sac-
charomyces source yeast on performance of 21 day-old broiler 
chickens.  H. Yang*, M. Sifri, and T. Radke, ADM Alliance Nutrition, 
Inc., Quincy, IL.

A 21-d broiler chicken study was conducted to evaluate whether yeast 
source and level affected performance. A total of 180 one-day-old male 
broiler type chickens housed in Petersime type cages were assigned to 
1 of 5 dietary treatments with 6 pens and 36 birds per treatment. The 
5 treatments were: 1) control with no added yeast source; 2) control + 
0.2% CitriStim®; 3) control + 0.4% CitriStim; 4) control + 0.2% Sac-
charomyces source yeast (SSY); 5) control + 0.4% SSY. The broiler 
chicks received their respective meal diets for the entire study. ADG, 
ADFI and G/F were measured at the end of each week (d 7, 14, and 
21). Liver weight was recorded on d 21. Increasing CitriStim inclusion 
levels from 0.0 to 0.4% linearly increased overall ADG and G/F (P = 
0.05), final BW (P = 0.06), and liver weight as a percentage of BW (P 
= 0.03). CitriStim had a positive quadratic effect on overall ADG and 
final BW (P = 0.07). SSY tended to have a positive quadratic effect on 
ADG and final weight (P = 0.19), G/F (P = 0.05), and liver weight as a 
percentage of BW (P = 0.08). Factorial analysis using the last 4 treat-
ments revealed no interactions between yeast source and level (P > 0.20). 
CitriStim outperformed SSY on ADG (P = 0.09), final BW (P = 0.10), 
and liver weight as a percentage of BW (P = 0.02). Yeast levels (0.2% 
vs. 0.4%) did not affect parameters measured in this study (P > 0.05). 
In summary, these data suggest that CitriStim and SSY can improve 
performance of broiler chickens and increase liver weight. CitriStim 
optimal inclusion level seemed to be 0.2%.

Key Words: yeast, mannanoligosaccharide, chicken

    229    Molecular analysis of microbial community structure in the 
chicken ileum following organic acid supplementation.  G. Nava1, 
M. Attene-Ramos1, H. R. Gaskins1, and J. D. Richards*2, 1University 
of Illinois, Urbana-Champaign, 2Novus International, Inc., St. Charles, 
MO.

To compensate for possible decreases in animal production due to restric-
tions on the use of antibiotics as growth promoters, several nonantibiotic 
alternatives have been investigated. Organic acid supplementation 
(OAS) of feed or water has shown some promising results for affecting 
intestinal microbiota and reducing pathogenic bacteria in the gastrointes-
tinal (GI) tract. However, few studies have explored the effects of OAS 
on microbial parameters using objective molecular-based techniques. 
The aim of the present study was to characterize via 16S rDNA gene-
based approaches responses of the intestinal microbiota after OAS in 
chicks. Newborn chicks were randomly divided in 4 treatments: a) 
control (no antibiotic, no OAS); b) antibiotic administration (bacitracin 
MD); c) organic acid blend dl-2-hydroxy-4(methylthio) butanoic acid 
[HMTBA]; lactic, and phosphoric acid (HLP); and d) organic acid blend 

HMTBA, formic, and propionic acid (HFP). Ileal contents and mucosal 
scrapings from 7 chicks/treatment/day were taken at 15, 22, and 29 days 
of age and genomic DNA was isolated for the molecular analysis of the 
intestinal microbiota. The data demonstrate that HFP blend treatment 
for 29 consecutive days affected ileal microbial populations as indicated 
by community fingerprinting analysis (16S rDNA PCR-DGGE). In 
parallel, total bacterial and lactobacilli populations were increased by 
the HFP blend treatment as demonstrated by targeted qPCR analysis of 
16S rDNA. In summary, the present data demonstrate that OAS, HFP 
blend treatment in particular, shifts intestinal microbiota, generates more 
homogenous and distinct populations, and increases Lactobacillus spp. 
colonization of the chick ileum.

Key Words: intestinal microbiota, Lactobacillus, organic acids

    230    Addition of protected sodium butyrate to broiler feed 
reduced Salmonella Enteritidis infection in birds.  J. J. Mallo*1, M. 
Puyalto1, M. Locatelli1, R. Balaña2, and C. Rubio2, 1Norel SA, Madrid, 
Spain, 2Universidad de Leon, Leon, Spain.

Sodium butyrate is used to prevent Salmonella Enteritidis (S.) in ani-
mals with the difficulty of not reaching the lower gastrointestinal tract. 
Two groups of fifty 1-day-old broilers each were fed with: T0) standard 
broiler diet, or T1) standard broiler diet plus 0.13% of sodium butyrate 
protected with vegetal fats (pNa-B) until day 42 to study the effect of 
pNa-B as a preventing tool against S. infection at intestinal and systemic 
phases. At day 1, all birds were tested for S. (cloacal samples) and 
confirmed being negative. Twenty percent of birds of both groups were 
challenged on day 5 by inoculating orally 105 UFC of S. Cloacal samples 
were taken on days 6, 9, 13, 27, and 41 to monitor infection levels. At 
day 42 all birds were slaughtered: crop, caecum, liver and spleen were 
sampled, weighed and homogenized in water with peptones for further 
bacteriological analyses. The S. title of the samples was determined 
after enrichment (incubation in Muller-Kauffmann tetrathionate broth 
base) by plating successive dilutions in Brilliant Green Agar in order 
to count S. concentration (CFU per gram of tissue level).
The pNa-B showed a consistent and significant (P < 0.001) reduction 
of S. infection in birds from day 27 onwards (36, 74, 100 vs. 16, 20 and 
6% of positive birds in T0 and T1, respectively, for days 9, 27 and 41). 
Also, pNa-B treatment prevented successfully infection not only at crop 
and caecum level (90 vs. 20 and 90 vs. 10% infected birds in T0 vs. T1, 
respectively, P < 0.001) but also at liver (20 vs. 0% infected birds for 
T0 vs. T1, P < 0.05). There were no differences at spleen level. These 
results demonstrate that the vegetal fat protection allows sodium butyrate 
to have an effect all along the gastrointestinal tract because it is slowly 
released during digestion. It has, therefore, a positive effect on bird health 
by preventing S. colonization at intestinal and systemic phases.

Key Words: Salmonella, butyrate, broiler

    231    Effects of feeding two mushroom extracts and Silybum 
marianum on performance of broilers subject to necrotic enteritis.  
C. Ionescu*1, D. Bravo1, M. Lensing2, and J. Van der Klis2, 1Pancosma 
Research, Geneva, Switzerland, 2Schothorst Feed Research, Lelystad, 
The Netherlands.

Three plant extracts were tested by a balanced factorial design to identify 
their effects on performance of broilers subject to a necrotic enteritis 

73ABSTRACTS OF PAPERS

Poult. Sci. 87 (E-Suppl. 1)



(NE) challenge obtained by the double challenge of E. maxima (EM) 
and Clostridium perfringens (CP). The 3 plant extracts were Reishi 
(Ganoderma lucidum, G) at 70 g/t, Shiitake (Lentinus edodes, L) at 130 
g/t and Milk Thistle (Silybum marianum containing 60% silymarin, S) 
at 280 g/t. The different extracts groups (G, L, S, G+L, G+S, L+S and 
G+L+S) were compared to a noninfected, not treated (NI/NT) and an 
infected, not treated (I/NT) group. A total of 1,026 broilers housed in 
litter cages were fed the products via feed from day 1 to 35. Growth 
parameters were measured at days 8, 16, 27, 35 whereas CP and EM 
lesion scores were measured at days 15 and 16.
The growth of NI/NT was significantly higher than I/NT during periods 
day 8–16, day 16–27 or the overall period 8–35 (resp. +149 g; +172 g 
and +365 g with P < 0.01). Feed intake in days 8 to 35 was reduced for 
I/NT animals compared to the NI/NT group (−557 g, P < 0.01). Feed 
conversion ratio was significantly different in day 8–16 for group NI/NT 
and I/NT (1.48 vs. 2.42, P < 0.01). EM lesion scores were increased in 
I/NT animals when compared to NI/NT ones (0.95 vs. 0.01, P < 0.05) 
as were CP lesion scores (2.53 vs. 0.14, P < 0.05). A significant increase 
in feed intake during day 16 to 21 period was observed for the G+L+S 
combination when compared to I/NT group (1,085 vs. 938, P < 0.05). 
The plant extracts tested, alone or in combination, did not improve 
broiler body weight gain, when they were subject to a necrotic enteritis 
leading to 38.8% mortality in the I/NT group. Their addition reduced 
mortality to a 20 to 30% value depending on the treatments.

Key Words: Eimeria maxima, Clostridium perfringens, plant extracts

    232    Effects of two mushroom extracts on broiler microbial ecol-
ogy during coccidiosis.  L. Mazuranok1, D. Bravo*1, H. Panneman2, C. 
Ionescu1, and M. Naciri3, 1Pancosma Research, Geneva, Switzerland, 
2Dr. Van Haeringen Laboratorium BV, Wageningen, The Netherlands, 
3INRA, Nouzilly, France.

A large scale trial was conducted to evaluate the effects of shiitake and 
reishi mushroom extracts on the health and the microbial composition 
of duodenum samples from birds challenged with Eimeria acervulina 
at 14 days of age. At day 21 of age, so 7 days postinoculation, the lesion 
scores were evaluated and duodenum samples (mucosa and content) 
were taken from 6 birds in each experimental group. The microbial 
composition of the duodenum samples was determined using the MCPC 
method (T-RFLP). All treatments had a positive effect on broiler health. 
This positive effect of the different mushroom extracts was also reflected 
in the microbial profiles of the duodenum samples; we have found a 
number of clear correlations between the microbial composition, the 
health of the birds and the treatment applied. Comparison of the duo-
denum microbial profiles from the different treatments also indicates 
that there is an optimal dose for each mushroom extract.

Key Words: Eimeria, microflora, plant extracts

    233    Effects of feeding two mushroom extracts and milk thistle 
on blood parameters of broilers subject to necrotic enteritis.  C. 
Ionescu*1, D. Bravo1, M. Lensing2, J. Van der Klis2, T. T Niewold3, and 
V. Bruggeman3, 1Pancosma Research, Geneva, Switzerland, 2Schothorst 
Feed Research, Lelystad, The Netherlands, 3Faculty of Bioscience 
Engineering, Leuven, Belgium.

Three plant extracts were tested by a balanced factorial design to identify 
their effects on performance of broilers subject to a necrotic enteritis 

(NE) challenge obtained by the double challenge of E. maxima (EM) 
and Clostridium perfringens (CP). The 3 plant extracts were Reishi 
(Ganoderma lucidum, G) at 70 g/t, Shiitake (Lentinus edodes, L) at 
130g/t and Milk Thistle (Sylibum marianum containing 60% silymarin, 
S) at 280 g/t. The different extracts groups (G, L, S, G+L, G+S, L+S 
and G+L+S) were compared to a noninfected, not treated (NINT) and 
an infected, not treated (INT) groups. The 1,026 broilers held in cages 
were fed the products from day 1 to day 35. In addition to performance, 
blood parameters were measured. Glucose, acid α-glycoprotein (AGP), 
corticosterone, cholesterol, albumin, FK-rapamycin-associated proteins 
(FRAPs) and ceruloplasmin were measured on 12 chickens per treat-
ment (day 16) and on 6 chickens per treatment (days 27 and 35). The 
INT broilers showed a significant decrease in cholesterol (3.4 vs. 3.9 
mmol/L, P < 0.001) and in albumin (10.5 vs. 11.7 g/L, P < 0.05) when 
compared to NINT. Glucose was numerically increased in INT broilers 
when compared to NINT (210 vs. 201.9 mg/dL, P > 0.1). AGP was also 
increased numerically (382.6 vs. 318.9 µg/mL, P > 0.1) as was FRAPS 
(1,192 vs. 1,118 mM, P > 0.1) and Ceruloplasmin (71.7 vs. 54.4 mg/L, 
P > 0.1) showing that some of the selected blood parameters were 
modified during the infection. Corticosterone was reduced significantly 
by the G+L+S combination when compared to INT (4.3 vs. 7.6 ng/mL, 
P < 0.05) as was AGP (185.3 vs. 225.8, P < 0.05) and ceruloplasmin 
(58.5 vs. 71.7, P < 0.05). S introduction reduced significantly FRAPS 
concentration when compared to INT (1,014 vs. 1,192, P < 0.001).

Key Words: Eimeria maxima, Clostridium perfringens, plant extracts

    234    Effect of feeding two mushroom extracts, a milk thistle 
extract and their combinations on the performance of E. acervu-
lina- and E. tenella-challenged broilers.  C. Ionescu*1, D. Bravo1, L. 
Mazuranok1, and M. Naciri2, 1Pancosma Research, Geneva, Switzer-
land, 2INRA, Nouzilly, France.

Three plant extracts were tested by a balanced factorial design to 
determine their effects on broiler chicken performance after an E. 
acervulina (EA) and E. tenella (ET) challenge at 14 days of age. The 
plant extracts were Reishi (Ganoderma lucidum, G) at 70 g/t, Shiitake 
(Lentinus edodes - L) at 130 g/t and Milk Thistle (Silybum marianum, 
S, containing 60% silymarin) at 280 g/t. The different extract groups 
(G, L, S, G+L, G+S, L+S, G+L+S) were compared to a noninfected 
nontreated (NINT) and an infected nontreated (INT) groups. The 216 
broilers held in cages were fed the different products from day 1 to day 
21. Live weight, feed intake, feed conversion ratio were measured at 
day 7, 14, 21. Oocyst excretion was evaluated from day 17 to 22 and 
EA and ET lesion scores at day 21. Coccidiosis induced depressed 
performance in INT vs. NINT including a reduced growth (−150.4 g, 
P < 0.01), a reduced feed intake (−155.7 g, P < 0.1) and an increase in 
feed conversion ratio (+6.25%, P < 0.1) on D14-D21 period. INT and 
NINT had significant different lesion scores for EA (3.09 vs. 0.05, P < 
0.01) and ET (3.44 vs. 0.04, P < 0.01) at D21.
From day 14 to 21, G+L improve significantly growth when compared 
to INT group (272.1 g vs. 251.6 g, P < 0.05). This increase was signifi-
cant for G+S and G+L+S groups (respectively, 261.6 g, 266.8 g, P < 
0.05). The ET lesion scores were significantly reduced in L or G+L+S 
groups (respectively 2.19, 2.35 vs. 3.46, P < 0.05) or for G+S group (P 
= 0.057). The EA lesion scores were also significantly reduced in G+L 
and L+S groups when compared to INT group (respectively, 1.59, 1.71 
vs. 3.10, P < 0.01), as was G+S (1.38, P < 0.05).
The combinations G+L, G+S or G+L+S showed some interesting 
improvements in growth or a reduction in ET and EA lesion scores in 
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challenged broilers, showing that plant extracts can be used beneficially 
during an ET and EA challenge

Key Words: performance, Eimeria, plant extracts

    235    Effect of feeding two mushroom extracts and a milk thistle 
extract and their combinations on blood parameters of E. acervu-
lina- and E. tenella-challenged broilers.  C. Ionescu*1, D. Bravo1, L. 
Mazuranok1, M. Naciri2, T. Niewold3, and V. Bruggeman3, 1Pancosma 
Research, Geneva, Switzerland, 2INRA, Nouzilly, France, 3Faculty of 
Bioscience Engineering, Leuven, Belgium.

Three plant extracts were tested by a balanced factorial design to deter-
mine their effects on broiler chicken performance after an E. acervulina 
(EA) and E. tenella (ET) challenge at 14 days of age. The plant extracts 
were Reishi (Ganoderma lucidum, G) at 70 g/t, Shiitake (Lentinus 
edodes, L) at 130 g/t and Milk Thistle (Silybum marianum, S, contain-
ing 60% silymarin) at 280 g/t. The different extract groups (G, L, S, 
G+L, G+S, L+S, G+L+S) were compared to a noninfected not treated 
(NINT) and an infected nontreated (INT) groups. The 216 broilers held 
in cages were fed the different products from day 1 to day 28. In addi-
tion to performance, blood parameters as cholesterol, ceruloplasmin, 
corticosterone, albumin, a-acid glycoprotein (AGP) were measured on 
days 13, 21 and 28 and glucose for the last 2 days, on 12 and 6 birds 
per treatment, respectively. Ceruloplasmin was increased significantly 
in INT broilers when compared to NINT (49.9 vs. 30.3 mg/L, P < 0.05). 
Albumin and cholesterol were significantly decreased by the infection, 
respectively (7.04 vs. 7.96 g/L, P < 0.05 and 3.0 vs. 3.6 mmol/L, P < 
0.001). AGP increased significantly for G broilers when compared to 
INT (238.8 vs. 227.9 µg/mL, P = 0.052). G+L reduced significantly 
ceruloplasmin compared to INT (46.0 vs. 49.9, P < 0.001). Albumin 
was not influenced either by the individual extracts or their combina-
tions when compared to INT. Cholesterol was reduced for L compared 
to INT (2.78 vs. 3.02, P < 0.05). Glucose was significantly increased 
by L when compared to INT (251.5 vs. 230.0 mg/dL, P < 0.001). The 
G+L+S combination tended to decrease corticosterone (P = 0.07) when 
compared to INT. Showing that some plant extracts can counter some of 
the blood modifications induced by E. acervulina and E. tenella.

Key Words: blood parameters, Eimeria, plant extracts

    236    Effects of graded levels of melamine in young broiler 
chicks.  D. R. Ledoux*, K. C. Zavarize, R. A. Murarolli, R. E. Kutz, 
G. E. Rottinghaus, A. J. Bermudez, and M. Lin, University of Missouri, 
Columbia.

A study was conducted to determine the toxicity of melamine (M) in 
young broiler chicks fed dietary treatments from hatch to 14 days. A 
second objective was to determine if M could be detected in tissues of 
broilers fed these dietary concentrations of M. One hundred and seventy-
five day-old male broilers were purchased from a commercial hatchery 
and assigned to 7 dietary treatments with 5 replicate pens of 5 chicks 
assigned to each treatment. The diets contained 0, 0.5, 1.0, 1.5, 2.0, 2.5, 
and 3.0% M. There was no difference (P > 0.05) in feed intake (FI) 
among controls and chicks fed 0.5 or 1% M. Feed intake was reduced 
(P < 0.001) in chicks fed diets containing ≥ 1.5% M. Body weight gain 

(BWG) decreased significantly in birds fed ≥1.0% M, with the greatest 
decrease in BWG observed in birds fed ≥ 2% M. Body weight gain over 
the 14 day feeding period averaged 392, 377, 335, 324, 254, 241, and 
207 g, respectively, for birds fed 0, 0.5, 1.0, 1,5, 2.0, 2.5, and 3% M. 
Birds fed 2.5 and 3.0% M were less efficient (P < 0.001) in converting 
feed to gain compared to all other dietary treatments (averaging 1.96 
vs. 1.18 g:g). Mortality was observed in chicks fed 2.5 and 3% M as 
early as day 5 of the study, and by day 14, mortality was 12, 20 and 
30%, respectively, in chicks fed 2, 2.5 and 3% M. One control chick 
died by day 14, whereas there was no mortality in chicks fed 0.5, 1.0, 
or 1.5% M. Gross lesions in necropsied birds were completely uniform 
with all birds having enlarged pale kidneys and gallbladders containing 
opaque bile. Microscopic examination of the bile and histopathologic 
examination of the renal tubules, revealed crystals similar to those 
observed within the renal tubules of cats with M associated renal failure. 
Results indicate that over a 14 day feeding period, M concentrations ≥ 
1.0% depressed growth performance, whereas M concentrations ≥2.0% 
caused increased mortality, crystal formation in bile, and histopathologic 
lesions in kidney.

Key Words: broilers, melamine, kidney lesions

    237    Meta-analysis of the effect of a mixture of carvacrol, cin-
namaldehyde and capsicum oleoresin in broilers.  D. Bravo* and C. 
Ionescu, Pancosma Research, Geneva, Switzerland.

This abstract presents a meta-analysis of broiler studies involving a 
botanical composition comprised of carvacrol, cinnamaldehyde and 
capsicum oleoresin (XT). Data from 13 studies with side by side com-
parisons of XT to a negative control diet or to a positive control diet 
(AB) provided 38 treatment groups which were pooled for evaluation. 
The effect of XT addition was investigated using treatment means from 
trial groups with either a fixed effect of XT (present or absent) or AB 
(present or absent) and a random effect of the trial. For each measure 
of performance, mean value of XT or positive or negative controls, the 
number of groups involved, partial r2, and P-value were determined.
Addition of XT increased average daily gain (51.3 vs. 48.9 g/d, N  38, 
r2 = 0.61, P < 0.001), increased the feed intake (84.1 vs. 81.9 g/d, N = 
27, r2 = 0.23, P < 0.01) and decreased feed conversion ratio (1.68 vs. 
1.73, N = 27, r2 = 0.42, P < 0.001). Addition of AB also increased the 
daily gain (50.4 vs.48.9 g/d, N = 16, r2 = 0.59, P < 0.001), increased 
feed intake (84.0 vs. 81.9 g/d, N = 16, r2 = 0.26, P = 0.04) but did not 
alter feed conversion ratio (1.71 vs. 1.73, N = 16, r2 = 0.13, P = 0.172). 
When XT was compared to AB, the following results (XT vs. AB) were 
observed: tendency for higher daily gain (51.3 vs. 50.4 g/d, N = 23, r2 = 
0.14, P = 0.060), same feed intake (84.1 vs. 84.0 g/d, N = 23, r2 = 0.0, 
P = 0.952) and tendency for lower feed conversion ratio (1.68 vs. 1.71, 
N = 23, r2 = 0.19, P = 0.08).
Depending on the major cereal of the diet, the pattern of the results was 
different. For example, XT was more efficacious for improving daily 
gain in corn based diet whereas it decreased more feed conversion ratio 
in wheat based diet.
Meta-analysis using a data set consisting of a diverse population of 
trials avoided emphasis of a particular trial while illustrating the robust 
nature of XT. Meta-analysis is useful for developing a statistically valid 
framework for additive use in diets of varying composition.

Key Words: plant extracts, broiler, meta-analysis

75ABSTRACTS OF PAPERS

Poult. Sci. 87 (E-Suppl. 1)



    238    Effects of dietary inclusion of essential oil blends on broiler 
performance, carcass characteristics and sensory quality of meat.  H. 
Schulze1, P. Plumstead*1, H. Bento1, V. Ravindran2, and G. Ravindran2, 
1Danisco Animal Nutrition, Marlborough, United Kingdom, 2Institute 
of Food, Nutrition and Human Health, Massey University, Palmerston 
North, New Zealand.

Extracts of essential oils (EO) such as thymol, carvacrol, and cinnam-
aldehyde that occur naturally in oregano, thyme, and cinnamon have 
previously been shown to have positive effects on broiler performance. 
However, it was not known if these EO compounds affect the sensory 
characteristics of the broiler meat produced. The present study examined 
the effects of feeding 3 different blends of EO (Danisco Animal Nutri-
tion, United Kingdom) on broiler performance, carcass characteristics 
and sensory quality of the meat. Ross 308 broiler chickens were grown 
to 35 d of age using a 4 × 2 factorial arrangement of treatments. There 
were 2 genders (male/female) and 4 dietary treatments consisting of a 
Control diet with/without 1 of 3 different blends of EO (EOB1, EOB2, 
EOB3). A pen of 30 birds was the experimental unit and each sex × 
dietary treatment combination was replicated 6 times. Body weight (BW) 
and feed intake was determined at 10, 21 and 35 d of age and the feed 
conversion ratio (FCR) calculated. At 35 d of age, 6 birds per pen were 
slaughtered to evaluate the dressing percentage, breast meat yield, and 
sensory characteristics of the breast meat. All 3 blends of EO evaluated 
in the present study significantly (P < 0.05) improved FCR from 0–10 
d of age. The BW gain and feed intake from 0–35 d was significantly 
(P < 0.05) increased when EOB2 was added to the Control diet. There 
was no effect of dietary EO treatment on dressing percentage, breast 
meat yield, or sensory characteristics of the breast meat. These results 
suggested that the EO blends evaluated can significantly improve 
broiler performance without negatively affecting the sensory quality 
of the meat produced.

Key Words: essential oils, broiler, performance

    239    Effect of feed restriction on core body temperature dynam-
ics in meat-type chickens.  R. A. Renema*1, M. J. Zuidhof2, D. S. 
Peters2, J. Berezowski2, and C. Oullette1, 1Dept. of AFNS, University 
of Alberta, Edmonton, AB., Canada, 2Ag Research, Alberta Agriculture, 
Edmonton, AB., Canada.

Feed intake affects the heat increment of the chicken. Ad libitum fed 
birds have a higher core body temperature than feed restricted birds, and 
are predicted to have less range in their daily temperature cycling than 
feed restricted birds. Bird:bird core temperature variation in response to 
feeding level is not well understood and has implications for calculations 
of growth efficiency. A total of 30 female broilers from an experimental 
yield strain (Aviagen, Inc.) were raised on a broiler breeder growth 
profile until 6 wk of age, and surgically implanted into the abdominal 
cavity with a live broadcasting temperature reader (mean/bird = 1,700 
temperatures/d) in a 20 min procedure. The indwelling remote tempera-
ture sensors are cylindrical, approximately the size of an AA battery 
Birds were housed individually in cages containing temperature data 
loggers recording local temperatures for each bird. Following 4 wk 
on a nutrition study, birds were acclimated to a base ration for 4 d and 
randomly allocated to 1 of 2 feeding level treatments: Ad libitum (full 
fed) or Feed restricted (fed calculated maintenance requirement daily 
for 7 d). Maintence level based on book 125 kcal/kg metabolic BW. 
Treatments switched in a second, 7 d period. Data from the first day of 
each wk was discarded to allow birds to clear previous feed. 
Core body temperature was significantly reduced in feed restricted birds 
(P < 0.0001). Ad libitum fed birds averaged 40.05 C while Feed restricted 
birds averaged 39.81 C. Local microclimate temperature, which was 
included as a random variable in the mixed model, sigificantly affected 
the response to feed restriction, demonstrating the need for thorough data 
collection in this type of analysis. There was some variance in response to 
feed restriction, although all Feed restricted birds underwent a decrease 
in core temperature. Live, constant temperature recording is a practical 
way to collect and quickly apply data in nutritional studies.

Key Words: feed restriction, ad libitum feeding, body temperature

    240    Multi-media educational tool for poultry meat and egg pro-
cessing instruction.  J. L. Emmert*1, C. M. Owens1, C. Z. Alvarado2, 
S. R. McKee3, and S. F. Bilgili3, 1University of Arkansas, Fayetteville, 
2Texas Tech University, Lubbock, 3Auburn University, Auburn, AL.

Considering job availability and recent mergers, there is a high demand 
for students and personnel with basic knowledge in poultry processing, 
product technology, and food safety. However, educational opportunities 
in these areas can be limited. Full or partial courses may be offered at 
4 year academic institutions in departments of poultry science, animal 
science, or food science; however, the number of institutions with 
faculty expertise in these areas is decreasing. Workshops and company-
based training may also provide this education, but the offerings can 
be limited. On-the-job training is another source of education, but it is 
informal and general. Therefore, there is a tremendous need for a widely 
available curriculum that can be implemented or adapted by institutions 
and companies to produce students and workers capable of meeting the 
increasing challenges that will be faced in the areas of poultry process-
ing, products, and food safety. The overall objectives of this project 

were to 1) develop standardized curriculum modules for the areas of 
egg science and technology, poultry meat science and technology, and 
food safety, 2) use a multi-media approach, making use of computer-
based technology, and 3) target developed curriculum materials to 4-year 
agricultural institutions and industry. A multi-media poultry meat and 
egg processing curriculum with broad applications that addresses a 
national and international education need was developed by a team of 
faculty at multiple institutions. The developed modules are versatile 
and can be used alone or with other course material thereby enhanc-
ing program quality and supplementing available resources. Single or 
multiple modules, delivered on a CD, including a presentation window, 
graphics, and video, can be incorporated into classrooms as lectures or 
used independently by individuals for self-learning. These materials 
could also be used to supplement university-hosted industry workshops 
on poultry processing related areas that are presented in English and/or 
Spanish. Furthermore, these materials provide strong reference materials 
for individuals for use beyond the learning phase.

Key Words: education, poultry processing, instruction
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    241    Virtual chicken and other virtual teaching tools.  P. A. 
Curtis*, Auburn University, Auburn, AL.

The Virtual Chicken is a 3-D animation of the reproductive system of a 
hen, showing the formation of an egg as it passes through the oviduct. 
Viewers see the oviduct in the context of the larger anatomy, explore 
the oviduct and follow the path of the formation of an egg. The DVD 
and online supporting materials are available free of charge and may 
be requested at http://www.virtualchicken.org. Requesters/Users of the 
virtual chicken DVD and CD with PowerPoint Presentations fall into 
the following categories: University and College Professors, Exten-
sion Educators, Poultry and Egg Company Professionals (use Virtual 
Chicken as a teaching resource), Biology High School Teachers, Agri-
science High School Teachers, 4-H School Enrichment Programs in 
both national and international locations (Australia, Denmark, Italy, 
The Netherlands, Poland, Scotland, Nigeria, Canada, United States: 
Alabama, Arkansas, Georgia, Texas, Pennsylvania, Florida, North 
Carolina, Washington (state), Washington, DC, Vermont, Maryland, Mis-
souri, Iowa. Nebraska, Mississippi). A video or audio history including 
methodology of the project is available online at http://www.ag.auburn.
edu/poul/virtualchicken/. Virtual Chicken is a teaching tool developed 
for use in outreach programs to students of all ages. An integrated poultry 
operation is also under development in a virtual world. The first phase 
of this endeavor is to research, develop and design the framework for 
a poultry processing plant virtual existence. Design expectations for 
our 6-month Short Phase include, but are not limited to, layout of vir-
tual space, outdoor gathering space and amphitheatre, welcome area, 
dress out room and microbiology laboratory. Learning modules will be 
developed for events that can not be easily seen in a real-world visit to 
poultry operation locations. Providing information of proper scientific 
procedures, such as streaking a plate, will compliment the microbiol-
ogy laboratory environment. Individuals could be called to gather for 
virtual meetings, training programs, roundtable discussions, or lectures 
and experience a new virtual learning environment.

Key Words: teaching, outreach, technology

    242    Online processing plant tours as teaching tools for food 
science and poultry science courses.  J. M. Regenstein*, Cornell 
University, Ithaca, NY.

A USDA Challenge Grant to Cornell and the University of Wisconsin-
Madison was used to develop a video library of food processing plant 
operations including poultry. The inspiration for the project was the 
increasing difficulty of getting students into food processing plants to 
see these plants in operation and the desire to improve learning outcomes 
by using more active visuals. The assets will be short videos of 5 to 30 
s showing unit operations and general overviews of food processing 
facilities. The assets are being supplied by the food industry, mainly sup-
pliers. Model active learning materials featured on the site will suggest 
ways that instructors can use the site to optimize learning by engaging 
the student. A set of active learning materials for poultry are based on 
input obtained from a group of American poultry faculty. Three active 
learning models have been developed. The assets will be searchable and 
users may also create their own collection of assets on line. The video 
library of food processing plant operations can be used in courses at all 
academic levels of food science and poultry science. We are looking for 
feedback using an online feedback form from the poultry community 

to improve these materials as the site is migrated to a permanent server 
at Cornell. Additional assets are always welcome.

Key Words: USDA challenge grant, poultry processing, active learn-
ing

    243    Online and face-to-face classes: A comparative evaluation 
of eight large scale introductory food science classes.  J. R. Rupnow*, 
J. King, and D. Bentz, University of Nebraska, Lincoln.

There has been much discussion within the higher education community 
about whether there is a significant difference or not when comparing 
online learning to traditional classroom learning. This study examines the 
differences between online distance education and traditional classroom 
learning for an introductory undergraduate food science course. The 
University of Nebraska’s FDST 131 Science of Food course is designed 
as a Basic and Applied Science, General Liberal Education course. The 
course is cross-listed with the departments of Food Science and Tech-
nology, Nutritional Science and Dietetics, and Chemistry. Using the 
Alemoni twenty-nine question Course/Instructor Evaluation Question-
naire (CIEQ) instrument, student’s responses were recorded for: general 
attitude, method of instruction, course content, interest and attention, 
and instructor. Data were collected over 4 consecutive semesters and 
1,900 student responses where compared for 2 locations, the University 
of Nebraska-Lincoln (UNL) and the University of Nebraska-Omaha 
(UNO) and 2 methods of instruction, traditional classroom (face-to-face) 
and online (Web) delivery. It was found that learner attitudes were not 
significantly different in face-to-face vs. Web-delivered courses. Faculty 
should feel comfortable in transferring their teaching from face-to-face 
to online web delivery since learning was not significantly different by 
teaching modality. Basic science material is still a challenge in holding 
students’ interest regardless of teaching modality. However, in this study 
students taking traditional face-to-face learning reported somewhat 
higher course interest responses than students learning by Web delivery. 
Instructor immediacy may be a factor in differentiating face-to-face and 
online students due to the method of delivery.

Key Words: online teaching, distance education, food science

    244    iPod technology in graduate agricultural courses: A compari-
son of adopters and nonadopters.  C. Z. Alvarado*, M. T. Brashears, 
and K. K. Fritz, Texas Tech University, Lubbock.

This descriptive research aimed to identify relationships between 
demographic and personological variables and adoption of iPod tech-
nology in college of agriculture graduate courses. Sixty-one graduate 
students enrolled in iPod-enabled courses were provided iPods during 
the 2007 spring semester. Students completed data collection instru-
ments including the Group Embedded Figures Test (GEFT), California 
Critical Thinking Disposition Inventory, Computer Skills Inventory and 
a researcher-designed demographic instrument. The latter collected 
information such as gender, race, academic department and iPod usage 
during the semester. Researchers determined 34 of the 61 participants 
failed to adopt the iPod as an educational resource. T-tests determined 
significant differences in participants′ GEFT scores, total GRE, and the 
value of an iPod as an educational resource score. The mean score for 
nonadopters GEFT was 10.06 (n = 34) while adopters recorded a 13.15 
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(n = 27). This suggests nonadopters of iPod technology are typically 
categorized as field-dependent learners and adopters are more likely 
to be field-independent learners. Adopters scored approximately 85 
points higher on the combined quantitative and analytical sections of the 
GRE with adopters recording a mean score of 972.96 and nonadopters 
scoring 887.65. Educators should look to use iPod-enabled courses as 
another method of delivering course content to students who prefer to 
receive it in that manner. Nonadopters should be identified and provided 
additional chances to adopt through informing them about the attributes 
of the innovation or providing other options more suited to their learn-
ing style. Continued research on the most effective delivery method as 
well as continued research on identifying barriers to adoption may also 
influence research on other classroom technologies.

Key Words: iPOD, education, graduate course

    245    Bilingual modules for online education in poultry processing, 
further processing and food safety in the United States and Latin 
America.  M. X. Sánchez-Plata*, Department of Poultry Science, Texas 
A&M University, College Station.

Several initiatives have been implemented to facilitate training in poultry 
processing beyond the traditional classroom settings. Texas A&M Uni-
versity has developed and successfully offered a Masters of Agriculture 
online-only degree in poultry science. This program was established 
with the purpose of reaching audiences that are currently involved in 

the poultry industry with the willingness to enrich their professional 
development with an advanced degree without having to allocate a 2 
to 3 year period for their academic work. So far, up to 5 students have 
completed or are in their final stages of completing their requirements 
for degree completion in this student-driven program. Overall, the pro-
gram has received positive evaluations and alumni participating have 
indicated their willingness to recommend it to future participants. The 
next stage in diversifying the reach of TAMU programs includes the 
implementation of a series of online training modules in the fields of 
poultry processing, further processing and food safety to complement 
distance education initiatives. Bilingual modules have been developed 
in English and Spanish to facilitate the instruction of English-speaking 
poultry workers as well as Hispanic line workers and supervisors that 
are currently estimated to account for up to 75% of the workforce oper-
ating in some poultry facilities. Personal communications indicate that 
the language barrier has, at times, been the source of problems in some 
facilities in respect to processing efficiency and food safety initiatives. 
Therefore, strong emphasis is placed in presenting the materials in both 
languages so that in addition to receiving bilingual processing and food 
safety training, Hispanic workers are exposed to the proper English terms 
used to describe course contents in this adult educational effort. This is 
expected to familiarize employees with the English words used during 
regular operations and potentially facilitate the work of English-only 
speaking supervisors and plant managers. A discussion of the program 
targets and objectives will be provided.

Key Words: online training, distance education, bilingual

    246    Potential ways to manage PSE poultry meat at the processing 
plant.  S. Barbut*, University of Guelph, Guelph, ON, Canada.

As indicated in several publications appearing over the past 10 years, 
the proportion of the so called pale, soft, and exudative (PSE) poultry 
(chickens, turkeys) meat can range from 5 to 30%. These values usu-
ally depend on factors such as the season, stress prior to slaughter, 
genetics of the flock, as well as the cut off point used by each plant to 
characterize the PSE meat. The fact that genetics plays a big role and 
would require a long term solution is agreeable by most researchers 
(to be discussed in the other presentations). However, at the moment a 
processor should be aware of the PSE problem and ways to handle the 
meat with minimal economical loss. Using the meat as is, especially in 
large whole muscle products can result in significant yield and textural 
problems. Therefore, identify the PSE meat (i.e, the current poultry 
grading system is not designed to evaluate meat quality characteristics) 
and either treating the meat separately with the addition of texture and/
or moisture modifying ingredients is one general option. The use of 
nonmeat proteins (e.g., soy, dairy), complex carbohydrates (regular and 
modified starches), hydrocolloid gums (carrageenan) will be presented. 
Another option is cutting the PSE meat into smaller portions and blend-
ing it with regular meat prior to further processing can work if not too 
much PSE meat is present. 
Other research in the red meat area will also be highlighted and ideas 
concerning potential solutions, at the processor level, will be further 
discussed.

Key Words: PSE, poultry, meat

    247    Research developments in pale, soft, exudative turkey meat 
in North America.  C. Z. Alvarado*1 and C. M. Owens2, 1Texas Tech 
University, Lubbock, 2University of Arkansas, Fayetteville.

In the past 10 to 15 years, the North American turkey industry has been 
challenged with the pale, soft and exudative (PSE) meat which results 
in meat that is pale in color, forms soft gels, and has low water hold-
ing capacity. There is a large further processing market in the turkey 
industry and the incorporation of PSE meat into these products results 
in quality defects and loss of yield, both of which result in economic 
loss. Research has been conducted to characterize the meat, investigate 
causes of the poor quality meat, and develop remediation techniques 
to improve meat quality. Meat with PSE characteristics generally has 
an accelerated rate of metabolism. The resulting abnormally low pH at 
an early postmortem time when the carcass temperature is still warm 
causes denaturation of the muscle proteins responsible for the muscle 
color, water holding capacity, and texture. Because of this, turkey meat 
can be prone to developing PSE characteristics when carcasses are 
inadequately chilled during processing. Genetics and antemortem stress 
can also influence the development of PSE meat. Genetic differences, 
that may result in more susceptibility to PSE meat development, have 
been reported between random-bred and commercial turkeys; how-
ever, more research is needed to link these differences to meat quality. 
Antemortem stress has a major influence on turkey meat quality; it has 
been shown that the incidence of PSE meat generally increases when 
birds are subjected to elevated environmental temperatures as observed 
in research and industry heat stress conditions. While there have been 
mixed results on remediation techniques of PSE meat, there is potential 
for using functional ingredients to improve product quality. Sorting 
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product may provide greater opportunity in improving product qual-
ity. Research characterizing PSE meat indicates a strong relationship 
between meat color and other quality characteristics. Therefore, sort-
ing meat can help to reduce the amount of PSE meat going into whole 
muscle further processed products, the products most impacted by PSE 
meat. Though there has been much research on PSE turkey meat, more 
research is still needed to fully understand the condition.

Key Words: PSE, turkey, meat

    248    PSE conditions in poultry: The European perspective.  M. 
Petracci* and M. Bianchi, Alma Mater Studiorum–University of Bolo-
gna, Department of Food Science, Cesena, Italy.

Over the past 15 yr, the European processing industry has gradually 
increased the availability of poultry meat in a large variety of processed 

ready-meals following what occurred few years before in North America. 
This shift toward further processed products has underscored the neces-
sity for higher standards in poultry meat in order to improve sensory 
characteristics and functional properties. In parallel to this market 
change, the consciousness of the PSE-like meat issue has extensively 
grown. In poultry, PSE-like meat can be generally considered meat 
having low ultimate pH, pale color and poor functional properties (i.e., 
low water-holding capacity). In the last 10 yr, some studies have been 
undertaken in Europe to both characterize and evaluate the overall 
incidence of PSE-like chicken and turkey breast meat. According to 
these studies, the occurrence of PSE-like meat can be up to 40% within 
a flock. Several key factors have been identified and their effects have 
been analyzed, including genetics, season, ante-mortem factors and 
slaughtering conditions.

Key Words: poultry, PSE, Europe
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    MP249    Effects of prebiotic and prebiotic consumption on 
serum lipid profile in Iranian Ross broiler chickens.  H. Ziaei*1, M. 
A. Karimi Torshizi2, M. Bashtani1, H. Farhangfar1, H. Naeemipour1, 
and A. Zeinali1, 1Birjand University, Birjand Iran, 2Tarbiat Modarres 
University, Tehran, Iran.

A study was undertaken to investigate the effects of 2 commercially 
available probiotic and prebiotic on the serum lipid profile of Iranian 
Ross broiler chickens. A total of 240 one-day-old chicks were divided 
at random into 4 groups and were fed with commercial feed. In this 
study, 4 treatments were applied. The treatments were: T1 = control 
diet based corn and soybean meal without supplementation, T2 = 
control diet + antibiotic (Virginiamycin) 15 ppm, T2 = control diet + 
probiotic (commercial mixture of Lactobacillus, Protexin) 150 g/ton 
diet, and T4 = control diet + prebiotic (commercial mixture of nondi-
gestible carbohydrate, Immnuwall) 450 g/ton diet. At days 28 and 42 
of the experiment, 4 birds from each replicate were randomly selected 
and blood samples taken from the wing vine into syringes. The blood 
samples were then centrifuged at 2,000 × g for 10 minutes and the 
serums were transported into aseptically treated vials then at −200°C 
for further analysis. Serum samples were analyzed for determining the 
total cholesterol, triglyceride, HDL cholesterol, and LDL cholesterol by 
enzymatic diagnostic kit (Sigma kit). Experimental units were treated 
under T3, which was found to have the lowest cholesterol, triglyceride, 
and LDL cholesterol concentrations. This treatment also resulted in an 
increased HDL/LDL ratio compared with T1 and T2. Supplementation 
diets with probiotic and prebiotic had no significant effect on HDL 
cholesterol. In addition, treatment 4 reduced serum total cholesterol, 
triglyceride, and LDL cholesterol concentrations in broilers during 42 
days. Generally, the results indicated that the mixture of Lactobacillus 
strains (Protexin) and nondigestible carbohydrate (Immnuwall) have a 
hypolipidemic effect on broilers blood.

Key Words: probiotic, prebiotic, Iranian ross broiler

    MP250    Evaluation of live vectored Eimeria vaccine with CD154 
(CD 40L) in broiler chickens.  S. Shivaramaiah*1, E. V. Eskridge1, S. L. 
Layton1, N. R. Pumford1, A. D. Wolfenden1, J. R. Barta2, Y. M. Kwon1, 
B. M. Hargis1, and G. Tellez1, 1University of Arkansas, Fayetteville, 
2University of Guelph, ON, Canada.

Coccidiosis (belonging to the apicomplexan class Conoidasida) are 
important enteric diseases of poultry and are representative of important 
parasites in many animal species. EmTFP250 is a high molecular mass, 
asexual stage antigen from Eimeria maxima strongly associated with 
maternally derived immunity to this protozoan parasite in newly hatched 
chickens. Cloning and sequence analysis has predicted the antigen to 
be a novel member of the thrombospondin-related anonymous protein 

(TRAP) family of apicomplexan parasites. Members of the TRAP family 
are microneme proteins and are associated with host cell invasion and 
apicomplexan gliding motility. Three novel attenuated Salmonella 
Enteritidis strains (∆SE) expressing TRAP oligopeptides in associa-
tion with a potential immune-enhancing CD154 sequence, on the outer 
membrane protein LamB, were developed. Broiler chicks (n = 280) 
were randomly assigned to 1 of 4 pens (70 birds/pen), and 108 cfu/chick 
of 1 of 3 sequences, or vehicle alone, were administered to each group 
by oral gavage. At 21 days of age, all groups were challenged with 104 
sporulated oocysts of E. maxima by oral gavage. The mortality at day 
5 postchallenge was as follows: Sequence 1: 7/43 (16.3%); sequence 
2: 1/46* (2.2%); sequence 3: 6/43 (11%); and control (nonvaccinated): 
10/46 (21.7%). This study underscores the potential of EmTFP250 as 
a candidate for a recombinant vaccine targeting coccidiosis in chickens 
(*P < 0.05 as compared to control). Since sequence 2 showed significant 
reduction in mortality when compared to the other 2 groups, further 
studies will necessarily evaluate the performance of sequence 2 as a 
potential recombinant vaccine candidate against coccidiosis.

Key Words: Eimeria, Apicomplexa, TRAP

    MP251    Evaluation of an inactivated Salmonella-recombinant vac-
cine expressing type A influenza M2e epitopes.  G. Gaona-Ramírez*, 
S. L. Layton, A. D. Wolfenden, R. E. Wolfenden, N. R. Pumford, G. 
Tellez, and B. M. Hargis, University of Arkansas, Fayetteville.

The objective of these study was to evaluate an experimental bacterin 
comprised of an attenuated Salmonella Enteritidis (∆SE) isolate express-
ing CD154 (an immunogenic enhancer peptide), and an oligopeptide 
of the M2e ion channel protein, a highly conserved membrane protein 
in avian influenza. This bacterin was evaluated for ability to produce 
antibodies to M2e as well as Salmonella Enteritidis. Previously we have 
shown marked M2e seroconversion using the present recombinant as a 
live vectored vaccine. Preliminary assays were performed to compare 
formaldehyde (0.05%) and heat (1 h at 65°C) for inactivation of the 
bacteria, while seeking to preserve the immunogenic characteristics of 
M2e. Inactivated bacteria were tested in a plate agglutination assay with 
anti-M2e serum. All the samples showed positive agglutination, so both 
methods were examined in the animal vaccination experiments. A total 
of 450 d-of-hatch broilers were divided into 9 groups, neck tagged, and 
placed in pens. Groups received either no vaccination (control), or heat 
or formaldehyde inactivated recombinant bacteria with either 1 or 2.56 
mg of Al(OH)3 as an adjuvant. Chickens received the subcutaneous 
vaccine at day of hatch, and at d 21. Each vaccine dose contained 1.2 
× 106 cfu dose−1. Antibody capture ELISA was used to determine M2e 
and Salmonella antibody titers from blood samples obtained weekly. No 
antibodies against M2e were detected with any killed vaccine treatment. 
However, the response for SE titers in the boosted groups showed a high 
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seroconversion for Salmonella antibodies when compared to controls. 
In a subsequent replicate experiment, we similarly observed a lack of 
measurable antibody response to M2e in birds treated with bacterins 
prepared as described for the first experiment. While this recombinant 
has shown substantial promise as a live vectored vaccine, these data sug-
gest that insufficient antigen is presented with inactivated recombinants 
using these methodologies.

Key Words: bacterin, Salmonella, M2e

    MP252    Effect of rabbit sacculus rotundus antimicrobial peptides 
on serum antibody titers after vaccination with Newcastle disease 
virus vaccine and avian influenza virus vaccine in chickens.  T. Liu*, 
R. She, H. Bao, Y. Zhang, and D. Luo, China Agricultural University, 
Beijing, China.

Ninety 0-day-old SPF chickens were randomly divided into 2 groups. 
On days 7, 14, 21, and 28, the animals received 0.1 mg rabbit sacculus 
rotundus antimicrobial peptides (RSRP) dissolved in 0.5 mL physiologi-
cal saline. The control groups received same dose of physiological salt 
solution on the same day. Newcastle disease virus IV strain (NDV-IV) 
vaccine (Nanjing Pharmaceutical and Instrument Manufacturer, lot 
no.753-3) was administered 2 times with a 14-day interval. And on 
day 7, avian influenza virus (AIV, H5N1) emulsion-inactivated vaccine 
(Harbin Veterinary Research Institute, lot no. 040331-2) was injected 
into thoracic muscles. 
On days 7, 14, 21, 28, 35, and 49 after the first vaccination, 6 chickens 
were sampled randomly from each group for determination of serum 
HI antibody titer by micromethod. Reference positive sera specific 
for and the antigens of subtypes H5 AIV were obtained from Harbin 
Veterinary Research Institute. Positive sera for Newcastle disease (ND) 
were purchased from the Center for Experimental Animals of Beijing. 
Negative control sera were obtained from the chickens reared under a 
specific pathogen-free (SPF) environment. The geometric mean titer 
(GMT) was expressed as reciprocal log2 values of the highest dilution 
that displayed HI. 
The results of the HI test in chicks after vaccination against Newcastle 
disease and AIV are presented in Table 1. The antibody titers against 
Newcastle virus of treatment group at each time point were higher than 
that of control group. On day 28, the titers of treatment group reached 
peak value and were significantly higher than that of control group (P 
< 0.05). The antibody titers against AIV of treatment group at each time 
point were significantly higher than that of control group (P < 0.05). 
On day 28, the titers of treatment group also reached peak value (P < 
0.05). The result indicated that RSRP could increase the antibody titers 
of Newcastle disease virus vaccine and avian influenza virus vaccine.

Table 1. The dynamic variation of HI antibody titer (log2)
Virus Group Day 7 Day 14 Day 21 Day 28 Day 35 Day 49
NDV RSRP 4.5 ± 0.5 5.6 ± 0.5† 5.5 ± 0.6† 6.5 ± 0.6† 5.7 ± 0.5† 5.5 ± 0.5†
NDV CON 4.2 ± 0.4 5.1 ± 1.0 4.7 ± 1.0 5.6 ± 0.5 5 ± 0.6 4.6 ± 0.5
AIV RSRP 1.2 ± 0.4† 3.8 ± 0.5† 4.9 ± 0.6† 5.5 ± 1.0† 5 ± 0.6† 5 ± 0.5†
AIV CON 0.7 ± 0.3 2.8 ± 0.4 3.8 ± 0.5 4.1 ± 0.4 4.1 ± 0.5 3.7 ± 0.4

†Significantly differ from control at P < 0.05.

Key Words: antimicrobial peptides, antibody titer, HI test

    MP253    Influence of in-feed virginiamycin on the systemic and 
mucosal antibody-mediated immune response of chickens.  J. T. 
Brisbin*1, J. Gong2, C. A. Lusty1, P. Sabour2, B. Sanei3, P. E. Shewen1, 
and S. Sharif1, 1University of Guelph, Guelph, ON, Canada, 2Agricul-
ture and Agri-Food Canada, Guelph, ON, Canada, 3Ontario Ministry 
of Agriculture and Food, Guelph, ON, Canada.

Subtheurapeutic and prophylactic doses of antibiotics are capable of 
altering the intestinal microbiota as well as increasing a number of 
growth parameters in chickens. In spite of the fact that the microbiota 
plays a role in shaping the host’s immune system, little information is 
available on the effect of in-feed antibiotics on the chicken immune 
system, and specifically elicitation of antibody-mediated immune 
response. The objective of this study was, therefore, to examine the 
effects of virginiamycin, a growth promotant on the induction of anti-
bodies in the serum and intestinal contents of chickens. To address this 
objective, chickens were fed diets containing no antibiotics or diets 
containing subtheurapeutic (11 ppm) or prophylactic (22 ppm) doses 
of virginiamycin. Chickens were then immunized with keyhole limpet 
hemocyanin (KLH) and sheep red blood cells (SRBC) systemically, 
and antibody responses were measured by ELISA and hemagglutina-
tion assays, respectively. It was found that systemic IgG and to a lesser 
extent the IgM response to KLH was greater in birds that were fed a diet 
containing 11 and 22 ppm virginiamycin than the no-antibiotic control 
birds. No antibiotic effect was found in the SBRC-immunized birds. 
In order to examine the mucosal antibody-mediated response, birds 
were immunized with KLH and bovine serum albumin (BSA) and the 
IgA and IgG response determined by ELISA. No antibodies to KLH 
were detected in the intestinal contents of the chickens, while the IgA 
response to BSA was generated but was not influenced by antibiotic 
administration. In conclusion, although the presence of virginiamycin 
in feed had minimal effect on elicitation of antibodies in the intestine 
of treated chickens, antibiotic treatment increased systemic antibodies. 
This finding provides indirect evidence for modulation of antibody 
response by antibiotics, possibly through changing the composition of 
the intestinal microbiota.

Key Words: immune response, virginiamycin, dietary antibiotics

    MP254    Production and characterization of monoclonal anti-
bodies against chicken CD40.  C. H. Chen*, D. Abi-Ghanem, L. 
Njongmeta, W. Mwangi, S. Waghela, N. Ing, and L. R. Berghman, Texas 
A&M University, College Station.

Purpose: CD40, a member of the TNF-receptor superfamily, is a co-
stimulatory protein found on B-cells, macrophages, and dendritic cells. 
T cells expressing the CD40 ligand, CD154, can bind CD40-expressing 
B-lymphocytes, producing a variety of downstream effects including 
B-cell activation, proliferation, differentiation and antibody production. 
Unfortunately, little information is available regarding the role of chicken 
CD40 (cCD40), partly by lack of antibodies against cCD40. In the pres-
ent study, we describe the preparation of monoclonal mouse antibodies 
(Mabs) against the recombinant extracellular domain of cCD40 and their 
characterization using chicken B cells and macrophages.
Experimental design: The chicken CD40 gene was cloned and inserted 
into pcDNA 3.1/V5-HIS-TOPO vector. Recombinant chicken CD40 
(rcCD40) protein was expressed in FreeStyle 293 cells and purified 
by Anti-FLAG M2 agarose gel. Mice were immunized with rcCD40 
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for preparation of Mabs. The resulting antibodies were characterized 
by ELISA, immunocytochemistry, flow cytometry, and stimulation of 
nitric oxide production in macrophages.
Results: Screening on ELISA plates coated with rcCD40 demonstrated 
27 immunopositive hybridomas. Out of these, 23 Mabs specifically 
recognized cell surface CD40 by immunocytochemistry on chicken 
DT40 B-cells and HD11 macrophages. These Mabs also stimulated the 
release of nitric oxide from chicken HD11 macrophage cells.
Conclusion: Agonistic monoclonal anti-CD40 antibodies, presumably 
recognizing the CD154 binding site of CD40, were developed and will 
be useful reagents to study the tissue distribution of CD40 and CD40-
mediated activation of chicken B-cells and macrophages.

Key Words: chicken CD40, monoclonal antibodies

    MP255    Expression of antimicrobial peptide genes in chicken 
cecal tonsils after treatment with probiotics and challenge with 
Salmonella.  M. R. Akbari1, H. R. Haghighi*1, J. R. Chambers2, and 
S. Sharif1, 1University of Guelph, Guelph, ON, Canada, 2Agriculture 
and Agri-Food Canada, Guelph, ON, Canada.

Commensal microbes play an important role in the development 
and maintenance of homeostasis of the intestine. Furthermore, these 
microbes, through their interactions with host cells, could affect the 
development of the immune system. Commensal bacteria in form of 
probiotics have been shown to reduce chicken gut colonization by bac-
terial pathogens, including Salmonella. We have recently shown that a 
defined probiotic product could reduce colonization of Salmonella in 
the chicken intestine by ~2 logs. Here, we sought to determine if the 
reduction in Salmonella colonization was correlated with the expression 
of antimicrobial peptides in intestinal lymphoid tissues. In this study, 
there were 4 groups as follows: 1) treated with probiotics, 2) infected 
with Salmonella, 3) treated with probiotics and infected with Salmonella, 
and 4) no treatment or infection. Chickens received probiotics or PBS by 
gavage when they were one-day-old, and were infected with Salmonella 
enterica serovar Typhimurium or sham infected 24 hours later. Cecal 
tonsils were removed from chickens belonging to all 4 groups on 1, 3, 
and 5 days postinfection (dpi). The expression of antimicrobial pep-
tides, including several β-defensins, (Gal-1, Gal-2, Gal-6, and Gal-7), 
cathelicidin in cecal tonsils was assessed using quantitative real-time 
RT-PCR. Probiotic treatment did not alter the expression of any of the 
antimicrobial peptide genes at any of the time points. However, Sal-
monella infection resulted in significant up-regulation of all 5 genes 
at 3 dpi. Furthermore, the expression of all genes was up-regulated 
in cecal tonsils of Salmonella-infected groups at 5 dpi, although the 
difference in expression was only significant in the case of Gal-2 and 
Gal-6. Importantly, in the groups that were treated with probiotics prior 
to being challenged with Salmonella, the expression of these genes was 
comparable to what was seen in control untreated birds. These results 
demonstrate that that reduced Salmonella colonization in the chicken 
gut correlates with reduced expression of antimicrobial peptides.

Key Words: probiotic, Salmonella, antimicrobial peptide

    MP256    Reactive oxygen species production of chicken hetero-
phils and peripheral blood mononuclear cells in response to the 
Dectin-1 specific agonist, curdlan.  J. Nerren* and M. Kogut, United 
States Department of Agriculture, College Station, TX.

Like neonates of other species, young poultry are more susceptible to 
pathogens during the first week of life. In chickens, this is due, in part, 
to an inefficient innate immune response. In terms of animal health 
and food safety, this transient immunodeficiency is of great economic 
consequence to the poultry industry. Thus, the prevention and control 
of such diseases is a critical point of intervention for economic and 
food safety purposes. Given that the inefficiency of the innate immune 
response of neonatal chickens plays a pivotal role in the susceptibility 
to a multitude of infections, a potential strategy for preventing and 
controlling animal disease or food-borne pathogens is to potentiate the 
innate immune response during this period of susceptibility. A previous 
study conducted in our laboratory demonstrated that administration of 
β-glucan as a feed additive resulted in increased phagocytosis, oxida-
tive burst, and bactericidal capacity of chicken heterophils, resulting 
in significantly reduced organ invasion by Salmonella enterica serovar 
Enteritidis. On the basis of those findings, we hypothesize that chickens 
possess the β-glucan receptor, Dectin-1. The objective of this ongoing 
study is to confirm and identify the β-glucan receptor in chickens, and 
assess its role in the immune response of chickens to various pathogenic 
bacteria, in particular Salmonella and Clostridial spp. In the present 
study, we stimulated chicken heterophils and peripheral blood mono-
nuclear cells (PBMCs) with the Dectin-1 specific agonist, Curdlan, and 
measured oxidative burst after 15, 30, and 45 minutes. The oxidative 
burst of both heterophils and PBMCs was significantly increased within 
15 minutes of incubation, and this increase was sustained throughout the 
time periods measured. Pretreatment of heterophils and PBMCs with 
laminarin, a β-glucan receptor blocking agent and specific inhibitor of 
Dectin-1 activity substantially reduced the Curdlan-induced oxidative 
burst. These data strongly suggest the presence of a functional Dectin-1 
in chicken heterophils and PBMCs.

Key Words: Dectin-1, pattern recognition receptors, β-glucan

    MP257    Regulation of thymosin β4 in chicken macrophages by 
Toll-like receptor activation.  L. Kannan*1,2, R. Liyanage2, J. O. Lay 
Jr2, and N. C. Rath1, 1PPPSRU, ARS, USDA, Fayetteville, AR, 2Univer-
sity of Arkansas, Fayetteville.

Thymosin β4 (Tβ4) is a 5-kDa peptide that binds to the cytoskeletal 
protein actin and regulates cell motility. At the extracellular level it also 
promotes chemotaxis, wound healing and angiogenesis. However, the 
mechanism responsible for the regulation of Tβ4 production and its 
secretion to the extracellular environment is still not understood. Previ-
ously, we found the chicken macrophages rich in Tβ4. Since these cells 
play key roles in the process of wound healing and angiogenesis, we 
hypothesized that the activation of macrophages through appropriate 
Toll-like receptors (TLR) may promote Tβ4 synthesis and its secretion. 
To test the hypothesis, we treated a chicken macrophage cell line with 
different TLR ligands and studied their effects on Tβ4 gene expression 
and its secretion at 6 and 24 h time points. Real time PCR was used for 
gene expression studies and stable isotope labeling with amino acids in 
the cell culture (SILAC) followed by mass spectrometric analysis for its 
secretion. Although certain TLR activation induced the expression of 
several reference genes, the Tβ4 expression was not affected. SILAC 
data showed these TLR activations causing a down regulation of cellular 
Tβ4 content along with its corresponding increase in cell culture media 
at 24 h. These modulations were not seen at 6 h time point. The elevated 
levels of Tβ4 in the culture medium at 24 h appears to be associated with 
cell death as determined by an increase in the percentage of trypan blue 
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positive cells. These results imply that Tβ4 in the wound fluid perhaps 
originate from dead cells which then facilitate wound healing.

Key Words: macrophages, thymosin β4, Toll-like receptors

    MP258    Macrophage-conditioned media enhances lymphocyte 
proliferation.  L. A. Flatow* and K. C. Klasing, University of Cali-
fornia, Davis.

Optimal conditions that support the proliferation of B and T lymphocytes 
from chickens are not known. Therefore, we attempted to elucidate fac-
tors that enhance B and T lymphocyte proliferation in vitro. Adult White 
Leghorn peripheral blood cells were collected for in vitro experiments. 
Lymphocytes were obtained using a slow speed centrifugation method. 
When cultured together, lymphocytes proliferated in the presence of 
phytohemagglutinin-P (PHA-P; P = 0.0028) and lipopolysaccharide 
(LPS; P = 0.0085). B and T lymphocytes were separated using magnetic 
beads and failed to proliferate in the presence of PHA, LPS, or pokeweed 
mitogen (PWM). Thus, when cultured in partially purified leukocyte 
preparation, lymphocytes proliferate in response to mitogens, but the 
separation of B and T lymphocyte populations prevents proliferation. 
When separated lymphocytes were cultured with macrophages, they 
again failed to proliferate. Supernatant from macrophages cultured for 48 
hours was collected and used as macrophage-conditioned media. Sepa-
rated B and T lymphocytes cultured with this macrophage-conditioned 
media proliferate when stimulated with PWM (P = 0.0021). Thus, B 
lymphocytes or T lymphocytes proliferate when cultured in macrophage-
conditioned media, but do not in the absence of conditioned media.

Key Words: lymphocytes, macrophage-conditioned media, cell pro-
liferation

    MP259    Glucose availability alters chicken thymocyte inter-
leukin-7 receptor gene expression, T-cell receptor rearrangement 
and T-cell differentiation.  B. D. Humphrey*1 and S. G. Rudrappa2, 
1California Poly Tech, San Luis Obispo, 2University of Maryland, 
College Park.

Since thymocytes develop in a low-glucose environment during 
embryogenesis, the objective of these experiments was to determine the 
effect of glucose availability on thymocyte development. We measured 
thymocyte IL-7Rα mRNA abundance, T-cell receptor rearrangement 
and their differentiation in embryonic thymic organ culture. A glu-
cose by time interaction demonstrated that IL-7Rα mRNA abundance 
increased 1.74-fold in 5 mM glucose but decreased by 58.6% 15 mM 
glucose. Glucose availability affected TCR β chain rearrangement. 
TCR β excision circles were higher in thymocytes cultured in 15 mM 
glucose compared to 5 mM glucose (P < 0.05). The number of unrear-
ranged TCR β chains, TCR γ excision circles and unrearranged TCR 
γ chain in thymocytes decreased with time in both glucose treatments 
(P < 0.05). The percentage of developing CD4+ T cells was dependent 
upon glucose availability (P < 0.05). The CD4+ T-cell population 
decreased with time in 5 mM glucose, whereas it increased with time 
in 15 mM glucose. The CD8+ T-cell population increased with time (P 
< 0.05) in both glucose treatments. Taken together, glucose availability 
modifies TCR β rearrangement, IL-7Rα gene expression and regulates 
CD4+ T-cell development. These data suggest that glucose availability 

may play an important role in the development of the chick’s adaptive 
immune system.

Key Words: glucose, lymphocyte, receptor

    MP260    Challenging Hy-Line W36 chicks with KLH in con-
junction with retinyl palmitate does not increase antibody response 
regardless of vitamin A status.  K. A. Livingston*, T. W. Perano, and 
K. C. Klasing, University of California, Davis.

In previous studies, vaccinations given with retinyl palmitate (RP) in 
vitamin A deficient mice and humans increased the antibody response. 
Therefore, Hy-Line W36 chicks were hatched from eggs that contained 
0.95 Â ± 0.06, 1.29 Â ± 0.06, or 1.66 Â ± 0.06 Î¼g retinol/g egg yolk. 
Upon hatch, chicks were allotted to a diet that contained 70, 100, or 130% 
of the vitamin A requirement (1,500 IU/kg). At 14 d of age chicks were 
challenged with either keyhole limpet hemocyanin (KLH), Freund’s 
incomplete adjuvant (FIA), KLH and FIA, KLH and RP administered 
in the same injection, or KLH and RP administered at different injection 
sites. The RP dosage was 7,000 IU/kg of body weight, while that of 
the KLH was 1 mg/kg of body weight. Chicks were bled and rechal-
lenged at 19 d of age, and a final blood draw was taken at 29 d of age. 
IgM and IgG antibody responses to KLH were determined by ELISA, 
and agglutination was used to determine natural antibody titers. When 
compared to chicks fed 70 and 100% of the vitamin A requirement, 
chicks fed 130% had a lower IgM and IgG antibody response at 19 d 
of age (P < 0.02), and IgG was significantly lower at 29 d of age (P = 
0.0036). However, administering RP together or separate from KLH 
did not significantly improve either IgM or IgG response at 29 d of age 
when compared to chicks challenged with KLH and FIA (P < 0.01). 
Moreover, natural antibody titers were not different among diets and 
challenges (P = 0.91). In conclusion, administration of retinyl palmitate 
with KLH did not improve antibody response in chicks.

Key Words: vitamin A, keyhole limpet hemocyanin, antibody

    MP261    Intratracheal administration of bacterial lipopolysac-
charide elicits pulmonary hypertension in broilers with primed 
airways.  A. G. Lorenzoni* and R. Wideman, University of Arkansas, 
Fayetteville.

Broilers reared under commercial conditions inhale irritant gases and 
aerosolized particulates contaminated with Gram-negative bacteria and 
bacterial lipopolysaccharide (LPS). Previous studies demonstrated that 
i.v. injections of LPS can trigger an increase in the pulmonary arterial 
pressure (PAP); however, the pulmonary hemodynamic response to 
aerosolized LPS entering via the most common route, the respiratory 
tract, had not been evaluated in broilers. In Experiment 1 broilers reared 
on new wood shavings litter in clean environmental chambers either 
were not pretreated (control group) or were pretreated via aerosol inhala-
tion of substances (food color dyes and propylene glycol, PG) known 
to sensitize the airways. One d later the broilers were anesthetized, 
catheterized to record the PAP, and an intratracheal aerosol spray of 
LPS (1 mL of 2 mg/mL LPS) was administered. Broilers in the control 
group as well as broilers pretreated with aerosolized distilled water or 
yellow and blue food color dyes did not develop pulmonary hypertension 
(PH, an increase in PAP) after the intratracheal spray of LPS, whereas 
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broilers that had been pretreated with red food color did develop PH 
in response to intratracheal LPS. In Experiment 2 birds raised under 
commercial conditions on used wood shavings litter developed PH in 
response to intratracheal LPS regardless of whether or not they had 
been pretreated with aerosolized red food color dye. In Experiment 3 
broilers reared in clean environmental chambers on new wood shavings 
litter were used to demonstrate that Red Dye #3 and PG are capable of 
priming the airways′ responsiveness to a subsequent intratracheal LPS 
challenge. Common air contaminants such as LPS can result in PH 
leading to pulmonary hypertension syndrome (ascites) in broilers with 
appropriately primed airways.

Key Words: lipopolysaccharide, broiler, mucosal immune system

    MP262    Fertility assessment of male Japanese quail bird by the 
size of their cloacal gland.  B. K. Biswas* and K. L. Arora, Fort Valley 
State University, Fort Valley, GA.

Japanese quail (Coturnix japonica) is considered to be a superior labora-
tory animal for research due to several advantages over other animals. 
This bird is exceptional among avian species because of their cloacal 
gland. In this study, investigation has been carried out to observe the 
growth and development pattern of the cloacal gland and its relationship 
to fertility. In laboratory conditions, birds were housed in wire cages 
measuring of 24 × 10 × 10 inches size with a ratio of 1 male to 1 to 3 
female birds in each cage. The room temperature was maintained at 
75°F with a photoperiod of LD = 16:8. The birds received similar feed, 
management, and handling practices. The diameter of the cloacal gland 
(CG) of the males was measured with a vernier caliper. A total of 50 
males were used in this study which extended over a period of 1 year 
and their cloacal glands were measured at least 4 different times during 
this period. It has been found that the diameter of the cloacal gland varies 
from ~6.0 mm to ~20.0 mm. It has also been found that this bird does 
not retain fertility all year round. They become infertile during certain 
periods of time and later regain their fertility. During that time period 
of infertility, the eggs laid by the female cage mate(s) are infertile. The 
reason(s) behind this infertility has been linked with the size of their 
cloacal gland and it has been determined that males having 13.5 mm or 
larger size of cloacal gland are fertile and those have less than 13.5 mm 
cloacal gland are infertile. The cloacal gland is therefore realized as the 
visual indicator of fertility of male Japanese quail. This visual indicator 
may be utilized to determine the fertility of male Japanese quail over the 
course of their life time. It is important to understand cloacal gland status 
before drawing conclusions as to egg hatchability or age related effects 
on egg fertility. This information is also of value in future planning an 
experimental design using Japanese quail as a model.

Key Words: Japanese quail, cloacal gland, male fertility

    MP263    Fertility and embryonic development in Japanese Quail 
eggs following removal of males.  K. L. Arora*, Fort Valley State 
University, Fort Valley, GA.

Thirty Japanese quail female breeders with 100% fertility were used in 
this project. Following the removal of males, the eggs were collected 
at 5:00 p.m. daily for 12 consecutive days. The eggs were incubated 

within 2 hours of collection at 38–39°C and 68–70% relative humidity. 
After 40 hours of incubation, the eggs were opened and the embryos 
were stained, in situ, with agar impregnated with neutral red. Besides 
counting the number of somites, the lengths of embryo, area pellucida, 
and area vasculosa were also measured with vernier caliper under the 
dissecting microscope. Selected embryos were photographed. Fertility 
of eggs was reduced to 30% by day 5, to 20% by day 6 and to 0% by 
day 7 and after. On fifth day, embryonic abnormality and retardation 
was noticed in some embryos particularly in the brain where the neural 
tubes failed to close. Differentiation of area pellucidae was incomplete, 
and area vasculosae lacked characteristic color and shape and the blood 
islands lacked clarity. On sixth day, some embryos showed initial devel-
opment but appeared aborted and vacuolated. None of the eggs laid on 
the seventh day showed any kind of development and only “infertile” 
blastodiscs could be visible. It was concluded that the “selected strong” 
spermatozoa retained fertilizing capability for up to 6 days. The weaker 
or aging spermatozoa produced retarded and abnormal embryos and 
finally complete “infertility” resulted by the seventh day following the 
removal of males. Therefore, repeated inseminations or natural matings 
are essential for maintaining optimal fertility, embryonic viability, and 
hatchability.

Key Words: Japanese quail, fertility, removal of male

    MP264    Influence of plasma lipid composition on blood clotting 
activity in laying hens.  E. Yeh*, D. Wood, and E. J. Squires, University 
of Guelph, Guelph, ON, Canada.

The etiology of Fatty Liver Hemorrhagic Syndrome (FLHS) in laying 
hens has been an enigma for the past 50 years. We hypothesize that the 
development of liver hemorrhages in FLHS involves deficiencies in 
the activities of blood coagulation factors V, VII and X. The purpose 
of this study was to investigate the possible relationship between these 
blood coagulation factor activities and the fatty acid composition of the 
plasma. Fatty acid profiles of Single Comb White Leghorn (SCWL) and 
FLHS-susceptible laying hens were compared to the clotting activities 
of Factor V, VII, and X. The concentration of omega-3 fatty acids was 
significantly negatively correlated to Factor V, VII, and X activities 
across both strains of birds. When bird strain was considered, it was 
significant for Factor X in SCWL laying hens. The concentration of 
omega-6 fatty acids was positively correlated with Factor VII and X 
for FLHS-susceptible laying hens. To further investigate the role of 
omega-3 and omega-6 fatty acid in clot formation, a feeding trial was 
designed utilizing diets high in omega-3 fatty acids from flax oil and 
diets high in omega-6 fatty acids from soy oil. The study was carried 
out using a crossover design with both SCWL and FLHS-susceptible 
hens with the birds fed the different diets for 6 weeks. Blood samples 
were withdrawn every 2 weeks and analyzed for Factor V, VII, and 
X activities. Preliminary results show that the activities of the blood 
clotting factors decreased in SCWL hens but not in FLHS-susceptible 
hens fed the flax oil diet. These studies demonstrate that the activities 
of the blood clotting factors can be affected by the fatty acid composi-
tion of plasma.

Key Words: fatty acids, hemorrhage, hemostasis
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    MP265    Ontogenic characterization of gene expression in the 
developing neuroendocrine system of the chick.  L. E. Ellestad*1,2, J. 
Saliba1, and T. E. Porter1,2, 1Department of Animal and Avian Sciences, 
University of Maryland, College Park, 2Molecular and Cell Biology 
Program, University of Maryland, College Park.

The 5 hypothalamic-pituitary hormone axes play a major role in regu-
lating growth, body composition, and reproduction. The objective of 
this study was to characterize expression profiles of components in 
each axis during the second half of chicken embryogenesis and the first 
week of neonatal life. Total RNA was isolated from hypothalamic and 
pituitary samples (n = 4 for each tissue) collected every 2 days between 
embryonic day (e) 10 and posthatch day (d) 7. Hypothalamic releasing 
and release-inhibiting factors, their pituitary receptors, and pituitary 
hormone mRNA levels were measured by quantitative real-time PCR. 
Data were analyzed by one-way ANOVA, and differences between 
groups were determined using the test of least significant difference. 
The adrenocorticotropic axis appears established by e12, as there was 
little change in gene expression after that age. Hypothalamic thyrotropin-
releasing hormone and pituitary thyroid-stimulating hormone β-subunit 
mRNA increased between e10 and e18 (P < 0.05), indicating establish-
ment of the thyrotropic axis during this period. The gonadotropic axis 
does not appear fully functional until after hatching. Hypothalamic 
gonadotropin-releasing hormone I increased after hatch, and pituitary 
luteinizing hormone β-subunit expression remained low until d3 (P < 
0.05). The somatotropic axis does not become established until late 
embryonic development. Hypothalamic growth hormone-releasing 
hormone mRNA did not increase until e20, and pituitary growth hor-
mone mRNA substantially increased on e16 and increased further just 
after hatch (P < 0.05). While hypothalamic somatostatin (SST) levels 
did not change, SST receptor 2 mRNA in the pituitary remained low 
until e20, after which levels increased (P < 0.05). Lactotropic axis 
establishment is also evident just prior to hatch, as pituitary prolactin 
and vasoactive intestinal peptide receptor 1 did not increase until e18 
and e20, respectively (P < 0.05). This developmental characterization 
increases our understanding of establishment of the major neuroendo-
crine axes and should aid in developing strategies aimed at improving 
poultry production traits.

Key Words: pituitary, hypothalamus, development

    MP266    Complete spermatogenesis from testicular tissue 
allotransplants in Japanese quail.  Y. Song*1,2, K. Cheng1, and F. 
G. Silversides2, 1University of British Columbia, Vancouver, Canada, 
2Agriculture and Agri-Food Canada, Agassiz, BC, Canada.

The Japanese quail is an excellent animal for laboratory studies and for 
poultry production. Currently there is no effective method for long-term 
conservation of quail genetic stocks except as living populations. We 
recently developed surgical techniques for the transplantation of fresh 
and frozen testicular tissue in newly hatched chickens and successfully 
demonstrated that donor progeny could be subsequently generated from 
the transplants. The present study aimed to apply the technique of testicu-
lar tissue transplantation to Japanese quail. Testicular tissue from week-
old White-Breasted (wb/wb) quail was transplanted into the abdomen of 
wild type (+/+) quail of the same age that had been surgically castrated. 
After surgery, recipients were immunocompromised by daily administra-
tion of an immunosuppressant (100 mg/kg CellCept®) for 2 weeks. When 
sexually mature, the recipients were sacrificed after light stimulation for 
1 month. Transplanted testicular tissue was observed in all recipients 

and some transplants grew to the size of normal testis. A suspension of 
testicular fluid containing motile sperm was easily obtained from the 
transplanted tissue whereas fluid could not be collected from the testis 
of normal male quail. Histological analysis indicated that testicular 
transplants contained spermatogonia, spermatocytes, round spermatids, 
and sperm in the seminiferous tubules, with enlarged lumens resulting 
from extensive sperm production without efferent ducts. These results 
confirmed our previous observations in chicken testicular allotransplants. 
Transplantation of testicular tissue could lead to development of methods 
for cryogenic storage of germplasm in quail.

Key Words: Japanese quail, spermatogenesis, testicular tissue

    MP267    The need for yolk, yolk granules, and cholesterol by 
the chicken embryo.  R. E. Austic* and K.-N. Hsu, Cornell University, 
Ithaca, New York.

Yolk was removed from medium size SCWL eggs at 3 days of incubation 
(IB) by displacement with a physiological salts solution via a portal from 
the shell to the yolk. Residual yolk that settled to the portal was removed 
by displacement with salts solution again at 4 d IB. Exp. 1 was done to 
determine the amount of yolk that would allow development of the chick 
from 4 to 20 d IB. The amounts of yolk administered via the portal at 
4 days IB were 7, 9, 11, or 13 mL per egg. Intact controls were a fifth 
group. Injected yolk displaced salts solution from the egg. Seven and 
10 mL of yolk were compared in Exp. 2. In Exp. 3, cholesterol-reduced 
egg yolk (CRY) was prepared by treatment with β-cyclodextrin, and egg 
yolk granules were prepared from normal yolk. Eggs were injected at 5 
d IB with 11 mL CRY without granules, CRY with granules (CRYg), or 
normal yolk. Intact controls were a fourth group. Survival to, and body 
(minus yolk sac) wt of euthanized chicks at, 20 d IB were measured. 
Survivals were 15, 15, 38, 31, and 77% of embryos started in the respec-
tive groups in Exp. 1. Body wt did not differ significantly among groups. 
Survivals were 58, 59, and 95% in Exp. 2. A slightly lower body wt was 
observed for the group having 10 mL yolk than for intact controls (P < 
0.05). The 7 and 10 mL groups did not differ significantly. Embryo dry 
wt, however, were lower for both yolk treatments than for intact controls 
(P < 0.05). Embryos that received CRY, CRYg, normal yolk, and intact 
controls, respectively, in Exp. 3 had 0, 30, 60, and 83% survival to 20 
d. Body wt did not differ among the 3 latter groups. We conclude that 
7 to 13 mL of yolk permit the growth of chick embryos to 20 d IB, and 
that it is possible for embryos to develop to 20 d with yolk containing 
only 2.4 mg cholesterol per g of yolk (i.e., the typical concentration in 
CRYg). The granular fraction of yolk appears to be critical for embryonic 
development beyond 8 to 10 d of incubation.

Key Words: chicken embryo, egg yolk granules, yolk replacement

    MP268    Culturing the chick embryo in ovo using cholesterol-
reduced egg yolk.  K.-N. Hsu* and R. E. Austic, Cornell University, 
Ithaca, New York.

The goal of this study was to determine the importance of egg yolk 
cholesterol (C) in the development of the chick embryo. A yolk replace-
ment technique was used to replace the yolk in medium sized SCWL 
eggs from d 3 to 5 of incubation (IB) with 11 mL of cholesterol-reduced 
egg yolk containing yolk granules (CRYg) or normal yolk. Survival 
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to, and body (minus yolk sac) wt of euthanized chicks at, 20 d IB 
were determined in 2 experiments. Concentrations of total C in brain 
and liver were measured by HPLC. In both experiments the treatment 
groups were (1) CRYg containing liposomes made from egg phosphati-
dylcholine (EPC), (2) CRYg containing liposomes made of EPC plus 
C, and (3) normal yolk. Group (4) comprised intact controls. The EPC 
concentrations were similar in Groups (1) and (2) and the ratio of EPC 
to C was 2:1 (wt/wt) in Group (2). The C concentrations in the yolks 
of the experimental groups at 47% yolk solids were 2.3, 4.6, 12.1, and 
(assuming 52% solids) 13.5 mg C/g sample, respectively. The survival 
of embryos to 20 d IB was significantly lower (P < 0.05) for Group (1) 
than for Group (4) in both experiments; Groups (1), (2), and (3) did not 
differ from Group (4) or among each other. Body wt were 20.5b, 22.0b, 
24.6ab, and 27.9a g, respectively, in Exp. 1 and 19.1b, 18.5b, 23.7a, and 
24.3a g in Exp. 2 (P < 0.05). Brain C averaged 3.90 and 4.53 mg/g 
tissue in Exp. 1 and 2, respectively: no differences among groups were 
detected. Liver C values were 1.5, 5.0, 19.5, and 32.9 mg/g liver in Exp. 
1 and 2.8, 4.9, 26.5, and 24.0 mg/g liver in Exp. 2. In each experiment, 
Groups (1) and (2) did not differ significantly, but both groups differed 
(P < 0.05) from Groups (3) and (4). The results indicate that embryos 
are able to develop to 20 d with as little as 2.4 mg C/g of yolk. Brain 
C was not affected by low yolk C level whereas liver C was markedly 
reduced. The low liver C and low body wt of embryos that received 
CRYg suggest that more than 4.6 mg C/g yolk is required for normal 
development to 20 d IB and beyond.

Key Words: chicken embryo, yolk cholesterol, liver and brain

    MP269    Time course changes in testicular antioxidant capacity 
and l-gulonolactone oxidase activity in cockerels.  C. L. Davenport*, 
A. R. Murphy Jr., W. G. Patterson, S. F. Lightsey, J. E. Toler, G. P. Bir-
renkott Jr., and D. V. Maurice, Clemson University, Clemson, SC.

Age-related changes in testicular growth and function are documented 
but there is limited information on concomitant changes in tissue anti-
oxidants and associated enzymes. The present study determined the 
time course changes and relationship between testicular growth and 
plasma (PTAC) and testicular (TTAC) total antioxidant capacity, plasma 
(PASA) and testicular (TASA) ascorbic acid and renal l-gulonolactone 
oxidase (GLOX) activity. White Leghorn type cockerels brooded and 
maintained in 6 floor pens were sampled fortnightly from 2 to 24 weeks 
of age. In the first 3 sampling periods a pool of 4–8 chicks from each pen 
constituted a sample and thereafter 1 bird from each pen was sampled. 
Body weight (BW), comb weight (CW), testes weight (TW), PTAC, 
TTAC, PASA, TASA, and GLOX were significantly affected by age. 
The relationships between BW, CW, TW and age were best described 
by a logistic model with an upper asymptote (UA) of 2,445, 55.2, and 
19.8 g and inflexion point (IP) of 11.4, 13.8, and 13.0 wk, respectively. 
The changes in CW and TW reflected changes in BW as evidenced by 
UA and IP of 58.8 and 1,209 and 19.7 and 1,147 g, respectively, for 
CW and TW when plotted against BW. A parabolic model character-
ized the relationship between PTAC, TTAC and BW with a maximum 
response of 504.9 and 27.4 Trolox units at 1,033 and 1,040 g BW for 
PTAC and TTAC, respectively. In contrast to the parabolic response of 
PTAC and TTAC, PASA increased exponentially from an intercept of 
7.4 µg/mL to an UA of 12.8 µg/mL and TASA decreased exponentially 
from an estimated intercept at 361.5 µg/g to a lower plateau of 130 µg/g. 
The activity of GLOX declined with age after a peak around 2 weeks 
and this was similar to that reported for time course changes in broiler 

chicks. The inflexion points and maximum PTAC and TTAC at 12–14 
weeks of age coincide with the reported appearance of spermatids and 
increase in interstitial Leydig cells after 12 wk of age. The results show 
that there are characteristic changes in all the responses and suggest 
that they are associated with testicular growth and differentiation and 
sexual maturation.

Key Words: ascorbic acid, total antioxidant capacity, testes

    MP270    Changes in vasoactive intestinal peptide immunoreactiv-
ity in the brain of nest-deprived native Thai hens.  N. Prakobsaeng1, 
N. Sartsoongnoen1, S. Kosonsiriluk1, T. Songserm2, I. Rozenboim3, 
M. E. El Halawani4, and Y. Chaiseha*1, 1School of Biology, Surana-
ree University of Technology, Thailand, 2Department of Pathology, 
Kasetsart University, Thailand, 3Department of Animal Science, The 
Hebrew University of Jerusalem, Israel, 4Department of Animal Science, 
University of Minnesota, St. Paul.

Like Gallinacous-temperate zone birds, hyperprolactinemia has been 
associated with incubation behavior and ovarian regression in the native 
Thai chicken, a tropical nonseasonally breeding avian species. The 
objective of this study was to compare the changes in the number of 
vasoactive intestinal peptide-immunoreactive (VIP-ir) neurons in the 
nucleus infundibuli hypothalami (IN) and nucleus inferioris hypothalami 
(IH) of incubating native Thai hens (B; n = 4) with those of nest-deprived 
hens (NB; n = 4). Blood samples were collected for determining prolactin 
(PRL) levels by Enzyme-Linked ImmunoSorbent Assay. The results 
revealed that the number of VIP-ir neurons in the IN-IH of incubating 
hens on days 6 (B6), 10 (B10), and 18 (B18) of incubation were 128.5 ± 
13.0, 138.4 ± 13.0, 100.8 ± 7.3 cells, respectively. When the hens were 
nest deprived, the number of VIP-ir neurons markedly decreased (P < 
0.05) to that the same level of laying hens (NB6 = 82.4 ± 11.2; NB10 
= 53.9 ± 6.6; NB18 = 40.3 ± 5.7 cells). In addition, this disruption of 
broodiness was accompanied by a precipitous decline in circulating PRL. 
The PRL levels (ng/mL) were significantly decreased after nest depriv-
ing the hens (B6 vs. NB6; 329.8 ± 18.6 vs. 34.1 ± 6.6, B10 vs. NB10; 
481.5 ± 40.1 vs. 15.4 ± 1.4, B18 vs. NB18; 101.1 ± 41.8 vs. 24.8 ± 3.8). 
This study indicates an association between VIP neurons in the IN-IH 
and the degree of hyperprolactinemia, suggesting that the differential 
expression of VIP neurons in the IN-IH might play a regulatory role in 
year-round reproductive activity and subsequent PRL release in such 
birds. Supported by The Thailand Research Fund: no. RSA4780001 
(YC) and no. PHD/0176/2547 (YC/NP).

Key Words: bird, native Thai chicken, vasoactive intestinal peptide

    MP271    Nicarbazin reduces ZP3 in the perivitelline membrane 
of White Pekin ducks.  V. P. Reinoso, R. M. Katani, and G. F. Barbato*, 
Pennsylvania State University, University Park.

In a previous study, it was determined that nicarbazin dose directly 
decreases egg production and fertility in the White Pekin duck. In this 
study, we calculate the relative abundance of glycoprotein ZP3 (zona 
pellucida 3) in the perivitelline membrane of White Pekin ducks fed 
varying amounts of nicarbazin via western blot analysis. Six dosages 
of nicarbazin were fed to female ducks with the range of doses being 
0 ppm, 31.25 ppm, 62.5 ppm, 125 ppm, 250 ppm and 500 ppm for 14 
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days (n = 8 or 9/dose group; N = 49). Ducks were individually caged and 
artificially inseminated weekly with semen from untreated drakes. Abun-
dance of ZP3 was calculated per membrane from isolated perivitelline 
membranes. Western blot analysis on membranes showed a significant 
difference (P < 0.01) for nicarbazin dose. Tukey comparisons suggest a 
significant difference between 500 ppm and groups treated with lower 
doses of nicarbazin (P < 0.05). The interaction between dose and week 
also showed a significant difference (P < 0.05). The decrease in immu-
noreactive ZP3 for the 500 ppm nicarbazin-treated group illustrates that 
egg production and fertility are decreased by nicarbazin via reducing 
the presence of ZP3 in the perivitelline membrane.

Key Words: nicarbazin, duck, zona pellucida

    MP272    Plant-based diets enriched with linseed oil or marine 
algae modify sperm lipid profiles and fertility parameters in broiler 
breeders.  C. Coss*1,2, C. Brèque1,2, D. Venne3, M. R. Lefrançois2, Y. 
Chouinard2, G. Vandenberg2, and J. L. Bailey1,2, 1Centre de recherche 
en biologie de la reproduction, Quebec, PQ, Canada, 2Département 
des sciences animales, Quebec, PQ, Canada, 3Couvoir Scott Ltée, Scott 
Jonction, PQ, Canada.

There are some indications that plant-based diets may be related to 
fertility problems in broiler breeders. To test the hypothesis that supple-
menting plant-based diets with n-3 fatty acids improves male reproduc-
tive parameters, individually caged Ross broiler breeders were fed 5 
diets (n = 15/diet; birds were 23 weeks of age at the start of the study). 
The standard diet contained animal by-products + 50 UI/kg vitamin E 
(A), while the 4 others were plant-based: control + 50 UI/kg vitamin 
E (P), P + 100 IU/kg vitamin E (PE), P + 100 IU/kg vitamin E + 10% 
linseed oil (rich in short chain C18 n-3 fatty acids; PL), and P + 100 
IU/kg vitamin E + 3% marine algae (rich in long chain C22 n-3 fatty 
acids; PAL). All diets were prepared to be isoproteic, isoenergetic and 
isolipidic. After 12 weeks of feeding, semen was collected by abdomi-
nal massage and analyzed. Gas-liquid chromatography revealed that 
sperm fatty acid profiles underwent a marked increase in C22:6n-3 for 
birds fed PAL diet (4-fold vs. A and P diets) and a sharp reduction in 
the n-6:n-3 ratio (10.4 and 7.0 vs. 26–30) in both the PL and PAL diets 
(P < 0.0001). Treatments did not affect sperm motility (82–91%) as 
assessed by Computer Assisted Sperm Analysis (P > 0.05). However, 
sperm viability (flow cytometry and SYBR14/Propidium Iodine stain-
ing) was higher for males fed the PAL diet when compared to A-, P-, 
or PL-fed birds (82.9 vs. 75.6–76.9%, P < 0.05), suggesting a positive 
effect of the marine-source n-3 fatty acids. We used the acridine orange-
based Sperm Chromatin Structure Assay to determine the stability of 
the sperm chromatin. Contrary to our expectations, the resulting mean 
DNA Fragmentation Index, which reflects the percentage of sperm with 
weakened chromatin, was higher in broilers fed the A diet (P < 0.05). 
These results partly support our hypothesis that reproductive parameters 
of broiler breeders may be improved by adding very long chain n-3 fatty 
acids to the diet, but need to be confirmed and correlated with sperm 
fertility over the full reproductive cycle. Funded by MAPAQ, Couvoir 
Scott Ltée and CRSAD.

Key Words: broiler breeder, sperm, motility, fatty acid profile

    MP273    Matrix metalloproteinase in avian bile fluid.  K. S. Ras-
aputra*1,2, N. C. Rath2, and T. K. S Kumar1, 1University of Arkansas, 
Fayetteville, 2PPPSRU/ARS/USDA, Fayetteville, AR.

Bile is a hepatic secretion that is stored in the gall bladder and con-
sists of many organic compounds including fats, detergents, proteins 
and enzymes. It plays a vital role in lipid digestion and excretion of 
hemoglobin breakdown/detoxification products. We identified matrix 
metalloproteinases (MMP) as one of the most abundant components 
in avian bile secretions. Since MMP are implicated in the breakdown 
of extracellular matrix proteins such as collagen, we are interested in 
its role in gastrointestinal (GI) physiology. Thus, the objective of this 
study was to purify and characterize the bile MMP and determine its 
significance. Gelatin zymography and azocoll digestion assays with 
or without specific enzyme inhibitors were used to identify MMP. Ion 
exchange and gelatin-sepharose chromatographies were employed 
to partially purify the protein for further characterization by 2D gel 
electrophoresis. Both turkey and chicken bile contained 3 prominent 
gelatinolytic bands ranging between 32 to 49 kDa which could be 
inhibited by o-phenanthroline. These MMP were different from those 
already characterized in cartilage. Affinity purification of turkey bile 
yielded 2 bands with MW approximately 32 and 36 kDa, respectively. 
Anion exchange chromatography with QMA catridges purified the 
same enzymes. Using 2D gelatin zymography a prominent gelatinolytic 
spot was evident. However, characterizing the spot was not successful 
because of the background substrate. The current effort is to characterize 
the purified protein bands using silver stained protein spot using in-gel 
digestion and mass spectrometry. In conclusion, these results show that 
bile MMPs are different from other avian MMPs, play an important 
role in the digestion of nondenatured extracellular matrix components, 
and possibly activate other pro peptides and enzymes important in GI 
physiology and defense mechanisms.

Key Words: avian bile, matrix metalloproteinases, zymography

    MP274    Dinitrocarbanilide reversibly reduces sperm receptor 
gene expression in birds.  M. Rogers*, G. Barbato, and R. Katani, 
Pennsylvania State University, State College.

Nicarbazin has been used in avian feed formulations for nearly 50 years 
to prevent intestinal infections of protozoan parasites. However, when 
mistakenly fed to egg-laying chickens, nicarbazin caused a reversible 
decline in egg production and a reduction in hatchability of fertile eggs. 
Recently, several companies marketed nicarbazin as a population control 
technique for pest bird species. We recently suggested that the primary 
mode of action of nicarbazin on egg production and fertility was through 
its effect on the primary component of the oocyte membrane, ZP3 (zona 
pellucida 3 protein). In birds, as in mammals, ZP3 is also the primary 
sperm receptor. Testosterone has been found to stimulate the expression 
of ZP3 in cultured ovarian granulosa cells (responsible for producing 
ZP3). Further, addition of 4,4′-dinitrocarbanilide (DNC; the active 
component of nicarbazin) to the cultured media reduced both protein 
(via western blot) and mRNA (via rtPCR) of the ZP3 gene. In order to 
test the reversibility of the effect of DNC on ZP3 expression, DNC was 
incubated with either testosterone or estrogen in separate cultures of 
granulosa cells for 10 h. The conditioned media was removed and fresh 
media (containing hormones but NO DNC) was added and refreshed at 
20 and 30 h of incubation. Aliquots of conditioned media were analyzed 

87ABSTRACTS OF PAPERS

Poult. Sci. 87 (E-Suppl. 1)



at the 10th, 20th, and 30th hours via Western blot for immunoreactive 
ZP3 and, cells were harvested at 30 h and RNA extracted for rtPCR 
analyses. The results for both hormonal treatments indicated that upon 
the removal of DNC, immunoreactive ZP3 was recovered in the condi-
tioned media, and gene expression returned to control levels by the 30th 
hour incubation. These data strongly suggest that DNC and nicarbazin 
can act as an effective, oral contraceptive by selectively interfering with 
the expression of the primary sperm receptor.

Key Words: nicarbazin, DNC, ZP3

    MP275    Changes of biochemical parameters and enzymes activi-
ties in broiler chickens with cold induced ascites.  M. Daneshyar, H. 
Kermanshahi*, and A. G. Golian, Ferdowsi University of Mashhad, 
Mashhad, Khorasan Razavi, Iran.

An experiment with 250 day-old Ross male broilers was conducted to 
investigate the differences of some blood parameters of cold induced 
ascitic and healthy broiler chicks in a 6-week period. These chickens 
were divided into 2 groups of 5 replicates each. One group of these 
chickens was raised in normal temperature (NT treatment) and the other 
in cold temperature (CT treatment) to induce ascites. Mortality was 
necropsied daily to determine cause of death. Serum glucose, total pro-
tein, cholesterol, triglyceride and also activity of lactate dehydrogenase 
(LDH), aspartate aminotransferase (AST) and alanin aminotransferase 
(ALT) were determined. At the end of the experiment (week 6), 5 chick-
ens from each replicate were randomly selected and slaughtered. The 
heart was removed; the right ventricle (RV) was dissected away from 
the left ventricle and septum. Weights of right and left ventricular were 
determined separately. Throughout the study, fast blood sugar (F.B.S) of 
CT-treated birds in week 4 and 6 were higher (P ≤ 0.05) than NT-treated 
birds. Total protein of CT treatment was lower than NT-treated birds in 
every week and whole period but this difference was only significant 
(P ≤ 0.05) in week 6. There was not a significant difference between 2 
treatments for triglyceride and cholesterol, LDH, AST and ALT. It was 
concluded that cold induced ascites could impact serum fast blood sugar 
and protein of broiler chickens.

Key Words: ascites, enzyme activities, broilers

    MP276    Medicinal plants (Marjoram, Sweet Basil and/or Rose-
mary) supplementation to broiler diets as feed additives: Effects 
on performance, carcass traits, immunity and economics.  H. M. 
Yakout*1, M. Osman1, H. Abbas2, and W. Farouk2, 1Poultry Production 
Dept., Alexandria University, Alexandria, Egypt, 2Agriculture Research 
Center, Cairo, Egypt.

One day-old Ross commercial broiler chicks (n = 280) divided into 
7 groups of 40 chicks in 4 replicates were used to evaluate effects 
of incorporating rosemary, marjoram and sweet basil as natural feed 
additives into broiler diets. Also, study the productive, physiological, 
and immunological performance of broilers as well as carcass char-
acteristics and economic efficiency as affected by feeding tested feed 
additives. A basal diet was utilized and 2 levels (0.5 or 1 g/kg diet) of 
each tested feed additive were incorporated into the basal diet resulting 
in a total of 7 experimental diets. Overall 0 to 42 days, feeding 1 g/kg 

marjoram resulted in higher (P ≤ 0.05) body weights and weight gains. 
Feed consumption increased (P ≤ 0.05) for broilers fed the control diet 
followed by the 1 g/kg sweet basil diet. The best feed conversion ratio 
was achieved with birds fed marjoram (0.5 or 1 g/kg; 1.60 and 1.58 g. 
feed/g. gain). Overall protein efficiency ratio and performance index 
were improved by feeding 1 g/kg marjoram (2.96 and 147.69, respec-
tively). However, efficiency of energy utilization improved by feeding 
the control group. Thymus percent was higher (P ≤ 0.05) for birds fed 
the 0.5 g/kg marjoram, while the bursa percent was the highest at those 
broilers fed the 1 g/kg rosemary diet. Feeding sweet basil at 0.5 and/or 
1 g/kg improved (P ≤ 0.05) the RBC count, while feeding 1 g/kg sweet 
basil resulted in the highest lymphocytes. Blood glucose was increased 
by feeding most of tested dietary materials with the highest increase by 
feeding sweet basil (1 g/kg; 214.75 mg/dL) followed by the control diet 
(214.10 mg/dL), respectively. Feeding marjoram (1 g/kg) resulted in 
the best relative economic efficiency (130.95%). Supplementing any of 
tested feed additives especially 1 g/kg marjoram to broiler diets would 
be encouraging for optimum performance and higher revenue cost ratio 
of broiler chicks during growing period (0 to 42 days).

Key Words: medicinal plants, broilers, performance

    MP277    Short-term effects of triiodothyronine on hypothyroid 
chickens.  R. W. Rosebrough*, B. A. Russell, and M. P. Richards, Animal 
Biosciences and Biotechnology Laboratory, Beltsville, MD.

Experiments determined relationships among certain indices of lipid 
metabolism and gene expression in chickens fed methimazole. Male, 
broiler chickens were fed diets containing 18% crude protein and 
either 0 or 1 g methimazole per kg of diet. At 28 days, these 2 groups 
were further subdivided into groups receiving 18% crude protein diets 
containing either 0 or 1 mg triiodothyronine (T3) per kg. In the first 
experiment, birds were sampled at 0, 1, 2 and 4 days post relief from 
a diet containing methimazole. In the second experiment, birds were 
sampled at 0, 3, 6, 9, 24 and 48 h post relief from the methimazole diet. 
Measurements taken in the first experiment included in vitro lipogenesis 
(IVL), malic enzyme (ME), isocitrate dehydrogenase (ICD-NADP), 
aspartate aminotransferase (AST) enzyme activities and the expression 
of the genes for ME, fatty acid synthase (FAS), and acetyl coenzyme 
carboxylase (ACC), ICD-NADP, and AST. The same enzyme activities 
and gene expressions were assayed over the intervals mentioned above. 
Gene expression was approximated with real time RT-PCR assays. Gene 
specific primers were designed with Primer 3. Expression rates were 
noted as Cts or cycles to significant deviation from baselines. Hypothy-
roidism (dietary methimazole) decreased IVL and ME at 28 d of age. 
T3 supplementation for 1 d restored both IVL and ME. Paradoxically, 
continuing T3 replenishment for a longer period decreased IVL without 
affecting ME activity. There was only a transitory relationship between 
enzyme activity and gene expression when plasma T3 was replenished 
with exogenous T3. Most metabolic changes in response to feeding 
T3 occurred within a short period of time, suggesting that changes in 
intermediary metabolism preceded morphological changes although it 
should be noted that the thyroid state of the animal determines responses 
to exogenous T3.

Key Words: gene expression, thyroid, metabolism
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    MP278    Performance and egg quality of laying hen fed different 
sources of zinc.  M. M. Tabatabaei*, H. Aliarabi, A. A. Saki, A. Ahmadi, 
and S. A. Hossieni Siyar, Bu-Ali Sina University, Hamedan, Iran.

Eighty layer hens were assigned in a completely randomized design to 4 
dietary treatments containing zinc sulfate or organic zinc as Albino-Zn 
in 2 levels of 25 or 50 ppm. Feed intake was expressed on a per hen 
basis. Daily egg collection was expressed on a hen-day basis. Eggs were 
weighed to calculate egg mass production. Feed conversion ratio was 
calculated as feed consumed per egg mass. All eggs produced on days 14, 
28 and 42 were collected and used for egg quality parameters. Albumen 
height was measured and Haugh unit index (HU) was calculated. The 
yolk and dried shell were weighed and albumen weight was calculated. 
There was no effect of zinc source or zinc level on egg production, egg 
weight or feed conversion ratio. However, feed intake was lower in 
the group receiving 50 mg/kg organic zinc. There were no significant 
treatment differences for weight of egg components or shell thickness, 
but albumen height and HU were higher in the groups receiving organic 
zinc at 25 or 50 mg/kg than in the unsupplemented group.

Key Words: organic zinc, layer performance, egg quality

    MP279    Impact of supplemental vitamin E on humral immune 
response and growth performance of broiler chicks.  J. I. Sultan*1, 
A. Javed1, M. Yaqoob2, H. Nawaz1, and M. Yousaf3, 1University of Agri-
culture, Faisalabad, Pakistan, 2Department of Livestock Management, 
University of Agriculture, Faisalabad Pakistan, Faisalabad, Pakistan, 
3Depte of Poultry Science, Univesity of Agriculture, Faisalabad, Paki-
stan, Faisalabad, Pakistan.

The intent of this study was to explore the effects of vitamin E (VE) 
supplementation on immune response and performance of broiler chicks. 
One hundred eighty day-old broiler chicks were randomly divided into 
18 pens, having 10 chicks each. Six isonitrogenous (CP, 20%) and 
isocaloric (ME, 2,800 kcal/kg) starter diets supplemented with 10, 20, 
40, 80, 160, and 320 IU/kg of VE were formulated. Each diet was fed 
at random to 3 pens having 10 chicks each. Likewise, 6 isonitrogenous 
(CP, 18%) and isocaloric (ME, 2,900 kcal/kg) finisher diets were for-
mulated, supplemented with the same levels of VE, respectively. The 
feeding schedule of the finisher diets was the same as for starter diets. 
The feed intake (FI) was highest (P < 0.05) on diet F than other diets. 
Maximum (P < 0.05) FI was observed in chicks fed the B and F diets 
in finisher phase. The weight gain was highest (P < 0.05) in chicks fed 
diet E and F and lowest (P < 0.05) in chicks fed the A and C diets in 
the starter phase. The weight gain was higher (P < 0.05) in chicks fed 
diet E; however, weight gain was lower (P < 0.05) in chicks fed diets B 
and F in the finisher phase. The feed conversion ratio (FCR) remained 
unaltered in starter phase and FCR was lowest (P < 0.05) in chicks fed 
diets A and E compared to the other diets in the finisher phase. The ND 
titer was increased by increasing VE supplementation. The results of 
the present study revealed that supplementation of increasing VE has a 
horizontal effect on humoral response and subsequently improves the 
nutritional status and performance of broiler chicks.

Key Words: immune response, vitamin E, broiler chicks

    MP280    Effects of endoxylanase dose incorporated into a layer 
diet.  K. M. Tounouvi*, Universite de Lome, Lome, Golfe, Togo.

A study was conducted from March to May 2007. The Bovans nera 
strain was used in 2 experiments. The first experiment was conducted 
when layers were 34 to 41 weeks of age and used a diet based on corn 
and wheat bran. There was a control group (K1) with 490 layers and 
a treatment group (K2) with 488 layers that received endoxylanase 
(Nutrase xyla, Nutrex, Lille, Belgium) to the diet at 2 kg/t. The second 
experiment was conducted when birds were 53 to 61 weeks old. The 
diet was based on corn and wheat bran. There was a control group 
(Z1) with 276 layers and 2 treatment groups with different diets (Z2 
with 288 layers and Z3 with 299 layers). Endoxylanase was added to 
the diets of the treatments groups at 1 kg/t. Feed intake, layers’ live 
body weight, laying level, and egg weight were measured at the start 
and every week. The first experiment data were analyzed by Student’s 
t-test. The second experiment data were analyzed by ANOVA and dif-
ferences between means were assessed by Fisher’s least significance 
difference Test. Difference were considered to be significant in all 
experiment when P < 0.05. There was no significant effect of enzyme 
supplementation on feed intake, bird weight, and egg weight (Table 1). 
The laying level was significantly higher for the enzyme treatment group 
as compared with the control. Enzyme supplementation had significant 
falling effects on feed intake, bird weight, laying level, and egg weight 
(Table 2). The significance of results was higher than control for group 
Z3 compared with the significance of results for group Z2. A 2 kg/t 
dose of endoxylanase incorporated in the diet of laying hens improved 
the laying level (Jaroni et al., 1999). Endoxylanase counteracted the 
effects of nonsoluble polysaccharides (NSP) in the layer diet (Scott 
et al., 1999) and increased digestibility of the nutrients. The effects of 
both are beneficial for laying level. Endoxylanase mixture with 1 kg/t 
in the diet of laying hens decreased feed intake, body weight, laying 
level, and egg weight. Endoxylanase may increase the viscosity of gut 
contents when added at low levels because it can increase the release 
of NSP from the cell walls (Bedford, 1999).

Table 1. Effect of endoxylanase at 1 kg/t (Z) and 2 kg/t (K)1 

Item Feed intake 
(g)

Bird weight 
(g)

Laying level 
(%)

Egg weight 
(g)

Group K
 K1 104.29 ± 1.87a 1,494 ± 40a 56.2 ± 2.85a 50.77 ± 1.51a

 K2 106.93 ± 1.92a 1,440 ± 30a 60.68 ± 2.86b 51.25 ± 1.53a

Group Z     
 Z1 122.87 ± 6.14a 1,908 ± 28a 69.97 ± 0.89a 57.96 ± 1.7a

 Z2 110.57 ± 5.73b 1,789 ± 57b 60.13 ± 1.75b 55.3 ± 2.02b

 Z3 105.86 ± 4.35b 1,766 ± 47b 55.19 ± 1.42c 53.67 ± 1.89b

a–cWithin a column, values sharing no common letter were different 
(P < 0.05).

1Mean ± SEM.

Key Words: endoxylanase, dose, product parameter
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    MP281    Effect of dietary probiotic and/or prebiotic on the 
humoral immune response of Ross broiler chickens.  H. Ziaie*1, M. 
A. Karimi Torshizi2, M. Bashtani1, H. Naeemipour1, H. Farhangfar1, 
and A. Zeinali1, 1Birjand University, Birjand,Khorasan, Iran, 2Tarbiat 
Moddares University, Tehran, Iran.

An experiment was conducted on 240 one-day-old male Ross broiler 
chickens to evaluate the efficiency of antibiotic alternatives growth 
promoters on bird immune response system. Chicks were fed in a 
block completely randomized design with 4 replicate pens (15 birds 
per pen).experimental treatments were: (T1 = control, T2 = control + 
15 ppm of Virginiamycin, T3 = control + 15 mg probiotic Protexin/
kg diet, T4 = control diet + 10 mg prebiotic Immnuwall/kg diet). For 
experimental immunization, 4 birds of 18 and 27 days old from each 
replicate were injected intravenously (brachial vein) with 0.1 mL of 
0.5% sheep red blood cells (SRBC). Blood samples were collected 
after 5 days of inoculation to measure the antibody production. The 
results of the present study indicated that the antibody production was 
significantly (P < 0.05) higher in experimental units treated under T3 
and T4 as compared with the other treatments in 24 and 32 days of age. 
In addition, for the traits under consideration, nonsignificant difference 
(P > 0.05) was found between treatments 1 and 2. It is therefore sug-
gested that supplementation of diets with probiotic and prebiotic could 
increase immune function against the pathogens resulting in improving 
growth performance of broilers.

Key Words: broiler, probiotic, immune response

    MP282    Productive performance and egg quality of Brown 
laying hens from fifty-eight to seventy-three weeks of age as influ-
enced by level and source of calcium in the diet.  H. M. Safaa1,2, M. 
P. Serrano2, D. G. Valencia2, M. Frikha2, X. Arbe3, R. Lázaro2, and G. 
G. Mateos*2, 1Animal Production Department, Cairo University, Cairo, 
Egypt, 2Universidad Politécnica de Madrid, Madrid, Spain, 3Cantos 
Blancos S.A., Guadalajara, Spain.

Lohmann Brown laying hens were used to study the influence of level 
(3.5 and 4.0%) and source (coded FIN, COA, and OYS) of Ca of the 
diet on productive performance and egg quality from 58 to 73 wk of 
age. The FIN diet contained 100% of the calcium carbonate as fine 
limestone (LIM) and in the COA and OYS diets, 40% of the fine LIM 
was substituted by either coarse LIM or oyster shell. Each treatment 
was replicated 8 times (24 hens caged in groups of 4). Productive per-
formance and egg quality traits were recorded every 4 wk and tibiae 
characteristics and shell quality traits were determined at 73 wk of age. 
An increase in Ca from 3.5 to 4.0% improved egg production (71.2 
vs. 74.9%; P ≤ 0.001), egg mass (49.0 vs. 51.4 g; P≤ 0.05), and feed 
conversion ratio (2.43 vs. 2.30 kg feed/kg egg; P ≤ 0.001). Also, an 
increase in Ca content improved the proportion of shell of the egg (9.98 
vs. 10.20%; P ≤ 0.05), shell thickness (0.342 vs. 0.351 mm; P ≤ 0.01), 
and shell density (82.0 vs. 83.8 mg/cm2; P ≤ 0.001) but had no effect 
on other egg quality traits. Source of Ca had little effect on productive 
performance or on egg or shell quality. The only differences observed 
among treatments were for shell density that was lower for hens fed 
FIN than for hens fed COA with hens fed OYS being intermediate (81.9 
vs. 84.0 vs. 82.7 mg/cm2; P ≤ 0.05). We conclude that brown hens in 
late phase of production require more than 3.5% Ca in the diet and that 
the substitution of 40% of fine LIM by coarse LIM or oyster shell does 
not affect productive performance and has little impact on shell quality 
and tibiae characteristics.

Key Words: Brown laying hens, calcium level, calcium source

    MP283    The effect of different levels of Iranian grass pea 
(Lathyrus sativus) grain on growth performance of Ross broilers.  
Z. Amirabadi1, A. Riasi*1, M. H. Fathi Nasri1, H. Janmohamadi2, and 
H. Farhangfar1, 1University of Birjand, Birjand, Iran, 2University of 
Tabriz, Tabriz, Iran.

The grass pea (Lathyrus sativus) is adapted to harsh and low rainfall 
environments and the seeds have considerable potential as a good quality 
and cheap protein source in poultry nutrition. A total 120 broilers (14 
days old) were randomly assigned to 4 treatment diets, with 3 replicates 
and 10 birds each. The diets were isocaloric and isonitrogenous and 
contained 0, 10, 20, and 30% of raw Lathyrus sativus grain. Body weight 
and feed consumption were recorded and feed conversion ratio (FCR) 
was calculated during the experiment. The result obtained in this study 
showed that increasing different levels of raw Lathyrus sativus grain 
depressed the body weight and increased feed consumption of broilers 
during the experimental period (P < 0.05). Control group had the lowest 
FCR (1.81) while FCR was the highest for broilers which received 20 
and 30% Lathyrus sativus grain (2.03 and 2.16, respectively; P < 0.05). 
We concluded that Lathyrus sativus grain needs processing before using 
it in broiler feeding.

Key Words: grass pea, broiler, performance

    MP284   WITHDRAWN.

    MP285    Effects of feed-borne Fusarium mycotoxins on brain 
regional neurochemistry of turkeys.  C. K. Girish*1, E. J. MacDonald2, 
M. Scheinin3, and T. K. Smith1, 1University of Guelph, Guelph, ON, 
Canada, 2University of Kuopio, Kuopio, Finland, 3University of Turku 
and TYKSLAB, Turku, Finland.

An experiment was conducted to investigate the effects of feeding grains 
naturally contaminated with Fusarium mycotoxins on brain regional 
neurochemistry of turkeys. The possible preventative effect of a poly-
meric glucomannan mycotoxin adsorbent (GMA, Mycosorb®, Alltech, 
Inc., Nicholasville, KY) was also determined. Forty-five 1-d-old male 
turkey poults were fed wheat, corn and soybean meal-based diet up to 
wk 6, formulated with control grains, contaminated grains or contami-
nated grains + 0.2% GMA. Deoxynivalenol was the major contaminant 
and the concentrations were 2.2 and 3.3 mg/kg feed during starter 
and grower phases, respectively. Concentrations of brain monoamine 
neurotransmitters and metabolites were measured in discrete regions 
of the brain including pons, hypothalamus, and cortex by HPLC with 
electrochemical detection. Neurotransmitters and metabolites analyzed 
included norepinephrine (NE), dopamine (DA), 3,4-dihydroxylpheny-
lacetic acid (DOPAC), serotonin (5-hydroxytryptamine, 5-HT), and 
5-hydroxyindoleacetic acid (5-HIAA). The concentration of 5-HIAA 
and the 5-HIAA/5-HT-ratio were significantly decreased in pons after 
feeding contaminated grains. Dietary supplementation with GMA pre-
vented these effects. In the pons, a significant positive correlation (r = 
0.52, P < 0.05) was observed between the concentration of 5-HT and 
BW gain after feeding contaminated diets. The feeding of contaminated 
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diet had no significant effects on the concentrations of neurotransmit-
ters and metabolites in hypothalamus and cortex. It was concluded 
that consumption of grains naturally contaminated with Fusarium 
mycotoxins adversely altered the pons serotonergic system of turkeys. 
Supplementation with GMA partially inhibited these effects.

Key Words: Fusarium mycotoxin, 5-hydroxytryptamine, turkey

    MP286    Nonstarch polysaccharide content of corn grain.  N. 
E. Ward*1, B. A. Slominski2, and S. R. Fernandez3, 1DSM Nutritional 
Products Inc., Parsippany, NJ, 2University of Manitoba, Winnipeg, 
Canada, 3DSM Nutritional Products Inc., Mexico.

This study was completed to determine the nonstarch polysaccharide 
(NSP) content in corn grain. Twelve (12) samples of corn were obtained 
from commercial feed mills with shipments coming from the Midwest 
United States and North Carolina. For comparison, six (6) high-protein 
soybean meal samples were also analyzed. Two samples of canola and 
1 sample of grain sorghum from Mexico were included for compara-
tive purposes. The samples were analyzed according to the procedure 
outlined in Slominski and Campbell (1990). 
The total NSP of the corn averaged about 6.4% on an as-is basis (see 
table). The sum of arabinose and xylose is considered a good estimate 
of arabinoxylan for corn, which comprised 3.2%, or about 51% of the 
total NSP in corn. Glucose (from cellulose) was 2.3 or 36% of the total 
NSP. Together, arabinoxylan and cellulose made up almost 87% of the 
total NSP in the corn. Rhamnose was undetectable. The coefficient of 
variation was similar across the different NSP components in corn. The 
major NSP components in the SBM were galactose, cellulose, uronic 
acids, and arabinose, which comprised 30.2, 23.5, 17.7, and 15.9%, 
resp., of the total portion of NSP. In SBM, these 4 components made 
up more than 87% of the total NSP, or 11.9% of the ingredients. Canola 
meal had the highest level of NSP, being 16.7%. The cellulose (29.4%), 
uronic acids (26.2%), and arabinose composed about 79% of the total 
NSP in canola. The relatively high levels of rhamnose and uronic 
acids in SBM and canola meal are indicative of pectic polysaccharides 
present in these ingredients. The levels of the NSP components in the 
sorghum sample were similar to other reported values. Based on NSP 
analysis (ie, substrate analysis), implications can be made as to which 
exogenous enzymes might be required to improve energy digestibility. 
For corn, at minimum these data suggest a combination of xylanase and 
cellulase could be effective. For SBM and canola meal, supplementa-
tion with xylanase, cellulase, pectinase, galactosidase, and glucanase 
could be effective.

Table 1. Nonstarch polysaccharide (NSP) content of corn, soybean 
meal, canola meal, and sorghum1

Ingredient Rham-
nose

Arabi-
nose

Xy-
lose

Man-
nose

Galac-
tose

Glu-
cose

Uronic 
-acids

Total 
-NSP

Corn ND2 1.27 1.96 0.08 0.27 2.31 0.49 6.38
SBM 1.1 1.9 0.90 0.50 3.6 2.80 2.10 11.90
Canola 0.22 3.87 1.67 0.34 1.26 4.91 4.37 16.70
Sorghum ND 0.88 0.93 0.11 0.11 2.59 0.46 5.08

1Expressed as percent as-is basis.
2Not detected.

Key Words: nonstarch polysaccharides, arabinoxylan, corn

    MP287    Effects of dietary fat type and different levels of vitamin 
E on performance and some of eggs characters of broiler breeder.  
H. Aghdam Shahriar*1, M. Shivazad2, M. Chamani1, K. Nazer-adl1, and 
Y. Ebrahim Nezhad1, 1Azad University Shabestar Branch, Azarbyjan 
Shargi, Iran, 2Azad University Research & Science Tehran Branch, 
Tehran, Iran.

The study was carried out to evaluate the effects of fat type and different 
levels of vitamin E on the performance and some of the egg characteris-
tics of broiler breeding hens. 90 broiler breeder hens (Ross 308 strain) 
at 27 week of age were fed in a 2 × 3 factorial arrangement (4% canola 
oil and tallow with 0, 75, and 150 mg/kg of vitamin E) in an 8-week 
period. At the end of the experiment no significant difference was found 
in body weight, feed intake, feed conversion rate, number and weight 
of eggs, laying percentage and hatchability variables between fat type 
and vitamin E treatments. Differences in levels of egg vitamin, linoleic 
and linolenic acids (P < 0.01), total fat percentage and oleic acids (P < 
0.05) were significant, while in eggs arachidonic and stearic acid there 
were no significant difference. The results showed that eggs fatty acids 
profile were significantly influenced (mainly in the linoleic and linolenic 
acids) by fat type and vitamin E levels of diet. In a conclusion, it was 
found that the fat type and vitamin E levels could be effective in the 
eggs fatty acid profile and vitamin E content, and fat source do not limit 
vitamin E absorption, although they may increase its degradation in the 
gastrointestinal tract. However, increasing levels of vitamin E had affect 
in its deposit in Canola oil content groups (P < 0.05).

Key Words: fat type, vitamin E, broiler breeder

    MP288    Effect of graded supplementation of threonine on broiler 
growth and carcass responses during twenty-one to forty-two days 
of age.  G. Asghar*, Hi-Tech Poultry Breeders, Lahore, Pakistan.

Threonine is the third limiting amino acid in practical broiler feed and 
greatly affects the feed cost. An experiment was conducted to investi-
gate the effect of l-threonine supplementation on growth and carcass 
response of female Hubbard broilers (N = 1,120) older than 3 weeks 
of age. Four digestible threonine-to-lysine ratios (0.50, 0.56, 0.62, and 
0.68) were offered to 4 replicates of 70 birds in mash feed. The feed-
ing trial lasted till 42nd day of age. No significant effect of threonine 
supplementation or threonine-to-lysine ratios were observed on body 
weight gain, feed intake, feed:gain, or mortality during the experimental 
period. Carcass yield and breast muscle yield were not affected by dietary 
l-threonine supplementation during 22 to 42 d of age. The digestible 
threonine-to-lysine ratios could be reduced to 0.50 in the diets of female 
broilers marginally low in CP and ME without any effect on the growth 
performance, feed:gain, or carcass yield.

Key Words: threonine, amino acid
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    MP289    Sensitivity of broiler starters to three doses of a multi-
enzyme preparation in maize-based diets.  A. J. Cowieson*1, C. E. 
Gilbert1, and V. Ravindran2, 1Danisco Animal Nutrition, Marlborough, 
Wiltshire, United Kingdom, 2Massey University, Palmerston North, 
New Zealand.

The aim of the present study was to investigate the effect of an enzyme 
cocktail composed of xylanase, amylase, and protease on the perfor-
mance and nutrient utilization of broiler starters fed a maize-based diet. 
A maize/soy-based control diet was formulated to be marginal in appar-
ent metabolisable energy (AME) and amino acids and this diet was fed 
without or with 2 concentrations (250 and 500 g/tonne) of the exogenous 
enzyme cocktail. Growth performance was measured over a 21-d period 
after which ileal contents were collected for measurement of digestible 
energy, nitrogen, and dry matter. Excreta were collected from day 17 to 
20 posthatch and used to determine the AME and, retention of nitrogen 
and dry matter. Supplementation of the control diet with 250 and 500 g/
tonne of the enzyme cocktail resulted in enhanced performance of the 
chicks (1.4 and 8.3%, respectively, for weight gain and, 1.2 and 2.2%, 
respectively, for feed per gain), but the improvements were significant 
(P < 0.05) only at 500 g/tonne. Addition of both 250 and 500 g/tonne 
improved (P < 0.05) the AME, nitrogen-corrected AME, and dry matter 
retention compared with the control though the improvements were 
of a greater magnitude with the higher dose. These effects were also 
reflected in the apparent ileal digestibility coefficients of dry matter, 
nitrogen and energy, with 500 g/tonne of the enzyme cocktail improv-
ing (P < 0.05) ileal digestible energy by 3.4%. These data demonstrate 
that a cocktail of exogenous enzymes containing xylanase, amylase and 
protease is effective in improving the performance of broiler chicks 
fed a maize-soybean meal based diet. However, these benefits may be 
dose-dependent and so an economic analysis involving ingredient and 
enzyme pricing and the relative performance and digestibility enhance-
ments could allow the end user to select the most economical dose to 
maximize return on investment.

Key Words: enzyme, energy, dose response

    MP290    Effects of enzymes supplementation on true metaboliz-
able energy content, and nutrient digestibility of corn fibrous-pro-
tein cake in cecectomized and intact roosters.  C. C. Michelangeli*1, 
T. C. Reyes1, C. Melito2, and R. E. Vargas1, 1Universidad Central de 
Venezuela, Maracay, Aragua, Venezuela, 2Laboratorio de Biotecnologia 
Empresas Polar, Caracas, Venezuela.

To determine the effect of a cocktail of amylase (800 U/g), xylanase 
(600 U/g), and protease (8,000 U/g) on TMEn content, true nitrogen, 
nonstarch polysaccharides (NSP), and dry matter (DM) digestibilities 
of a corn fibrous-protein cake (CFPC), a balance trial was conducted. 
Corn fibrous-protein cake is a residual product obtained after producing 
corn flour and corn oil in Venezuela. Two dietary treatments were tested 
consisting of CFPC or CFPC previously incubated with 0.2% enzymes 
cocktail at 55°C and pH 7.05 for 120 min (CFPC-E). Each ingredient 
was tube-fed (40 g) to 9 cecectomized (C) and to 9 intact (I) Rhode 
Island Red adult roosters that had been fasted for 24 h. Additionally, 
to estimate basal endogenous nitrogen losses 9 C and 9 I roosters were 
fasted throughout the experimental period. Excreta were collected for 
the following 72 h and oven-dried. Data indicated that enzyme pre-
incubation increased significantly (P < 0.05) TMEn content of CFPC 

from 1,482 to 1,675 kcal/kg in I roosters and from 1,357 to 1,633 kcal/
kg in C roosters. True nitrogen digestibility of CFPC-E was increased 
(P < 0.05) in cecectomized roosters. Also, an improvement (P < 0.05) 
in NSP and DM digestibilities were found due to enzyme treatment 
of CFPC in both I and C roosters. We conclude that preincubation of 
the corn fibrous-protein cake with an amylase, xylanase, and protease 
cocktail might be effectively used to improve the nutritive value of this 
by-product for poultry. More research is needed to optimize type and 
enzyme concentration required for this purpose.

Key Words: corn fibrous-protein cake, enzyme, nutritive value

    MP291    Effects of peach palm oil (Bactris gasipaes H.B.K.) on 
plasma cholesterol, lipoproteins levels, and thrombocyte aggregation 
in broilers.  R. E. Vargas*, G. Baldizan, M. Oviedo, and C. Michelangeli, 
Universidad Central de Venezuela, Maracay, Aragua, Venezuela.

An experiment was carried out to study the comparative effects of peach 
palm oil (PPO, Bactris gasipaes HBK), refined palm oil (RPO, Elaeis 
guinenesis), corn oil (CO), and tallow (T) on plasma cholesterol, lipo-
protein levels, and thrombocyte aggregation in broiler chickens. Four 
experimental diets formulated to be isocaloric (3,385 kcal ME/kg) and 
isonitrogenous (23% CP). PPO was extracted from the whole dry fruit 
with hexane. Each fat was added to the diet in an amount equivalent 
to 25% of total dietary calories. Six replicate groups of 8 male broilers 
were assigned randomly to each dietary treatment. Diets were fed on 
ad libitum basis.The experiment lasted 42 d. At this time, birds were 
fasted and 5 chicks/group were utilized to draw 10 mL of blood for 
lipoprotein separation. Thrombocyte aggregation was determined in 
whole blood. No significant differences were detected in gain weight 
or feed conversion among the experimental diets. PPO elicited similar 
total cholesterol levels to RPO, CO, and T diets. CO diet was signifi-
cantly lower than RPO and T (P < 0.01). LDLc levels did not change 
significantly with the PPO, CO, and RPO diets. PPO showed significant 
(P < 0.01) lower LDLc levels than the T-containing diet. CO reduced 
HDLc significantly (P < 0.01) compared to the PPO, RPO, and T diets. 
Thrombocyte aggregation was similar among PPO, RPO, and CO diets. 
Aggregation was lower (P < 0.01) in the CO group compared to the 
T diet. We concluded that peach palm oil might be used efficiently as 
energy source in broiler diets. Overall, peach palm oil effects on plasma 
cholesterol, LDLc, and HDLc levels, and thrombocyte aggregation were 
similar to those elicited by the refined palm oil and corn oil.

Key Words: peach palm oil, plasma lipoproteins, poultry

    MP292    Influence of feed form and fiber inclusion in the diet on 
water and feed intake of chicks.  E. Jiménez-Moreno1, J. M. González-
Alvarado2, A. de Coca-Sinova1, M. Pérez-Serrano1, R. Lázaro1, and 
G. G. Mateos*1, 1Universidad Politécnica de Madrid, Madrid, Spain, 
2Universidad Autónoma de Tlaxcala, Tlaxcala, México.

A trial was conducted to study the effects of feed form and the inclu-
sion of fiber in the diet on feed and water intake of chicks from 6 to 9 
d and 18 to 21 d of age. There were 12 treatments arranged factorially 
with 2 feed forms (mash and 2-mm pellet) and 6 diets consisting in the 
combination of 3 insoluble fiber sources (OH, oat hulls; RH, rice hulls; 

ABSTRACTS OF PAPERS92

Poult. Sci. 87 (E-Suppl. 1)



SFH, sunflower hulls) at 2 levels of inclusion (2.5 vs. 5%). Also, a con-
trol diet based on rice, soy protein concentrate, and fish meal without 
any additional fiber was formulated and offered either in mash or pellet 
form. The control diets had 3,200 kcal AMEn/kg, 1.4% total lysine, and 
1.6% crude fiber and the hulls source was included in the experimental 
diets at expenses (wt/wt) of the whole diet. Each of the 14 treatments 
was replicated 6 times and the experimental unit was a cage with 14 
chicks. Water intake (WI), feed consumption (FI), and the WI:FI ratio 
were recorded per replicate. Chicks fed pellet had higher WI and FI 
(P ≤ 0.001) than chicks fed mash in both periods. The WI:FI ratio was 
higher in chicks fed pellets (2.23 vs. 2.09 g:g; P ≤ 0.001) only from 18 
to 21 d of age. Type of fiber did not influence any trait in any of the 2 
periods. Level of hulls of the diet increased WI (70.1 vs. 74.4 vs. 75.2 
g/d for control, 2.5%, and 5% hulls inclusion; P ≤ 0.05) and FI (151 
vs. 158 vs. 166 g/d for control, 2.5%, and 5% hulls inclusion; P ≤ 0.05) 
from 18 to 21 d but not from 6 to 9 d of age. The WI:FI ratio was not 
modified by level of hulls in any period (P > 0.05). We conclude that 
pelleting the feed and increasing the level of hulls of the diet increase 
WI and FI of chicks but that type of hulls does not have any affect. The 
inclusion of hulls in the diet at the proposed levels increases both WI 
and FI but WI:FI ratio was not modified.

Key Words: pellet, fiber source, water intake of broiler

    MP293    Effects of Diamond V XPCls on intestinal health and 
productivity of coccidian challenged laying hens.  M. Lensing*1, J. D. 
Van der Klis1, L. Castillejos2, and I. Yoon2, 1Schothorst Feed Research, 
Lelystad, Netherlands, 2Diamond V Mills Inc., Cedar Rapids, IA.

A 37-d experiment was performed to determine the effect of Diamond 
V XPCls (XPCls, Diamond V Mills, Cedar Rapids, IA, USA) in layer 
diets during a subclinical E. maxima infection on intestinal health and 
productivity. Two hundred and sixteen 18-wk-old Brown Nick laying 
hens were allocated to 24 litter pens. The trial was carried out as a 2 × 
2 factorial design with XPCls and coccidial challenge as main factors. 
Treatments include: 1) uninfected hens without XPCls 2) uninfected 
hens with XPCls, 3) infected hens without XPCls, and 4) infected hens 
with XPCls. Birds were fed a common corn/wheat-based mash diet 
(11.7 MJ/kg AME and 15% CP). The basal diet was supplemented with 
XPCls at the rates of either 0 or 0.75 g/kg. Uninfected hens received 
1 mL saline injection while infected hens received 10,000 sporulated 
E. maxima oocysts/bird in 1 mL saline inoculated on d 23. Effects of 
XPCls on intestinal health were determined by coccidiosis lesion scor-
ing. Results of coccidiosis incidence were analyzed by Fisher’s exact test 
and lesions severity and production parameters by ANOVA using Genstat 
statistical software. Supplementation of XPCls tended to decrease the 
percentage of infected hens from 89 to 72% on 7 d postinfection (p.i.) 
and also decreased (P ≤ 0.05) the severity of coccidiosis lesions (1.1 vs. 
0.8). Percentage of infected hens without XPCls supplementation was 
28% on 11 d p.i. while no lesions were observed in XPCls treatments, 
suggesting a faster recovery with the presence of XPCls. Coccidial 
challenge decreased (P ≤ 0.05) production performance p.i. and XPCls 
tended to alleviate the negative effect of the challenge. Results indicate 
that Diamond V XPCls supplementation reduced intestinal damage 
caused by an E. maxima infection and helped laying hens to recover 
from the infection faster.

Key Words: Diamond V XPCls, intestinal health, laying hens

    MP294    Influence of micronization (fine grinding) of soybean meal 
and fullfat soybean on ileal digestibility of amino acids in broiler 
chickens.  D. G. Valencia, M. P. Serrano, J. Corchero, R. Lázaro, and G. 
G. Mateos*, Universidad Politécnica de Madrid, Madrid, Spain.

A trial was conducted to test the effect of micronization (very fine 
grinding) of soybean meal (SBM) and fullfat soybean (FFSB) on the 
coefficient of ileal apparent (CIAD) and ileal true digestibility (CITD) of 
amino acids (AA) in 23-day-old broilers. The experiment was conducted 
as a completely randomized block design with 4 treatments arranged 
factorially (SBM and FFSB; micronized and ground) and 6 replicates (8 
chicks) per treatment. The mean particle size (MPS) was 47 and 881 µm 
for the SBM and 41 and 778 µm for the FFSB, micronized and ground, 
respectively. The diets were based on corn starch and sucrose and the 
test ingredient was the unique source of CP (200 g/kg). In addition, a 
nitrogen free diet was formulated to estimate the basal ileal endogenous 
losses of the AA. Chicks were fed a commercial corn-SBM diet from 
1 to 19 days and then, they received their respective experimental diets 
from 20 to 23 days of age ad libitum in mash form. Chicks fed SBM had 
higher CIAD organic matter (0.846 vs. 0.832; P ≤ 0.001), CP (0.856 vs. 
0.841; P ≤ 0.05), and of most essential AA (0.882 vs. 0.864 for arginine; 
0.895 vs. 0.845 for leucine; 0.880 vs. 0.853 for methionine and 0.866 vs. 
0.843 for valine; P ≤ 0.05) and tended to have higher CIAD of threonine 
(P ≤ 0.10) than chicks fed FFSB. In addition, chicks fed SBM had higher 
CITD of CP (P ≤ 0.05), leucine, methionine, and valine (P ≤ 0.01) than 
chicks fed FFSB. Particle size did not affect the ileal digestibility of CP 
or the essential AA. It is concluded that chicks fed soybean meal had 
higher ileal digestibility of amino acids than chicks fed fullfat soybean 
and that fine grinding of the soy protein sources does not improve the 
ileal digestibility of amino acids.

Key Words: soybean products, micronization, amino acid digestibility 
in broilers

    MP295    Ileal digestibility of amino acids of pea protein con-
centrate and soy protein sources in broiler chicks.  D. G. Valencia, 
M. P. Serrano, M. Frikha, R. Lázaro, and G. G. Mateos*, Universidad 
Politécnica de Madrid, Madrid, Spain.

A trial was conducted to determine the coefficient of ileal apparent 
(CIAD) and ileal true digestibility (CITD) of amino acids (AA) of raw 
pea protein concentrate (PPC), soy protein concentrate (SPC), soybean 
meal (SBM), and fullfat soybean (FFSB) in 21-day-old broilers. The 
experiment was conducted as a completely randomized block design 
with 4 treatments and 6 replicates (6 chicks) per treatment. The diets 
were based on corn starch and sucrose and the test ingredient was the 
unique source of CP (200 g/kg). In addition, a nitrogen free diet was 
formulated to estimate basal ileal endogenous losses of the AA. Chicks 
were fed a commercial corn-SBM diet from 1 to 17 days and then, they 
received their respective experimental diets from 18 to 21 days of age 
ad libitum in mash form. Chicks fed SPC and SBM had higher CIAD 
of most AA (0.869 and 0.873 vs. 0.838 and 0.847 for arginine; 0.892 
and 0.899 vs. 0.840 and 0.871 for methionine and 0.880 and 0.874 vs. 
0.833 and 0.854 for valine; P ≤ 0.05) than chicks fed PPC with chicks 
fed FFSB being intermediate. In addition, chicks fed SPC, SBM, and 
FFSB had higher CIAD of threonine and isoleucine than chicks fed 
SPC (P ≤ 0.05). Chicks fed SBM had higher CITD of CP (0.907 vs. 
0.885, 0.900, and 0.894; P ≤ 0.05) and leucine (0.928 vs. 0.886, 0.901, 
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and 0.915; P ≤ 0.05) than chicks fed FFSB with chicks fed PPC and 
SPC being intermediate. Also, chicks fed SBM had higher CITD of 
methionine (0.938 vs. 0.887, 0.927, and 0.908; P ≤ 0.01) than chicks fed 
PPC with chicks fed SPC and FFSB being intermediate. It is concluded 
that apparent ileal digestibility of amino acids are higher for soybean 
protein concentrate and soybean meal than for pea protein concentrate 
with fullfat soybean being intermediate. However, under current cost 
of ingredients, the replacement of soybean meal by pea protein or soy 
protein concentrate in broiler diets to improve protein digestibility is 
not justified.

Key Words: pea protein concentrate, soybean products, amino acid 
digestibility in broilers

    MP296    A comparative study between HCl insoluble ash and 
chromic oxide as indigestible markers for the determination of 
apparent ileal digestibility in poultry.  A. Coca-Sinova1, E. Jiménez-
Moreno*1, J. M. González-Alvarado2, R. Lázaro1, and G. G. Mateos1, 
1Universidad Politécnica de Madrid, Madrid, Spain, 2Universidad de 
Tlaxcala, Tlaxcala, México.

We have compared 2 inert markers (HCl acid-insoluble ash and chromic 
oxide) of common use in broiler diets to determinate indirectly the appar-
ent ileal digestibility (AID) of dietary components. The experimental 
design was completely randomized with 6 diets and 6 replicates of 6 
chicks each per treatment. The main difference among dietary treatments 
was the source of the soybean meal (SBM) used that were obtained 
from Brazil (3), Argentina (1), and the United States (2) and had a CP 
content varying from 45.2 to 50.6%. The experimental diets were based 
on sucrose, corn starch, and oil and the SBM tested was the only source 
of protein. The diets contained approximately 3,300 kcal AMEn, 20 g 
CP, and 1.24 g total lysine per kg. Celite (2%) and Cr2O3 (0.3%) were 
included in the diets as indigestible markers. The acid-insoluble ash 
(AIA) was analized as described by González-Alvarado et al. (2007; 
Poult. Sci. 86:1705), and the Cr2O3 was analyzed by flame atomic 
absorption spectrophotometer after ashing the sample, according to the 
method of Boletín Oficial Estado (1990; BOE 262:32339). Digesta was 
collected from the distal ileum (2 cm anterior to the ileocaecal junction) 
at 21 d of age and the AID of DM, nitrogen, and gross energy (GE) 
of the diets was estimated using both markers. Treatment means were 
separated by Tukey’s test. Recovery of the marker in the digesta was 
higher for AIA than for Cr2O3 (95 to 108 vs. 79 to 99%, respectively). 
The AID of DM (78.0 vs. 76.4%; P ≤ 0.001), CP (80.0 vs. 78.6%; P ≤ 
0.05), and GE (81.9 vs. 80.4; P ≤ 0.001) was higher (P ≤ 0.05) when 
AIA was used as a marker. No interaction between marker and dietary 
treatment was found for any of the nutrients studied. Therefore, both 
markers can be used indistinctly to estimate digestibility of nutrients 
in poultry diets.

Key Words: acid-insoluble ash, chromic oxide, broiler

    MP297    Dietary protein composition regulates expression of 
amino acid transporter and enzyme mRNA in the small intestine 
of broilers.  E. R. Gilbert*1, H. Li1, D. A. Emmerson2, K. E. Webb Jr.1, 
and E. A. Wong1, 1Virginia Polytechnic Institute and State University, 
Blacksburg, 2Aviagen, Huntsville, AL.

The objective of this experiment was to determine the effect of dietary 
protein composition on mRNA abundance of a digestive enzyme, amino-
peptidase N (APN), and 5 amino acid transporters (EAAT3, bo,+AT, 
LAT1, CAT1, and y+LAT2). From day of hatch to day 8, chicks from 2 
genetic lines (A and B, selected under different dietary conditions) were 
given ad-libitum access to a commercial corn-soy diet. From day 8 to 
day 15, birds were fed 1 of 3 diets (24% CP) that differed only in protein 
source. Protein sources included whey protein concentrate (Whey), a 
partial whey hydrolysate (Hydro) consisting of mainly small peptides, 
or a mixture of free amino acids (AA) identical to the composition of 
the whey protein. Intake of all diets was restricted to the group that con-
sumed the least (Line B, AA diet). Intestinal samples were collected at 
day 8 (before random assignment to dietary treatment), and days 9, 11, 
13, and 15. Abundance of transporter and enzyme mRNA was assayed by 
real time PCR. Quantities of CAT1, y+LAT2, APN, EAAT3, and bo,+AT 
mRNA were greater (P < 0.05) in Line B chicks compared with Line A 
chicks. Abundance of APN, bo,+AT, and EAAT3 mRNA was greatest in 
chicks consuming the Hydro diet, in comparison with the AA diet (P < 
0.02) and whey diet (P < 0.02). Abundance of CAT1 was greater (P < 
0.02) in the AA and Hydro diets as compared with the Whey diet, while 
y+LAT2 and LAT1 mRNA were greater (P < 0.05) in the Hydro diet 
compared with the Whey diet. There was a line × diet interaction where 
mRNA for all 6 genes was greater (P < 0.01) in Line B consuming the 
Hydro diet compared with Line A. Line B birds were heavier (P = 0.03) 
than Line A birds, but BW did not differ among treatments. These data 
demonstrate that dietary protein composition influences expression of 
amino acid transporters and a digestive enzyme.

Key Words: amino acid transporter, APN, whey

    MP298    Dietary valine requirement estimates for Ross × Ross 
308 male broilers.  A. Corzo*1, M. T. Kidd1, and W. A. Dozier III2, 
1Mississippi State University, Mississippi State, 2USDA-ARS Poultry 
Research Unit, Mississippi State, MS.

Studies delineating dietary Val needs of modern commercial broilers are 
sparse. Three studies were conducted to determine the dietary Val needs 
of Ross × Ross 308 male broilers. Three feeding phases were individually 
evaluated, 0 to 14 d (starter), 14 to 28 d (grower), and 28 to 42 d (finisher) 
of age. Corn-peanut meal based diets were used during each feeding 
phase and served to titrate the Val dose-response levels. Supplemental 
l-Val was offered at the expense of an inert filler. Dietary total Val was 
supplied from 0.75% up to 1.15% at 0.08% increments for the starter 
phase (Lys: 1.30%), from 0.73% up to 1.08% at 0.07% increments for 
the grower phase (Lys: 1.22%), and from 0.64% up to 0.99% at 0.07% 
increments for the finisher phase (Lys: 1.14%). All experimental diets 
were offered in pellet form except for the starter phase which was fed 
in crumbles. Regression analysis was used to calculate the dietary Val 
requirement estimates for each study. Results showed that total dietary 
Val needs ranged between 0.98 and 1.00% (0.89–0.91% dig) for the 
starter phase study, 0.94 and 0.95% (0.85–0.86% dig) for the grower 
phase study, and 0.82 and 0.85% (0.75–0.78% dig) for the finisher phase 
study. During the starter phase, a quadratic trend exhibiting a decline in 
mortality with increasing levels of dietary Val was observed (P = 0.06). 
Total dietary Val needs of 1.00, 0.95, and 0.85% for the starter, grower 
and finisher phase, respectively, offers nutritionists with a total Val nutri-
ent minimum for their formulas, particularly in the case of the Ross × 
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Ross 308 broiler. These total dietary Val values translate into calculated 
true digestible Val requirement estimates of 0.91, 0.86, and 0.78% for 
the starter, grower and finisher feeding phase, respectively.

Key Words: amino acid, broiler, valine

    MP299    Efficacy of a novel, clostridial probiotic (Clostridium 
butyricum MIYAIRI 588) in broilers.  M. I. Gracia1, E. Esteve-García2, 
M. Takahashi3, E. McCartney4, M. Schlieper5, and J. Sánchez*1, 1Imasde 
Agroalimentaria, S.L., Madrid, Spain, 2IRTA Mas de Bover, Tarragona, 
Spain, 3Miyarisan Pharmaceutical Co. Ltd., Japan, 4Pen & Tec Consult-
ing, Barcelona, Spain, 5Mitsui, Japan.

Four studies with 4,016 broilers in 176 replicates assessed the efficacy of 
a probiotic (Miya-Gold®, Miyarisan Pharmaceutical Co. Ltd.) based on 
Clostridium butyricum Miyairi 588 (Miyairi 588 strain). A completely 
randomized design was applied in each study with 2 treatments: 1) basal 
diets (control), and 2) basal diets with 5 × 105 cfu of Miyairi 588 strain 
per g feed. The studies were similar in basic design, but included varia-
tions such as floor pens or cages, mash or pelleted feeds, male-only or 
male and female broilers, feeds with or without coccidiostats, and clean 
or dirty pens. Data were tested for homogeneity, pooled and combined 
in a meta-analysis. Parameters selected were body weight (g) at 21 and 
42 d of age, mortality (%), weight gain (g/d), feed intake (g/d) and feed 
efficiency (feed/gain) at 1–21, 22–42, and 1–42 d of age, and European 
Production Efficiency Factor (EPEF) at 1–42 d of age. Probiotic and 
study were considered as main effects. At 21 d of age, the broilers fed 
Miyairi 588 strain weighed 1.7% more than controls, a near significant 
trend (714.1 vs. 726.5 g; P < 0.10). Mortality was considered normal 
(mean 5.2%) in the test models used and was unaffected by treatment. 
From 1 to 21 d, the probiotic decreased feed-to-gain ratio (1.62 vs. 1.56 
g feed/g gain; P < 0.01) and feed intake (51.7 vs. 50.5 g/day; P < 0.05). 
From 22 to 42 d probiotic supplementation decreased feed-to-gain ratio 
(1.81 vs. 1.77 g gain/g feed; P < 0.05). Over the global period, broil-
ers fed the probiotic converted better (−2.2%, 1.74 vs. 1.70 g feed/g 
gain; P < 0.001), ate less feed (−1.7%, 95.7 vs. 94.0 g/day; P < 0.05) 
and tended to show better EPEF values (+2.9%, 297 vs. 306; P < 0.10) 
than controls. No interaction between probiotic and study was found, 
indicating that efficacy was homogeneous across trials. The data sug-
gest that Miyairi 588 strain improves broiler performance at a dose of 
5 × 105 cfu per g feed.

Key Words: Clostridium butyricum Miyairi 588, probiotic, broilers

    MP300    Effect of a lactobacilli feed additive supplementation on 
performance of broilers.  J. Sánchez*1, M. Bernardeau2, R. Roet3, and 
M. I. Gracia1, 1Imasde Agroalimentaria, S.L., Madrid, Spain, 2SORBIAL 
SAS, France, 3RM Associates Ltd., United Kingdom.

A total of 1,056 Ross 308 d-old broilers were used to study the efficacy 
of a probiotic feed additive (Sorbiflore®) containing Lactobacillus 
rhamnosus CNCM-I-3698 and Lactobacillus farciminis CNCM-I-3699. 
A randomized complete design was applied using 4 experimental treat-
ments: T1 designated as control (no added probiotic), and T2, T3, and 
T4, the control diet with 0.5, 1.0, and 2.0 kg probiotic/t of feed, supply-

ing 1 × 106, 3.3 × 106, and 6.07 × 106 VFU (viable fluorescent unit)/g 
feed, respectively. The experimental design was applied to 12 pens of 
24 broilers (half males and half females) per treatment in both the starter 
(0–21 d) and the grower (21–42 d) phases. The experimental diets, 
based on maize, wheat, barley, and soya, were presented as mash, did 
not contain any coccidiostat or growth promoter and were fed ad libitum 
to the chicks. Body weight, mortality, weight gain, feed intake, feed-
to-gain ratio, and the European Production Efficiency Factor (EPEF) 
were analyzed as a randomized complete design by GLM procedure of 
SAS. Probiotic supplementation improved feed conversion ratio (1.96 
vs. 1.88 feed conversion from 22–42 d; P = 0.0043, and 1.89 vs. 1.82 
feed conversion gain from 0–42 d; P = 0.0023) and EPEF values at 42 
d (263 vs. 284; P = 0.0150) compared to control birds. No significant 
differences were observed regarding growth or feed intake. Chickens 
fed with the lowest dose of the probiotic (T2: 0.5 kg/t feed) grew heavier 
(53.5 vs. 55.4 g/d) and had better feed conversion (1.89 vs. 1.81) and 
EPEF values (263 vs. 285) than Control (T1) birds (P < 0.05). It is 
concluded that this probiotic feed additive (containing Lb. rhamnosus 
CNCM-I-3698 and Lb. farciminis CNCM-I-3699) at 0.5 kg/t improves 
performance of broilers fed maize-wheat-barley/soya diets.

Key Words: Lactobacillus, probiotic, broilers

    MP301    Comparison of performance and carcass parameters for 
broilers fed diets containing corn with single and multiple genetically 
enhanced traits using a combined study analysis.  M. L. Taylor*1, G. 
F. Hartnell1, M. A. Nemeth1, S. W. Davis2, S. G. Riordan1, D. M. Lucas1, 
and K. C. Glenn1, 1Monsanto Company, Creve Coeur, MO, 2Colorado 
Quality Research, Wellington, CO.

Data sets from seven 42-d broiler feeding studies conducted over a 
4-year period were used to compare growth performance and carcass 
measurements of birds fed diets containing corn genetically modi-
fied with either single or in combination with other agronomic traits 
(herbicide-tolerant and insect protected), control (genetically similar) 
corn or conventional corn. A total of 10 test articles, single trait or in 
combination with another trait, were included in the studies. In all stud-
ies, broilers that were fed approximately 55% w/w corn grain in their 
diet for the first 20 days and approximately 60% w/w corn grain in their 
diet from d 21 to d 42. Broilers were assigned to 8 treatment groups, 
each consisting of 10 pens (5 male and 5 female) containing 10 birds/
pen, using a randomized complete block design. Data was statistically 
analyzed using a combined study approach. Tolerance intervals of 
grouped data overlapped for performance parameters (weight gain, feed 
intake, adjusted feed conversion) and carcass parameters (chill, fad pad, 
breast, thigh, wing, and drum weight), confirming conclusions of nutri-
tional equivalence of corn containing the herbicide-tolerant and insect-
protected traits to their conventional counterparts. Combined analyses 
comparing the parameters from birds fed corn containing single traits 
versus corn containing the traits plus one or more other traits showed 
no differences in performance (weight gain, feed intake, adjusted feed 
conversion) and carcass (thigh, wing, and drum weight) variables. For 
chill weight and breast and fat pad weight parameters, there were statisti-
cally significant differences with no biological relevance. In conclusion, 
feeding genetically modified corn containing an agronomic trait singly 
or in combination with other traits does not affect the performance and 
carcass characteristics of broilers.

Key Words: broiler performance, carcass yield, genetically modified 
corn
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    MP302    Standardized ileal amino acid digestibilities in various 
Western Canadian barley and flax samples for broilers.  A. Bande-
gan*1, W. Guenter1, D. Hoehler2, and C. M. Nyachoti1, 1University of 
Manitoba, Winnipeg, Canada, 2Evonik Industries, Kennesaw, GA.

Digestibility coefficients enable accurate formulation of poultry diets 
with respect to dietary amino acid supply. Moreover, standardized 
ileal digestibility (SID) coefficients, derived by correcting apparent 
ileal digestibility (AID) values for basal endogenous amino acid losses 
should be used as they are likely to be more additive in a mixture of 
feed ingredients. Thus, 2 experiments were conducted to determine SID 
of amino acids (AA) in 7 barley (Exp. 1) and 5 flax (Exp. 2) samples 
grown in western Canada. Four hundred and thirty-two male Ross broiler 
chickens were fed a commercial starter diet from d 1 to 15 of age and 
the test diets from d 15 to 21. While in Exp. 1 the assay diets contained 
barley as the sole source of protein, in Exp. 2 a mix of flax and wheat 
on a 50:50 ratio was used as the assay diets with chromic oxide (0.3%) 
as digestibility marker. Each test diet was assigned to 6 replicate cages, 
each with 6 birds. On d 21, birds were killed to sample ileal digesta. SID 
values were calculated using ileal endogenous AA losses determined in 
a previous experiment in our laboratory. As expected, the results showed 
that estimates of SID were higher than AID values in barley and flax. 
Although lysine was among the most digestible AA in flax, it was the 
least digestible in barley. Sulfur AA were among the most digestible 
AA in both barley and flax. The standardized ileal digestibility data 
determined in this study will provide a useful guide for practical and 
accurate feed formulation in broilers.

Key Words: apparent ileal digestibility, standardized ileal digestibility, 
barley

    MP303    Performance of 42 day-old broilers fed diets contain-
ing mannanoligosaccharides and/or enzymes.  M. C. Oliveira1, R. 
H. Marques2, R. A. Gravena2, and V. M. B. Moraes*2, 1University of 
Rio Verde, Rio Verde, Goiás, Brazil, 2State University of São Paulo, 
Jaboticabal, São Paulo, Brazil.

This study evaluated the effect of diets containing mannanoligosac-
charides (MOS) and/or enzymes on broiler performance. A total of 
750 one-day-old Cobb male chicks with initial weight 41.51 ± 0.59 
g were used in the trial. The birds were distributed into a completely 
randomized experimental design in a 2 × 2 + 1 factorial scheme with 
2 levels of MOS (0 and 0.1% until 21 days and 0.05% from 22 to 42 
days of age), 2 levels of enzymes (0 and 0.05%) and a positive control 
diet with 125 ppm of colistin sulfate and 10 ppm of virginamycin as 
growth promoters and 51 ppm of salinomycin as anticoccidial, totaling 
5 treatments and 5 replicates. Enzyme contained cellulase, protease, 
and amylase. The birds and rations were weighed at the 42nd day of 
the experimental period. There was no significant interaction (P > 0.05) 
between antibiotic and factorial (MOS and/or enzymes) or MOS and 
enzymes on weight gain, feed intake, feed: gain ratio, and on viability. 
The average values obtained to these parameters were: 2,697 kg, 4,621 
kg, 1.71, and 98.79%, respectively, to weight gain, feed intake, feed: 
gain ratio, and viability. It can be concluded that MOS and/or enzyme 
inclusion did not affect in a positive manner the broiler performance 
at 42 days of age.

Table 1. Performance of broilers fed diets containing MOS and/
or enzymes 

Parameter
Positive 
control

Treatment

Mean
CV1 
(%)MOS

Enzymes
Without With

Weight gain (kg)  Without 2,687 2,715 2,701  
  With 2,723 2,676 2,699  
 2,684 Mean 2,705 2,696  2.32
Feed intake (kg)  Without 4,691 4,653 4,672  
  With 4,673 4,517 4,595  
 4,570 Mean 4,682 4,585  2.74
Feed:gain ratio  Without 1.75 1.71 1.73  
  With 1.72 1.69 1.70  
 1.70 Mean 1.73 1.70  2.69
Viability (%)  Without 98.67 98.00 98.33  
  With 100.00 98.67 99.33  
 98.67 Mean 99.33 98.33  1.96

1CV = coeficient of variation.

Key Words: additives, enzymatic complex, prebiotic

    MP304    Performance of broilers fed diets with phytase and 
reduced nonphytate phosphorus levels.  M. C. Oliveira1, R. A. 
Gravena2, R. H. Marques2, and V. M. B. Moraes*2, 1University of Rio 
Verde, Rio Verde, Goiás, Brazil, 2State University of São Paulo, Jaboti-
cabal, São Paulo, Brazil.

An experiment was carried out to evaluate the performance of 42 day-
old broilers fed diets containing reduced nonphytate phosphorus (NPP) 
levels and phytase. The broilers were distributed in a factorial arrange-
ment (2 × 3) with 2 phytase levels (0 and 25 U/kg) and 3 NPP levels 
(100, 85, and 70% of bird requirement), totaling 6 treatments with 5 
replicates in a completely randomized design. There was no effect (P > 
0.05) of the interaction NPP × phytase. However, the reduction of NPP 
levels from 85 to 70% of the bird requirements, caused lower (P < 0.0) 
weight gain (2,744 × 2,589 kg), lower feed intake (4,708 × 4,491 kg) 
and higher feed:gain ratio (1.72 × 1.73). Phosphorus deficiency causes 
appetite losses, which was reflected on weight gain and feed: gain ratio. 
Phytase inclusion improved (P < 0.0) the weight gain in 1.46% (2,685 
× 2,724 kg), probably due the higher phosphorus availability for the 
broiler. It can be concluded that is possible to use diets with 85% of 
NPP requirements, supplemented with 25 U/kg phytase, with no nega-
tive effect on broiler performance at 42 days of age.
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Table 1. Performance of broilers with reduced NPP and phytase

Item Phytase
NPP (%)

Mean
CV 
(%)100 85 70

Weight gain (kg) Without 2.803 2.705 2.546 2.685B  
 With 2.756 2.784 2.632 2.724A  
 Mean 2.780a 2.744a 2.589b  2.11
Feed intake (kg) Without 4.698 4.686 4.454 4.613  
 With 4.743 4.730 4,528 4.667  
 Mean 4.720a 4.708a 4.491b  2.23
Feed:gain Without 1.67 1.73 1.75 1.72  
 With 1.72 1.69 1.72 1.71  
 Mean 1.70b 1.72b 1.73a  2.73
Viability (%) Without 96.6 98.6 95.3 96.8  
 With 98.6 96.6 98.0 97.7  
 Mean 97.6 97.6 96.6  2.86

a,b,A,BMeans followed by different letters are different by Tukey’s test.

Key Words: additives, enzymes, phosphorus deficiency

    MP305    Differences in small intestine for broiler lines Cobb vs. 
Ross in digital morphology.  F. A. Santoyo*, R. Gonzalez, J. Garcia, 
H. Fimbres, O. Leal, and R. Espinoza, Universidad Autonoma de Nuevo 
Leon, Monterrey Nuevo Leon, Mexico.

This experiment was conducted to determine the performance and digital 
morphology of the small intestine in broiler chicks using 2 broiler lines 
Cobb (Cobb × Cobb) and Ross (Ross × Ross) in a period of 6 weeks. 
Starting with 136 one-day-old chicks (68 of each line) they were ran-
domly set into 8 pens with wood shavings litter each holding 17 birds 
having water and feed ad libitum. From first to third week chicks were 
given a starter diet followed by the grower diet from week 4 to 6. On 
a weekly basis chicks were weighted and 2 birds from each pen were 
randomly selected and killed by cervical dislocation. These birds had 
their small intestine measured on a vertical surface and then duodenum, 
jejunum and ileon segmented (3 cm). Segments were taken from apex of 
the duodenum, midway between the point of entry of the bile ducts and 
Meckel’s diverticulum (jejunum), and then 10 cm before cecal junction 
(ileum). The samples were stapled to a plastic slide, flushed with saline 
for cleansing and fixed in a 10% neutral buffered formalin solution 2 
days. Samples were dehydrated, cleared and paraffin embedded then cut 
at 5 µm, placed in glass slides and processed by hematoxylin eosin for 
examination by light microscope. A computer-aided light microscope 
image software was used to analyze samples for digital morphology. 
Results in digital morphology for duodenum show a larger villus height 
on Cobb meanwhile, Ross was significant in crypt depth, muscularis 
and crypt:villus ratio (P < 0.01). Ross showed significance in jejunum 
for villus height, crypt depth, muscularis, and apparent villus surface 
area (P < 0.01). Cobb showed significance in Ileon by villus height (P 
< 0.001) while Ross was significant in crypt depth, muscularis, and 
crypt:villus ratio (P < 0.001). Moreover, performance results in body 
weight between lines for first to third week pointed Cobb as heaviest (P 
< 0,001); however, from third to sixth week there was no effect shown. 
In conlusion, there was no significant differences seen in length of the 
small intestine between lines. Other than having a different growth curve, 
both lines arrived at 6 weeks without a significant difference.

Key Words: morphometry, performance, broiler

    MP306    Performance of 21 days old fed with yeasts extract and 
prebiotic and reared at different temperatures.  V. K. Silva, J. D. T. 
Silva, R. A. Gravena, R. H. Marques, F. H. Hada, and V. M. B. Moraes*, 
State University of São Paulo, Jaboticabal, São Paulo, Brazil.

1,440 one-day-old male Cobb-500® was reared in different climatic 
chambers until 21 days and received in starter phase (1 to 7 days) diets 
added or not yeast extracts (YE) and/or prebiotic. All broilers were fed 
with same diet after 8 days; being that 8 days. The objective was evalu-
ated the performance of birds through the weight gain (WG), feed intake 
(FI), feed conversion (FC) and viability (V) on the 21 days of age. The 
experimental design was complete randomized in factorial arrangement 
3 × 2 × 2, the factors were temperatures: high (TH = 32), control (TC 
= 27) and low (TL = 23), YE (with or without) and P (with or without). 
There was no influences of the YE on the WG (P > 0.05); however, there 
was significant interaction among T × P. Broilers reared in TC and fed 
with P were more heavy. The inclusion of P in diet provided larger WG 
in TL and when there was not inclusion the best value of WG it was 
obtained in TC. Birds reared in TH presented smaller FI in relation to 
the servants in TC and TL. There was no significant effect of the YE 
and P for FI. The inclusion of YE together with the noninclusion of P 
in diet resulted in better FC. TH and TL increased the performance of 
the birds. Just P influenced the V, and the inclusion of P in the diet (P 
< 0.05) it provided larger V. In conclusion the prebiotic inclusion in 
started diet resulted in increase body weight in the birds reared in low 
temperature and besides increase the viability at the 21 days of age. The 
inclusion of yeast extract in started diet improve the feed conversion of 
the birds to the 21 days of age.

Key Words: heat stress, mannanoligosaccharides, Saccharomyces 
cerevisiae

    MP307    Evaluation of XPCTM and prototypes on aflatoxin chal-
lenged broilers.  G. D. Osweiler1, S. M. Ensley1, S. Jagannatha1, D. 
W. Trampel1, P. M. Imerman1, I. Yoon2, and D. T. Moore*2, 1Iowa State 
University, Ames, 2Diamond V Mills, Cedar Rapids, IA.

The purpose of this study was to compare various products and proto-
types added to poultry diets during an aflatoxin challenge on growth and 
histological parameters. One hundred ninety-two day-old male broiler 
chicks were randomly assigned to 8 treatment groups with 8 replicates/
treatment and 3 birds/replicate. Treatments were: 1) negative control 
(NC), 2) positive control (PC), 3) 0.1% standard industry ameliorator 
(STD), 4) 0.1% prototype A (PA1), 5) 0.2% prototype A (PA2), 6) 
0.15% prototype B (PB), 7) 0.0625% XPC (XPC1, Diamond V Mills, 
Cedar Rapids, IA), and 8) 0.125% XPC (XPC2). All treatments except 
NC contained 2,280 + 102 ppb aflatoxin for 28 days. Investigators were 
blinded to treatments. Body weight and feed intake were measured 
weekly. Livers were collected on d 28, weighed, used for histopathologi-
cal evaluation, and tested for Aflatoxin M1 levels. All statistical analyses 
were performed using SAS V9.1.3 Service Pack 4. A P-value 0.05 was 
considered statistically significant. Beginning weights were not different 
among treatments, but final body weights were lower (P < 0.05) than 
NC for all treatments except PB and XPC2. Feed intake was lower (P 
< 0.05) only for PC and STD compared to all other groups. There were 
no feed efficiency differences (P > 0.05). Liver weights relative to body 
weight were higher (P < 0.05) for all treatments compared to NC. Liver 
vacuolar lesions were significantly higher (P < 0.05) than NC for groups 
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PC, STD, PA1, and XPC1. However, treatments PA2, PB, and XPC2 
had similar (P > 0.05) vacuolar lesions compared to NC. Aflatoxin M1 
residues above 0.5 ppb were not found in livers. Overall, treatment 
groups PB and XPC2 showed similar body weight gain to NC that cor-
responded to protective effects against liver lesions. Benefits observed 
during an aflatoxin challenge when broilers were supplemented with 
XPC, a fermentation product that does not contain any flow agents, may 
be attributed to something other than adsorption.

Key Words: mycotoxin, broilers, fermentation

    MP308    Determination of the effects of different levels of crab 
meal on laying hen production performance and egg yolk pigmen-
tation.  J. L. MacIsaac*1, H. Evans2, and D. M. Anderson2, 1Atlantic 
Poultry Research Institute, Truro, NS, Canada, 2Nova Scotia Agricul-
tural College, Truro, NS, Canada.

Crab meal (CM), a by-product of the Atlantic shellfish industry, has 
been recognized as a pigmenting feedstuff product due to its astaxanthin 
content. A trial designed as a one-way analysis of variance with source 
of pigmentation [corn/soybean meal-based control diet (C), barley/
wheat-based diet (W), barley/wheat/6% CM-based diet (6%CM), 
barley/wheat/9% CM-based diet (9%CM), barley/wheat/12% CM-based 
diet (12%CM)] as the main effect evaluated dietary addition of crab 
meal on production performance and egg yolk pigmentation. A total 
of 240 Lohmann Lite White Leghorn hens were fed the experimental 
diets starting at 33 weeks of age for 8 weeks. Feed consumption, body 
weights, hen-day production and egg quality were measured monthly 
and egg yolk pigmentation was measured weekly. Yolk pigmentation 
was determined using a Hunter Lab Miniscan XETM. During the 37–41 
week period, birds fed the 12%CM diet consumed less feed (P ≤ 0.05) 
(110.3, 106.6, 105.7, 106.7, 101.4 g hen−1 day−1; C, W, 6%CM, 9%CM, 
12%CM, respectively). There was no effect (P > 0.05) of treatment on 
egg production, body weights, or egg quality. For each of the CM treat-
ments, there was an increase (P ≤ 0.05) in red pigmentation (a*) after 
week 1 (8.75, 7.50, 13.37, 15.74, 17.76; C, W, 6%CM, 9%CM, 12%CM, 
respectively). The a* increased further (P ≤ 0.05) after week 2 (8.43, 
3.40, 19.35, 23.55, 27.49; C, W, 6%CM, 9%CM, 12%CM, respectively). 
The a* increased linearly (P < 0.001) as the level of CM increased. There 
were no increases (P > 0.05) in a* after week 2. For the CM and the W 
treatments there was a decrease (P ≤ 0.05) in yellow pigmentation (b*) 
after week 2 (32.51, 29.33, 25.21, 25.15, 24.54; C, W, 6%CM, 9%CM, 
12%CM, respectively). There were no further decreases (P > 0.05) in b* 
for the CM treatments after week 2. Crab meal supplementation provided 
a red pigmentation to the egg yolks and the degree of pigmentation was 
dependant on the level of supplementation.

Key Words: crab meal, astaxanthin, laying hen

    MP309    Effect of dietary protein quality on expression profiles 
of genes in chick intestine during the early posthatch period.  H. 
Li1, E. R. Gilbert1, D. Emmerson2, K. E. Webb Jr1, and E. A. Wong*1, 
1Department of Animal and Poultry Sciences, Virginia Tech, Blacksburg, 
2Aviagen, Huntsville, AL.

The objective of this study was to evaluate the effect of development 
and dietary protein quality on the profile of genes expressed in the small 
intestine of broilers using Affymetrix Chicken Genome microarrays. 
Corn-based diets (24% CP) with either soybean meal (SBM) or corn 
gluten meal (CGM) as the supplemental protein source were used for this 
experiment. From day of hatch to day 14, chicks were randomly assigned 
to both diets ad-libitum with birds also assigned to the SBM diet at an 
intake restricted (SBM-RT) to that consumed by the CGM group. Five 
development-related genes were affected by diet (2-fold, P < 0.05). The 
macrophage stimulating 1 (MST1), suppressor of cytokine signaling 3 
(SOCS3), tumor necrosis factor receptor-associated factor 5 (TRAF5), 
and signal transducer and activator of transcription 1 (STAT1) showed 
2.8- to 2-fold higher expression in the SBM-RT group compared to the 
CGM group, while the fibroblast growth factor 1 (FGF1), a regulator of 
progression through the cell cycle showed 2.0-fold lower expression in 
the SBM-RT group compared to the CGM group. There were 2 solute 
carrier genes differentially expressed between the SBM-RT and CGM 
groups (2-fold, P < 0.05). The neutral amino acid transporter LAT1 
(SLC7A5) was expressed 4.6-fold lower (P < 0.05) in the SBM-RT group 
compared to the CGM group and the organic cation transporter OCT3 
(SLC22A3) was expressed 2.3-fold greater (P < 0.05) in the SBM-RT 
group than the CGM group. These data demonstrate that dietary protein 
quality influenced the mRNA expression of some developmental and 
transport-related genes in the small intestine of broiler chicks

Key Words: protein quality, chicken intestine, expression profile

    MP310    Evaluation of jumbo squid meal (Dosidicus gigas) in 
diets for laying hens.  M. E. Carranco1, M. C. C. Calvo1, P. Ramírez1, 
B. Fuente2, S. Carrillo*1, E. Avila2, and F. Pérez-Gil1, 1Instituto Nacional 
de Ciencias Médicas y Nutrición Salvador Zubirán, Tlalpan. México, 
2Centro de Enseñanza, Investigación y Extensión en Producción Avícola 
(UNAM), Tlahuac, Mexico.

Dosidicus gigas is commonly known as the jumbo squid, jumbo flying 
squid, or Humboldt squid. It is the largest ommastrephid squid and is 
endemic to the eastern Pacific, ranging from northern California to 
southern Chile and 140°W at the equator. During the last 2 decades 
it has become an extremely important fisheries resource in the Gulf 
of California, around the Costa Rican Dome and off Peru. It is also 
an active predator that undoubtedly has an important impact on local 
ecology in areas where it is abundant. To know the effect of the jumbo 
squid meal (JSM) in diet hens on the productive parameters, egg physi-
cal quality, and sensory characteristics, 135 Isa Babcok-B300 laying 
hens, were assigned randomly into 3 treatments (0, 10 and 20% JSM), 
with 5 replicates each. The treatments consisted on the incorporation 
of JSM at commercial sorghum-soybean diets, in which the soybean 
was partially replaced. The age of the hens at the start of the experi-
ment was 29 wk. The experimental was conducted for 6 wk. Data from 
feed intake, egg production, egg weight, and feed conversion were 
summarized weekly. At the end of 6 weeks, egg weight, Haugh units, 
and yolk color were measured at 100 fresh eggs by treatment. Level of 
agreeability was evaluated in eggs. The data obtained were analyzed by 
ANOVA and Tukey’s test (P < 0.05). Feed intake, egg production, egg 
weight, and feed conversion were not influenced by dietary treatment 
(P > 0.05). Haugh units did not show differences among treatments (P 
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> 0.05). Egg weight was lower in 20% JSM (53.7 g) than 0% (55.1 g) 
and 10% (54.6 g). Yolk color of the control (7) treatment showed less 
color than the others treatments (10% = 7.6 and 20% = 7.5). The flavor 
was not affected by the treatments. In the case of the 3 treatments the 
yolk color was accepted by the sensory panel. The JSM can be included 
in the laying hen diets at 10 and 20% without affecting the production 
parameters, egg physical quality, and flavor.

Key Words: squid, laying hens, egg quality

    MP311    Storage improves the nutritional characteristics of wheat.  
G. Ravindran*, Massey University, Palmerston North, New Zealand.

The influence of postharvest storage of wheats on the nutrient com-
position and the nitrogen-corrected apparent metabolizable energy 
(AMEn) and apparent ileal digestibility of starch and protein for broiler 
chickens was determined. Three wheat cultivars were obtained at har-
vest (2002/2003 season), stored at room temperature and, subjected to 
chemical analyses and bird assays after 1 and 13 months of storage. For 
bird assays, the diets contained 95% wheat, fortified with mineral and 
vitamin supplements. Titanium oxide was used as an inert digesta marker 
for the estimation of nutrient digestibility. Each assay diet was fed to 4 
replicate cages (five 28-day-old male broilers/cages) and total excreta 
collection was carried out to determine the AMEn values. The AMEn 
improved (P < 0.01) with storage and these improvements paralleled 
the increases (P < 0.05) in the ileal digestibility of starch and protein. 
The concentrations of protein, amino acids, starch, insoluble nonstarch 
polysaccharides, and minerals were unaffected (P > 0.05) by storage. 
The concentrations of phytate-phosphorus and total and soluble non-
starch polysaccharides were lowered (P < 0.05) by storage. Endogenous 
phytase activity determined in the samples stored for 13 months was 
lower (P < 0.01) than those determined in fresh samples. The observed 
improvements in AMEn and ileal nutrient digestibility in stored wheats 
may be explained, in part, to the action of endogenous enzymes (phytase 
and xylanase) as indicated by the reductions in phytate-phosphorus and 
soluble nonstarch polysaccharide concentrations.

Key Words: wheat, storage, nutritional value

    MP312    Determination of optimal levels of nonphytate phospho-
rus for eggshell quality, production, hatchability, and chick quality 
in broiler breeder hens.  R. D. Ekmay* and C. N. Coon, University of 
Arkansas, Fayetteville.

A 40 wk production study was conducted to determine optimal non-
phytate P (NPP) levels needed for broiler breeder hens. 700 Cobb 500 
breeders were reared according to Cobb guidelines and transferred to a 
production house at 147 days. At 168 days, 285 birds were switched over 
to 1 of 5 experimental diets (5 groups of 57 individual breeders in breeder 
cages) that differed only in the level of NPP. The NPP levels ranged from 
0.2 to 0.4% in 0.05% increments and provided a daily intake of 288, 
360, 432, 504, and 576 mg NPP at peak intake. Production performance, 
eggshell quality, parental and progeny skeletal structure, and phosphorus 
balance were all monitored. No differences were noted in total hatching 
eggs, egg number, or age of sexual maturity among treatments. Peak 

egg production was numerically the highest at 86% for breeders fed the 
lowest NPP intake, but peak production was similar among all groups. 
NPP level had no overall effect on egg weight. Breeders fed the second 
highest intake of 504 mg NPP produced a significantly lower shell quality 
as determined by specific gravity (P = 0.0035), although it should be 
noted that all NPP levels provided a specific gravity higher than 1.08. 
Progeny studies from the experimental NPP fed breeders showed no 
statistical differences in hatched chick weight, 27-day progeny broiler 
weights, % tibia ash, and tibia max load. Breeder P balance studies 
showed a linear increase in excreta P with increasing NPP intake. The 
level of egg P was constant for all breeder P treatments. The combined 
breeder production and progeny studies show that breeders perform very 
well with less NPP intake than presently being fed in the industry.

Key Words: broiler breeder, nonphytate phosphorus, performance

    MP313    Interference of macronutrient intake and selenium methi-
onine inclusion in broilers diets on bone density.  R. D. Malheiros*1, 
F. H. Hada2, J. D. T. Silva2, I. B. Fernandez1, C. N. Trava1, and V. M. 
B. Moraes2, 1State University of São Paulo, Dracena, SP, Brazil, 2State 
University of São Paulo, Jaboticabal, SP, Brazil.

Bone development requires an accurate source of many nutrients. A 
classic lack of nutrients is correlated with bone weakness (energy, 
protein, and zinc), bone chinks (vitamin D), and other bone malforma-
tions (Cu, Zn, vitamin C), according to Prentice et al. (2006). The aim 
of this study was to verify the interference of macronutrient intake and 
selenium methionine inclusion in broilers diets on bone density. 100 
one-day-old chicks (Cobb) were fed with a starter broiler diet for 7 days. 
At 8 days, these chicks were split in 8 groups, with 15 birds per pen, 
and received the following treatments: C (Control); C+Se; LP (Low 
Protein); LP+Se; LCHO (Low CHO); LCHO+Se; LLIP (Low Lipid); and 
LLIP+Se. All the diets were isocaloric, with 1 and 0.5% of calcium and 
phosphorus, respectively, and with the inclusion of 0.03% of selenium-
methionine (SelPlex®). At 42 days, 6 birds from each treatment were 
humanely slaughtered, and the right thigh was collected, identified, and 
kept frozen until analyzed. After being thawed, the meat was cleaned 
off each thigh to obtain the tibia bone. Each one was weighed, and the 
length was measured with a caliper with an accuracy of 0.01 cm, and 
the Seedor index (Seedor et al., 1991) was calculated. Dietary intakes 
of Ca and P were not significant between treatments during the whole 
period. However, total protein intake was significantly (P < 0.01) lower 
in birds submitted to LP or LP+Se. Selenium-methionine intake did not 
affect protein intake in all treatments. Correlated to bone development, 
especially with bone density, the Seedor index indicated that the birds 
submitted to the LP and LP+Se diets showed a lower Seedor index com-
pared with the other treatments. Therefore, these results did not differ 
from the C+Se, LP+Se, and LLIP diets. In addition, from these data we 
can conclude that selenium inclusion can alleviate the effects of lack of 
protein intake. Protein, in this case, was the principal agent depressing 
the bone density, perhaps by the reduction of the bone matrix.

Key Words: macronutrients, selenium, bone density
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    MP314    Response of market turkey toms to diets containing 
high levels of corn distillers dried grains with solubles.  S. L. Noll* 
and J. Brannon, University of Minnesota, St. Paul.

The response of market turkey toms to corn distillers dried grains with 
solubles (DDGS) was examined during 2–19 wk of age. Large White 
male turkey poults (Nicholas strain) were randomly assigned to pens 
(10/pen) at 2 wk age and fed one of the following diet treatments (T): 1) 
Corn-soy control, no DDGS; 2) same as T1 with 10% DDGS; 3) same 
as T1 with 20% DDGS; 4) same as T1 with 30% DDGS; 5) same as T2 
starting at 5 wk of age; 6) same as T3 starting at 5 wk of age; 7) same 
as T4 starting at 5 wk of age; 8) same as T1 with 5% DDGS increasing 
to 20% DDGS at 8 wk of age; 9) same as T1 with 5% DDGS increasing 
to 30% DDGS at 11 wk of age; and 10) same as T1 with 5% DDGS 
increasing to 40% DDGS at 11 wk of age. Diets were formulated to 
contain 100% NRC digestible Thr primarily from intact protein although 
some supplemental Thr was used in the starter and grower diets. The 
basal diet was composed primarily of corn, soybean meal, and poultry 
by-product meal. Diets were formulated using digestible amino acids. 
All diets were supplemented as needed with Lys and met to meet the 
specific NRC recommendations for these amino acids. Diet levels of 
poultry by-product meal were limited to prevent an excess of dietary 
phosphorus. Each diet was fed to 9 replicate pens. The experimental 
design was a completely randomized block design. Dietary treatment 
affected body weight at 19 wk (P < 0.06), where the BW of T10 was 
2.9% less than that of T1. Difference in average daily gain from that 
of the control (T1) was observed only during 17–19 wk of age for T10 
with depressed gain, in agreement with the observed reduction in BW at 
19 wk but not at 17 wk of age. Feed efficiency differed from T1 during 
2–19 wk of age with poorer feed:gain for T6, T8, and T9. The results 
indicate that feeding levels of up to 30% DDGS in turkey starter diets 
was not detrimental to poult weight or feed efficiency. In turkey finisher 
diets, feeding of up to 40% DDGS was not detrimental to growth until 
17 wk of age. High inclusion levels of DDGS had inconsistent effects 
on feed efficiency.

Key Words: turkey, DDGS, dried distillers grains with solubles

    MP315    Physical and chemical analysis of corn grain from Bra-
zilian Cerrado Region.  S. I. F. Rodrigues*1,3, J. H. Stringhini2,5, C. 
McManus1,5, M. N. Oliveira3, and A. M. Penz Junior4, 1Universidade de 
Brasilia, Brasilia, DF, Brasil, 2Universidade Federal de Goias, Goiânia, 
Goiás, Brazil, 3Asa Alimentos, Brasilia, DF, Brasil, 4Nutron Alimentos, 
Campinas, SP, Brazil, 5CNPq researcher, Brasilia, DF, Brasil.

Approximately six and a half thousand samples of corn grain were 
taken from trucks, delivered to a feed mill, between 2003 and 2007, in 
the Federal District, Brazil. Samples from Goiás State and the Federal 
District, Brazil, were analyzed using SAS® to determine physical (dam-
aged, moulded, broken, fragmented, soft, insect damaged, fermented) 
and chemical properties. Incidence rates for most physical factors 
were low (<5%). The coefficient of determination (R2) was high and 
of variation (CV) was low for chemical properties. R2 ranged from 
0.65 for humidity (H) to 0.99 for crude protein (CP) and fiber (CF) and 
ether extract (EE); CV ranged from 0.10% for CP to 4.75% for H. For 
physical properties R2 were low to medium (0.11 for mold to 0.49 for 
fungus-contaminated grain) with CV ranging from 20.19% for fungus-
contaminated grain to 1,238% for muld). Month, year, and farm of origin 
as well as their interactions significantly affected all chemical proper-
ties [CP, CF, H, EE, nonnitrogen extracts (NNE), estimated apparent 

metabolizable energy (ME)], while physical properties were less affected 
by these factors. In particular interactions between the main factors, in 
particular year, were not significant (P > 0.05). Density increased and 
CP, CF, and NNE decreased in the dry season (June to August). Physical 
damage due to mold, insects, and fungi also decreased in the dry season. 
Highest EE and ME were observed in the wet season with a decrease 
of about 40 kcal from February to July. Results indicate that feed mills 
should take care when selecting farms for corn production and rations 
should be formulated in accordance with differences in chemical and 
physical properties which occur between months and over the years. 
While corn quality is better in the wet season, physical damage is also 
higher during this period.

Key Words: analysis of variance, month, year and farm interaction, 
nutritional quality

    MP316    Effect of pine wood shavings, rice hulls and sand on 
broiler productivity when used as a litter sources.  J. L. Atencio, 
J. A. Fernandez, A. G. Gernat*, and J. G. Murillo, Escuela Agricola 
Panamericana/Zamorano, Tegucigalpa, Honduras.

As the poultry industry has grown and expanded, and as alternative uses 
of wood by-products have expanded, the availability of wood shavings 
and sawdust for litter materials has been challenged. Litter type utilized 
is largely dependent upon local availability of the material and location 
of the farm. Unfortunately, the availability of pine shavings has steadily 
decreased due to competition for its use from other industries and use as 
an energy source. The objective of this research was to evaluate conven-
tional litter sources to sand as a substitute litter. For the experiment pine 
wood shavings (PWS), rice hulls (RH), river bed sand (S) and river bed 
sand top dressed with pine wood shavings (SP) were the 4 litter source 
treatments implemented. Chicks were identified and randomly allocated 
in a randomized complete block design. Body weight, cumulative feed 
consumption, feed conversion (feed: body weight), and litter moisture 
were determined on a weekly basis through 42 days of age. Mortality 
was recorded daily. At processing carcass weight, percentage carcass 
yield without giblets and gizzard yield were determined on a prechilled 
basis. Litter temperatures were recorded prior to bird placement. Broil-
ers raised on S had significantly (P < 0.05) higher body weights and 
consumed more feed than those raised on PWS or RH throughout the 
42 days. No significant differences were found for feed conversion, 
mortality, or carcass yield. Carcass weight and gizzard yield were 
significantly (P < 0.05) higher for birds raised on S. Sand maintained 
approximately 15% lower moisture level in comparison to PWS and RH 
and a 5% difference to SP (P < 0.05). Litter surface temperatures were 
significantly (P < 0.05) higher for PWS, RH and SP compared to just 
S alone. In conclusion, sand can potentially be used as an alternative 
litter material for growing broilers.

Key Words: broiler, litter, sand

    MP317    Administration of mushroom extract to broiler chickens 
for bifidobacteria enhancement in the gut and feces.  W. L. Willis*, 
O. S. Isikhuemhen, S. A. Ibrahim, and K. King, North Carolina Agri-
cultural and Technical State University, Greensboro.

The increasing concern with microbes’ resistance to antibiotics has 
resulted in a high demand for alternatives to antibiotics used in animal 
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health and nutrition. The objective of this study was to investigate 
continual vs. intermittent administration of mushroom extracts on bifi-
dobacteria fecal population in broiler chickens. Two 49-d experiments 
were conducted in cages and on pasture. In experiment 1, 100 newly 
hatched female broiler chicks were assigned to treatments as follows: 
1) Control, no additives; 2) mushroom extract; 3) vinegar via water; 4) 
mushroom substrate extract; and 5) milk and water. Body weights and 
bifidobacteria level were measured at 49 d following 6 wk of treatment. 
For experiment 2, 100 chicks were placed in cages, treated for 3 wk 
as follows, and moved to pasture for the remaining 4 wk without any 
further treatment: 1) Control, no additive; 2) bifidobacteria; 3) mushroom 
extract; and 4) PrimaLac® probiotic feed. Treatments 2 and 3 received 
0.5 mL of additive orally at 1, 7, 14, and 21 d. Results for experiment 
1 showed a significant (P < 0.05) higher level of bifidobacteria in the 
feces for treatments 2 and 3 (8.67 and 8.67 log10 cfu/g, respectively) 
vs. treatment 1 (7.47 log10 cfu/g) with higher body weight in treatment 5 
(1.85 kg) vs. treatment 1 (1.62 kg). For experiment 2, significant higher 
bifidobacteria levels were found in treatments 2 and 3 (7.87 and 7.80 
log10 cfu/g, respectively) vs. treatment 1 (6.49 log10 cfu/g) with no body 
weight differences. The results from these trials indicate that continual 
administration of mushroom extract enhances bifidobacteria fecal shed-
ding into the production environment and may exert a barrier against 
attachment of the intestinal epithelium by pathogenic bacteria.

Key Words: bifidobacteria, mushroom, broilers

    MP318    The effectiveness of a dietary enzyme (Alltech SSF) on 
improving corn-soy diets fed to large white turkeys to 12 weeks of 
age.  J. L. Grimes* and J. L. Godwin, North Carolina State University, 
Raleigh.

Dietary enzymes (DE) improve nutrient utilization in poultry. The 
Alltech SSF DE has proven successful in broilers and tests are needed 
in turkeys. The objective of this study was to test the effectiveness of 
the Alltech SSF DE in corn-soy diets fed to Large White (LW) turkeys 
to 12 wk and determine AMEn for each treatment at 12 wk. Twenty day-
of-hatch, LW male poults were placed in each of 48 pens (960 birds). 
Six treatments were randomized across the 48 pens (4 blocks of 12). 
The treatments were: 1) control – typical turkey rations, 2) control with 
DE, 3) control less 50 kcal/kg with DE, 4) control less 125 kcal/kg with 
DE, 5) control less 200 kcal/kg with DE, and 6) control less 200 kcal/kg 
without DE. Turkey rations were fed in 3 wk rotations until 12 wk. Fat 
was removed and replaced with appropriate levels of sand to decrease 
the energy level. At 12 wk, feed was withdrawn for 6 h. Treatment feeds, 
with 2% celite, were fed to the birds. After 24 h, fresh fecal samples were 
collected. Fecal samples and feed were analyzed for celite, nitrogen, and 
gross energy for AMEn calculations. Feed and water were provided ad 
libitum. Treatment effect on BW, BW covariation (CV), feed conver-
sion (FC), and 12 wk AMEn were analyzed by GLM and means were 
separated by LSD (P < 0.05). There was no lasting treatment effect on 
BW or BW CV. As energy in the diets decreased, period and cumulative 
FC increased. However, FC was reduced for 3 to 6 wk and 0 to 6 wk for 
birds fed treatment 2 compared to birds fed the control ration. This effect 
was not observed beyond 6 wk. However, one might expect this effect 
on FC to be sustained under field conditions where growing conditions 
are seldom optimal. At 12 wk, the AMEn of treatment 5 was measured 
to have 204 kcal/kg less than the control. Treatment 6 was formulated 
to have the same AME energy level of treatment 5 but was measured to 
have 344 kcal/kg less than the control representing an improvement of 
140 kcal/kg for treatment 5 with SSF versus treatment 6 without SSF. 

In conclusion, the Alltech SSF enzyme improves energy utilization and 
appears useful for feeding to turkeys.

Key Words: turkey, enzyme, AMEn

    MP319    Effect of stocking density on performance, welfare and 
environmental conditions in meat-turkey production.  F. Sirri*1, A. 
Meluzzi1, C. Fabbri2, N. Brina3, and C. Mazzini3, 1University of Bologna, 
Ozzano Emilia, Italy, 2Research Center of Animal Production, Reggio 
Emilia, Italy, 3Coopitalia, Casalecchio di Reno, Italy.

After the approval of a directive on broiler protection in EU, the debate 
on welfare has been focusing on turkey production. The aim of the trial 
was to evaluate if a stocking density lower than that applied under com-
mercial conditions improves performance and welfare indexes of turkey 
as well as air and litter quality of the poultry house. 
22,800 1-d-old female BUT turkeys were split in 2 experimental groups 
of 2 replicates each and allotted in 4 boxes of the same poultry house 
at a stocking density of 5 birds/m2 (Welfare = WLF) and 6 birds/m2 
(Standard = STD). Feeder space allowances were 2.7 and 2.0 cm/bird, 
respectively, for WLF and STD groups as well as drinker space was 
1.4 and 1.2 cm/bird. Both groups received the same light and feeding 
regimens. 
WLF birds grew up faster and at slaughtering age (100 d) weighted 300 
g more than STD (8.6 vs. 8.3 kg/bird). Feed intake and efficiency were 
unaffected by the rearing conditions. Final stocking densities were 37.0 
and 45.5 kg/m2, respectively, for WLF and STD. The incidence of foot 
pad lesions (score 0 = no lesion, 1 = mild lesion and 2 = severe lesion) 
and hock burns, indicators used to measure the welfare status, resulted 
slightly lower in WLF group, reflecting the little differences observed in 
the moisture content of litter sampled at 60, 90 and 100 d in WLF and in 
STD houses (39 vs. 43, 46 vs. 47, and 46 vs. 47%, respectively). Total 
nitrogen and pH of litter were respectively lower and higher in WLF 
than STD (3.68 vs. 4.54% DM and 8.39 vs. 7.91). Ammonia concentra-
tion in air was 39% higher in WLF boxes (12.3 vs. 7.3 mg/m3) due to 
either the reduced ventilation rate (less animal heat production) or to 
the higher release from litter caused by its higher pH value. 
Reduced stocking density while improving the growth rate of animal, 
worsen both litter and air quality of turkey houses.

Key Words: turkey, stocking density, welfare

    MP320    The effect of various litter treatments on bacterial levels 
for two consecutive growouts.  K. S. Macklin*, J. P. Blake, and J. B. 
Hess, Auburn University, Auburn, AL.

Two consecutive growout experiments were performed in which 4 
commercial litter treatments were compared in regard to their effect on 
litter bacteria levels. Both experiments consisted of 1,500 mixed-sex 
commercial broilers that were randomly placed in 30 floor pens (0.84 
bird/ft2). The treatments for both experiments consisted of a control 
(CON), Poultry Litter Treatment (PLT), Poultry Guard (PG) or 50:50 
All-Clear:PLT (AC) at 100-lbs/1,000 ft2 and liquid alum (A-7) at 30 
gals/1,000 ft2. Each treatment was randomly assigned into 6 pens 
containing used litter. Litter samples were collected at days: −1, 0, 21, 
and 42 from 3 areas within each pen. From these samples total aerobic, 
anaerobic, enteric and C. perfringens levels (cfu/g) were determined. 
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Additionally the presence or absence of Salmonella and the percent 
moisture of the litter was determined. Bacterial counts (cfu/g) and 
percent moisture data were transformed using log10 and arcsine trans-
formations, respectively. The data was analyzed using GLM with P 
< 0.05 and significant means were separated using Tukey’s honestly 
significant difference test. In the first experiment aerobic and anaero-
bic bacteria levels were reduced after the application of any of the 4 
commercial litter treatments (P < 0.05); however, by day 21 there was 
no detectable difference between treatments. Enteric bacteria and C. 
perfringens levels were not influenced by the use of any of the litter 
treatments in the first experiment. The second experiment results had 
no reduction in bacteria levels even after the initial application of the 
commercial litter treatments.

Key Words: litter treatments, litter, bacteria

    MP321    Molecular phylogeny of the flaA short variable region 
and invasiveness among Campylobacter spp. isolated from the blood 
and ceca of commercial broilers.  L. J. Richardson*1, N. A. Cox1, 
R. J. Buhr1, E. D. Akins2, K. L. Hiett1, and M. A. Harrison2, 1Poul-
try Microbiological Safety Research Unit, Russell Research Center, 
Athens, GA, 2Department of Food Science and Technology, University 
of Georgia, Athens.

Campylobacter spp. have been recovered from several internal tissues of 
broilers and broiler breeders including aseptic recovery from the circulat-
ing blood of commercial broilers. The objectives of this study were to 
evaluate the genetic relatedness of the Campylobacter isolates obtained 
from the circulating blood and ceca of broilers and the invasiveness of 
those isolates. Genotyping of the isolates was performed utilizing the 
flagellinA Short Variable Region (flaA-SVR) DNA sequence analysis. 
Invasiveness of 22 blood isolates into Caco-2 cells was evaluated 
utilizing a gentamicin resistant assay. In addition the isolates from the 
ceca of broilers where the blood isolates were most invasive were also 
evaluated. Isolates recovered from the blood and ceca from 12 flocks 
contained 7 different subtypes. The predominant subtype (flaA-SVR type 
1) contained isolates recovered from 3 flocks and from all 3 integrators. 
Different subtypes were recovered from the blood and ceca of only 5 
broilers across 3 flocks. Closely related subtypes of Campylobacter 
spp. were naturally present among flocks and integrators. From the 
invasion assays, 2 blood isolates were found to be highly invasive, 
1 showed medium invasiveness, 6 marginal invasiveness, and 13 no 
invasiveness into Caco-2 cells. The ceca isolates from the 2 highly 
invasive blood isolates were not found to be invasive. An isolate that was 
recovered from the blood of one bird was found to be highly invasive 
but the isolate recovered from the ceca was noninvasive even though 
the isolates were similar by flaA-SVR DNA sequence analysis. Further 
investigations into the similarities and differences among the subtypes 
and invasiveness isolates obtained from the blood and ceca are needed 
to enable elucidation of the mechanisms by which these isolates enter 
into circulating blood of commercial broilers.

Key Words: Campylobacter, genotyping, blood

    MP322    Microbial profile of bedding sources for rearing broiler 
chickens.  B. Saenmahayak*, K. S. Macklin, S. F. Bilgili, J. B. Hess, J. 
P. Blake, and J. L. Sibley, Auburn University, Auburn, AL.

Broiler growers often seek locally available alternative bedding sources 
to rear broiler chickens when traditional bedding materials are expensive 
and/or difficult to obtain. In 3 successive trials, 8 bedding sources [pine 
shaving (PS); pine bark (PB); ground hard-wood pallets (GP); mortar 
sand (MS); chopped straw (CS); ground door filler (DF); cotton-gin 
trash (CT); and chipped pine (CP)] were compared side-by-side in 
experimental pens (20 birds per pen; 48 pens total). Mixed-sex birds were 
reared to 42 days of age on a 3-phase commercial feeding program. A 
12-day down-time was used between each trial to simulate commercial 
conditions. At the end of each trial, litter samples were collected from 5 
locations in each pen, pooled, and analyzed for water activity (aw) and 
percent moisture. Microbial profile (total aerobes, total anaerobes, and 
total enteric bacteria) was determined (log10 cfu/g) for each bedding 
source. Significant (P < 0.05) differences in litter moisture and aw were 
detected among bedding sources as well as the 3 successive grow-outs. 
Mortar sand showed the lowest aw and percent moisture compared to 
other sources. Litter total aerobes, anaerobes and enteric bacteria did 
not vary (P > 0.05) among bedding sources. However, total anaerobes 
tended to decrease and total enteric bacteria increase with successive 
grow-outs.

Key Words: broiler chicken, bedding sources, litter microbes

    MP323    Application of a traceability system for improving poultry 
management and food safety in the United Arab Emirates.  A. S. 
Hussein*, M. A. Fadel, F. Sallabi, and A. Jaffar, United Arab Emirates 
University, Al-Ain, United Arab Emirates.

Traceability is defined as a system of record keeping data, which in the 
case of food production, can be used to track each step of the process. 
Consumers aware of food safety issues demand compliance with trace-
ability regulation guidelines from all international food suppliers. In 
2007, a cooperative research pilot project was initiated at United Arab 
Emirates University involving the Colleges of Food and Agriculture 
(CFA) and Information Technology (CIT) to develop a viable trace-
ability system. The objectives of this research were to utilize: a pilot 
traceability system developed to document all stages of poultry meat and 
egg production in the United Arab Emirates; the developed online data-
base to allow follow-up and supervision of managers and Food Control 
Authorities; and the emergency alert system created via GPRS. In Phase 
1, CIT developed the front and back ends of the traceability system using 
mobile computing technology. In Phase 2, CFA has begun the process of 
applying this technology to a poultry production system. Workers at any 
stage of the poultry production process can use a handheld device (PDA) 
to enter and send information collected in the field to the back-end server. 
The server documents all information received, which is then made 
available through the Internet to system managers and administrators. 
Collected data can be used to estimate certain production parameters 
such as growth rate, feed intake, feed conversion ratio, and mortality rate; 
critical data can be tagged to alert senior management to take immediate 
action during emergencies, such as electrical failures and high mortality 
rates. Also, a barcode system was developed to be used to help food 
control authorities quickly trace and pull all poultry products when 
needed to avoid crises. The barcode is based on the European Article 
Number (EAN) for unique and easy identification of items worldwide 
and displays country, company, item reference, and CD (Check Digit) 
information. Standardized use of barcoding may help guarantee local 
tracing of domestic poultry products, and could be extended to include 
the Gulf Cooperation Council countries.

Key Words: traceability, management, food safety
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    MP324    Impacts of plant-based diets, dietary phytase, and 
raising season on broiler mineral retention and litter composition.  
N. Bergeron*1, A. Ouyed2, and M. R. Lefrançois1, 1Université Laval, 
Quebec, PQ, Canada, 2Centre de recherche en sciences animales de 
Deschambault, Deschambault, Quebec, Canada.

Two assays were conducted in summer and winter, respectively, to 
assess the effects of phytase (PHY) addition to conventional (CON) and 
completely plant-based (PL) diets on broiler apparent mineral retention 
and mineral output in the litter. To this end, 3,080 Ross × Ross male 
broilers were allotted to 40 pens in each assay, according to a complete 
randomized block design with diet type (CON vs. PL) and PHY (0 vs. 
100 g/ton liquid Natuphos 5000™) as main factors. CON diets contained 
animal fat and meat meal, both replaced with micronized soybean in 
the PL diets. Broilers were submitted to a 4-phase feeding program 
with the following mineral composition (% wt:wt) for aP, K, PB, Ca, 
Na, and Mg: starter 0 to 15 d (0.82; 1.07; 24.75; 1.53; 0.23, and 0.22), 
grower 16 to 21 d (0.71; 0.97; 22.97; 1.31; 0.25, and 0.20), finisher I 
22 to 32 d (0.64; 0.87; 20.90; 1.17; 0.24, and 0.19), and finisher II 33 to 
38 d (0.59; 0.86; 19.71; 1.04; 0.24, and 0.18). PL diets induced higher 
feed consumption (126.6 vs. 123.0 g/d; P < 0.01) during summer. Birds 
raised in summer had higher mineral retention (g/kg body weight gain, 
or BWG) for N (40.10 vs. 36.62), K (7.10 vs. 5.03), Na (2.19 vs. 1.19) 
and Mg (1.41 vs. 0.80; P < 0.001). Also, PL diets enhanced Ca retention 
(11.35 vs. 9.87; P < 0.001) but decreased Na retention (1.46 vs. 1.92; 
P < 0.001). Broilers fed diets without PHY showed higher P retention 
(5.55 vs. 5.07; P < 0.001). PHY decreased excretion (g/kg BWG) of 
Ca (6.70 vs. 7.21; P < 0.01) but increased P (6.23 vs. 4.79; P < 0.001) 
and N (14.05 vs. 13.72; P < 0.05) output in litter. PL diets lowered Na 
found in the litter (1.79 vs. 1.95) (P < 0.001) but increased P (5.68 vs. 
5.34), Mg (1.96 vs. 1.80), and K (12.09 vs. 10.04 g/kg BWG; P < 0.001). 
Diet type (CON vs. PL) had no effects (P > 0.05) on N and Ca. Birds 
raised during summer produced litter with higher contents in N (14.47 
vs. 13.30) and K (11.64 vs. 10.50 g/kg BWG; P < 0.001), without any 
season effects on Na. Significant interactions were also observed for 
most parameters. It appears from the results that diet composition and 
raising season had significant effects on the apparent mineral balance 
of broilers.

Key Words: broiler, phytase, mineral litter composition

    MP325    Induced wing flapping to stimulate deep pectoral myo-
pathy in broilers.  R. J. Lien*, S. F. Bilgili, and J. B. Hess, Auburn 
University, Auburn, AL.

The applicability of an induced wing flapping method for stimulat-
ing the occurrence of deep pectoral myopathy (DPM) in broilers was 
investigated. Initially, the effect of number or duration of wing flappings 
was determined. At 45 d of age (3.31 kg mean BW), groups of 15 male 
broilers served as uninduced controls or were subjected to 5, 10, or 20 
bouts of wing flapping in periods of 8, 16, or 32 s, respectively. Birds 
were killed 36 h later and DPM assessed with respect to incidence, 
number of tenders affected, tender discoloration, and degree of involve-
ment. Next, the influence of sex and body weight on DPM induction 
was investigated. Two groups of 12 broilers of each sex were selected 
on the basis of BW at 49 d of age. Heavy (male = 3.9 to 4.1 kg; female 
= 3.5 to 3.7 kg) and light (male = 3.5 to 3.7 kg; female = 3.1 to 3.3 kg) 
birds were subjected to 25 bouts of flapping in 40 s, then killed 144 

h later to assess DPM. Last, the influence of time since induction on 
lesion development was investigated. Groups of 120 male broilers were 
subjected to 20 bouts of flapping in 32 s at either 43 or 46 d of age and 
then killed at 48 d of age (48 or 120 h later) at an average BW of 3.79 
kg to assess DPM. No DPM occurred in uninduced controls or those 
subjected to 5 flappings, while 7 and 33% of those subjected to 10 and 
20 flappings expressed DPM, respectively. Number of tenders affected, 
discoloration, and degree of involvement increased similarly as flap-
pings increased. Incidences of DPM in broilers subjected to 25 flappings 
averaged 64%, and were unaffected by sex or BW. Number of tenders 
affected, discoloration, and degree of involvement were similarly unaf-
fected by sex or BW. Incidences of DPM 48 and 120 h after induction 
averaged 56% and were unaffected by time since induction. Number of 
tenders affected and degree of involvement were similarly unaffected; 
however, color score increased with time since induction, reflecting the 
change in lesion color from tan to red to green. These results indicate 
that this method of DPM induction may be useful for accentuating the 
occurrence of the disease to facilitate its further study.

Key Words: broiler, deep pectoral myopathy, induction

    MP326    Effects of probiotic administration on coccidiosis vac-
cination in broilers.  A. E. Klein*1, J. Lee1, M. Farnell1, L. Oden1, 
S. Pohl1, M. Mohnl2, R. Beltran2, G. Schatzmayr2, S. Fitz-Coy3, C. 
Broussard3, and D. Caldwell1, 1Texas A&M University, College Sta-
tion, 2Biomin GmbH, Herzogenburg, Austria, 3Schering-Plough Animal 
Health, Summit, NJ.

Our laboratories have recently reported that the oral administration of 
probiotics can stimulate immune function and improve performance 
parameters during simulated commercial grow-out in broilers. The 
objective of this investigation was to determine if the drinking water 
administration of the probiotic, Biomin® PoultryStar, would improve 
broiler performance and efficacy of the live oocyst coccidiosis vaccine, 
Coccivac®-B, during a 48 day pen trial. This trial consisted of placing 
1,800 straight-run broilers in 40 pens on litter consisting of 50% used 
litter and 50% fresh pine shavings for 48 days. Four experimental groups 
were evaluated with 10 replicate pens placed for each group. Groups 
consisted of control, probiotic, vaccine, and vaccine + probiotic. Coc-
cidiosis vaccination was performed on half of the chicks before place-
ment. Probiotic was administered via drinking water from day 0 to day 
4, day 8 to day 10, and then around feed changes throughout the trial. 
Experimental parameters evaluated consisted of body weight gain, feed 
conversion, and oocyst shedding. Body weights in vaccinated broil-
ers were reduced (P < 0.05) on day 30 as compared to nonvaccinated 
broilers. Ending body weights, however, were not different among 
experimental groups and a significant interaction (P < 0.05) between 
probiotic administration and vaccination was observed. Similarly, feed 
conversion was increased (P < 0.05) in vaccinated broilers on day 30 
as compared to nonvaccinated broilers. A significant improvement (P 
< 0.05) in feed conversion was measured in vaccinated broilers during 
the withdrawal phase of grow-out. Measurement of oocyst output as 
oocyst shedding per gram (OPG) of fecal material was supportive of 
performance data. These observations suggest that the administration 
of a probiotic during live oocyst coccidiosis vaccination may lead to 
improved performance or immunostimulation associated with vaccine 
efficacy and enteric health during broiler production.

Key Words: broiler, probiotic, coccidiosis vaccination
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    MP327    Evaluation of liquid and thermal fog based equipment 
disinfection for mobile equipment.  R. Alphin, E. Benson*, K. Johnson, 
M. Dawson, and D. Hougentogler, University of Delaware, Newark.

Almost all current emergency depopulation and disposal methods 
require some sort of heavy equipment. The equipment involved in a 
response needs to be properly cleaned and disinfected prior to moving 
the equipment between farms or facilities. There are issues with many 
of the current equipment disinfection procedures. In this project, sev-
eral equipment disinfection strategies were evaluated. A small gasoline 
engine that included blind holes and difficult to apply areas was used as 
the target for disinfection. Solutions containing LaSota strain Newcastle 
disease virus (NDV) were dried on galvanized metal coupons and placed 
on locations inside and outside the engine. A backpack sprayer was used 
to apply liquid solutions of citric acid and Virkon S. A thermal fog unit 
was used to individually apply citric acid and Virocid both directly 
and indirectly. Disinfectant treatments were individually applied and 
evaluated. Standard procedures for in vivo virus isolation and hemag-
glutination activity procedures were followed to determine whether the 
disinfectant procedure inactivated the virus. Liquid disinfectants that had 
been effective in the laboratory were not as effective at disinfecting the 
engine. Indirect thermal fog showed a decrease in over all virus remain-
ing; however, a detectable amount of virus remained. Direct thermal fog 
was more effective than liquid applied or indirect applied thermal fog. 
With directly applied citric acid, there were differences in the level of 
detectable virus on the surface and interior spaces. A conclusion from 
this study is that to effectively inactivate the virus in the difficult to 
access parts of a skid steer loader, a combination of directly applied and 
indirectly applied thermal fog is the preferred method.

Key Words: Newcastle disease virus, thermal fog, disinfectant

    MP328    Broiler performance on a COBAN® anticoccidal program 
with exposure to a mixed Eimeria populaton.  R. C. Van Wyhe*, A. 
Barri, C. L. Walk, J. R. Sottosanti, C. L. Novak, and A. P. McElroy, 
Virginia Polytechnic Institute and State University, Blacksburg.

This research was designed to compare the inclusion of monensin 
sodium in starter and grower diets to vaccination with a live occyst 
Eimeria vaccine for broiler performance during exposure to a mixed 
coccidia challenge in the environment. Two 37-d growout trials with 
3 treatment groups were conducted. The treatment groups included: 
negative control (nonmedicated diet/no vaccination), monensin sodium 
(Coban®) diet (110 g starter, 100 g grower, 0 g finisher), and a group 
vaccinated with a commercial live Eimeria vaccine on day of hatch. 
Parameters measured for performance included body weight (BW), body 
weight uniformity (Trial 2), body weight gain (BWG), feed consump-
tion, mortality, and adjusted feed conversion (FC) on days respective 
to feeding period changes (d 18, 32, and 37). Intestinal samples were 
collected for lesion scoring and tensile strength measurements. Prior to 
these trials, the litter was seeded with a mixed Eimeria population by 
either spray application (Trial 1) or by birds challenged with a mixed 
Eimeria population (Trial 2). In Trial 1, Coban-fed birds had signifi-
cant (P < 0.05) improvements in BWG (d 18, 32, and 37) and FC (d 
0 to 18 and d 0 to 37) and lower mortality (d 0 to 37) as compared to 
control or vaccinated broilers. Similarly, in Trial 2, Coban resulted in 
improved performance parameters as compared to control broilers for 
all periods. Vaccinated broilers had BW performance similar to controls 
in both trials, except for a significant improvement in BW on d 18 in 
Trial 2. The FC of vaccinated broilers was not significantly different 

from controls in Trial 1, but was improved significantly in Trial 2 as 
compared to controls. In Trial 2, individual bird BW on d 18, 32, and 
37 indicated that Coban resulted in more uniform BW as compared to 
that of control broilers with vaccinated broilers not different from either 
control or Coban treatment. There were no significant differences in 
intestinal tensile strength in either trial. Data from these trials suggest 
that inclusion of monensin sodium was effective for the control of an 
environmental coccidia challenge.

Key Words: broilers, coccidia, coban

    MP329    Hatchability of end-of-lay broiler breeder eggs as influ-
enced by cooling during incubation.  J. G. Rabalais*, D. R. Ingram, 
J. M. Dowden, K. D. Homan, and C. B. Wiggins, Louisiana State 
University, Baton Rouge.

Two experiments were conducted to determine if the hatchability of eggs 
produced by end-of-lay broiler breeders could be improved by cooling 
during the incubation period. In the first experiment, 1,320 freshly laid 
eggs from 2 flocks of 61-week-old Ross 708 broiler breeders were 
obtained from a commercial breeder farm. The eggs were placed in an 
egg cooler at 15.5° C at a relative humidity of 60% for 3 days. On the 
third day, all eggs were randomly distributed before being assigned to a 
treatment. These treatments were cooled either 0, 40, 80, or 120 minutes 
on days 18 to 20 of incubation. On day 7, eggs were candled, and the 
infertile and early-dead removed. These eggs were broken to confirm 
fertility. Eggs were transferred on the 18th day. Chicks and unhatched 
eggs were recorded and the resulting hatchability calculated. Data were 
analyzed by a randomized block design, with level in the incubator 
serving as the block. The experimental unit was a group of 30 eggs. 
None of the treatments improved fertile hatchability. All of the cooling 
treatments lengthened the incubation process. 
The second experiment was conducted similar to the first, with the excep-
tion that eggs came from 60-week-old Hubbard broiler breeders. In this 
experiment, the treatments were cooled either 0, 18, 24, or 30 hours at 
22°C on the 16th day of incubation. Eggs were candled on the seventh 
day. At hatch, chicks and unhatched eggs were recorded and hatchabil-
ity data calculated. Once again, fertile hatchability was not improved 
by cooling during the incubation process. The incubation period was 
lengthened for eggs that were cooled during the incubation period.

Key Words: hatchability, cooling, brolier breeder

    MP330    Comparative use of two enzyme additives in matrices of 
turkey hen diets on growth efficacy.  R. M. Hulet*1, T. L. Cravener1, 
and T. A. Sefton2, 1Pennsylvania State University, University Park, 
2Alltech, Inc., Nicholasville, KY.

Increased costs for protein and energy feed ingredients have increased 
the use of enzymes to improve growth rate and feed efficiency. Some 
enzyme products are used to improve energy utilization and/or phos-
phorus utilization. A commercial turkey hen diet (Control) was supple-
mented with Rovabio ™ Excel LC (200 g/ton) and phytase while the 
test diet was supplemented with Allyzyme™ SSF (182 g/ton) from 10 
days to 84 days of age. Energy uplift for the Control and Allyzyme diets 
was 32.3 and 34 calories, respectively, per 0.45 kg additive. Phosphorus 
uplift for the phytase added Control and Allyzyme diets was 0.1% for 
both diets. Eleven hundred and fifty female poults were randomized into 
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24 pens at 10 days of age and placed on randomized dietary treatments. 
Prior to placement, all poults were brooded in 8 pens and provided the 
same diet. All birds and feed were weighed at 0, 10, 29, 49, 63, and 
84 days of age. 
No significant differences were found in bird weight between the 
Control (14.4 kg) and Allyzyme (14. 6 kg) supplemented diets. Feed 
conversion was not significantly different between the Control or 
Allyzyme treatments for any of the feeding periods. The overall feed 
conversion (10 – 84 days) for the Control and Allyzyme treatments 
were 1.94 and 1.97, respectively. Mortality was significantly improved 
for the Control (4.45%) when compared to the Allyzyme (7.81%) diet 
and was influenced by a hatchery related challenge for the poults. The 
cumulative mortality difference resulted from the spread in the 10- to 
29-day period (2.2%). In conclusion, no significant growth performance 
differences were found between the 2 dietary treatments and increasing 
matrix indices for enzyme use were effective in producing economic 
growth of hen turkeys.

Key Words: enzyme, turkey, growth efficiency

    MP331    The effect of degermed-dehulled corn on turkeys 
reared from 12 to 20 weeks of age.  J. L. Godwin*, J. L. Grimes, M. 
J. Wineland, V. L. Christensen, and A. G. Gernat, North Carolina State 
University, Raleigh.

An experiment was conducted to determine if feeding degermed-
dehulled corn (DDC) to turkeys would support growth performance as 
well or better than those fed diets containing normal corn and would 
reduce phosphorus (P) excretion from turkeys raised to market age. 
Degermed-dehulled corn (DDC) is produced by dry milling and results 
in the removal of 80% of the corn phytate P. Four hundred and eighty 
British United Turkeys male turkeys were housed in a curtain-sided 
house with 48 pens (10 birds per pen) and 8 pens per treatment. Birds 
were reared to 12 wk on the same rations. Treatments were in a factorial 
arrangement with 2 types of corn (normal and DDC) and 3 levels of Ca 
and P (115, 100, and 85% of recommended NRC levels). Treatments 
were applied from 12 to 20 wk. Feed and water were provided ad libi-
tium. Diets were fed in mash form. Mean BW gain, feed consumption (by 
pen) and feed to gain were determined at 16 and 20 wk. The following 
parameters were reported; 16 and 20 wk growth performance and 20 
wk AMEn, apparent nitrogen retention (ANR), tibia breaking strength 
and fecal P (%). Gain and feed to gain were improved by DDC at 16 
wk but not at 20 wk. Tibia breaking strength was increased by DDC 
at 20 wk (P < 0.05; 7.2 vs. 6.4 kg/mm2). Fecal P was not affected by 
corn type but was reduced as NRC P levels decreased (P < 0.01; 1.90, 
1.19, and 0.85%). AMEn was not significantly affected by treatments. 
Birds consuming normal corn had significantly higher ANR than birds 
consuming DDC corn (P < 0.01; 73.66 vs. 59.99%). In conclusion, 
replacing normal corn with DDC resulted in similar growth performance 
in turkeys raised to market age while fecal P decreased with decreasing 
NRC levels of P.

Key Words: market, phosphorus, fecal

    MP332    Photoperiod effects on broiler performance.  A. J. 
Brown*1, B. D. Fairchild1, A. B. Webster1, and R.J. Buhr2, 1Department 
of Poultry Science, University of Georgia, Athens, 2Russell Research 
Center, USDA-ARS, Athens, GA.

Photoperiod is known to affect growth rate, BW, feed consumption, 
incidence of metabolic disease, and immune response of broilers. Previ-
ous studies have reported significantly lower BW in broilers receiving 
18-h photoperiod throughout grow-out compared to broilers receiving 
>20 h. This study evaluated the effects of 3 photoperiod regimens on 
broiler performance. The 3 photoperiod treatments were 20 h (20L:4D) 
or 18 h (18L:6D) applied from 7 to 36 d, or step-down/step-up program 
(stepped down in 3 h increments at 10 and 13 d to reach 12 h photoperiod 
and increased to 18 h in 1 h increments between 22 to 27 d). The 20 
and 18 h treatments were increased to 23 h at 37 d and the step-down/
step-up program was increased to 23 h in 1 h increments between 
37 to 41 d. From 1 to 6 d all birds received 23 h photoperiods. Light 
intensity was maintained at 20 lux using incandescent lights. Two trials 
were conducted and each light treatment was applied to 2 rooms with 6 
pens in each room. Broiler management protocols followed the breeder 
company recommended guidelines with a stocking density equated to 
0.7 ft2/bird. Water and a standard series of broiler diets were provided 
ad libitum. 
At 21 d BW, BW gain, and feed consumption were significantly lower 
for the step-down/step-up program compared to the 20- and 18-h treat-
ments. There were no significant differences for these variables at 41 
d. Mortality was 3.7, 4.2, and 4.4% for the step-down/step-up program, 
18-h, and 20-h treatments, respectively. In this modern broiler stock, 
compensatory gain overcame early photoperiod restrictions on feed 
consumption and BW.

Key Words: photoperiod, broiler, performance

    MP333    The effect of floor density on growth performance and 
carcass characteristics of French guinea broilers.  S. N. Nahashon*1, 
N. Adefope1, A. Amenyenu1, J. Tyus II1,2, and D. Wright1, 1Institute of 
Agricultural and Environmental Research, Tennessee State University, 
Nashville, 2Department of Agricultural Sciences, Tennessee State Uni-
versity, Nashville.

The floor density required for optimal growth performance of various 
avian species and varieties is highly variable. Little is known of the 
required floor density for optimum performance of the French guinea 
fowl broiler (Numida meleagris). The objective of this study was to 
assess the effect of varying floor density on growth performance and car-
cass characteristics of the French guinea fowl broiler. In 3 replicates, 687 
1-day-old French guinea keets were weighed individually and randomly 
assigned to floor pens covered with pine wood shavings at densities of 
69, 60, 53, and 47 birds/pen, equivalent to 639, 735, 832 and 938 cm2/
bird, respectively. Birds in all floor densities were allowed feeder and 
water space of 4 and 2 cm/bird, respectively. All birds received 23 h 
lighting regime and were fed same diet comprising 3,100 kcal of ME/
kg of diet and 23% CP at 1-day-old to 4 wk of age (WOA) and 3,150 
kcal of ME/kg of diet and 21% CP at 5 to 8 WOA. Feed and water were 
provided for ad libitum consumption. Body weight and feed consump-
tion (FC) were measured weekly, whereas carcass characteristics were 
evaluated at 8 WOA. Overall, FC was significantly higher (P < 0.05) in 
birds raised in 938 cm2/bird than other treatment groups. Birds in floor 
densities of 832 and 639 cm2/bird also consumed 6% more feed than 
those raised in floor density of 735 cm2/bird. Mean body weight gain of 
birds in floor density of 639 cm2/bird were significantly lower (P < 0.05) 
than those of birds in other floor densities. In most part, significantly 
lower feed conversion ratios and higher carcass yields were observed 
in birds raised in floor densities of 735 and 832 cm2/bird than those 
raised in floor densities of 639 and 938 cm2/bird. Therefore, French 
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guinea broilers exhibited superior performance when raised at floor 
densities of 735 and 832 cm2/bird than those reared at floor densities 
of 639 and 938 cm2/bird.

Key Words: French guinea broilers, floor density, growth perfor-
mance

    MP334    Bacterial populations of broiler chickens fed yeast 
products in place of antibiotics.  K. Budgell*2, K. Doncaster1, and B. 
Rathgeber1, 1Agriculture & Agri-Food Canada, Kentville, NS, Canada, 
2Nova Scotia Agricultural College, Truro, Canada.

Growth promoting antibiotics have traditionally been included in broiler 
chicken diets to improve broiler health and growth performance. Con-
cerns over the development of antibiotic resistant strains of bacteria 
generated by animal agriculture have lead to development of numerous 
alternatives to these feed ingredients. An experiment was conducted to 
determine the effectiveness of yeast β-glucans and mannanoligosac-
charides to influence bacterial populations, including those that can lead 

to development of necrotic enteritis, thereby providing an alternative 
to antibiotics. Nine hundred male broilers were randomly assigned to 
36 pens within one room and were fed 1 of 9 dietary treatments; no 
growth promotant, antibiotic, low mannanoligosaccharide (LM), high 
mannanoligosaccharde (HM), β-glucan (YBG), and their combinations 
(LMLY, LMHY, HMLY, HMHY). The birds received starter from 0 to 
14 d, grower from d 14 to d 24, and finisher from d 24 to d 34. Wheat 
and fish meal were included in the formulation to encourage growth of 
Clostridium perfringens. Two birds per pen were euthanized on d 19 
and the small intestine was asceptically removed and quick frozen for 
later microbiological analysis. Intestinal tracts were prepared for enu-
meraion of total aerobic bacteria, E. coli and coliforms and Clostridium 
perfringens. This experiment was repeated with an additional 900 
broilers. Statistical analysis was performed using proc mixed of SAS. 
Clostridium perfringens was widespread throughout the population of 
broilers; however, dietary treatments including the antibiotic treatment 
did not result in bacterial counts different from the control birds for 
this experiment.

Key Words: yeast β-glucan, mannanoligosaccharide, necrotic enteri-
tis
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    TP335    Correlation and principal component analyses of corn 
grain from Brazilian Cerrado region.  S. I. F. Rodrigues1,3, J. H. 
Stringhini*1,5, C. McManus1,5, M. N. Oliveira3, and A. M. Penz Junior4, 
1Universidade de Brasilia, Brasilia, DF, Brasil, 2Universidade Federal 
de Goias, Goiânia, Goiás, Brazil, 3Asa Alimentos, Brasilia, DF, Brazil, 
4Nutron Alimentos, Campinas, SP, Brazil, 5CNPq researcher, Brasilia, 
DF, Brazil.

Approximately six and a half thousand samples of corn were taken from 
trucks, delivered to a feed mill, between 2003 and 2007, in the Federal 
District, Brazil. These were analyzed to determine physical (damaged, 
moulded, broken, fragmented, soft, insect damaged, fermented) and 
chemical properties. Correlation and Principal Component Analyses 
were performed using SAS® to evaluate the relationships between 
characteristics. Correlations between physical traits were low (both 
positive and negative <0.2) and significant (P < 0.001). Highest cor-
relations were found between broken and fragment proportions (0.60), 
fermented and fungus contaminated grain (0.39), as well as broken with 
most of the other physical traits measured (0.44–0.75). Correlations 
between chemical traits were higher, in particular with estimated appar-
ent metabolizable energy (ME) and humidity (H), but with nonnitrogen 
extract (NNE), density (D), crude fiber (CF) and ether extract (EE) they 
were low to medium (0.10–0.35). Correlations between physical and 
chemical traits were low, in general <0.10. Principal component analysis 
separated physical from chemical traits. The first component showed 
that when humidity was low, ME, NNE, EE tended to be high, and vice 
versa. Crude protein (CP) did not affect this component. The second 
component showed that when there were a lot of physical problems with 
the grain, D, H and ME were low and vice versa. The first 3 principal 
components explained 50% of the variation between the 21 variables 
studied. There is a need to carry out a discriminate analysis to further 
evaluate the relationships between these traits.

Key Words: chemical and physical composition, energy and protein 
analyses, humidity

    TP336    Performance, organ morphology, and abdominal fat of 
broilers supplemented with a probiotic and garlic as an alterna-
tive to antibiotic growth promoters.  H. Collazos*, S. Triana, and 
O. Castro, Universidad Nacional Abierta Y a Distancia Unad, Bogota, 
Cundinamarca, Columbia.

The present work evaluated the effect of an antibiotic a probiotic and 
garlic on performance and organ morphology of broilers. Two hundred 
and forty Ross chicks were distributed at 21 days in a randomized design 
with 6 treatments (Controls, 1 level of antibiotic, 2 levels of probiotics 
and garlic), with 4 replicates of 10 birds. Diets were given to the birds 

from 21 to 49 days of age, formulated to meet or exceed NRC require-
ments. Data were collected for weekly weight gain and feed consump-
tion to determine feed conversion. Organ morphology was determined 
during experiment. Parameters evaluated were: Abdominal fat; for organ 
morphology were: Intestine pH, weight and length, weights of gizzard, 
liver, spleen, heart, proventriculus, and pancreas. The results showed 
that no significant (P > 0.05) differences were observed for weight gain 
and feed consumption, only significant differences (P < 0.05) were noted 
for feed conversion. Highest weight gain occurred in treatment 4 (5% 
garlic) and best feed conversion also found in treatment 4.Whereas for 
organ morphology, only significant difference (P < 0.01) were noted for 
proventriculus weight. There were no significant differences (P > 0.05) 
for abdominal fat. Results indicate that probiotics and garlic have the 
potential to replace antibiotics as growth promotants for broilers.

Key Words: broilers, organ morphology, garlic

    TP337    Additive effects between ingredients on ileal amino acid 
digestibility in broilers.  V. Ravindran*, Institute of Food, Nutrition and 
Human Health, Massey University, Palmerston North, New Zealand.

The additivity of apparent and true ileal amino acid digestibility values in 
3 complete diets based on corn (C), wheat (W), rice bran (RB), soybean 
meal (SBM) and canola meal (CM) for broilers was investigated. The 
3 complete diets contained the following as the main ingredients: C + 
SBM. W + SBM and C + RB + SBM + CM. The 5 ingredients and the 
3 complete diets were each fed to 4 pens of 5 male broilers from day 28 
to 35 posthatching. In the case of C, W, and RB, assay diets contained 
93.8% of the test ingredient. For SBM and CM, assay diets were based 
on dextrose and the test ingredient to supply 20% dietary protein. All 
diets had titanium oxide as the inert marker. On day 35, digesta from 
the lower half of the ileum was collected and apparent amino acid 
digestibility coefficients were calculated. Endogenous amino acid flow, 
determined using enzyme hydrolyzed casein, was used to calculate the 
true digestibility values. In general, for both apparent and true digest-
ibilities, there were no significant differences (P > 0.05) between the 
determined and predicted values in the C + SBM diet. In the W + SBM 
diet, the determined and predicted true digestibility values were similar 
(P > 0.05), but the determined apparent digestibility values were higher 
(P < 0.05) than predicted values for some amino acids, including threo-
nine, leucine, isoleucine and valine. In the C + RB + SBM + CM diet, 
the determined and predicted true digestibility values were similar (P 
> 0.05), but the determined apparent digestibility values were higher 
(P < 0.05) than predicted values for most amino acids. It appears The 
present results indicate that apparent digestibility values of individual 
ingredients are not additive when ingredients with low amino acid 
digestibility and/or antinutritive factors are used in feed formulations. 

Poster Presentations

Tuesday, July 22, 2008

107ABSTRACTS OF PAPERS

Poult. Sci. 87 (E-Suppl. 1)



The data also suggest that true digestibility values are additive and 
digestible amino acid supply in a complete diet can be predicted from 
true digestibility coefficients of individual ingredients

Key Words: amino acid digestibility, additivity, broilers

    TP338    Effect of shochu distillery by-product on skeletal muscle 
growth in broiler chickens.  T. Kamizono*, T. Tagoyama, A. Ohtsuka, 
and K. Hayashi, Kagoshima University, kagoshima, Japan.

Shochu is a Japanese traditional liquor made from sweet potato, rice 
etc. Shochu is very popular in Japan and thus huge amount of Shochu 
Distllery By-Product (SDBP) is produced. As drying SDBP is very 
costly, we are trying to use condensed SDBP (50% water, 3.0kcal 
GE/g) as a feed additive of the commercial broiler feed. The condensed 
SDBP made from sweet potato contains crude protein (13%), citric acid 
(3.6%), polyphenols (2.2%), α-tocopherol (3.4 mg%), and ascorbic acid 
(440 mg%). The SDBP contains also a growth stimulating substance 
buthoxybuthylalcohol as reported previously. However, SDBP is not still 
used effectively as feed. We have previously reported that SDBP can 
improve not only growth but also meat quality of broiler. Thus SDBP can 
be used effectively as a feed additive. The purpose of the present study 
is to show the effect of SDBP on skeletal muscle protein breakdown in 
broiler using plasma 3-methylhistidine as an index. The experimental 
diets (isocaloric and isonitrogenous) containing the SDBP at the levels 
of 1, 2 and 4% were given to 15-day-old broiler chicks. The basal diet 
and (23% crude protein and 3,040 kcal ME per kg) was made mainly 
of corn and soybean meal. The diets were given ad libitum during the 
period from day 15 to day 27. The experiment was undertaken in a 
temperature-controlled (25 ± 1°C) room with a 12-h light and 12-h dark 
cycle. The body weight gain and feed intake tended to be increased by 2 
and 4% SDBP, but feed conversion ratios were not affected. The breast 
muscle weight tended to be increased by 2 and 4% SDBP and the ratio of 
3-methylhistidine: creatinine in the plasma were significantly increased 
by SDBP. The results indicate that the SDBP may accelerate skeletal 
muscle growth by stimulating both skeletal muscle protein synthesis 
and breakdown in broiler.

Key Words: liquor by-product, feed additive, muscle growth

    TP339    The effect of different levels of vitamin E on humeral 
immunity, and performance in broiler.  R. Vakili*1 and R. Daliri1, 
1Islamic Azad University, khashmar, Iran, 2Islamic Azad University, 
khashmar, Iran.

In this research, 240 one-day-old Ross 308 chicks were used in a CRD 
to investigate the effect of diets containing 4 levels vitamin E (0, 10, 
20 and 40 mg/kg) on humeral immunity and performance.In order to 
study response of Humeral Immunity of broiler chicks, chicks at age 
of 15, 30 and 45 days were injected i.v. with 0.2 mL of a 5% Saline 
suspension of sheep red cell (SRBC). Blood samples were collected 
from each bird at 7 and 14 days after the second and third challenge. 
Afterwards, the 2-mercaptoethanol sensitive (2MES, presumably IgM) 
and 2-mercaptoethanol resistant (2MER, presumably IgG), Anti-SRBC 

antibody titers were determined using a microheamagglutination tech-
nique.Chicks were then slaughtered and their bursa of fabricus and their 
spleens were weighted.The results of this study suggested that vitamin E 
has no significant effect on performance of broiler chicks such as body 
weight, feed intake and feed efficiency 
(P > 0.05). There was a significant difference (P < 0.05), total Anti-
SRBC-titter, mercaptoethanol sensitive antibody (2-ME sensitive), Anti-
Newcastle disease virus titter (NDV) in group which was given 40 mg/
kg added vitamin E in compare with control group.2-mercaptoethanol 
resistant (2-ME resistant)and Lymphatic organs (bursa of fabricus and 
spleen) weight was not under the effect of diet, therefore no significant 
difference was observed (P > 0.05).Theses results indicate that humeral 
immune responses are directly affected by vitamin E and that exces-
sive vitamin E intake has a detrimental effect on antibody production 
in broilers.

Key Words: vitamin E, immunity, hemagglutination

    TP340    Effects of dietary astaxanthin on gizzard ulceration 
induced by dietary histamine in broiler chicks.  M. H. Oh*1, C. S. 
Song2, and K. M. Chee1, 1College of Life Sciences and Biotechnology, 
Korea University, Seoul, Korea, 2College of Veterinary Science, Konkuk 
University, Seoul, Korea.

Two feeding trials were conducted to determine if astaxanthin (AX) has a 
protective effect on gizzard (GZ) ulceration induced by dietary histamine 
in broiler chicks. AX, one of the xanthophyll pigments in crustacean and 
salmonids, contains potent antioxidant properties. Due to its powerful 
antioxidant activity AX has been reported to have potentials to protect 
gastric ulcer including a variety of illnesses such as cardiovascular 
diseases, some types of cancer and immune diseases in human or rats. 
Histamine (H) is one of the dietary factors causing gastric erosion and 
ulceration in young chicks. The ulceration was reported to progress 
with increased tissue lipid peroxidation in rats. Young, male, broiler 
chicks (Ross308) were used for both experiments. In experiment 1, 48 
chicks were allotted into 4 treatments (Basal, H, HAX20, HAX100), 
3 replications, 4 chicks each. 0.4% HS was added to the diet, and AX, 
from Phaffia yeast, was added to the HS diet at 20 or 100 ppm. The 
chicks were fed the diets ad lib for 3 wk. Ingesting the H diets reduced 
BWG (1.0 vs. 0.75 kg/b), and increased the % BW of proventriculus 
(PV, 0.4 vs. 1.11) and GZ (1.48 vs. 1.92) in the chicks (P < 0.05). AX 
did not prevent the abnormal responses in body wt, PV and GZ in the 
chicks caused by the HS. In experiment 2, 36 birds were forced-fed 
(except control) the AX20, AX100, H, HAX20 and HAX100 diets for 
2 weeks to keep the amount of feed intake identical as the control. The 
overall responses of the birds to the H diets were almost the same as in 
the experiment 1. The structural changes in the PV by the H were more 
severe than those in the GZ. The losses of gastric glands in PV were 
not prevented by the AX. Frequency of GZ ulceration, however, was 
certainly lowered by the AX without significant differences between the 
2 supplementation levels. In conclusion, AX could be used to improve 
poultry performances under certain stressful conditions.

Key Words: gizzard erosion, histamine, astaxanthin
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    TP341    Influence of main cereal of the diet and feed form on 
growth performance and digestive traits of brown pullets from 1 to 
120 days of age.  M. Frikha1,2, H. M. Safaa2,3, D. G. Valencia2, M. P. 
Serrano2, and G. G. Mateos*2, 1Instituto Agronómico Mediterráneo de 
Zaragoza, Spain, 2Universidad Politécnica de Madrid, Spain, 3Animal 
Production Department, Faculty of Agriculture, Cairo University, 
Egypt.

A trial was conducted to study the effect of the main cereal of the 
diet and feed form on productive performance and digestive traits of 
brown pullets from 1 to 120 d of age. There were 4 dietary treatments 
arranged factorially with 2 cereals (corn vs. wheat) and 2 feed forms 
(mash vs. 2-mm pellets). Each treatment was replicated 6 times (24 
pullets placed in 2 adjacent cages per replicate). From 46 to 120 d of 
age all the diets were offered as mash; therefore they differed only in 
the cereal used. Type of cereal had little effect on pullet performance. 
Pelleting improved feed intake (27.24 vs. 25.69 g; P ≤ 0.001) and BW 
gain (10.89 vs. 10.28 g/d; P ≤ 0.001) from 1 to 45 d of age but feed-to-
gain ratio was not affected. From 1 to 120 d of age, pullets that were 
fed pellets from 1 to 45 d had higher BW gain (12.35 vs. 11.98 g/d; P 
≤ 0.001) than pullets that were fed mash. Pullets fed corn had heavier 
relative weight (RW, %BW) of the gizzard (3.74 vs. 3.17%BW; P ≤ 
0.001) at 45 d of age than pullets fed wheat. Also, at this age, pelleting 
reduced the RW of the digestive tract (12.91 vs. 14.60%BW) and the 
gizzard (2.72 vs. 4.19%BW; P ≤ 0.001), and the relative length of the 
small intestine (237.5 vs. 255.0 cm/Kg BW; P ≤ 0.01) and the ceca (21.3 
vs. 25.1 cm/Kg BW; P ≤ 0.01). The effect of feed form on RW of the 
gizzard and relative length of the small intestine was maintained at 120 
d of age (P ≤ 0.01). At 120 d of age, gizzard pH was not affected by 
type of cereal but was higher in pullets that were fed pellets during the 
prestarter phase (3.99 vs. 3.46; P ≤ 0.01). We conclude that wheat can 
be used successfully in pullet feeds and that feeding pellets from 1 to 
45 d of age increases BW at 45 and 120 d of age. Pelleting reduces the 
RW of the upper gastrointestinal tract which might have some effects 
on performance of the pullets early in lay

Key Words: diets, brown pullet performance, digestive traits

    TP342    Effects of pure isomers of conjugated linoleic acid (CLA) 
on egg quality of laying hens.  E. Muma*1, E. Valkonen2, M. Näsi1, 
M. Griinari1, and J. Valaja2, 1University of Helsinki, Helsinki, Finland, 
2MTT Agrifood Research Finland, Jokioinen, Finland.

Conjugated linoleic acid(CLA) is a natural food component which 
yields health-promoting or therapeutic effects in the diet.Eggs are a 
good channel by which we can improve the human dietary CLA intake. 
However, inclusion of CLA in poultry diets results in egg quality 
changes.Moreover, comercially produced CLA is usually a mixture of 
different positional and geometrical isomers.This compounds the over 
all effects on egg quality.
The purpose of this study was to delineate the effect of each isomer of 
CLA and the extent to which they contribute to enrichment and inhibi-
tion of the ∆9-desaturase enzyme.
Experimental diets to supply 0.1,0.2 and 0.3 g/h/d, respectively, of 5 
different CLA isomers were fed to 100 hens for 14 days.There was 
one control and daily feed intake was monitored.Sample eggs were 
analyzed for egg quality and also fatty acid composition by gas chro-
matography.
Effects on feed intake were not significant. However, effect on fatty 
acid composition was strongest in eggs from hens on 10,12 CLA diets. 

We concluded that eggs are easily enriched and that 10,12 CLA had 
the strongest effect on the fatty acid profile which also has implications 
on egg quality.

Key Words: CLA, egg quality, desaturase inhibition

    TP343    Growth performance of broiler chickens fed diets con-
taining shea nut (Vitellaria paradoxa, Gaertn.) meal fermented 
with Aspergillus niger.  H. K. Dei*1, S. P. Rose2, A. M. Mackenzie2, 
and R. Amarowicz3, 1University for Development Studies, Tamale, 
Ghana, 2Harper Adams University College, Newport, United Kingdom, 
33Institute of Animal Reproduction and Food Research of the Polish 
Academy of Sciences, Olsztyn, Poland.

Shea nut meal is an agro-industrial by-product of the shea fat industry 
in West Africa. The objective of this experiment was to determine the 
effect of shea nut meal fermentation using Aspergillus niger on growth 
performance of broiler chickens. Two shea nut meal samples (expeller 
and solvent-extracted) were fermented using Aspergillus niger (0.25 g of 
spores per kg shea nut meal in 2 parts of water) in a closed plastic con-
tainer for 8 days. Each sample replaced wheatfeed in a maize-soybean 
meal diet at 100 g/kg and fed to 128 Ross 308 male broiler chickens 
(22–36 d). There were 8 replicates per diet and 4 birds per replicate in 
cages. Treatments means were compared using ANOVA. Total soluble 
phenolics in the experimental diets were in decreasing order of 5.8 g/kg 
(unfermented meal), 4.9 g/kg (fermented solvent-extracted meal), 3.6 
g/kg (fermented expeller meal) and 1.9 g/kg (wheatfeed). Broilers fed 
the fermented meals exhibited higher (P < 0.001) growth performance 
than those fed the unfermented meal. There was no significant differ-
ence between broiler growth performances of the 2 fermented shea nut 
meal samples. However, the growth performance of broilers fed all shea 
nut meal based diets was lower (P < 0.001) than that of broilers fed the 
control diet. Mean weight gain and feed efficiency of broilers fed the 
fermented meals were 78 and 84%, respectively, of that of broilers fed 
the control diet. The fermentation of shea nut meal using Aspergillus 
niger has the potential to improve the nutritive value of shea nut meal 
for poultry, but requires further development.

Key Words: Aspergillus niger, shea nut meal, broiler chicken

    TP344    Essential oils can substitute growth promoter antibiot-
ics in broiler chicken.  N. Mathlouthi1,4, T. Bouzaïenne2, I. Oueslati4, 
F. Recoquillay*3, M. Hamdi2, and R. Bergaoui4, 1Ecole Supérieure 
d�Agriculture du Kef, Le Kef, Tunisia, 2Institut National des Sciences 
Appliquées et de Technologie de Tunis, Tunis, Tunisia, 3Phytosynthèse, 
Riom, France, 4Institut National Agronomique de Tunisie, Laboratoire 
de Recherche en Economie en Agroalimentaire, Tunis, Tunisia.

Essential oils can be used as a substitute for growth promoter antibiotics. 
They are natural compounds and they will improve the poultry product 
image for consumer. The present study was designed to evaluate the in 
vitro antimicrobial activity of the commercial essential oils Enterocox 
(Phytosynthèse, France) and its effects on growth performances of 
broiler.
The disc diffusion method was applied for the determination of anti-
microbial activities of essential oils contained in Enterocox. In vivo, a 
total of three hundred and seventy-five, 1-day-old male broilers (Arbor 
Acres) were assigned to the basal diet (T), the basal diet supplemented 
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with 10 mg antibiotics/kg diet (AB) and the basal diet supplemented 
with 1,000 mg of Enterocox/kg diet (ENT) until 42 days of age. Body 
weight and feed intake were determined. 
In vitro, Enterocox had antimicrobial effects on E. coli, Salmonella 
indiana, Listeria innocula, Staphylococcus aureus, Bacillus subtilis, 
Enterococcus faecalis and Lactobacillus plantarium.
In vivo, throughout the entire trial period (1–42 days), the body weight 
is significantly (P < 0.05) increased in birds fed ENT diet compared with 
those fed T (2,143.08 vs. 2,066.25 g). Broiler chickens fed ENT diet 
had a better (P < 0.05) feed:gain ratio than those fed T diet (1.822 vs. 
1.901). There were no differences in body weight (2,140.06 vs. 2,143.08 
g) and feed:gain ratio (1.793 vs. 1.822) among broilers consuming AB 
and ENT diets. Moreover, the birds fed AB diet had the lowest (P < 
0.05) feed intake (3,709.2 g) compared to those fed T (3,833.4 g) and 
ENT (3,803.4 g) diets. 
Essential oils contained in Enterocox can substitute growth promoter 
antibiotics because they allow the same performances in broiler chick-
ens.

Key Words: essential oils, antimicrobial activities, broiler chickens

    TP345    Optimising feed inclusion levels of a multistrain probiotic 
in broiler nutrition.  K. C. Mountzouris1, P. Tsirtsikos1, R. Beltran*2, 
M. Mohnl3, G. Schatzmayr3, and K. Fegeros1, 1Agricultural University 
of Athens, Department of Animal Nutrition, Athens, Greece, 2BIOMIN 
USA Inc, San Antonio, TX, 3BIOMIN GmbH, Herzogenburg, Austria.

Probiotics are live microbial feed supplements that belong to zootech-
nical feed additives. An assessment of current literature indicates that 
apart from microbial species composition, animal response to probiotics 
could be dose related.
The aim of this work was to investigate the feed optimum inclusion 
level of a commercial multistrain probiotic (Biomin® Poultry5Star, 
BIOMIN GmbH) in broiler nutrition. A total of 525 one-day-old male 
Cobb broilers were allocated in 5 experimental treatments for 42 days. 
The experimental treatments received a corn-soybean basal diet (BD) 
and were: C (BD no additions), P1 (BD + probiotic at 108 CFU/kg 
feed), P2 (BD + probiotic at 109 CFU/kg feed), P3 (BD + probiotic at 
1010 CFU/kg feed) and A (BD + avilamycin at 2.5 mg/kg feed). Each 
treatment had 3 replicates of 35 broilers. 
Body weight (BW), feed intake (FI) and feed conversion ratio (FCR) was 
determined on weekly and overall basis. Overall, treatment P1 performed 
better than the rest in terms of BW gain and FCR. Treatment A (2,230 g) 
was intermediate and not different from P1 (2,293 g) or from P3 (2,167 
g), P2 (2,163 g) and C (2,165 g). FCR value for treatment P1 (1.78) was 
significantly better from treatments C (1.86) and P3 (1.88). 
Our study indicates that probiotic inclusion at 108 CFU/kg feed, could 
be optimum for enhancing growth promotion.

Key Words: probiotics, broiler chickens, feed additives

    TP346    The potential of Near Infrared Reflectance Spectroscopy 
(NIRS) to predict nutritional values of the major co-products of the 
bioethanol industry.  C. Gady, P. Dalibard, and P. A. Geraert*, ADIS-
SEO France SAS, Antony, France.

Near Infrared Reflectance Spectroscopy (NIRS) is based on the absorp-
tion of the infrared rays by organic matter. A sample can partially or 

selectively absorb this radiation and then revealed information about its 
organic molecular composition. This feasibility study was conducted to 
investigate the potential of NIRS to predict nutritional values of DDGS 
(distillers dried grains with solubles) from the bioethanol industry.
Twenty-two samples (8 wheat DDGS and 14 corn DDGS) were analyzed 
for TAA and evaluated for true ileal amino acid digestibility (AAD) 
using caecectomized cockerels. Same samples have been analyzed for 
their absorbances from 400 to 2,500 nm with a NIRSystem model 6500 
(FOSS, Sweden). Correlations between spectral characterizations and 
reference data were developed using partial least squares (PLS) regres-
sion technique. Spectral data were primarly subjected to a derivative 
math treatment 1,4,4,1 or a 2,5,5,1 and a Standard Normal Variates 
and Detrending scatter corrections. Correlations were calculated using 
a single database combining both wheat and corn DDGS due to the 
balanced distribution of the population. 
Calculated regressions showed good correlations. They respectively 
explained from 95.3 to 98.7% of the variation measured in TAA. Cor-
responding standard deviations (SD) of the models ranged from 0.006 
for tryptophan to 0.035% for lysine. Except for tryptophan digestibility 
(R2 = 0.66), calibrations explained from 80.2 to 93.2% of the variability 
measured in amino acid digestibility. Models were associated to SD 
going up to 1.865 for methionine digestibility to 5.397% for lysine 
digestibility. 
This feasibility study demonstrated that NIRS is a promising tool for 
the prediction of nutritionally relevant parameters for wheat and corn 
DDGS. Because its accurate capability in characterizing specific nutri-
tional value batch per batch on line, NIRS could be a method of choice 
for qualifying the current and the evolving DDGS qualities.

Key Words: DDGS, near infrared spectroscopy, amino acids digest-
ibility

    TP347    Liquid methionine hydroxy analog HMTBA has anti 
fungal activity in in vitro tests.  Y. Mercier*1, M. A. Le Bras-Quere2, 
M. Paugam2, and P. A. Geraert1, 1ADISSEO France S.A.S., CERN, 
Commentry, France, 2Université Européenne de Bretagne�Université 
de Brest, Plouzané, France.

Fungal contamination can affect feed quality for broilers through myco-
toxins such as aflatoxin which drastically lower bird performances. The 
liquid methionine hydroxy-analog is not only an efficient source of meth-
ionine to balance amino acid requirement but also exhibits organic acid 
properties. The aim of this experiment was to test the effect of increased 
doses of methionine hydroxy analog (HMTBA; RhodimetTMAT88) on 
the various fungal species cultivated in vitro. Five field fungal strains 
were tested with increasing doses of HMTBA from 0 to 0.4% (w/w) 
in a classical PDA (Potato Dextrose Agar) media. All plates have been 
seeded with 3 spots of approximately 100 spores and incubated at 25°C 
during 7 days. After the incubation period for all fungus species, the 
growth diameter has been measured and compared relative to the control 
group growth. On the 5 field fungi strains, the growth diameter inhibition 
observed with the maximum level of HMTBA (0.04%) range from 47 
to 76% for Aspergillus fumigatus and Fusarium graminearum, respec-
tively. Considering an usual feed inclusion level of HMTBA around 
0.20%, the growth diameter inhibition observed was, respectively, 31, 
36, 49, and 26% for Aspergillus flavus, Aspergillus fumigatus, Fusarium 
verticillioides and Penicillium aurantiogriseum, respectively. The effect 
of HMTBA on growth of Fusarium graminearum appeared only at the 
0.25% dose rate, but morphological changes were already observed 
from 0.1% with reduction of the sporulation area size. Furthermore, the 
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sporulation area appeared almost completely inhibited by 0.3% HMTBA 
for Fusarium graminearum and Aspergillus fumigatus. 
The results obtained in the present study clearly indicate that HMTBA 
presents inhibiting effects on field fungi under in vitro condition. This 
inhibitory effect on growth is further accompanied by inhibition of spo-
rulation for some strains which allows to lower fungi dissemination.

Key Words: methionine hydroxy analog, feed safety, fungi

    TP348    Effects of two mushroom extracts on broiler perfor-
mance and microbial ecology during coccidiosis.  L. Mazuranok1, 
D. Bravo*1, H. Panneman2, C. Ionescu1, and M. Naciri3, 1Pancosma 
Research, Geneva, Switzerland, 2Dr. Van Haeringen Laboratorium BV, 
Wageningen, The Netherlands, 3INRA, Nouzilly, France.

The trial was conducted to evaluate the effects of 2 mushroom extract 
dosages: shiitake (S1, S2) and reishi (R1, R2), in comparison to a non-
infected nontreated group (NINT) and an infected nontreated control 
(INT) 1) on the performance of broiler chicks reared to 28 days in cages, 
2) on the parasitological status and 3) on their microbial profile, during 
an infection with Eimeria acervulina. The performance of S1, R1 and 
R2 were not statistically different of NINT and INT. Only S2 improved 
performance statistically. The 4 treatments improved statistically lesion 
score but did not modify oocyst excretion. A similarity index for each 
treatment was not consistent because of the huge individual differences. 
However, microbial profile was compared by peaks and the bacteria 
were identified. It showed that NINT had a relatively low number of 
peaks with limited height. Compared to NINT, INT group showed prob-
ably an increase of Actinobacterium species as S1. This phenomenon 
is highly limited by R1 and R2. Then, Lactobacillus kefiranofaciens 
seemed to decrease in R1 and S1 but is unchanged in control groups. 
Finally, Lactobacillus gasseri, a beneficial bacteria, decreased drasti-
cally in INT, S1 and S2, was unchanged in R2 and could be promoted 
by R1, compared to NINT.

Key Words: Eimeria acervulina, shiitake, reishi

    TP349    Nutritional variability of major co-products of the bio-
ethanol industry.  C. Gady, P. Dalibard, and P. A. Geraert*, Adisseo 
France SAS, Antony, France.

Several factors either native grain quality or process conditions can 
influence the final quality of DDGS (distillers dried grains with solubles) 
issued from the conversion of cereals into bioethanol. Main objectives 
of this work were to determine both nutritional characteristics and vari-
ability of corn and wheat DDGS. 
Twenty-two DDGS samples (8 wheat DDGS and 14 corn DDGS) were 
obtained from 6 different countries in the world. All samples have 
been analyzed for proximate and Total Amino Acids (TAA). In vivo 
evaluations of true ileal Amino Acid Digestibility (AAD) have been 
performed using caecectomized roosters. Digestibility coefficients have 
been corrected by endogenous amino acid values determined with a 
protein free diet. 
Wheat DDGS were classified as low and standard according to their pro-
tein content whereas corn DDGS showed an additional high-protein type. 

Important variations were observed among wheat DDGS in total lysine 
and threonine and among all TAA of corn DDGS with the exception of 
total cystine. Coefficients of variation showed also similar variability 
within standard class of both wheat DDGS (18 and 17% for lysine and 
threonine) and corn DDGS (28 and 15% for lysine and methionine). 
Origin of the grains, processing conditions and disposition of solubles, 
potentially reflected the variations. Differences emphasized with respect 
to the AAD. Lysine and cystine digestibilities of the high-protein class 
of corn DDGS are improved by +15 and +16 points comparing to stan-
dard type. Low and standard class of corn DDGS also showed similar 
low digestibilities ranging from 42 to 70% for lysine and 41 to 70% 
for cystine. Wheat DDGS showed particularly low lysine and cystine 
digestibilities, from 26 to 54% and from 49 to 60%, respectively. These 
variations and the lower digestibilities might mainly reflect heat damage 
and could also be influenced by yeast and enzyme residual activities.
According to these substantial variations, DDGS must be well char-
acterized to optimize their nutrient contribution to monogastric diet 
formulation.

Key Words: DDGS, amino acids, digestibility

    TP350    Effect of various combinations of carbohydrases for 
broilers fed corn/SBM-based diets.  N. E. Ward*1, J. Wilson1, S. Wil-
liams1, and G. Mathis2, 1DSM Nutritional Products Inc., Parsippany, 
NJ, 2Southern Poultry Research, Athens, GA.

Evidence continues to accumulate to support the beneficial effect of 
carbohydrases in poultry diets, specifically corn/SBM formulations 
typical of U.S. commercial production. Some enzymes target specific 
ingredients, depending on which major substrates are present. 
This study was designed to test commercial enzyme products in a corn/
SBM-based diet with 3% poultry by-product meal, when enzymes were 
added alone or in combination with other enzyme products. Mixtures 
were in combination with a particular enzyme product designed to 
improve soybean meal utilization. Nine (9) treatments were fed to male 
Cobb × Cobb broilers reared in floor pens from day 1 to day 47 in a 
completely randomized block design. Performance (body weight, feed 
intake, mortality) was determined on days 21, 35 and 47. Enzymes were 
added to a diet formulated to be 132 kcal/kg feed (60 kcal/lb) less than 
the positive control, and all treatments were replicated 8 times with each 
pen starting with 50 birds. Trt 3 Ronozyme® AX was pelleted with the 
feed, while all others were applied as a liquid postpelleting. All enzymes 
were added at rates commensurate with product recommendations.
On day 21 (days 35 and 47 data to be collected), the positive control 
was superior (P < 0.05) to the negative control for body weight and F/G. 
Pellet stable Ronozyme AX improved (P < 0.05) body weight, as did 
Roxazyme® G2(L). Trts 5 and 8 failed to increase body weight. Based 
on gain, trts 3 and 4 provided the equivalent of 60 kcal/lb feed, while 
trts 5, 6, 7, 8, and 9 provided 34, 48, 48, 40 and 43 kcal/lb feed. Feed 
conversion was improved (P < 0.05) in the enzyme trts, relative to the 
negative control. F/G of birds fed Ronozyme AX was improved (P < 
0.05) over enzyme trt 5. Mortality was similar across all trts.
The combinations of enzyme trts failed to provide any additional benefit 
as compared to the individual products. These data are consistent with 
the ability of Ronozyme AX to survive pelleting in that AX significantly 
improved body weight and F/G during the initial 21 day period.
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Table 1. 21-day performance of broilers fed enzymes added to corn/
SBM diet

Treatment Description Average 
body weight, kg

Feed 
intake/pen, kg F/G

1 Positive control 0.674a 52.89 1.486d

2 Negative control 0.624b 52.74 1.594a

3 Ronozyme® AX 0.684a 54.18 1.497cd

4 Roxazyme®G2 0.683a 54.63 1.513bcd

5 Product A 0.652ab 52.88 1.542b

6 Product B 0.664a 53.73 1.522bcd

7 Trt 3 + Trt 6 0.664a 53.48 1.528bcd

8 Trt 4 + Trt 6 0.657ab 53.61 1.536bc

9 Trt 5 + Trt 6 0.660a 53.33 1.512bcd

a–dDifferent superscripts within a column indicate a difference (P < 
0.05).

Key Words: corn/SBM diets, carbohydrase, Ronozyme, Roxazyme

    TP351    Nutritional evaluation of a high-protein corn distillers 
dried grains with solubles (HP corn DDGS) in broilers and evalua-
tion of NSP-enzyme effect on energy digestibility.  C. Gady, P. Dali-
bard, and P. A. Geraert*, Adisseo France SAS, Antony, France.

The present study was conducted to measure the Apparent Metaboliz-
able Energy (AME) of a high-protein corn distillers dried grains with 
Solubles (HP corn DDGS) in broilers and to evaluate the effect of a 
fungal NSP-enzyme produced by Penicillium funiculosum (RovabioTM 
Excel) on its energy digestibility. The trial was performed including 15% 
of HP corn DDGS in a corn soya based diet and comparing to a control 
diet. The effect of enzyme supplementation was also measured on both 
diets. AME was determined using the European Reference Method with 
ad libitum feeding and total excreta collection (Bourdillon et al., 1990). 
12 individually caged Ross male birds per treatment were used. They 
received the experimental diets, from 12 to 22 days of age, prior to the 
energy balance performed between 19 and 22 days of age. The diets 
were formulated to provide 3,060 kcal/kg, 21% crude protein, 1.12% 
lysine, 0.53% methionine, 0.89% sulfur amino acids, 0.82% threonine 
and 0.25% tryptophan.
AME of the control corn soybean based diet was close to the the targeted 
value (3,061 vs. 3,060 kcal/kg). By contrast, the diet containing 15% 
of HP corn DDGS was much lower (2,887 kcal/kg) demonstrating that 
the HP corn DDGS energy value had been overestimated. Both body 
weight gain and feed intake were similar between treatments (P > 0.1) 
and then not affected by the inclusion of 15% HP corn DDGS. AME of 
this HP corn DDGS was recalculated by comparing to control diet and 
estimated to be around 1,770 kcal/kg. 
The NSP-enzyme supplementation increased AME of the control corn-
soybean meal diet by 68 kcal/kg and was only marginally increased with 
the 15% HP corn DDGS inclusion to 71 kcal/kg. Such an effect has to 
be further evaluated according to the quality of the DDGS.

Key Words: DDGS, NSP-enzyme, energy digestibility

    TP352    Nutritional evaluation of corn distillers dried grains 
with solubles (DDGS) in layers and potential benefit of NSP-enzyme 
supplementation on energy digestibility.  C. Gady, P. Dalibard, and 
P. A. Geraert*, Adisseo France SAS, Antony, France.

The present study was conducted to measure the Apparent Metabo-
lizable Energy (AME) of a corn DDGS (distillers dried grains with 
solubles) and to evaluate the effect of a fungal NSP-enzyme produced 
by Penicillium funiculosum (RovabioTMExcel) on its energy digestibility 
in layers. Trial was performed including 10 and 20% of the corn DDGS 
in a corn wheat based diet and compared to a control diet. The effect 
of enzyme supplementation was also measured in the 3 diets. Dietary 
AME was determined using the European Reference Method with 
ad libitum feeding and total excreta collection during 1 week on ISA 
Brown laying hens at 38 weeks of age (Lessire et al., 1995). One layer 
was placed per cage with 12 replicates per dietary treatment. The diets 
were formulated to provide 2,700 kcal/kg, 17% crude protein, 0.89% 
lysine, 0.38% methionine and 0.90% sulfur amino acids.
The AME obtained with the control corn wheat based diet was close to 
the targeted value (3,089 vs. 3,106 kcal/kg DM). The corn DDGS AME 
was recalculated by comparing control diet to both 10 and 20% inclusion 
diets and averaged 2,452 kcal/kg DM. The AME of the control diet was 
only increased by 34 kcal/kg DM by enzyme supplementation, which 
is lower than expected for such a matrix. This may be explained by the 
lower feed intake of the layer hens fed with the enzyme-treated diet com-
pared to the control one (99.5 vs. 104.4 g/hen/day) whereas feed intake 
were similar between other treatments (P > 0.1). Both feed conversion 
and egg weight were similar and then not affected by the inclusion of 
corn DDGS in the diets. Even if there is no significant difference, the 
improvement of energy digestibility by NSP-enzyme supplementation 
was greater for diets containing 10 and 20% corn DDGS: 43 and 58 kcal/
kg DM, respectively, and suggest a potential benefit of carbohydrolase 
addition depending on the quality of the DDGS.

Key Words: DDGS, NSP-enzyme, energy digestibility

    TP353    Evaluation of distillers dried grains with solubles (DDGS) 
in broiler diets formulated isocaloric at typical industry levels or 
formulated for optimum density with constant 1% poultry oil.  Z. 
Wang*, S. Cerrate, C. Coto, F. Yan, F. Perazzo, A. Abdel-Maksoud, and 
P. Waldroup, University of Arkansas, Fayetteville.

Increasing production of ethanol from corn is providing greater amounts 
of DDGS. This study evaluated use of DDGS levels higher than normally 
used. Diets were formulated containing 0, 15, or 30% DDGS of known 
composition. In one series, diets were isocaloric at typical industry 
energy level; amount of oil increased as percentage DDGS increased. 
In a second series, diets were formulated for optimum density with 1% 
added poultry oil. Pellet quality was similar for diets with 0 or 15% 
DDGS but decreased markedly at 30% DDGS; the decline in quality was 
less when a constant 1% oil was added. In isocaloric diets, body weight 
declined significantly in birds fed diets with 30% DDGS compared to 
those fed 0 or 15%; in optimum density diets there was no significant 
difference in BW among birds fed 0, 15, or 30% DDGS. Feed conver-
sion increased as DDGS levels increased but feed intake, caloric intake, 
and caloric efficiency were not significantly affected by DDGS level 
or by formulation method. Breast meat yield, as a percent of BW, was 
not significantly affected by DDGS level or by method of formulation. 
These data indicate that successful use of high levels of DDGS is related 
to formulating on digestible amino acid basis, knowledge of nutrient 
composition, and improving pellet quality.

Key Words: energy formulation, distillers by-products, pellet quality
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    TP354    Effects of five plant extracts on broiler performance 
during coccidiosis.  L. Mazuranok1, B. Bravo*1, C. Ionescu1, and M. 
Naciri2, 1Pancosma Research, Geneva, Switzerland, 2INRA, Nouzilly, 
France.

In Europe, coccidiostats and anticoccidial should be prohibited in 2012 
as feed additives. In such a context, different solutions should be exam-
ined to maintain performance and reduce coccidiosis losses. That′s why 
this trial was conducted on broiler chickens to evaluate the effects of 
5 plant extracts at 2 different dosages each: reishi, shiitake, berberin, 
turmeric and chilli pepper, in comparison to a noninfected nontreated 
group (NINT) and an infected nontreated control (INT) at day 7, 14, 
21 - 1) on broiler performance and 2) on parasitological status - during 
an infection with Eimeria acervulina. 1) All types of plant extracts 
improved body weight at 21 days numerically (from +0.3% for berberin 
group to +3.6% for shiitake group vs. INT). Moreover, they all improved 
lesion score at 18 days either numerically as for berberin, chilli pepper 
groups (−5.2%, −19.2%, respectively) or statistically as for reishi, 
shiitake and turmeric groups (−34.4%, −44.4%, −34.4%, respectively). 
At 21 days, the lesion score decreased numerically, whatever the plant 
extract dose, for all plant extracts except for Reishi groups where it 
decreased significantly (P < 0.01).

Key Words: plant extracts, Eimeria, performance

    TP355    Effects of dietary levels of calcium and nonphytate P 
in broiler starter diets on live performance, bone development, 
and growth plate conditions in male broilers fed a corn-based diet.  
C. Coto*1, F. Yan1, S. Cerrate1, Z. Wang1, P. Sacakli1, P. Waldroup1, 
J. Halley2, C. Wiernusz2, and A. Martinez2, 1University of Arkansas, 
Fayetteville, 2Cobb-Vantress, Inc., Siloam Springs, AR.

A study was conducted to evaluate the effects of dietary levels of calcium 
(Ca), nonphytate P (NPP), phytase (Phy) and 25-hydroxycholecalciferol 
(25-OH) on live performance and bone development in male chicks 
fed a corn-based diet. Dietary treatments consisted of a 2 × 2 × 4 × 4 
factorial arrangements with 2 levels of supplemental phytase (0 or 1,200 
FTU/kg), 2 levels of 25-OH (0 or 69 µg/kg), 4 levels of Ca (0.20% less 
than a 2:1 ratio of Ca to NPP; 2:1 ratio of Ca to NPP; 0.20% Ca greater 
than a 2:1 ratio of Ca to NPP; 0.40% Ca greater than a 2:1 ratio of Ca 
to NPP) and 4 levels of NPP (0.35, 0.40, 0.45 and 0.50%) for a total of 
64 treatments. The primary diet was supplemented with a vitamin mix 
containing 5,500 IU of cholecalciferol. Each diet was fed to 6 replicates 
per treatment, each pen having 6 birds. At 18 d birds were weighed, feed 
consumption determined and all birds killed for bone measurements. 
Toes from all birds within a pen were removed and ashed. Tibiae from 
both legs were removed and scored for incidence and severity of tibial 
dyschondroplasia and for incidence of Ca or P rickets. Ca: NPP ratios 
and Ca levels similar or higher than NRC (1994) recommendations 
appear necessary for adequate bird performance. Phy supplementation 
improved FCR, whereas the addition of 25-OH to diets already contain-
ing 5,500 IU/kg of cholecalciferol had a negative effect on FCR due to a 
possible hypercalcemia condition. Bone development was improved by 
increasing NPP and Ca levels. Moreover, supplementation with 25-OH 
was effective in reducing leg abnormalities. Addition of 25-OH helped 
to relieve leg problems when suboptimal Ca levels were supplied while 
Phy supplementation was effective for this purpose when high Ca levels 
were given. These additives could be seen as a strategy to alleviate 
problems with suboptimal Ca: NPP ratios.

Key Words: leg abnormalities, Ca:P ratios, bone development

    TP356    Improved nutritional value of feather meal by dietary 
supplement of versazyme.  J. C. H. Shih*1, B. E. Spencer1, and J. 
J. Wang2, 1North Carolina State University, Raleigh, 2BioResource 
International.

Versazyme (VZ), the commercial product of keratinase, has been 
demonstrated as an effective feed additive that improves body weight 
gain (BWG) and feed conversion ratio (FCR) of broiler chickens fed a 
corn-soy diet. Since it improved protein digestibility, VZ could spare 
up to 10% (e.g., 2% out of 21%) crude protein (CP) from soybean meal 
(SBM) in feed, indicating the feed cost reduction. Feather meal (FM) is 
a potential protein source. Previously, keratinase activity was shown to 
be able to partially hydrolyze feathers into a more digestible FM. How-
ever, the effect of dietary supplement of VZ on the digestibility of FM 
in feed has never been studied. In a recent experiment, we formulated 
a starter diet with 21% CP and lysine and methionine to meet 100% 
each requirement. The experimental design was in a 2 × 2 arrangement 
to include the corn-soy control diet (CS) vs. experimental diet (FM), 
in which 5% SBM protein (24% of total protein) was replaced by FM 
protein, with and without VZ at 0.1% level. VZ (300,000 EU/g) in dry 
powder form was mixed directly into the feed. A total of 192 day-old 
male broiler chicks were used, with 6 replicates each treatment and 8 
birds each replicate (4 × 6 × 8). Feed and water were available ad libitum. 
Brooding temperatures and lighting cycle are controlled as the standard 
program. At day 21, birds and feeds were weighed and BWGs and FCRs 
were statistically analyzed. The results were as follow. VZ increased 
significantly BWG in both the CS (from 736 to 781 g) and FM (from 691 
to 740 g) groups. VZ also decreased FCR in both the CS (from 1.39 to 
1.35) and FM (from 1.45 to 1.42) groups, but not statistically significant. 
Overall, both VZ and protein (CS vs. FM) effects were significant (P < 
0.008). It is interesting to point out that the FM+VZ group grew as well 
as the CS control, though the CS+VZ was the best as expected. More 
analyses, including the intestinal keratinase activity and amino acid ileal 
digestibility, are in progress. In summary, the test results indicated that 
dietary supplement of VZ had the effect of upgrading the nutritional 
value of FM in broiler chickens on starter diet.

Key Words: feather meal, keratinase, protein nutrition

    TP357    Assessment of the interassay repeatability of ileal 
amino acid digestibility in wheat fed to broilers.  A. Bandegan*1, W. 
Guenter1, D. Hoehler2, and C. M. Nyachoti1, 1University of Manitoba, 
Winnipeg, Canada, 2Evonik Industries, Kennesaw, GA.

It is now well accepted that the use of ileal amino acid (AA) digestibility 
coefficients in formulating poultry diets provides a better estimate of AA 
availability and prediction of bird performance. However, digestibility 
estimates are affected by various factors including assay conditions. 
To assess the repeatability of the broiler ileal digestibility assay and to 
validate the assays as used in our laboratory, ileal AA digestibilities in 
a sample of wheat were determined in a series of 4 independent assays. 
In each assay, day-old male Ross broiler chickens were fed a commer-
cial starter diet from d 1 to 15 of age and the test diet from d 15 to 21. 
The test diet contained wheat as the sole source of protein and chromic 
oxide (0.3%) as digestibility marker and was balanced for minerals and 
vitamins to meet requirements. Within assay, the diet was assigned to 6 
replicate cages, each with 6 birds. On d 21, ileal digesta were sampled 
for determining apparent ileal digestibility (AID) coefficients. Except 
for methionine for a difference (P < 0.01) was seen between 2 assays, 
there were no differences (P > 0.10) in the AID of CP and all other AA 
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among assays. The interassay coefficient of variation ranged from 0.92 
to 4.92% for glutamic acid and lysine, respectively. The lowest and 
highest AID values (%) for methionine, methionine+cysteine, lysine, and 
threonine were 88.7, 87.8, 77.8, and 76.6 and 92.3, 89.6, 81.2, and 77.9, 
respectively. It was concluded that the AID coefficients of CP and AA in 
wheat are highly repeatable among broiler ileal digestibility assays.

Key Words: interassay variability, apparent ileal digestibility, amino 
acids, wheat, broilers

    TP358    Effects of dietary supplementation of Allzyme SSF® on 
the performance of chicks fed wheat-based diets.  J. L. Pierce*, T. Ao, 
A. J. Pescatore, A. H. Cantor, K. A. Dawson, and M. J. Ford, Alltech-
University of Kentucky Nutritional Research Alliance, Lexington, KY.

Allzyme® SSF is a natural fermentation product that improves the 
utilization of fibrous feed by chicks. A 14-d trial using 160 1-day-old 
chicks was conducted to investigate the effects of Allzyme SSF® on the 
performance of chicks fed a soft red winter wheat based diet. Dietary 
treatments were: 1) wheat-soy basal diet containing 3,050 kcal ME /
kg and 0.45% available phosphorus; 2) Diet 1 + 200 g Allzyme SSF® /
Ton; 3) Low nutrient wheat-soy basal diet containing 2,975 kcal ME /
kg and 0.35% available phosphorus; 4) Diet 3 + 200 g Allzyme SSF® 
/Ton. The wheat contained 11% crude protein. Eight replicate cages 
of 5 chicks were randomly assigned to each of 4 dietary treatments. 
Chicks were housed in starter cages in an environmentally controlled 
room with an ad libitum access to feed and water. Chicks fed the low 
nutrient wheat-soy basal diet had lower (P < 0.01) weight gain during 
both the 1–7 d and 1–14 d periods and lower gain to feed ratio in the 
1–14 d period compared with other treatment groups. Dietary supple-
mentation of Allzyme SSF® in the low nutrient wheat-soy basal diet 
significantly increased (P < 0.01) weight gain of chicks during both the 
1–7 d and 1–14 d periods and tended to increase (by 8.7%) gain to feed 
ratio of chicks during the 1–14 d period. Data from this trial indicate 
that supplementation of Allzyme SSF® in wheat based diets for chicks 
can improve energy and phosphorus utilization.

Key Words: wheat, chick, enzyme

    TP359    Performance of male broilers fed diets formulated to 
meet different nutrient recommendations.  F. Yan*, C. Coto, Z. 
Wang, S. Cerrate, S. Watkins, and P. Waldroup, University of Arkansas, 
Fayetteville.

Nutrient recommendations for broilers by different groups vary widely. 
Brazilian recommendations suggest higher amino acids than Ross and 
Cobb breeder guidelines, especially during the early starter and grower 
periods, with Ross recommendations higher than Cobb. Two trials com-
pared recommendations for broilers up to 49 day of age. Three series 
of diets were formulated to meet Cobb, Ross, or Brazilian standards 
with an energy value commensurate with 2% supplemental poultry oil. 
Feeding periods were those suggested in various guidelines. Amino 
acids were adjusted to % per Mcal basis. Ca and nonphytate P levels 
followed respective recommendations. Each of the 3 diet series was fed 
to 12 replicate pens of 50 Cobb 500 males in trial 1 and 6 replicate pens 
of 25 Cobb 500 males in trial 2. Birds were weighed at 14, 28, 42, and 
49 d. Feed conversion, calorie conversion, mortality, and conversion 
of protein, Lys, and TSAA were determined for each weigh day. Five 

birds per pen were processed at d 50 to determine dressing percentage 
and parts yield. 
Birds fed Brazil and Ross diets were significantly heavier than those 
on Cobb diets at all ages with no significant difference in body weight 
between those fed Brazil and Ross diets at 14, 28, and 49 d. Feed conver-
sion by birds fed Cobb diets was worse than others up to 28 d; however, 
no significant difference was observed among the 3 series for 0–42 and 
0–49 d periods. Birds fed Brazil diets had better calorie conversion up 
to 42 d but no significant differences were observed among treatments 
at 49 d. Birds fed the Cobb diets had significantly better conversion of 
protein and lysine than birds fed Brazil or Ross diets; Birds fed Cobb 
and Ross diets had significantly better TSAA conversion than those fed 
Brazil diets. Birds fed Brazil diets had significantly greater breast yield 
than those fed Cobb or Ross standards with no significant difference 
between those fed Cobb or Ross standards. Cost of feeding the various 
diets will influence choice of recommendations.

Key Words: broilers, nutrient requirements, nutrient efficiency

    TP360    Effect of pellet diameter in broiler prestarter diets on 
subsequent performance.  S. Cerrate*, C. Coto, Z. Wang, F. Yan, and 
P. W. Waldroup, University of Arkansas, Fayetteville.

Different sized pellet dies and 2 levels of dietary energy density during 
the prestarter period were used in broiler diets formulated to meet 
typical commercial standards. In the first study, birds reared in battery 
brooders were offered 2 types of diets, 0.5 or 2.5% poultry oil from 0 to 
14 d; each type of diet was assigned different feed forms such as mash 
continuously through the study, pellet diameters of 1/16-in., 3/32-in., 
1/8-in., or crumble diets from 0 to 7 d followed by crumble diets to 14 
d and pelleted diets to 35 d. In the second study birds reared in floor 
litter were assigned the same treatments as the previous study except the 
poultry oils were supplied from 0 to 42 d of age. During the first 7 days 
birds fed the 1/16- or 3/32-in. pellets or crumble diets had higher body 
weight than did birds fed the other feed forms; however, this positive 
effect was dissipated as the birds grew older. The feed intake had almost 
the same tendency as the body weight. The feed conversion at 7 d was 
improved as pellet size was reduced. Birds given the mash feed during 
the whole period had lower body intake and intake than those birds fed 
other feed forms. The body weight and feed conversion at 35 and 42 
d were improved as the level of poultry oil increased. Improvement in 
feed conversion by birds fed diets with 3/32-in.- and 1/8-in.-diameter 
pellets or crumble diets at 7 d and mash or 1/8-in.-diameter die diets 
at 42 d was observed as the dietary energy level increased. These data 
indicate that pellet diameters of 1/16 or 3/32 in. can be beneficial during 
the prestarter period and can be more useful with 2.5% poultry oil.

Key Words: prestarter diets, pellets, dietary energy

    TP361    Effects of feeding reduced levels of trace mineral pro-
teinates (Bioplex®) to brown layer pullets during development.  T. 
Ao*, J. L. Pierce, A. J. Pescatore, A. H. Cantor, K. A. Dawson, and M. 
J. Ford, Alltech-University of Kentucky Nutrition Research Alliance, 
Lexington.

An experiment was conducted to evaluate the effects of feeding reduced 
levels of trace mineral proteinates (Bioplex®, Alltech, Inc.) on pullet 
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growth and development. Eight replicate groups of 16 replacement pul-
lets, 1-day of age, were assigned to each of 5 dietary treatments using a 
randomized complete block experimental design. Pullets were housed 
in cages and given ad libitum access to feed and tap water. Treatments 
consisted of feeding corn- and soybean meal-based starter and grower 
diets alone (control), supplemented with Cu, Mn, Fe and Zn at 25, 50 or 
100 per cent of the NRC (1994) requirements in the form of proteinates 
or 100% of the NRC requirements in the form of inorganic salts. Body 
weight and feed consumption were measured every 4 weeks. At 16 wk 
of age, the trial was ended. The birds were weighed individually for the 
measurement of uniformity. Two birds from each cage with a total of 
10 birds from each treatment were randomly selected and euthanized 
for collection of liver, tibia, and femur samples for the analysis of Cu, 
Mn and Zn. There were no differences among all dietary treatments in 
body weight, feed intake, uniformity, and liver mineral content. Tibias 
and femurs from birds fed control diet with no mineral supplementa-
tion had significantly lower (P < 0.01) Zn and Mn concentrations than 
those from birds fed other treatment diets. Tibias and femurs from birds 
fed the 100% level of supplementation as Bioplex® had the highest 
Zn concentration among all treatment groups. Tibias and femurs from 
birds fed the 25% level of supplementation as the proteinates had the 
same mineral concentration as those from the birds fed 100% level of 
supplementation as inorganic salts. The results from this trial indicate 
that 25% NRC level of supplementation as the proteinates in pullet 
diets has no negative influence on performance and tissue mineral 
concentration in comparison with 100% NRC level of supplementation 
as inorganic salts.

Key Words: pullets, trace minerals, proteinates

    TP362    Evaluation of various carbohydrase enzymes in broiler 
chicks.  P. L. Utterback*1, C. M. Parsons1, and N. E. Ward2, 1University 
of Illinois, Urbana, 2DSM Nutritional Products, Parsippany, NJ.

An experiment was conducted using 360 Ross male broiler chicks. 
At day-old, chicks were weighed and allotted to 6 dietary treatments. 
Twelve replicate groups, each containing 5 chicks, were assigned to 
each treatment. The first treatment was a corn-soybean meal-15% DDGS 
diet containing 21% protein, 2,950 kcal MEn/kg, and no enzymes. 
This served as a negative control. Treatments 2–6 contained various 
combinations of enzymes added to the corn-soybean meal-DDGS diet. 
These enzymes included different combinations of xylanase, cellulase, 
β-glucanase, pectinase, and, amylase. All diets were fed from 0 to 21 
days of age. Weight gain, feed intake, gain to feed ratio and MEn were 
measured at Day 7 and 21. At the end of week 1, no significant dif-
ferences (P > 0.05) were found among the treatments for any of the 
measured parameters. At 21 days, there were no significant differences 
in weight gain, feed intake, or gain to feed ratio among treatments; 
however, there were significant differences among treatments for the 
MEn values at Day 21. All diets containing enzymes had significantly 
higher (P < 0.05) MEn values than that of the negative control diet which 
contained no enzymes. There were also some significant differences 
(P < 0.05) in MEn values among the different enzyme treatments. The 
average increase in MEn for the 5 enzyme treatments was 69 kcal/kg 
DM. The results of this study indicate that enzyme treatments increased 
the MEn of a corn-soybean meal diet containing 15% DDGS.

Key Words: enzymes, broiler chicks, metabolizable energy

    TP363    Utilization of whole corn germ in broiler chicks feeding.  
R. B. Lima1, C. B.-V. Rabello2, J. Ludke3, J. H. V. Da Silva*1, and D. 
F. Figueiredo1, 1Universidade Federal da Paraíba, Areia, Paraíba, 
Brazil, 2Universidade Federal Rural de Pernambuco, Recife, Pernam-
buco, Brazil, 3Centro Nacional de Pesquisa de Suínos e Aves, Santa 
Catarina, Brazil.

In nutrition assays testing alternative ingredients for poultry, a common 
observation is that these feeds hardly can be used in feeding programs 
for superior performance broiler chickens, if considering a low energetic 
density of most of these ingredients, except for those with high oil and 
fat concentrations, which are poorly used by birds at the initial period 
of development. The effect of a partial substitution of conventional 
ration by whole corn germ on zootechnical performance and carcass 
characteristics of broiler chicks from the first to 21st days was verified. 
Three hundred and seventy-five Cobb male chicks were distributed in 
a completely randomized design with 5 treatments, 5 replicates and 15 
birds per experimental unit. Treatments consisted on a corn-soybean 
meal-based control diet and 4 inclusion levels (4, 8, 12, and 16%) of 
whole corn germ. Corn germ inclusion in the diets increased EE up to 
12.46%. Birds and feed were weighed at days 1, 6, 11, 16, and 21. At 
the end of experimental period, 2 birds of each unity were slaughtered. 
Feed intake, weight gain, feed:gain ratio, carcass yield, relative weight 
of noble cuts and edible viscera and percentage of abdominal fat. 
There was a negative linear effect on WG (Y = 980.72 − 3.285X, R2 = 
68.18%) and FI (Y=1,251.88 − 3.832X, R2 = 71.42%) and a positive 
linear effect on gizzard relative weight (Y = 1.62 + 0.02X, R2 = 58%). 
The remaining parameters were not affected by treatments, emphasizing 
feed:gain ratio (1.27Â ± 0.036) and abdominal fat percentage (1.35Â ± 
0.260), which reveals the efficiency of whole corn germ utilization by 
these accelerated growth rates animals. Utilization of whole corn germ 
up to 16% in initial feeding for broiler chicks of superior performance 
produced satisfactory effects, taking into account weight gain, feed:gain 
ratio and abdominal fat results.

Key Words: lipids, carcass yield, performance

    TP364    Comparison of digestible lysine needs in the starter 
period when fed diets formulated to ideal ratios or added alone.  
F. G. P. Costa*2, Z. Wang1, C. Coto1, S. Cerrate1, F. Yan1, and P. W. 
Waldroup1, 1University of Arkansas, Fayetteville, 2Federal University 
of Paraiba, Areia-PB, Brazil.

The methods by which amino acid needs are provided to the chicken 
vary in practice. Recently it has been the vogue to formulate diets on 
what is commonly described as ideal amino acid ratio in which lysine is 
considered as the base amino acid and other amino acids are maintained 
in minimum ratio to lysine. The objective of this study was to evaluate 
needs for digestible lysine in diets for the young (0–14 d) male broiler 
while maintaining a ratio of other amino acids to lysine, or increasing 
only synthetic lysine. The ratios suggested by Rostagno et al. (2005) 
were used as the basis for formulation of diets for broilers 1 to 14 d of 
age. All diets were formulated to contain 1.03, 1.13, 1.23, 1.34, 144, 
and 1.54% digestible lysine with dietary ME level of 3,030 ME kcal/kg. 
Initial base diets were also supplemented with Lys from Lysine HCl to 
the highest Lys level. Diets were pelleted and each fed to 12 pens of 5 
male broilers. Birds were group weighed at 1 and 14 d of age. When the 
Lys level was increased with other amino acids in a ratio, BW gain and 
FCR improved as Lys level increased to about 1.3%. However, when 
Lys level increased by adding Lysine HCl alone, performance tended to 
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decline, especially at levels greater than 0.10% Lys. This suggests that 
the increased performance when all amino acids were increased might 
be the result of a deficiency of amino acid other than Lys, and that a 
possible Lys:Arg antagonism resulted when Lys alone was added.

Key Words: broilers, amino acid balance, lysine

    TP365    Evaluation of male broiler performance from 7 to 42 days 
old feed a diet with hydrolysed feather meal.  M. A. C. Holanda1, M. 
C. M. M. Ludke1, J. V. Ludke4, M. C. R. Holanda2, J. H. V. Silva*3, A. A. 
G. Costa1, and C. B. V. Rabello1, 1UFRPE, Recife, Pernambuco, Brasil, 
2UAG, Garanhuns, Pernambuco, Brasil, 3UFPB, Areia, Paraíba, Brasil, 
4Embrapa Suínos e Aves, Concórdia, Santa Catarina, Brasil.

The aim of the experiment was to evaluate hydrolyzed feather meal 
inclusion levels (0, 2, 4, 6, and 8%) in broiler diets from 7 to 42 day. 
There were used 480 one-day-old, male pullets of COBB lineage. The 
experiment were conducted at Poultry Laboratory of UFRPE in Recife, 
Pernambuco State, Brazil, from September 14 to October 26, 2007. There 
were used 5 isonitrogenous and isocaloric experimental diets, from 7 to 
21 days of age, with 22% crude protein (CP) and 3,050 kcal metaboliz-
able energy (ME)/kg and from 22 to 42 days with 19% of CP and 3,250 
kcal ME/kg. Diets were formulated on digestible amino acids basis 
using the levels proposed by Rostagno et al (2005). The experimental 
design were established in randomized blocks with 5 treatments and 6 
repetitions resulting in 30 plots containing 16 birds in each. The birds 
were managed as suggested by the Manual of COBB Lineage and were 
weighed for uniformity of the parcels at 7 days of age (trial beginning) 
and then at weekly intervals, for weight and feed consumption records. 
At 42 days of age 2 broilers per plot representing the average weight of 
their box were slaughtered for carcass and main cuts evaluation. Average 
weight gain, feed consumption, feed-to-gain ratio, carcass, chest, thigh, 
drumstick, and abdominal fat weights were, respectively, 2,684 g, 4,882 
g, 1.821 g/g, 2,070 g, 696 g, 282 g, 342 g, and 45.8 g. In spite of using 
isonutritious diets the inclusion of hydrolysed feather meal resulted in 
linear reduction of weight gain, worsenig of the feed-to-gain ratio, linear 
reduction in carcass and chest weights and increasing of abdominal fat. 
It is stated that at high performance levels the use of hydrolyzed feather 
meal in broiler diets had detrimental effects.

Key Words: feed-to-gain ratio, weight gain, alternative feeds

    TP366    The effects of a phytogenic feed additive versus an anti-
biotic feed additive on oxidative stress in broiler chicks and electron 
spin resonance.  T. Settle*1, J. Moritz2, S. Leonard3, E. Falkenstein4, 
and H. Klandorf5, 1West Virginia University, Morgantown, 2West Virginia 
University, Morgantown, 3National Institute of Occupational Safety and 
Health and Centers for Disease Control, Morgantown, West Virginia, 
4West Virginia University, Morgantown, 5West Virginia University, 
Morgantown.

Phytogenic feed additives are plant-derived products used in poultry 
feeding to improve overall performance of broilers. Although the pre-
cise mechanism by which the increased growth rate is realized remains 
uncertain, these products have antioxidant components that are known to 
reduce oxidative stress. In this study, 588 one-day-old Cobb 500 chicks 
of mixed sex were fed 1 of 4 diets and housed on either dirty or clean 

litter for 3 wk. Litter was analyzed for microbial content and provided 
evidence of a possible microbial challenge. Treatments included starter 
diet with no additive and housed on clean litter, a starter diet with no 
additive and housed on dirty litter, a starter diet with a 0.05% inclusion of 
BMD (bacitracin methylene disalicylate), or a starter diet with a 0.05% 
inclusion of Biostrong 505 plus®. The study was designed around a 
random block assignment of treatments allocated to groups of 21 birds 
per pen. Blood samples were obtained from chicks at 18 days of age for 
measurement of leukocyte oxidative activity by a bioluminescence tech-
nique. Results of the study showed that chicks in the treatment groups 
fed either the phytogenic additive or the antibiotic had lower levels of 
oxidative stress (P ≤ 0.05). Analysis the Biostrong 505 plus® by Electron 
Spin Resonance (ESR) showed that it effectively scavenged hydroxyl 
radicals but not superoxide radicals. The BMD showed the capability of 
scavenging both hydroxyl and superoxide radicals. These studies suggest 
that one of the mechanisms by which phytogenic feed additives act in 
the gut is by quenching free radical production, thus permitting more 
nutrients to be allocated toward growth instead of repair.

Key Words: oxidative stress, phytogenic additive, electron spin reso-
nance

    TP367    Age effect on nutrient digestibility of corn by-products 
determined in broiler chickens.  R. B. Lima1, C. B-V. Rabello2, J. 
Ludke3, J. H. V. Da Silva*1, and D. F. Figueiredo1, 1Universidade 
Federal da Paraíba, Paraíba, Brazil, 2Universidade Federal Rural de 
Pernambuco, Pernambuco, Brazil, 3Centro Nacional de Pesquisa de 
Suínos e Aves, Santa Catarina, Brazil.

Several studies have demonstrated the influence of bird age on the 
digestive and absorptive processes, resulting in different recommenda-
tions on diet elaboration. This study observed the age effect on apparent 
(AMEn) and true metabolizable energy nitrogen corrected (TMEn) values 
and dry matter (DMMC) and crude energy metabolizability coefficient 
(CEMC) of corn gluten meal (CGM), corn gluten feed (CGF) and corn 
starch through total excreta collection method. Eight hundred and forty 
broilers were distributed in a completely randomized design with 4 
treatments and 5 replicates. Treatments consisted in 4 ages: 1 to 10, 11 
to 21, 22 to 32, 33 to 42 days, using 10, 8, 6, and 4 birds per replicate, 
respectively, for the ages mentioned above. In parallel, a group of birds 
was kept in fasting for 36 h for each treatment. Diets were based in 40% 
of substitution of reference diet (corn-soybean) by CGF and CS, except 
for CGM, with 30% of substitution. Average ages (5, 15, 25, and 35 days) 
were used as independent variable for regression analysis. DMMC had 
a positive linear trend (P < 0.01) for CGF (Y = 11.27 + 0.414X, R2 = 
0.96), a quadratic (P < 0.01) for CS (Y = 71.087 + 1.170X − 0.0235X2, 
R2 = 0.95) and not significant for CGM. CEMC presented quadratic 
effect (P < 0.05) for CGF (Y = 9.88 + 0.65X − 0.008X2, R2 = 0.98) and 
for CS (P < 0.01; Y = 38.0875 + 0.89X − 0.0155X2, R2 = 0.99), and 
not significant for CGM. AME and AMEn of tested ingredients ranged 
from 0.989 to 4,773 and from 0.939 to 4,682 kcal/kg of natural matter, 
respectively. Values of TMEn of GCF and CS presented linear behavior 
(P < 0.01) according to the age. There was no significant difference on 
TMEn among treatments for broilers fed CGM, suggesting that birds 
have similar ability in using proteic feed in every productive phase. It 
was observed that there was an age effect on nutrient digestibility for 
most of the studied ingredients.

Key Words: AMEn, TMEn, feedstuff
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    TP368    Evaluation of a fine-limestone, low-energy molt program.  
E. Donahue*1, A. Johnson1, G. Brant1, C. Stahl2, and K. Bregendahl1, 
1Iowa State University, Ames, 2North Carolina State University, 
Raleigh.

An experiment was conducted to determine the effects of 2 premolt Ca 
treatments (trt) and 3 molt trt in 792, 85-wk-old laying hens (3 hens/cage; 
413 cm2/hen). The experimental design was a randomized complete 
block design with a 2 × 3 factorial arrangement of trt with 44 replica-
tions. The 1-wk premolt Ca trt consisted of a layer diet (16% CP; 2,776 
kcal/kg AMEn; 4.6% Ca; 0.4% nonphytate P) with limestone supplied 
as either 1:0 or 1:1 fine:coarse (0.14 vs. 2.27 mm diameter), followed 
by a 4 wk molt with either 75:25 wheat middlings:corn (WM; 2,198 
kcal/kg AMEn), 50:50 soybean hulls:corn (SH; 2,217 kcal/kg AMEn), 
or a 7-d feed withdrawal followed by skip-a-day feeding for 3 wk (FW; 
2,817 kcal/kg AMEn). All hens were fed a layer diet for 22 wk postmolt 
(16% CP; 2,880 kcal/kg AMEn; 4.1% Ca; 0.4% nonphytate P). Egg 
production (EP) was measured daily and feed intake (FI), egg weight 
(EW), and egg mass (EM; EP × egg weight) were measured weekly. 
Data were analyzed by ANOVA and Ca differences were assessed by 
the main effect of Ca trt and molt trt by Fisher’s least significant dif-
ference (P ≤ 0.05 was significant). Egg specific gravity did not differ 
at any time. Premolt, the Ca trt did not affect EP (63.7%), FI (97.9 
g/d), EW (65.6 g), or EM (42.6 g/d). During molt, fine and coarse Ca 
differed in EP (8.4 vs. 10.3%), but not in FI (36.4 g/d). For the first 2 
wk postmolt, the Ca trt did not affect EP (5.0%) or FI (91.8 g/d). Over 
the next 20 wk, fine and coarse Ca differed in EP (72.6 vs. 69.8%), FI 
(104.7 vs. 103.2 g/d), and EM (50.9 vs. 48.8 g/d), but not in EW (67.4 
g). During molt, the WM, SH, and FW hens differed in EP (12.1, 8.9, 
and 7.2%) and FI (48.9, 34.0, and 26.1 g/d). The WM hens had higher 
EP (13.2%) compared to FW and SH hens (both 0.9%) and had no 
effect on FI (91.8 g/d) during the first 2 wk postmolt. For the next 20 
wk, SH hens had lower FI (102.6 g/d) compared to FW and WM hens 
(104.7 g/d), but EP (71.2%), EW (67.4 g), and EM (49.8 g/d) did not 
differ. In conclusion, regardless of molt method, a premolt fine Ca trt 
was efficient at inducing molt by quickly lowering EP and increasing 
postmolt EP without increasing egg size.

Key Words: feed withdrawal, laying hens, molt

    TP369    Maximum dietary content of corn distillers dried grains 
with solubles for laying hens: Nitrogen balance and egg production.  
S. Roberts*1, L. Pineda2, B. Kerr3, and K. Bregendahl1, 1Iowa State 
University, Ames, 2Wageningen University, The Netherlands, 3USDA/
ARS, Ames, IA.

An experiment was conducted to determine the maximum inclusion of 
corn distillers dried grains with solubles (DDGS) in laying-hen diets. 
Four diets were formulated with 0, 23, 46, or 69% DDGS, along with 
corn, soybean meal, meat and bone meal, vegetable oil, CaCO3, dl-Met, 
and 1% Celite (source of acid-insoluble ash). Diets contained 2,850 kcal/
kg MEn, 0.73% true digestible TSAA, 0.84% true digestible Lys, 4.5% 
Ca, and 0.40% nonphytate P. Forty-eight Hy-Line W36 hens at 49 wk 
of age were housed 2 per cage with each cage assigned to 1 of the 4 
diets according to a completely randomized design. Hens were fed the 
treatment diets for 8 wk after the DDGS inclusion was incrementally 
increased over 4 wk. Egg production was recorded daily and feed con-

sumption was measured twice per week as feed disappearance. Eggs 
collected over a 48-h period within each week were used for egg weight 
measurement with egg mass calculated as egg weight × egg production. 
During week 10, excreta was collected twice daily for 3 consecutive 
days. Data were analyzed by ANOVA with P ≤ 0.10 considered signifi-
cant. When the main effect of diet was significant, linear and quadratic 
orthogonal polynomial contrasts were used to evaluate treatment dif-
ferences. Means ± pooled SEM are presented. Daily N consumption 
(2.8, 3.2, 3.7, and 4.2 ± 0.1 g), excretion (2.0, 2.1, 3.4, and 2.9 ± 0.1 g), 
and retention in body and eggs (0.8, 1.1, 1.3, and 1.3 ± 0.1 g) increased 
linearly (P ≤ 0.01) for the 0, 23, 46, and 69% DDGS diets, respectively. 
Apparent fecal N digestibility was not different among the diets (29.7, 
33.7, 35.5, and 29.9 ± 3.3%; P = 0.53). Egg production decreased linearly 
(90.9, 90.4, 90.2, and 84.8 ± 1.7%; P = 0.03) and egg weight increased 
linearly (61.8, 62.4, 64.5, and 65.2 ± 0.8 g/egg; P < 0.01) for the 0, 23, 46, 
and 69% DDGS diets, respectively. Egg mass was not different among 
the diets (55.9, 56.5, 59.0, and 55.5 ± 1.4 g/d; P = 0.38). When diets 
are formulated on a true-digestible AA basis, high inclusions of DDGS 
may be used without compromising egg output. Long-term effects of 
very high dietary content of DDGS are unknown.

Key Words: DDGS, laying hen, nitrogen balance

    TP370    Level of calcium supply and the size of limestone in the 
morning and afternoon for laying hens.  J. H. V. Da Silva*, J. A. De 
Araújo, J. M. B. De Sousa, C. C. Goulart, and F. G. P. Costa, Universi-
dade Federal da Paraíba, Paraíba, Brazil.

An experiment was conducted in the Division of Nutrition Research in 
the Birds of Campus of Bananeiras, Brazil, with the objective to evalu-
ate the scale and size of the source of calcium (Ca) in the performance 
and behavior of food of birds. 432 Dekalb White laying hens were 
used with 25 weeks of age. The birds were distributed in a completely 
randomized design, with 12 treatments with 6 replicates of 6 birds. A 
control diet was formulated to meet or exceed the nutritional require-
ments for laying. We used 3 levels of calcium and size fine (FL) and 
coarse limestone (CL). The treatments (T) were: T1 = 3.92% Ca + FL; 
T2 = 3.92% Ca + CL; T3 = 4.02% Ca +FL; T4 = 4.02% Ca + CL; T5 
= 4.12% of Ca+FL; T6 = 4.12% of Ca+CL. In these 6 treatments was 
supply same diet all day. T7 = 3.92 am and 4.12% pm of Ca +FL; T8 
= 3.92 am and 4.12% pm of Ca + CL; T9 = 4.02 am and 4.12% pm 
of Ca + FL; T10 = 4.02 am and 4, 12% pm of Ca + CL; T11 = 4.02 
am and 3.92% pm of Ca + FL and T12 = 4.02 am and 3.92% pm of 
Ca + CL. From 7 to 11 treatments had 2 levels of calcium that met the 
supply respectively at the morning and afternoon. The Ca level of diet 
was controlled by the addition of limestone to replace the inert (sand 
washed). The variables studied were eggs producing (EP), feed intake 
(FI), egg weight (EW), egg mass (EM), egg mass conversion (EMC) and 
egg dozen conversion (EDC), egg-shell specific gravity (EG), egg-shell 
thickness (EST) and unit Haugt (UH). The T1 (3.92%Ca+FL) improved 
EP (P < 0.05) and FI. The T6 (4.12%Ca+CL) and again T1, influenced 
better EM (P < 0.05). The EMC and EG were better (P < 0.05) in the 
T4 (4.02%Ca+CL). There were no significant effects of treatments for 
the others variables. It is recommended the addition of 3.92% Ca + FL 
in the entire day to better EP and EM.

Key Words: White egg, performance, feed behavior
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    TP371    Evaluation of chick quality as affected by parental 
diet.  C. S. S. Araujo*1, L. F. Araujo1,2, M. T. Kidd1, S. Hubbard1, D. 
Everett1, and C. McDaniel1, 1Mississippi State University, Starkville, 
2Universidade de Sao Paulo, Pirassununga, SP, Brazil.

A good-quality 1-d-old chick is a crucial link between the hatchery 
and the broiler farm. High hatchability and a low spread of hatch are 
the most important objectives. Therefore, the objective of this research 
was investigated chick development, and early growth rates of chicks 
from broiler breeders fed supplemental vitamins, and minerals. Ross 
708 breeders received a control diet (vitamin and mineral premix 
devoid of Se) or diets containing supplemental vitamin B (vitamin 
B12, 60 µg/kg; d-biotin, 500 µg/kg; folic acid, 4 mg/kg; niacin, 80 mg/
kg; d-pantothenic acid, 25 mg/kg; vitamin B6, 10 mg/kg; riboflavin, 25 
mg/kg), vitamin D (1 kg of HyD/ton), and vitamin E 120 IU/kg, the 
combination of the 3 vitamins, Se (0.3 mg/kg), Zn (30 mg/kg), Mn (40 
mg/kg) from organic sources, the combination of the 3 minerals and 
an additional diet containing combination of all vitamins and minerals. 
All 10 dietary treatments were supplied in mash form. Breeders were 
housed in a floor pen facility with 80 pens (8 replications/treatment). 
Each pen was equipped with 1 feeder, nipple drinkers, and 1 nest. Each 
pen contained 3 females which were inseminated before eggs were col-
lected. A total of 900 eggs (90 eggs per treatment) were obtained and set 
at 36 wk of age. Chick quality characteristics included BW, hydration, 
navel condition (open navel, small navel, and large navel), wet chicks, 
wicks, dried yolk, red hocks, and mechanical trauma. At hatch, 750 
straight-run chicks were weighed and wing banded, and chick quality 
was assessed. No significant differences were noted among treatments 
for dehydration, open navels, large navels, green, wicks and mechanical 
traumas. However, progeny from breeders fed supplemental Mn showed 
lower percentage of small navels than chicks from hens fed control and 
supplemental diets (vitamins D, E, and Se). Birds from breeders fed 
control treatment had higher incidence of red hocks. Also, chicks from 
hens supplemented with Mn had no incidence of dried yolks on feathers 
in comparison to chicks from all other treatments.

Key Words: broiler breeders, minerals, vitamins

    TP372    Determination of apparent metabolizable energy of plant 
based ingredients for turkeys.  B. Jayaraman*1, J. L. MacIsaac2, and D. 
M. Anderson1, 1Nova Scotia Agricultural College, Truro, NS, Canada, 
2Atlantic Poultry Research Institute, Truro, NS, Canada.

A study was conducted to determine apparent metabolizable energy 
(AMEn) of plant-based ingredients using 240 day-old turkey poults. A 
basal starter diet was fed to birds from 0–7 days of age whereas from 8 
to 13 days of age, the birds were fed with either a basal starter diet or 
a basal starter diet supplemented with 30% test ingredients [extruded 
soybean meal (EXSBM), full-fat soybean (FFSB), full-fat canola (FFC), 
canola meal (CM), corn gluten meal (CGM)] or 15% soybean oil (SO) or 
canola oil (CO). All the diets were mixed with celite at 0.8% as an inert 
marker. The basal grower diet was fed from 14 to 21 days and from 22 
to 28 days, the birds were fed with the basal grower diet or the grower 
diet supplemented with 30 or 15% test ingredient as mentioned in the 
starter period experiment. The results revealed that the AMEn values 
of SO, CO and EXSBM increased (P ≤ 0.05) with the age of the birds 
(9, 815, 9,491, 1,997, 10,842, 11,175, 3,599 kcal/kg; 14 and 28 days; 
SO, CO, EXSBM, respectively). There were no changes (P > 0.05) in 
AMEn at both ages for FFSB, FFC, CM and CGM (3,844, 3,847, 2,350, 

and 4,710 kcal/kg, respectively) and the AMEn of oils were found to be 
higher than other groups.

Key Words: apparent metabolizable energy, soy-, canola-, and corn-
based ingredients, turkeys

    TP373    Effect of broilers breeder nutrition on progeny bone den-
sity.  C. S. S. Araujo*1, L. F. Araujo1,2, M. J. Q. Louzada3, M. K. Kidd1, 
A. Corzo1, and J. Benoit1, 1Mississippi University State, Starkville, 
2Universidade de Sao Paulo, Pirassununga, SP, Brazil, 3Universidade 
Estadual Paulista, Aracatuba, SP, Brazil.

Bone mineral density is one of the most important factors to measure 
bone quality. It is a biophysical parameter, and has been used in poultry 
production as a tool to assess bone quality because it is a reliable and 
noninvasive method. It is possible analyze bone density using radiologi-
cal means and the technique for determining bone mineralization degree 
is called Optical Densitometry in Radiographic Images (ODRI). This 
experiment was conducted to evaluate bone density of progeny from 
broiler breeder fed diets containing different sources of vitamins and 
minerals. Ross 708 breeders received a control diet (vitamin and mineral 
premix devoid of Se) or diets containing supplemental vitamin B (vita-
min B12, 60 µg/kg; d-biotin, 500 µg/kg; folic acid, 4 mg/kg; niacin, 80 
mg/kg; d-pantothenic acid, 25 mg/kg; vitamin B6, 10 mg/kg; riboflavin, 
25 mg/kg), vitamin D (1 kg of HyD/ton), and vitamin E 120 IU/kg, the 
combination of the 3 vitamins, Se (0.3 mg/kg), Zn (30 mg/kg), Mn (40 
mg/kg) from organic sources, the combination of the 3 minerals and 
an additional diet containing combination of all vitamins and minerals. 
All 10 dietary treatments were supplied in mash form. Breeders were 
housed in a floor pen facility with 80 pens (8 replications/treatment). 
Each pen was equipped with 1 feeder, nipple drinkers and 1 nest. Each 
pen contained 3 females which were inseminated before eggs were col-
lected. A total of 450 eggs (45 eggs per treatment) were obtained and 
set at 26 wk of age. Five chicks per treatment at d 1 were euthanized 
and their tibias were collected to evaluate bone density. The ODRI was 
utilized to analyze bone density. Progeny from broiler fed supplemental 
vitamin B showed better bone density compared with the vitamin D 
treatment. Furthermore there was no significant difference between 
the control, Se, Zn, minerals, and the combination of all vitamins and 
minerals. Bone density in progeny is affected by broilers breeder diets 
and the effects of B vitamins should be studied further.

Key Words: bone density, minerals, vitamins

    TP374    Influence of different dietary copper sources on eggshell 
quality, efficacy of phytase and phosphorus retention in laying 
hens.  A. Y. Pekel*, G. Demirel, M. Alp, and N. Kocabagli, Istanbul 
University, Istanbul, Turkey.

This study was conducted to determine the effects of low available 
phosphorus (aP) diets (0.11%) containing supraoptimal amount of 
copper (250 mg/kg) from different Cu sources [copper sulfate (CuSUL), 
copper lysine (CuLYS), copper proteinate (CuPRO) ] on eggshell quality, 
phosphorus retention and efficacy of microbial phytase (Natuphos®).In 
the first experiment, total 120 Lohmann Brown hens aged 40 weeks (8 
cages/diet, 3 birds/cage) were used to evaluate the eggshell quality. In 
the second experiment, 40 of those hens, which were used in the first 
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experiment, were placed individually into 50 × 45 × 40 cm cages to 
determine the phosphorus retention and efficacy of phytase. There were 
no significant differences among the groups in terms of eggshell thick-
ness, eggshell weight, damaged egg ratio and specific gravity at the end 
of the first experiment. Feed consumption of the hens fed the CuLYS 
diets was significantly (P < 0.01) less than the hens fed diets that were 
not supplemented with copper and hens fed diets supplemented with 
CuPRO in the second experiment. The inclusion of microbial phytase 
to a low aP (0.11% aP) diet effectively supported and allowed the nearly 
same eggshell quality and P retentions compared to the control (0.24% 
aP) diet. These results suggest that feeding diets low in P (0.11% aP) 
together with microbial phytase (300 FTU/kg) and copper from CuPRO 
and CuSUL (250 ppm) will not affect eggshell quality. But, the use of 
supplementary copper to provide 250 mg/kg from the source of CuLYS 
in laying hen diet that containing 0.11% aP and 300 FTU kg phytase 
was concluded to decrease P retention (P < 0.05) so it seems that copper 
lysine possibly has a negative effect on the efficacy of phytase.

Key Words: laying hen, phosphorus, copper source

    TP375    Phytase supplementation in laying hens fed different levels 
of dietary zinc.  D. Savietto*1, L. F. Araujo1,3, C. S. S. Araujo1, O. M. 
Junqueira2, L. C. G. S. Garibaldi1, and G. A. Gomes4, 1Universidade de 
Sao Paulo, Pirassununga, SP, Brazil, 2Universidade Estadual Paulista, 
Jaboticabal, SP, Brazil, 3Mississippi State University, Starkville, MS, 
4Globoaves, Toledo, PR, Brazil.

This study examined phytase supplementation in laying hens fed dif-
ferent levels of dietary zinc on external egg quality. Two hundred forty 
Bovan white layers from 25 to 41 weeks of age were utilized, and the 
eggs collected on the last day of the 4 periods of 28 days were used 
to evaluate egg weight, egg specific gravity, and eggshell thickness. A 
factorial experiment with 3 levels of phytase (0, 300, 600 FTU/kg), 3 
levels of zinc sulfate (34, 49, 64 mg/kg), and a control with 79 mg/kg 
of dietary Zn was carried out. A basal corn-soybean meal diet with 18% 
CP, 2,800 cal/kg of ME and 3.64% of calcium were suplemented with 
zinc sulfate and phytase to achieve the calculated levels. There was no 
interaction between treatments and control for egg weight. The addition 
of phytase did not affect egg weight. Eggshell thickness was affected 
significantly by treatments in the third period only (34 mg Zn/kg-0.52 
mm; 64 and 49 mg Zn/kg-0.53 mm). A positive effect on eggshell 
thickness was observed when increasing levels of phytase (0, 300, and 
600 FTU/kg resulted in 0.52, 0.53, and 0.55 mm, respectively). The 
phytase enzyme did not improve the external egg quality regardless of 
the levels applied in this study.

Key Words: egg quality, phytase, zinc

    TP376    Levels of available phosphorus and phytase units in 
diet of broiler chicks from 22 to 42 days of age.  J. H. V. Da Silva*, 
J. Jordão Filho, M. L. G. Ribeiro, F. G. P. Costa, and J. A. De Araújo,
Universidade Federal da Paraíba, Paraíba, Brazil.

A small number of research studies have been carried out to study the 
effects of phytase units (PU) and available phosphorus (aP) on the per-
formance of broilers from 22 to 42 days of age. Two experiments were 

conducted in the Nutrition Research Station in Bananeiras, Brazil, to 
evaluate the effect of aP and PU in diets for broilers from 22 to 42 days 
of age. In experiment 1 (E1), 488 Ross-308 strain birds were used, fed 
5 levels of aP (0.286; 0.326; 0.366; 0.406; 0.446; and 0.486%) and 2 
PU (0 and 600). In experiment 2 (E2), low (0.30%), adequate (0.40%) 
and high (0.50%) levels of aP were combined with 4 levels of PU (0; 
500; 1,000; and 1,500). 1,080 Ross-308 broilers were allocated on floors 
with wood shavings litter. We utilized a completely randomized design 
in both studies. In the first experiment a 6 × 2 factorial arrangement 
was used, and in the second trial a 3 × 4 factorial arrangement was 
used. In E1, there is no interaction among the levels of aP and PU on 
performance and carcass characteristics. However, the carcass and wing 
yields showing quadratic effect with max values of about 0.40% for aP, 
the wing weight and drumstick yields and weights improved linearly 
when levels of aP increased in the diets. In the E2, the Pectoralis major 
yield decreased up to 0.40% of aP and FI diminished with the addition 
of 1,000 PU in the diet. We observed an interaction on weight gain (WG) 
and feed conversion ratio (FC). When the diet had 0.30% aP, the PU 
increase improved WG and FC linearly, but with 0.40% of aP the PU 
increase affected both variables negatively. As PU increased, there was 
no effect on WG when aP content was 0.50%, but FC improved up to 
950 PU in the diet. The aP increase improved WG up to 0.41% aP and 
FC up to 0.39% aP. With 500 PU, the increase of aP improved FC up to 
0.40%, but with 1,500 PU the increase of aP up to 0.50% resulted in the 
worse FC. In E1, carcass and wing yields increased up to 0.40% of aP 
and 600 PU improved carcass, drumstick, and wing weights. In E2, an 
increase up to 1,500 PU in the low-aP diet improved the performance 
of broilers. From 22 to 42 days of age, the aP dietetic requirements of 
broilers chicks were about 0.40%, or 4 kg/1,000 kg of diet.

Key Words: carcasse yield, enzyme, mineral

    TP377    Bone characteristics in laying hens fed different levels 
of dietary zinc and phytase.  L. C. G. S. Garibaldi*1, L. F. Araujo1,3, 
C. S. S. Araujo3, M. J. Q. Louzada2, and D. Savietto1, 1Universidade de
Sao Paulo, Pirassununga, SP, Brazil, 2Universidade Estadual Paulista,
Aracatuba, SP, Brazil, 3Mississippi State University, Starkville.

A trial was conducted using 240 Bovan white layers from 25 to 41 weeks 
of age. This study examined phytase supplementation in laying hens 
fed different levels of dietary zinc on bone density and bone strength. 
Diets were formulated to contain 3 reduced levels of zinc sulfate (34, 
49, 64 mg/kg) and 3 levels of phytase (0, 300, and 600 phytase units 
per kilogram feed). An additional diet with 79 mg/kg of dietary Zn was 
used as a positive control. Four birds per treatment were euthanized and 
their tibias were collected to evaluate bone density and bone strength. 
Optical densitometry in radiographic images was utilized to analyze 
bone density and 3-point bending to analyze bone strength. Bone density 
was significantly influenced by a reduction of levels of dietary zinc as 
compared to the control. The layers fed with diet control (79 mg/kg 
of dietary Zn) improved bone density. The addition of phytase did not 
affect this characteristic. Concerning bone strength, neither phytase 
supplementation nor levels of dietary zinc affected this parameter. 
These results demonstrate that increasing phytase levels from 300 to 
600 phytase units per kilogram feed provided no additional benefit on 
bone density and bone-breaking strength.

Key Words: bone density, bone strength, phytase
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    TP378    Phase feeding in a small-bird production scenario: Impact 
on growth and uniformity.  V. B. Brewer*, C. M. Owens, and J. L. 
Emmert, University of Arkansas, Fayetteville.

Phase feeding (PF) has been effective at maintaining broiler growth 
while reducing production cost, but the impact on different broiler strains 
grown in a small-bird production scenario has not been assessed. An 
experiment was conducted to determine the effects of decreasing dietary 
amino acid (AA) levels every other day using the PF approach. Three 
strains of commercial broilers were fed a diet containing average industry 
nutrient levels from 0 to 18 d. From 18 to 32 d, birds were fed 1 of 2 
dietary treatments: diets with average industry nutrient levels, or diets 
with phased levels of AA. For PF, diets were prepared that contained 
Lys, SAA and Thr levels matching the predicted requirements for birds 
at the beginning (high nutrient density) and end (low nutrient density) of 
PF. Pelleted high and low nutrient density diets were blended to produce 
rations containing AA levels that matched the predicted PF requirements 
over 2-day intervals, and diets were switched every other day during 
PF. Treatments were replicated in 6 pens; each pen contained 15 males 
and 15 females (30 birds per pen). Weight gain, feed intake, and feed 
efficiency were calculated. Differences (P < 0.05) among strain body 
weights were noted on d 0, 18, and 32; differences (P < 0.05) between 
male and female broilers were observed on d 18 and 32. Within strain, 
female body weight, as a percent of male bodyweight, decreased with 
age; the decrease was less dramatic for one strain. There appeared to be 
strain differences in body weight CV at 32 d. Weight gain, feed intake, 
and feed efficiency were affected by strain (P < 0.05). These parameters 
were improved (P < 0.05) by PF. Compared to the industry diet, PF 
appeared to lower the 18 to 32 d weight gain CV for females of 2 strains 
and the males of one strain. These results suggest that different strains 
may vary in their response to PF, although improved performance was 
noted in each strain. Also, PF may be effective at improving uniformity, 
but this response may be dependent on strain and gender.

Key Words: broilers, phase feeding, uniformity

    TP379    Effects of replacing the antibiotic growth promoter by 
whole cells or cell wall components from Saccharomyces cerevisiae in 
the diet of broiler chickens.  M. L. Angeles1, S. Gomez*1, E. Ramirez1, 
X. Pastrana2, and M. J. Guerrero2, 1CENIDFyMA–INIFAP, Ajuchitlán,
Queretaro, Mexico, 2EMVZ–Autonomous University of Queretaro,
Queretaro, Mexico.

The objective of this study was to evaluate the growth performance, 
digestibility of nutrients, brush border digestive enzyme activities, 
villi morphology and mucin concentration in goblet cells in broiler 
chicken fed diets with and without an antibiotic growth promoter and 
a Sacharomyces cerevisiae derived MOS plus culture (MOS+CSc) or 
the whole cell (WcSc). Sixty Ross B308 chicks from 35 to 49 days of 
age individually allocated were used. Birds were randomly distributed 
in 6 treatments in a factorial arrangement of 2 levels of bacitracyn: 0.0 
or 50 g/ton (BAC0 and BAC50) and 3 forms of yeast: No yeast (NY), 
MOS+CSc and WcSc. Feed and water were offered ad libitum. At the 
end of the trial all birds were killed and the ileal content was collected 
to determine ileal nutrient digestibilities using chromic oxide as internal 
marker. Also, ileal samples were taken for villi morphology analysis, 
staining of goblet cells and to determine maltase and sacarase activities. 

Results were subjected to varianza analysis. The digestibility of dry 
matter and nitrogen were lower with BAC0 and were lower with NY 
(P < 0.05). The sacarase specific activity was lower with MOS+CSc 
and WcSc combined with BAC0 and in the rest of the treatments sac-
arase activity was similar (interaction, P < 0.05). The height of villi 
was greater but the thickness of villi was lower (P < 0.10) in BAC0. 
The thickness of villi was also lower (P < 0.05) in NY. The depth of 
the crypts was lower and the villus height:crypt depth ratio was greater 
with BAC0 combined with NY (interaction, P < 0.05). Acid mucins 
were lower with NY and neutral mucins were greater with BAC50 
combined with MOS+CSc (interaction, P < 0.05). In summary, the 
addition of bacitracyn, whole yeast or MOS plus a yeast culture to the 
diet of finishing broilers improved the digestibility of nutrients, and 
had, on the whole, similar effects on the structure and function of the 
small intestine epithelium.

Key Words: bacitracyn, yeast whole cell, yeast cell wall components

    TP380    Maternal dietary conjugated linoleic acid (CLA) in a low-
fat laying hen diet delays embryonic lipid assimilation and growth 
during late incubation.  V. A. Leone*, S. P. Worzalla, A. J. Murdoch, 
and M. E. Cook, University of Wisconsin, Madison.

Yolk lipid utilization by the chicken embryo drastically increases 
around day 13 of incubation when embryos weigh approximately 7 
grams. Previous work suggested that embryonic mortality begins to 
peak after the final phase of incubation in embryos obtained from hens 
fed conjugated linoleic acid (CLA). CLA has been shown to inhibit 
fat uptake by adipose tissue through inhibition of Lipoprotein lipase 
(LPL), and to inhibit intestinal Acyl CoA:cholesterol acyl transferase 
(ACAT) activity. ACAT has been shown to be a key enzyme in the 
yolk sac membrane of embryos for cholesterol ester formation, which 
is important for the hydrolysis/re-esterification of yolk lipids during 
transport to the embryo. A study was conducted to decipher if maternal 
CLA alters lipid transport from the yolk to the developing embryo 
during the last 8 days of development when lipid assimilation in the 
embryo is heightened. Hens (48) were randomly assigned to diets (12 
hens/treatment) containing 0.5% Canola Oil (Lo CO), 0.5% CLA (CLA, 
CLA-80, 40% c9, t11, 40% t10, c12), 3.5% Canola Oil (Hi CO) or 3% 
Canola Oil + 0.5% CLA (CO+CLA) in a 2 × 2 factorial. After 14 days, 
hens were artificially inseminated once weekly for 90 days. Eggs were 
collected daily, held at room temperature, and incubated once weekly. 
Incubated eggs were removed on d13, d15, d17, d19, and d21. Embryos 
and yolk sacs were removed and weighed. Embryos obtained from the 
CLA treatment group were significantly lighter (roughly 5%, P ≤ 0.05) 
than embryos obtained from the Lo CO, Hi CO, or CO+CLA on d13, 
d15, d17, d19, and d21, while remaining yolk was 5% heavier from the 
CLA group in comparison to Lo CO, Hi CO, or CO+CLA. No differences 
were observed between Lo CO, Hi CO or CO+CLA. Yolk absorption 
and utilization are impaired in embryos obtained from mothers fed 0.5% 
CLA in a low-fat diet and embryonic mortality during this stage may be 
“embryonic starvation.” Supplementing the maternal diet with canola 
oil prevented CLA-induced “embryonic starvation.”

Key Words: conjugated linoleic acid, embryo, lipid

ABSTRACTS OF PAPERS120

Poult. Sci. 87 (E-Suppl. 1)



    TP381    Effect of selenium supplementation on egg production 
of broiler breeder hens.  A. H. Cantor*, A. J. Pescatore, J. L. Pierce, 
M. J. Ford, T. Ao, W. D. King, H. D. Gillespie, M. A. Stovall, and L. 
M. Macalintal, Alltech/University of Kentucky Nutrition Research Alli-
ance, Lexington.

The effect of selenium supplementation of low-selenium semi-purified 
diets on egg production of broiler breeder hens was evaluated. Com-
mercial broiler breeder pullets, 1 day of age, were housed in floor pens. 
At 6 weeks of age, hens were given age-appropriate low-Se basal diets 
alone, or supplemented with 0.3 ppm Se as either sodium selenite or sele-
nium yeast (Sel-Plex®, Alltech Inc., Nicholasville, KY). The basal diet 
consisted of corn, corn starch, soybean meal, torula yeast and vitamins 
and minerals. The vitamin supplement provided 10 IU of vitamin E per 
kg diet. Five pens of pullets were assigned to each dietary treatment. At 
22 wk of age, the number of hens was reduced to 13 per pen and photo-
stimulation was initiated. Treatments were continued through 40 weeks 
of the breeding period. Birds were limit-fed according to the breeder 
management guide recommendations. The unsupplemented breeder 
basal diet contained 0.02 ppm Se. Egg Se concentration was significantly 
higher for the Se yeast treatment than for the selenite treatment (0.25 
vs. 0.19 ppm). Egg Se levels for these treatments were significantly 
higher than that for the basal treatment (0.04 ppm). Although some 
periodic differences were noted in egg production, dietary treatments 
did not result in a significant effect on overall production during the 
40-week period. The results suggest that the rate of egg production was 
not sensitive to the low-selenium diets, possibly because the diets were 
supplemented with vitamin E.

Key Words: selenium, broiler breeder, egg production

    TP382    The effect of dietary protein level and digestibility and 
Clostridium perfringens infection on the growth performance of 
broiler chickens.  G. P. Widyaratne*, A. Van Kessel, and M. D. Drew, 
University of Saskatchewan, Saskatoon, SK. Canada.

A total of 640 broiler chickens were used to evaluate the effect of ileal 
digestible protein level (high and low), dietary protein digestibility (high 
and low digestible) and Clostridium perfringens infection on growth 
performance, in a 2 × 2 × 2 factorial arrangement of treatments. The 
birds were fed 4 different ideal protein-balanced, isocaloric diets (1.24 
and 1.04% ileal digestible Lys and 3,050 and 3,150 kcal/kg on days 
1–14 [starter] and 15–35 [grower], respectively). The dietary treatments 
consisted of 2 protein levels (HP: 20 and 18% and LP 18 and 16% ileal 
digestible crude protein in starter and grower periods, respectively) and 
2 protein digestibility levels (HD: 88% and LD: 82% mean ileal crude 
protein digestibility). The birds were reared in 2 successive groups under 
identical conditions and on d15 to 19 each bird in one group was fed 
approximately 1/3 of their ADFI inoculated with 2 mL of an 8-h broth 
culture of C. perfringens and the other group received feed mixed with 
sterile broth. The majority of the infected birds were dull, depressed, and 
diarrheic during first 7 d after challenging but mortality did not differ 
between the 2 groups. However, the infected birds grew significantly 
slower and had significantly higher FE than uninfected birds in grower 
period. (91.6 vs. 88.4 and 1.59 vs. 1.63 for ADG and FE, respectively). 
Low protein digestibility significantly decreased ADFI (43.3 vs. 45.2 
and 142.8 vs. 147.1) and FE (1.31 vs. 1.35 and 1.60 vs. 1.63) in starter 
and grower periods, respectively. There was a significant protein × 
digestibility interaction in the grower period for ADFI and significantly 
higher for birds fed the LP:HD diets than those fed LP:LD diets while 

there were no differences between the HP:LD and HP:HD diets. Low 
dietary protein level significantly elevated the FE of growers (1.63 vs. 
1.60). The results suggest that C. perfringens infection suppresses growth 
performance of broilers, irrespective of dietary protein level or protein 
quality. Feeding low protein diets formulated with highly digestible 
proteins optimized FE without affecting weight gain.

Key Words: protein, digestibility, broilers

    TP383    Gene expression profiles of laying Single Comb White 
Leghorn chickens fed diets containing blood meal.  J. Tyus II*1,2, 
S. Nahashon1, N. Adefope1, D. Wright1, and T. Payne1,2, 1Institute of 
Agricultural and Environmental Research, Tennessee State University, 
Nashville, TN, 2Department of Agricultural Sciences, Tennessee State 
University, Nashville, TN.

Alternative protein sources, such as blood meal (BM), may reduce 
the cost of feeding poultry. The effect of feeding Single Comb White 
Leghorn (SCWL) chicks diets containing BM as protein source on the 
expression of genes associated with nutrient utilization was evaluated. 
SCWL chicks were fed diets containing BM with (+) and without (−) 
supplemental isoleucine from hatch to 10 weeks of age (WOA). Diets 
were corn-based with the protein sources being 100% soybean meal 
(control), 100% BM (BM+/−), 50% SM + 50% BM (SMBM+/−), 
and 50% alfalfa meal + 50% BM (AMBM+/−). Feed and water were 
provided ad libitum. Primers were designed to amplify genes coding 
for fatty acid synthase (FAS), liver glucokinase, pyruvate kinase (PK), 
insulin, pancreatic glucokinase, pancreatic polypeptide, secretin, trypsin, 
trypsinogen, growth hormone releasing hormone (GHRH), thyroid 
stimulating hormone (TSH), and corticotrophin releasing hormone 
(CRH). Complementary DNA from the liver, pancreas, small intestine, 
hypothalamus, and pituitary of experimental birds was used in qRT-PCR. 
The chicken 18s ribosomal RNA was used as internal control. Amplicons 
were ligated into PCR-TRAP Cloning Vector, cycle-sequenced, and 
their homology with sequences in the GenBank databases was evaluated 
using the BLAST search. Sequence alignments yielding homology of 
≥90% confirmed specificity of oligonucleotide primers. Expression of 
genes encoding FAS, insulin, and GHRH was significantly higher (P 
< 0.05) in birds fed diets supplemented with isoleucine than those fed 
diets without supplemental isoleucine. Birds fed SMBM+ diets also had 
higher expression of the genes coding for CRH, PK, and TSH than other 
treatment groups. This suggests an enhancement of the mechanisms 
involved in nutrient uptake and metabolism by complementation of 
SM and BM. A positive correlation between growth performance and 
gene expression suggests that BM may be partially substituted for SM 
in diets of SCWL chicks, however with supplementation of isoleucine, 
which is deficient in BM.

Key Words: blood meal, Single Comb White Leghorn, gene expres-
sion

    TP384    Quality and safety characteristics of poultry meat and 
eggs sold in the state of Kuwait.  S. F. Al-Zenki*, H. M. Al-Mazeedi, 
S. N. Al-Hooti, T. Al-Atti, and H. F. Alomirah, Kuwait Institute for 
Scientific Research, Kuwait City, Kuwait.

The microbiological quality and safety of poultry and eggs sold in 
the State of Kuwait were examined. A total of 102 poultry meat were 
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analyzed by standard enumerative tests for aerobic plate count (APC), 
fecal streptococcus (KEA media), Listeria monocytogenes (PALCAM 
media) and Staphylococcus aureus (Baird Parker media), while standard 
enrichment techniques were used to isolate and identify Campylobacter 
and Salmonella spp. Similarly, a total of 170 composite egg samples 
(5 eggs each) were analyzed for aerobic plate count (APC), yeast and 
molds (OGYEA media), coliforms (VRB media), Listeria monocyto-
genes, Staphylococcus aureus, and the presence of Salmonella spp. 
Results showed that all locally produced poultry meat had APC counts 
less than 5 log CFU/g. The majority of samples had fecal Streptococ-
cus counts less than 2 log CFU/g (75%). Listeria monocytogenes and 
Staphylococcus aureus counts ranged from less than 2 log CFU/g to 
less than 3 log CFU/g with over 90% of the samples analyzed having 
counts less than 2 log CFU/g. Out of the poultry meat samples analyzed, 
59 and 39% of the samples exceeded the microbiological limits set for 
the presence of Campylobacter and Salmonella, respectively. All of the 
170 composite egg samples (local as well as imported) had APC counts 
less than 5 log CFU/mL. Furthermore, in all of the locally produced and 
imported eggs examined, the yeast and molds, Listeria monocytogenes 
and Staphylococcus aureuscounts were below the detection limit (<1 log 
CFU/mL). However, 2 and 4% of the local and imported eggs, respec-
tively, exceeded the microbiological standards set for coliforms (>3 log 
CFU/mL). The pathogen, Salmonella spp. was not detected in any of 
the egg samples analyzed. These results indicate that locally produced 
poultry meat could be considered a potential source of pathogens such 
as Campylobacter and Salmonella and that the presence of coliforms 
in eggs at levels higher than the recommended limits (>3 log CFU/mL) 
shows that improving the hygienic conditions at the farm, processing 
plant and sale outlets can greatly ameliorate the quality and safety of 
poultry and poultry products sold in the State of Kuwait.

Key Words: poultry, eggs, safety

    TP385    Impact of genotype on carcass, meat quality, and sensory 
attributes for turkeys raised with outdoor access.  A. C. Fanatico*1, 
J. L. Emmert2, J. F. Meullenet2, and C. M. Owens2, 1National Center 
for Appropriate Technology, Fayetteville, AR, 2University of Arkansas, 
Fayetteville.

Consumer interest is growing in specialty poultry products, including 
alternative turkey genotypes such as heritage turkeys, which are slow-
growing standard breeds generally raised in production systems with out-
door access. A trial was conducted to assess impact of genotype on parts 
yield, meat quality, and sensory attributes. A commercial fast-growing 
genotype (Fast) and a slow-growing genotype (Slow) (all females) were 
raised for 14 weeks and approximately 26 weeks, respectively. Place-
ment dates were staggered in order to achieve a similar final body weight 
on day of processing. Forty turkeys of each genotype were raised on a 
small commercial farm in a shed with access to outdoor yards and were 
provided the same diets. Turkeys were processed at a small facility and 
stored at 1°C. Sixteen turkeys of each genotype were deboned at 2 d post-
mortem for meat quality analyses. Descriptive analysis of fresh breast 
and thigh meat of Fast and Slow turkeys was conducted by a trained 
panel, while consumer analysis included an additional treatment, a retail 
turkey (injected with marinade). Carcasses of Fast turkeys were heavier 
than those of Slow (P < 0.05). Breast yield was higher (P < 0.05) for 
Fast compared to Slow while leg yield was higher for Slow (P < 0.05). 
Breast meat of Slow had lower pH and was less pale and more red than 
Fast (P < 0.05). The descriptive panel found few differences in flavor 
of breast meat although Fast had more intense cooked meat flavor and 

Slow had more intense aftertaste of blood/metal (P < 0.05). The panel 
found more differences in texture. Breast meat of Slow was more hard, 
cohesive, and fibrous than Fast (P < 0.05). However, in instrumental 
(MORS) analysis, Slow was more tender than Fast (P < 0.05). In most 
categories of consumer trials, Retail and Fast were preferred over Slow, 
including appearance and texture. For breast meat, overall liking was 
higher for Retail than Fast and Slow (P < 0.05), and liking of flavor was 
higher for Retail than Slow (P < 0.05). These data indicate differences 
in yield, meat quality, and sensory attributes between commercial fast-
growing and specialty slow-growing turkeys.

Key Words: turkey, slow-growing, meat quality

    TP386    Effects of shackle line speed on broiler carcass micro-
biology and presentation scores.  J. K. Northcutt*1, W. D. McNeal2, 
and K. D. Ingram3, 1Clemson University, Clemson, SC, 2Meyn America, 
LLC, Ball Ground, GA, 3USDA-ARS, Athens, GA.

The USDA-FSIS Inspectors use 9CFR 381.76 (ii) (a) for controlling 
broiler processing line speeds. Consequently, broilers on eight-inch 
centered shackle lines typically operate at 105 BPM. Processing 
establishments use carcass presentation scores to demonstrate process 
control (PIC). This study evaluated effects of broiler processing line 
speed on carcass microbiology and presentation scores. Experiment 1 
was conducted on 2 eight-inch centered shackle lines (2 replications). 
Line 1 (control) was not altered (105 BPM). Line 2 was changed to 140 
BPM (treatment). Prechill carcasses were removed from each line, rinsed 
in 400 mL of buffered peptone water, and rinses were evaluated for 
levels of Escherichia coli, coliforms, and Campylobacter or incidence 
of Salmonella using cultural and BAX PCR analysis. Plant personnel 
conducted presentation scores. Experiment 2 was conducted by alter-
ing one processing line (105 to 140 BPM) and allowing equilibration 
before sampling (24 replications). In experiment 1, no significant dif-
ference was observed between control and treatment lines for numbers 
or incidence of bacteria, but the processing lines were slightly different. 
Data from experiment 2 also showed that levels of E. coli (1.6 log10 
cfu/mL), coliforms (1.8 log10 cfu/mL), and Campylobacter (0.9 log10 
cfu/mL) were the same regardless the line speed. Salmonella incidence 
was 5.2% (10/192 positive) for both control and treatment line speeds. 
Carcass presentation scores were slightly higher for the 105 BPM (4.7) 
line speed compared to the 140 BPM (4.7) line speed; however, both 
speeds were operating within the acceptable margin (total score <24). 
Data from this study demonstrates that commercial carcasses may be 
processed on eight-inch centered shackle lines at 140 BPM without 
compromising carcass microbiology or carcass presentation scores. 
These data resulted in a letter of no objection issued by USDA-FSIS 
regarding faster (140 BPM) processing line speeds for eight-inch cen-
tered shackle lines.

Key Words: poultry processing, carcass microbiology, processing 
line speeds

    TP387    Effect of sponges and gas-charged incubators on recov-
ery of Campylobacter from broiler rinses.  J. E. Line*, USDA, ARS, 
Athens, GA.

Campylobacter spp. are microaerophilic and capnophilic microorgan-
isms. Methods to increase exposure of Campylobacter to appropriate 

ABSTRACTS OF PAPERS122

Poult. Sci. 87 (E-Suppl. 1)



microaerobic conditions could theoretically improve recovery of stressed 
cells. The porous nature of a sponge greatly increases the sample surface 
area exposed to microaerobic conditions when soaked in enrichment 
broth. We compared recovery of Campylobacter from retail chicken 
carcass rinses (n = 30) in bags with and without added sterile sponges. 
The semi-permeable bags containing the samples and an equal volume 
of 2× Bolton Enrichment Broth were flushed and filled with Campy-gas 
(5% O2, 10% CO2 and 85% N2) and were placed in incubators under 
similar microaerobic or ambient atmospheric conditions. Results indicate 
that adding sponges to the enrichment bags had no significant effect on 
Campylobacter recovery. Likewise, there was no statistically significant 
difference in the percentage of positive samples recovered from gas-
charged bags placed in microaerobic or ambient incubators.

Key Words: Campylobacter, broiler, sponge

    TP388    The effect of edible coatings on shell egg quality under 
refrigerated conditions.  A. Biladeau and K. Keener*, Purdue Uni-
versity, West Lafayette, IN.

Less than 0.1% of shell eggs are exported. Increasing the shelf life of 
shell eggs may increase exported egg sales. The objective of this study 
was to determine whether edible coatings will maintain egg quality 
longer. Four edible coatings were applied to fresh shell eggs and the 
eggs were stored for 12 weeks in refrigerated storage. The 4 coatings 
applied were paraffin wax, mineral oil, soy protein isolate (SPI), and 
whey protein isolate (WPI). Quality measurements in duplicate were 
taken over the storage period. Quality measurements recorded were 
Haugh units (HU), pH, albumen CO2 content, and vitelline membrane 
strength (VMS). In each time period 15, 5, 5, and 10 eggs were tested for 
HU, pH, CO2, and VMS, respectively. A t-test with a P < 0.05 was used 
to determine statistical significance. At week 0, there was no difference 
between any coating and HU ranged from 81.4–83.7. After 6 weeks of 
storage, Haugh units were significantly higher in oil (76.1) and wax 
(74.5) than the uncoated eggs (68.6). At 12 weeks, HU of coated eggs 
were significantly higher (70–73) than the uncoated (65.6). At week 0, 
albumen pH had no difference between any coating and pH values ranged 
from 8.2–8.6. At 4 weeks, the albumen pH of oil (8.2) was significantly 
lower than all other coatings and equal to uncoated eggs. At week 0, CO2 
content was the same for all coatings except WPI (1.97) and oil (2.05) 
this difference was most likely due to variation in eggs. After 1 week, 
CO2 content maintained higher for the 12-week study for oil (2.07 mg 
CO2/g albumen) and wax (1.96 mg CO2/g albumen) than the uncoated 
(1.65 mg CO2/g albumen). Oil eggs had a higher CO2 content for all 12 
weeks than wax eggs though not always significantly. After 2 weeks the 
SPI (1.8 mg CO2/g albumen) was significantly higher than the control 
(1.6 mg CO2/g albumen). Initially, VMS was equal for all eggs, but 
after 8 weeks oil (0.015N), and wax (0.014N) maintained significantly 
higher force than the uncoated (0.011N). The HU quality measurements 
show egg coatings provide an improved quality. The VMS remained 
high for coated eggs. Results from this study, suggest that shelf life of 
shell eggs can be extended using edible coatings.

    TP389    Evaluation of bioluminescent bacteria (Vibrio fisch-
eri) for detection of antibiotic residues and novel antimicrobial 
compounds.  J. K. Hargis*1, A. D. Wolfenden2, M. J. Morgan2, and 
G. Tellez2, 1Fayetteville High School, Fayetteville, AR, 2University of 
Arkansas, Fayetteville.

As detecting antibiotics and other microbial residues in food products 
becomes more essential, tests for doing so need to be more efficient. 
Widely used methods for screening for unknown antibiotics and micro-
bial residues require incubation over night. Presently, the potential use 
of bioluminescent bacteria culture (Vibrio fischeri: VF) has been evalu-
ated. It was hypothesized that with introduction to antimicrobials, VF 
would dim or cease to glow and be a much quicker assay than previously 
known methods. After growing conditions were optimized (for both 
growth and light emission), 2 detection systems were evaluated. First, 
increasing increments of known antibiotics were added to a suspension 
of VF (~109 cfu/mL) in appropriate broth. After the addition of the 
antibiotics, sequential pictures were taken, but due to the constant need 
of oxygen for VF to emit light, this process was ineffective. The second 
method tried was growing the culture on 1.5% agar plates and then chal-
lenging them with paper discs impregnated with selected antibiotics. 
Zones of inhibition were visible after 3 hours and after about 18 hours 
were clearly noticeable. Zone of inhibited growth was documented by 
incremented pictures and compared to standard zones of inhibition. The 
VF zones were larger than normal (up to 6.9-fold) and may be useful 
for screening plant, bacterial, or fungal extracts which could have been 
missed using conventional assays. Ongoing research will evaluate the 
potential for utilize this assay for both discovery research and detection 
of antimicrobial contaminants in foods and feeds.

Key Words: antimicrobial, antibiotics, antibiogram

    TP390    The effect of edible coatings on shell egg functionality 
under refrigerated conditions.  A. Biladeau and K. Keener*, Purdue 
University, West Lafayette, IN.

In the United States approximately 56 million dozen shell eggs were 
exported in 2006 (most recent data). This amounts to less than 0.1% of 
shell egg production. Increasing the shelf life of shell eggs may increase 
exported egg sales. The objective of this study was to determine whether 
shell egg functionality could be maintained during extended storage by 
applying an edible coating. Four edible coatings were applied to fresh 
shell eggs, and the eggs were stored for 12 weeks in refrigerated stor-
age. The 4 coatings applied were paraffin wax, food grade mineral oil, 
soy protein isolate (SPI), and whey protein isolate (WPI). Functional-
ity tests in duplicate were taken over the storage period. Functionality 
measurements included foam volume, angel food cake volume, and 
emulsion stability. For each time period, functionality measurements 
were done in triplicate. Emulsion stability was measured by centrifuging 
mayonnaise and measuring oil separation. A t-test with a P < 0.05 was 
used to determine statistical significance. At week 0, the foam volume 
of uncoated eggs (9.1 mL/g) was greater than all coated eggs. At week 
12 the uncoated, wax, and SPI (6.8 mL/g) were equivalent and greater 
than the WPI (6.2 mL/g) and oil (6.7mL/g) which were equivalent. At 
week 0, the angel food cake volume was equivalent between coated and 
uncoated eggs. For all eggs, angel food cake volumes decreased over 
12 weeks of storage with the oil having the largest decrease (26.9 mL) 
followed by WPI (23.1 mL), SPI (21.8 mL), uncoated (18.4 mL) and 
finally wax (16.7 mL). At week 12, the wax (287.7 mL) and uncoated 
(286.0 mL) eggs were equivalent. Emulsion stability decreased with 
storage, but did not show consistent differences between coatings. The 
average emulsion stability measured over the 12 weeks were uncoated 
(0.0076 mL oil), oil (0.0079 mL oil), wax (0.0079 mL oil), SPI (0.0091 
mL oil), and WPI (0.014 mL oil), respectively, with oil, wax, and 
uncoated being equivalent at week 12. The functionality data suggests 
that shell eggs with wax coating have functional properties equal to 
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uncoated over 12 weeks of storage, whereas all other coatings showed 
a decrease in functionality.

    TP391    Using automated rep-PCR to determine the genotypic 
relatedness of Salmonella isolates recovered from an integrated 
broiler operation.  P. N. Anderson*1, J. A. Byrd1,2, M. E. Hume1,2, K. 
Stringfellow1, C. Hernandez1, and D. J. Caldwell1, 1Texas A&M Uni-
versity, College Station, 2USDA-ARS, Food and Feed Safety Research 
Unit, College Station, TX.

Salmonella is the leading cause of gastroenteritis in humans. The con-
sumption of poultry meat and eggs has been documented as a primary 
vehicle for salmonellosis. Integrated poultry operations are potential 
environments for the contamination of broilers with Salmonella. The 
objective of this study was to determine the genotypic relatedness of 
isolates recovered throughout an integrated broiler production operation. 
Two trials were conducted and 2 commercial houses were sampled in 
each trial. Ceca, litter, drag swabs, boot covers, litter, feed, and water 
were sampled on d 0, 14, 28, and 42. At processing, the sampling sites 
were live bird wash (LB), ceca, pre- and postevisceration, and postchill 
immersion. Forty-seven Salmonella isolates were recovered throughout 
the study, 18 and 29 in Trials 1 and 2, respectively. Most of the positive 
isolates were detected at processing (20/47), and very low Salmonella 
frequency was found in the feed (1/47) and farm water (0/47). Fifteen 
distinct genotype patterns were revealed following automated rep-PCR 
analysis. Isolates from the 2 studies were distantly related at 70.5% simi-
larity coefficient (SC). Most of the LB isolates (11/13) in Trial 2 were 
related with a 93.1% SC. In addition, 50% (5/10) drag swab and boot 
cover isolates in Trial 2 were clustered at 91.4% SC, and combining 2 
isolates from Trial 1 lowered the SC to 85.5%. Interestingly, there was 
great similarity (94.0% SC) between some Salmonella isolates detected 
at the farm and at processing. In conclusion, our findings support pre-
vious data that controlling Salmonella at the farm level could reduce 
pathogen load at the processing plant.

Key Words: rep-PCR, Salmonella, integrated poultry operation

    TP392    The microbial and quality properties of poultry car-
casses treated with peracetic acid as an antimicrobial treatment.  L. 
J. Bauermeister*, J. W. J. Bowers, J. C. Townsend, and S. R. McKee, 
Auburn University, Auburn, AL.

Salmonella spp. and Campylobacter spp. continue to be prominent 
food safety concerns for the poultry industry and consumers alike. 
Peracetic acid (PAA) has been approved as an antimicrobial for use 
in poultry chillers. To validate its effectiveness, 100 poultry carcasses 
(per replication × 2) were inoculated with both Salmonella (6 log cfu/
mL) and Campylobacter (6 log cfu/mL) and were randomly allocated 
into chill water containing chlorine (30 ppm) or PAA (25, 100, or 200 
ppm). Results indicated that PAA concentrations as low as 25 ppm were 
effective in reducing Salmonella spp., while PAA levels of 200 ppm 
were effective in reducing Campylobacter spp. when compared with 
the chlorine treatment. A sensory study was also conducted with another 
set of 200 carcasses (not inoculated, per replication × 2). Birds were 
treated with water, chlorine (30 ppm), or PAA (100, 150, or 200 ppm). 
Sensory panels and microbial data were collected weekly on randomly 
sampled carcasses that were stored at 4°C for 21 d. The PAA-treated 

carcasses at 150 and 200 ppm had an extended shelf life compared to 
those treated with water or chlorine. Specifically, on d 15, the only 
treatments that could be served to sensory panelists were the carcasses 
treated with 150 or 200 ppm PAA. The carcasses treated with water, 
chlorine, or 100 ppm PAA had off-colors, off-odors, and high microbial 
counts. These results suggest that PAA may be an effective antimicrobial 
when used in poultry chiller applications and higher levels (>150 ppm) 
may extend product shelf life.

Key Words: peracetic acid, shelf life, antimicrobials

    TP393    Control of Listeria monocytogenes on further processed 
turkey deli loaves using organic acids as postcook dips.  J. Johnson*1, 
C. Z. Alvarado1, M. Berrang2, S. R. McKee3, L. D. Thompson1, and M. 
M. Brashears1, 1Texas Tech University, Lubbock, 2USDA-ARS, Athens, 
GA, 3Auburn University, Auburn, AL.

Most major outbreaks attributed to Listeria monocytogenes (LM) 
involve postprocessing contamination of turkey deli loaves. This study 
evaluated the anti-listerial effects of organic acids used as postcook 
dips on turkey deli loaves. Two trials were conducted to analyze LM 
levels on days 0, 7, 14, 21, 28, 42, and 56. Treatments included sodium 
lactate (SL; 3.6%), potassium lactate (PL; 3.6%), sodium citrate (SC; 
0.75%), a combination of SL and sodium diacetate (SDA; 0.25%), 
and a combination of SL/PL/SDA. Deli loaves were formulated with 
1.5% sodium chloride and 0.45% sodium tripolyphosphate. Slices were 
surface inoculated with a high inoculum level (105 log CFU/mL) of 
Streptomycin resistant (1,500 µg/mL) LM before immersion treatment. A 
high inoculum was used to determine differences in lag phase due to the 
effectiveness of the organic acid application. Positive (inoculated) and 
negative (noninoculated) control slices were immersed in sterile water. 
All slices were stored at 4°C. Data was analyzed using GLM procedure 
of SAS and Duncan’s Multiple Range Test was used to determine treat-
ment differences within sampling d. The SL/SDA and the SL/PL/SDA 
treatments had signifcantly lower LM counts when compared to the 
other treatments through d 56. Also, the SC treatment was significantly 
higher than the positive control after day 28. There were no significant 
differences between the positive control and the other treatments during 
the sampling times. Therefore, the combination organic acids used as 
postcook dips for turkey deli loaves were effective in extending the lag 
phase and controlling LM growth.

Key Words: Listeria monocytogenes, organic acid, deli loaves

    TP394    Multihurdle approach to controlling Listeria monocy-
togenes in further processed turkey deli loaves.  T. Lloyd*1, C. Z. 
Alvarado1, M. Berrang2, S. R. McKee3, L. D. Thompson1, and M. M. 
Brashears1, 1Texas Tech University, Lubbock, 2USDA ARS, Athens, GA, 
3Auburn University, Auburn, AL.

The growth of Listeria monocytogenes (LM) in further processed meat 
products has become a major concern and an important food safety issue. 
The poultry industry has incorporated interventions such as organic acids 
in marinades to inhibit the growth of LM. In this study, organic acids 
were utilized in the raw product and as a postcook dip to determine 
their inhibitory effect on the growth of LM in turkey deli loaves. The 
turkey deli loaves were processed, cooked, cooled, inoculated with 
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Streptomycin-resistant LM, dipped in organic acids treatments, and 
sampled on days 0, 7, 14, 21, 28, 42, and 56. Treatments were potassium 
lactate (PL) in the raw product with sodium lactate (SL) sodium diacetate 
(SD) dip, PL with SL/PL/SD dip, SL with SL/SD dip, and SL with SL/
PL/SD dip. Positive (inoculated) and negative (noninoculated) controls 
dipped in distilled water were also included. There was no difference 
(P > 0.05) among any of the organic acid treatments in the turkey deli 
loaves at any time points. Therefore, all the treatments increased the 
lag phase of LM and extended the shelf life of the product. However, 
the positive control levels were significantly higher than all the organic 
acids treatments on days 7, 14, 21, 28, 42, and 56 indicating the use 
organic acids decreased the growth and extended the lag phase of LM. 
Therefore, a multi-hurdle approach to using organic acids can provide 
processors with a successful method of extending the lag phase of LM 
in ready-to-eat poultry products.

Key Words: turkey, Listeria monocytogenes, deli loaves

    TP395    Will intake of eggs/egg products have benefits for hyper-
tension management?  J. Wu* and K. Majumder, University of Alberta, 
Edmonton, AB, Canada.

Egg proteins are excellent sources of bioactive peptides. Recent studies 
have shown that egg protein-derived angiotensin converting enzyme 
(ACE) inhibitory peptides could significantly reduce blood pressure 
in both hypertensive animals and human subjects. Hypertension is one 
of the major risk factors contributing to the development of coronary 
heart diseases and afflicts approximately 27.6% individuals in North 
America and 44.2% in Europe. However, it is not clear if the consump-
tion of regular table eggs (boiled eggs, fried eggs) and commercial egg 
products could have potential benefits for hypertension management. In 
the study, prepared egg products were digested in a simulated hydrolysis 
process using pepsin followed by pancreatic enzymes at the pH of the 
small intestine. The generation of potential ACE inhibitory activity was 
computed by in silico digestion of various egg proteins by gastrointes-
tinal enzymes; the activities of individual peptides were predicted by 
our recently reported ACE inhibitory peptide models. In silico gastro-
intestinal enzymatic proteolysis of major egg white proteins showed 
that lysozyme, ovalbumin, ovomucin, ovomucoid, and ovotransferrin 
generated 9, 15, 20, 2, and 19 peptides, respectively, with predicted IC50 
values less than 10 µM, of 2 peptides having IC50 values less than 1 
µM. Similarly, potentially active peptides from low density lipoprotein, 
high density lipoproteins, phosvitin, and livetin were determined. The 
existence of the predicted, potent peptides from the simulation would be 
further verified by using HPLC-MS. Our results showed that intake of 
egg products might contribute to the benefits of hypertension manage-
ment through the generation of bioactive peptide in the gut.

Key Words: egg, simulated digestion, bioactive peptides

    TP396    Evaluation of co-incubation of oxygen-dependent bio-
luminescent Vibrio fischeri in sealed plates to support growth of 
selected anaerobic bacterial isolates.  H. E. Jackson*, M. J. Morgan, 
and B. M. Hargis, University of Arkansas, Fayetteville.

While numerous laboratories worldwide desire the occasional ability to 
identify and quantify CFU of anaerobic bacteria, many lack sufficient 

demand or resources to maintain this capability through traditional 
anaerobic culture methodologies. Presently, we evaluated the ability of 
a high oxygen-demand aerobe to deplete oxygen levels sufficiently to 
allow co-incubated anaerobes to grow on sealed bi-plates. The marine 
endo-symbiotic bacterium Vibrio fischeri luminesces by production of 
the enzyme luciferase. Preliminary experiments indicated that suspen-
sions of V. fischeri in appropriate broth were capable of intense lumi-
nescence after oxygenation with air. However, within 30 seconds of 
cessation of oxygenation, bioluminescence was markedly diminished, 
which others have linked to oxygen consumption. Thus, we evaluated 
the potential for a heavy culture of V. fischeri, on one-half of a sealed 
standard Petri dish bi-plate, to sufficiently reduce oxygen levels to allow 
growth of selected anaerobes. The bi-plates were made one-half blood 
agar and the other half bioluminescent agar. V. fischeri was inoculated 
on the bioluminescent agar half of the plate and allowed to grow for 
24–36 hours at 23°C prior to inoculation with anaerobic species. Pre-
liminary experiments indicated that these plates retained viability and 
luminescence for at least 2 weeks, when held at 6°C. After inoculation 
of anaerobes, plates were sealed by application of vacuum grease around 
the lid’s inner rim. Typically, more than 20 hours incubation at 23°C 
were required for cessation of visible bioluminescence. Nevertheless, 
these plates were found to support the growth of various anaerobic spe-
cies, including Clostridium perfringens, C. septicum, C. bifermentans, 
Prevotella spp., and Lactobacillus spp. Due to the time required to 
generate an anaerobic environment, this technique may not be useful 
for the recovery of all strict anaerobes. Nevertheless, this method for 
creating an anaerobic environment to culture anaerobic organisms is 
economically attractive and useful for selected purposes.

Key Words: anaerobes, Vibrio fischeri, luminescence

    TP397    Prophylactic supplementation of caprylic acid in feed 
reduces Salmonella Enteritidis colonization in commercial broiler 
chicks.  K. J. Anup*1, A. B. Sangeetha1, S. C. Anu1, M. A. R. Amalar-
adjou1, M. J. Darre1, M. A. Khan1, T. A. Hoagland1, D. T. Schreiber1, 
A. M. Donoghue2, D. J. Donoghue3, and K. Venkitanarayanan1, 1Uni-
versity of Connecticut, Storrs, 2PPPSRU, ARS, USDA, Fayetteville, AR, 
3University of Arkansas, Fayetteville.

Salmonella Enteritidis (SE) is a major food-borne pathogen for which 
chickens serve as the reservoir host. Reducing the intestinal carriage of 
SE in chickens would decrease contamination of poultry meat and eggs 
with the pathogen. In this study, we investigated the prophylactic efficacy 
of feed supplemented with caprylic acid (CA), a natural, GRAS status, 
8-carbon fatty acid present in breast milk and coconut oil, for reducing 
SE colonization in chicks. One hundred commercial, day-old chicks were 
randomly divided into 5 groups of 20 birds each: CA control (no SE, 
CA), positive control (SE, no CA), negative control (no SE, no CA), 0.7 
or 1% CA. Water and feed were provided ad libitum and on day 7 birds 
were inoculated with 6 log CFU of SE by crop gavage. Six birds from 
each group were sacrificed on days 1, 7, and 10 after challenge and SE 
populations in the crop, cecum, small intestine, cloaca, liver and spleen 
were enumerated. The study was replicated twice. Supplementation of 
CA at 0.7 and 1% consistently decreased SE populations recovered from 
the treated birds in comparison to those from positive control chicks. 
SE counts in the cecum, small intestine, cloaca, liver, spleen and crop 
of CA-treated chicks were substantially lower (P < 0.05) than those of 
control birds on days 7 and 10 after challenge. Feed intake and body 
weight did not differ between the CA and control groups. The results 
suggest that prophylactic supplementation of CA in the feed can effec-
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tively reduce SE colonization in day-old chicks and may be a potential 
treatment for reducing pathogen carriage in poultry.

Key Words: caprylic acid, chicken, Salmonella Enteritidis

    TP398    Texture of frankfurters manufactured from chicken thigh 
and enriched with plant-based fat sources.  R. Currie*2, K. Doncaster1, 
and B. Rathgeber1, 1Agriculture & Agri-Food Canada, Kentville, NS, 
Canada, 2Nova Scotia Agricultural College, Truro, Canada.

Poultry products enriched with plant-based fat sources were formulated 
to contain a more favorable fatty acid profile to improve the market-
ability. Skin-on boneless chicken thighs were ground and made up the 
bulk of frankfurters for 4 treatment formulations. The control was a 
standard frankfurter. Other treatments included 0.7% olive oil, 0.7% 
flax oil, or 5% ground flax seed. Each treatment was chopped to 4°C, 
vacuum tumbled and stuffed into collagen casings. Frankfurters were 
placed in a computerized smokehouse with each treatment represented 
at each level of the product truck. Once product endpoint was reached 
the product was cooled to 4°C, vacuum packed, and stored at 4°C. Six 
frankfurters per treatment were selected at random once per week for 4 
weeks and sheared in duplicate with a Warner-Bratzler blade. The texture 
profile of these samples was also determined in triplicate. Statistical 
analysis was performed using proc mixed of SAS. The force required to 
shear the control sample was greater (P < 0.05) than all other treatments 
which were similar to each other. The work required to shear control and 
flax seed samples was greater than either of the formulations with oil 
added (P < 0.05). Springiness of the samples was not different between 
treatments. The hardness, gumminess and chewiness of the 4 treatments 
interacted with the week that sampling was performed (P < 0.05). The 
olive oil treatment was more cohesive than the flax oil treatment but 
not different from the other 2 treatments (P < 0.05). These results indi-
cate that texture of poultry meat products needs to be considered when 
formulating with plant-based fat sources.

Key Words: omega-3, texture profile, shear force

    TP399    Efficiency of manufacturer recommended microwave time 
on the recovery Of Listeria monocytogenes from inoculated ready-
to-eat chicken products.  A. Morey*, M. Singh, and S. R. McKee, 
Department of Poultry Science, Auburn University, Auburn, AL.

Postprocess contamination by Listeria monocytogenes is one of the main 
reasons for recalls of ready-to-eat (RTE) poultry products. Generally, 
consumers reconstitute RTE products by following the directions on 
the package. The information about the efficiency of the reconstitution 
methods to kill L. monocytogenes is lacking. Hence an experiment was 
conducted to determine the lethality of manufacturer recommended 
reheating methods on recovery of L. monocytogenes inoculated on 
RTE poultry products. 
Three chicken products including breaded and battered chicken patties, 
fully cooked chicken breast fillets (both frozen) and chicken frankfurters 
(refrigerated) were used. Samples were inoculated with streptomycin 
resistant (1,500 µg/mL) L. monocytogenes (Brie 1) at a level of 108 cfu. 

All samples were either frozen or refrigerated according to specifica-
tions. After 12 h, chicken patties were microwaved for 30, 45 and 60 
s; chicken breast fillets for 2, 4 and 6 min; chicken frankfurters for 1, 
2 and 3 min. Products were sampled in triplicate and 2 separate trials 
were conducted. Microwaving the chicken patties retained between 6.4 
and 6.8 log cfu/g L. monocytogenes in each cooking treatment of 30, 
45, and 60 s of microwaving time. Breast samples microwaved for 4 
and 6 min completely eliminated L. monocytogenes while microwaving 
for 2 min reduced the bacterial load by 2 log cfu/g. In conclusion, it 
can be observed that lethality of L. monocytogenes, when reconstitut-
ing products in the microwave depends on product type, surface and 
microwaving time. As observed in patties, recommended microwaving 
of 45 s is not effective in eliminating L. monocytogenes when contami-
nated at high levels.

Key Words: L. monocytogenes, ready-to-eat, microwave

    TP400    Fatty acids stability in enriched broiler meat during 
cooking.  T. I. Perez*2, M. Betti2, M. J. Zuidhof1, R. Renema2, and Y. 
Ren2, 1Agriculture Research Division, Alberta Agriculture and Food, 
Edmonton, AB, Canada, 2Department of Agricultural, Food and Nutri-
tional Science, University of Alberta, Edmonton, AB, Canada.

The health benefits of omega-3 (n-3) polyunsaturated fatty acids 
(PUFAs) make enrichment of broiler meat an excellent opportunity to 
add value to the poultry meat sector. Due to high linolenic acid (LNA) 
content, flaxseed is a good source for enhancing n-3 fatty acids in poultry 
meat. However, these unsaturated fatty acids may be more susceptible 
to oxidative damage during cooking. This study explored the oxidative 
stability of n-3-enriched chicken meat from 128 Ross 308 mixed-sex 
broilers fed an n-3 PUFA enriched base diet with 1 of 4 antioxidant 
profiles from 21 d of age: [Control (base diet only), Vitamin E (base 
(50IU/kg) + 200 IU/kg supplement), Selenium (base (0.5 mg selenium/
kg feed) + 0.3 mg/kg selenomethionine supplement using Sel-Plex), 
and Vitamin E + Selenium (base (0.5 mg selenium/kg of feed) + 200 
IU/kg vitamin E and 0.3 mg/kg Sel-Plex)]. After processing, all thigh 
meat from birds on each treatment was pooled and grounded. Fatty acid 
composition and thiobarbituric acid reactive substances (TBARS) were 
analyzed on raw or cooked samples (pan frying without oil, roasting, 
and boiling). Thigh fat content and n-3 long-chain PUFAs (EPA, DPA, 
DHA) and LNA content did not differ by dietary treatment or by cooking 
method. However, the cooking process consistently increased oxidation, 
with samples from the control diet particularly affected (P < 0.0001). 
The TBARS analysis indicated better stability with the incorporation of 
vitamin E in the meat (P < 0.0001), while dietary selenium provided no 
additional protection against cholesterol and fatty acid oxidation during 
cooking. Roasted meat had the highest amount of TBARS compared to 
the other cooking methods. Total n-3 PUFA enrichment is affected by 
cooking method and is not affected by antioxidants, while TBARS values 
are highly dependent on the antioxidant supplementation, with vitamin 
E providing superior results in cooked meat in the current study.

Key Words: n-3 PUFA, enriched broiler meat, antioxidants
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    TP401    Stability of omega-3 PUFAs in enriched eggs fortified 
with antioxidants following storage and cooking.  Y. Ren*1, J. Wu1, 
R. A. Renema1, M. Betti1, M. J. Zuidhof2, and T. I. Perez1, 1University 
of Alberta, Edmonton, AB, Canada, 2Alberta Agriculture and Food, 
Edmonton, AB, Canada.

The omega-3 polyunsaturated fatty acids (n-3 PUFA) in n-3-enriched 
eggs are susceptible to oxidative damage during storage and cooking, 
as well as to PUFA triggering breakdown of cholesterol into choles-
terol oxidative products (COPs). This study assessed the storage and 
cooking stability of n-3 PUFA enriched eggs fortified with vitamin 
E and/or selenomethionine. In this study, 120 laying hens (37 wk of 
age) were provided 1 of 4 n-3 PUFA diets (18.7% CP; 3,000 kcal/kg, 
1.5% LNA) enriched with 17% Linpro (extruded flax product) for 28 
d: Control (base diet only), vitamin E (base + 200 IU/kg supplement), 
selenium (base + 0.3 ppm selenium from Sel-Plex), and vitamin E + 
selenium (base + 200 IU/kg Vit E + 0.3 ppm selenium from Sel-Plex). 
After 4 wk, 238 eggs were collected divided into 2 groups (A and B). 
Yolks from Group A eggs (Fresh) were pooled and sampled fresh or 
cooked (boiling or frying). Group B eggs (Stored) were kept at 4 C for 
4 wk prior to pooling and cooking/sampling. Fatty acid profile, COPs 
content, and TBARS were measured in quadruplicate. Total yolk fat 
content was unaffected by feeding treatment or storage. Fried yolk had 
the highest fat content due to cooking loss of moisture. Omega-3 long 
chain PUFAs (EPA, DPA, DHA) and LNA content did not differ due to 
diet. However, following storage, LNA was stable but LC-PUFAs were 
reduced. Cooking did not affect LNA concentration, but LC-PUFAs 
were reduced with frying. As a result, the fried samples also had the 
highest yolk n-6:n-3 ratio, regardless of dietary treatment, a measure 
that was also significantly increased by storage in all feeding regimens. 
Both vitamin E and organic selenium stabilized the yolk, reducing the 
appearance of COPs. Frying triggered increased oxidation overall, with 
samples from the control diet particularly affected. Egg storage did not 
increase COP appearance. Cooking methods affect the breakdown of 
omega-PUFA and there are multiple dietary means to provide antioxidant 
protection to the n-3-enriched egg.

Key Words: n-3 eggs, cholesterol oxidative products, antioxidants

    TP402    Consumer acceptance of interior egg spots before and 
after introducing the idea that the spots may merely be shell pig-
ment.  N. P. Johnston*1, L. K. Jefferies1, O. A. Pike1, and B. Rodriguez2, 
1Brigham Young University, Provo, UT, 2University of San Andres, La 
Paz, Bolivia.

Brown-shelled eggs are becoming increasingly more popular in the 
market place as the vehicle for selling specialty eggs. Unfortunately, 
many contain dark pigmented spots that are viewed negatively by con-
sumers. Much literature suggests the spots are of blood origin while 
others contend that many are nothing more than shell pigment. The 
objectives of this study were twofold: (1) to see consumer acceptance 
of eggs with single spots based on size and (2) to see if the acceptance 
was improved if the panelist were advised that those spots were likely 
nothing more than shell pigment. To test these objectives, 52 panelists, 
all women (ages 18–65) who routinely purchased and consumed eggs, 
completed the evaluation. The panelists were asked to rate spots on the 
interior (yolk or white) of 5 dark-shaded brown eggs. The spots ranged 
in size from 1.03 to 4.21 mm in diameter. Only a single dark brown spot 
appeared in each egg interior. The panelist were asked to rate the eggs for 
(1) visual appearance, (2) use as is (3) remove the spot and use and (4) 

concern for spot content if not used. The panelists were then advised that 
the spots may be nothing more than eggshell pigment and ask to rate the 
eggs again. A 9-point Hedonic scale was used for visual appearance with 
smaller egg spots liked significantly better (<0.05) than those with larger 
spots (Hedonic range 6.02–3.96). Significantly more panelists would eat 
the egg with the smaller (81.8%) than the larger spot (54.6%). Asked 
if they would eat the egg as is, 71.1% would eat the egg with the small 
spot but none the egg with the largest spot unless the spot was removed 
(P < 0.05). For those who would not use the egg, 94 to 100% (smallest 
to largest spot size) were concerned about spot contents. There was a 
negative relationship between egg acceptance and spot size for every 
parameter. When panelists were advised that spots may be nothing more 
than shell pigment, acceptance for the egg was improved numerically 
for every criterion but seldom significantly (P < 0.05) so. The concern 
for spot content overall dropped most (94.7 to 80.0%).

Key Words: spots, brown eggs, pigment

    TP403    The national poultry waste management symposium as 
a forum for discussion on poultry waste management issues.  J. B. 
Hess*1, J. P. Blake1, and R. D. Reynnells2, 1Auburn University, Auburn, 
AL, 2USDA, CSREES, Washington, DC.

The National Poultry Waste Management Symposium (NPWMS) 
was developed to provide a forum for those involved with the poultry 
industry to discuss issues and solutions related to the handling of poultry 
by-products related to poultry production and processing. First held 
in 1988, the NPWMS provided a mixing pot for representatives from 
the industry (both company technical representatives and farmers), 
universities, state and federal agencies to meet and share strategies for 
handling poultry wastes at a time when regulatory oversight of poultry 
was escalating. This symposium has been held every 2 years, allowing 
for the exchange of program successes from all major poultry growing 
regions of the country. An average of 45 invited speakers per symposium 
has provided a framework for discussion amongst attendees. Through the 
years, more than 2000 have attended from most poultry growing regions 
of the United States and internationally. Although waste management 
programs have matured within most poultry sectors throughout the 20 
years that the NPWMS has been in existence, changes and updates in 
regulatory issues remain, and the need for a forum to bring together 
interested parties from all portions of the industry has not diminished 
substantially.

Key Words: poultry, waste management, poultry waste

    TP404    Avian crime scene investigation (CSI).  G. P. Birrenkott* 
and R. S. Bernard, Clemson University, Clemson, SC.

We are often called upon to present summer workshops for middle and 
high school students explaining what an animal scientist does. We use 
a series of hands-on experiences to inform and recruit students about 
majors in the animal sciences. To engage them in these activities, we 
have prepared a handbook and used the format of a crime scene inves-
tigation. The overall goals of the exercise are to highlight observational 
skills, math competencies, and knowledge of avian and animal physi-
ology and anatomy. We begin with the demise of Humpty Dumpty, a 
broken-out blood spot egg. From this we can teach egg candling and 
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grading techniques and the types of eggs that consumers purchase. 
The suspects are a range of barnyard animals. Depending on the age 
of the students, we may next do something as simple as identifying 
the culprit by their tracks, relative to those of other farm animals. For 
more advanced students we, conveniently, have blood samples from 
the suspects. A quick blood smear, stain and microscopic examination 
demonstrate that the culprit has nucleated RBC. This limits the choices 
to birds, reptiles and amphibians. This may be followed by a (high) blood 
glucose determination that seems to further limit our choice to birds. A 
packed cell volume (PCV) determination of the suspect’s blood gives 
us a clue as to the sex of the culprit. Fortunately, our suspect has also 
left some feathers at the scene of the crime. The feather morphology 
and color can confirm the sex and breed/variety of the avian culprit as 
also determined by the PCV. Depending on the workshop, the culprit 
may be the Little Red Hen, Henny Penny, or Foghorn Leghorn. The 
mystery is solved. Feedback from students and teachers has been very 
positive with several students enrolling in our undergraduate programs 
after participating in these summer workshops.

Key Words: recruitment, applied physiology, laboratory exercises

    TP405    Evaluation of the effectiveness of different levels of 
nanosilver on bursa of fabricius development and on its histo-
pathological lesions in broiler chicks.  M. A. Akrami Moghaddam*, 
A. N. D Jeddi, and F. Ahmadi, Azad University of Sanandaj, Sanandaj, 
Kordestan, Iran.

This study focused on evaluation of nanosilver histopathological effects 
on bursa of Fabricius of broiler chicks. Two hundred forthy chicks were 
randomly selected and divided into 4 treatments (0, 4, 8, 12 ppm). During 
this study, all of treatments had same status and facilities to grow (1–56 
days).at the end of trial, chicks which had average weight among other 
chicks, was selected and slaughtered. By necropsy, bursa of Fabricius 
was detached and then it was put into 10% formaldehyde for pathologi-
cal study. First, some 6-micron thick sections were obtained stained 
with hematoxylin and eosin methods. The result showed macroscopic 
edema in all of treatments. The first treatment was defined as a negative 
control in this research. In treatments 1, 2, and 3, there was no sign of 
hemorrhage or necrosis but low degrees of hyperemia, vacoulation, 
hyperplasia and fibrosis among the follicles were detected and these 
signs would significant and severe in each treatment, compared to pre-
vious treatments. For example, the signs were more clear in the third 
treatment in comparison with the first (negative control) and second 
treatments. Additionally, in the fourth treatment, petechia and necrosis 
were observed and the effects of hemorrhage among follicles were vis-
ible. This study showed that increasing the level of nanosilver gradually, 
led to reduce amount of B lymphocyte in lymphoid follicles.

Key Words: nanosilver, bursa fabricius, pathology

    TP406    Effects of feed borne Fusarium mycotoxins on intestinal 
morphology in broiler breeder pullets in the absence or presence 
of a mixed coccidial infection.  G. N. A. Girgis*, T. K. Smith, and J. 
R. Barta, University of Guelph, Guelph, ON, Canada.

The effects of feeding diets containing grains naturally contaminated 
with Fusarium mycotoxins on intestinal morphology were studied in 

broiler breeder pullets raised to 10 weeks of age in the absence or pres-
ence of coccidial challenge. Experimental diets included: (1) control 
grains (2) naturally contaminated grains (3) naturally contaminated 
grains + 0.2% polymeric glucomannan mycotoxin adsorbent (GMA). 
Contaminated diets contained up to 3.8 ppm deoxynivalenol (DON), 
0.3 ppm 15-acetyl DON and 0.2 ppm zearalenone. Birds were chal-
lenged using a standardized mixture of Eimeria acervulina, E. maxima, 
and E. tenella at 8 weeks of age. Intestinal tissues were collected from 
duodenum, jejunum and ileum prior to challenge, at the end of the 
challenge period (7 days postinoculation, PI) and at the end of the 
recovery period (14 days PI). Morphometric analyses were performed 
using a computer-aided light microscope imager and OpenLab® soft-
ware (Improvision Inc., Lexington, MA). Means were compared by 
Student′s t-test. Comparisons were considered significant at P ≤ 0.01. 
Villus height (VH) of the duodenum of birds fed the contaminated diets 
was significantly lower than that of the controls. VH of the jejunum and 
ileum in the same birds was significantly higher compared to controls, 
suggesting a compensatory mechanism. Fusarium mycotoxins retarded 
recovery from coccidial lesions in the intestine as evidenced by lower 
villus parameters comparing challenged birds to nonchallenged birds of 
the same age. It was concluded that diets contaminated with Fusarium 
mycotoxins below levels that negatively affect performance could affect 
small intestinal morphology in broiler breeder pullets as well as intestinal 
recovery from coccidial infection. Many of the histological alterations 
caused by Fusarium mycotoxins were reduced by GMA.

Key Words: Fusarium mycotoxins, intestine, pullets

    TP407    3-O-Acetyltransferase confers protection against T-2 
toxin in vitro.  S. L. Perrin, J. Lin, and J. M. Grizzle*, University of 
Tennessee, Knoxville.

Trichothecene mycotoxin, T-2 toxin, is one of the most toxic fungal 
contaminants of feed grains. The gene product of Tri101, 3-O-acetyl-
transferase is known to reduce the toxicity of t-type trichothecene 
mycotoxins through transfer of an acetyl group to the 3 carbon, and 
has been reported to protect bacteria challenged with T-2 toxin. It was 
hypothesized that the tri101 gene product may confer similar protective 
effects to eukaryotic cells. The objective of this study was to determine 
if purified 3-O-acetyltransferase would protect HD-11 chicken mac-
rophage cells challenged with T-2 toxin. HD-11 chicken macrophage 
cells were grown in RPMI 1640 media, 5% fetal calf serum, and 1% 
antibiotics at a density of 150,000 cells/1 cm2 well. Cells were allowed 
to adhere overnight before treatment with increasing doses T-2 toxin 
(0.1, 0.5, or 1 ppm), purified 3-O-acetyltransferase (1 or 2 nM), and 
acetyl CoA (5 or 10 µM; an acetyl source for the 3-O-acetyltransferase 
enzyme). Following 14–17 h incubations, cells were manually counted 
by trypan blue exclusion to determine percent live and dead cells in the 
population. Neither the purified 3-O-acetyltransferase nor acetyl CoA 
was found to be toxic to HD-11 cells at any level tested (P ≥ 0.05). Fifty 
percent of HD-11 cells were killed following incubation with 0.1 ppm, 
with only 40 percent surviving a 14–17 hour incubation with 1 ppm T-2 
toxin. Total protection of HD-11 cells (99% live) was found when cells 
were incubated with 0.1 ppm T-2 toxin, 5 µM acetyl CoA, and 1 nM 
3-O-acetyltransferase, as compared to 0.1 T-2 toxin alone (54% live; P 
≤ 0.05). At a higher level T-2 toxin, 0.5 ppm, 82.7% of cells survived 
challenge when co-incubated with 2 nM 3-O-acetyltransferase and 
10 µM acetyl CoA, as compared to those incubated with 0.5 ppm T-2 
toxin alone (45%; P ≤ 0.05). At 1 ppm T-2 toxin, protective effects were 
not observed, and only 52% of HD-11 cells survived challenge when 
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co-incubated with 1 nM 3-O-acetyltransferase and 5 µM acetyl CoA 
as compared to those treated with 1 ppm T-2 toxin alone (46.6%; P ≥ 
0.05). Results from this study show potential intervention technologies 
for mycotoxin poisoning in avians.

Key Words: T-2 toxin, 3-O-acetyltransferase, HD-11

    TP408    Case report: Necropsy findings during a phytase research 
trial in broilers.  V. Durairaj*1,2, T. O’. Conner-Dennie1, J. L. Emmert1, 
N. C. Rath2, and F. D. Clark1, 1University of Arkansas, Fayetteville, 
2PPPSRU/ARS/USDA, Fayetteville, AR.

A research trial was conducted to determine the efficacy of 2 commer-
cial phytase enzymes combined with different levels of calcium and 
phosphorus in the diet. All chicks in the trial were fed a common corn-
soybean meal starter diet with 24% crude protein. Eight experimental 
diets, 2 positive control diets and 2 negative controls were used. Birds 
were raised in floor pens up to 42 days.All dead birds were collected and 
necropsy was done to check for any negative effects from the phytase 
sources. The cause of death was determined based only on gross pathol-
ogy observed at necropsy. Mortality was seen in all groups irrespective 
of treatments with overall mortality for this trial at 7.16%. On necropsy, 
it was found that majority of birds died due to cardiomyopathy. Based 
on this trial, we conclude that these 2 phytase enzymes had no negative 
effects in causing mortality in broilers.

Key Words: phytase enzyme, broilers, necropsy

    TP409    Comparison of primary chicken embryo cells for propa-
gation of infectious laryngotracheitis virus (ILTV).  J. Y. Lee*, A. 
Wooming, and B-W. Kong, University of Arkansas, Fayetteville.

Avian infectious laryngotracheitis (ILT) virus (ILTV), gallid herpesvirus 
1, causes an acute respiratory disease mainly in chickens and may result 
in severe production losses caused by excessive mortality, decreased 
growth rates and decreased egg production. Although various ILT 
vaccines are currently available to control the disease, ILT outbreaks 
are still a threat to the poultry industry. To develop a new ILT vaccine 
based on tissue culture, alternative cellular substrates are being tested 
to produce high titer ILTV. Currently, primary chicken embryo kidney 
(CEK) cells are being used for ILTV propagation. Various primary 
chicken embryo tissue cells were isolated from lung, trachea, liver, heart, 
muscle, intestine, kidney, and bursal tissue, in addition to embryonic 
fibroblastic (CEF) cells. These primary cells along with the immortal 
DF-1 CEF cell line were compared to determine the best permissive host 
for the in vitro propagation of ILTV. Virus infection was determined by 
cytopathic effect (CPE) and virus titers were measured by plaque assay 
using the LMH chicken liver tumor cell line (which is widely used to 
titrate ILTV). Virus titers were detected only when ILTV was propagated 
in kidney, liver, and lung cells. ILTV titers produced from liver (5 × 104 
pfu/mL) and kidney (4 × 104 pfu/mL) cells were higher than ILTV titers 
propagated from embryonic lung cells (2 × 103 pfu/mL), while other 
cells derived from muscle, trachea, bursa, heart, and intestine did not 
propagate ILTV efficiently. Moreover, both primary CEF cells and the 
DF-1 CEF cell line produced high levels of CPE, but the ILTV titers 
from CEF cells were not detectable. Undetectable virus titer in DF-1 
CEF cells were verified by PCR and did not detect ILTV virion DNA 

in the culture media from infected cells. Chicken embryo kidney, liver, 
and lungs cells, which were positive for ILTV propagation, are currently 
being investigated for immortalization using stable transfection of vari-
ous molecular constructs that can regulate the cell cycle. 
This work is supported by US Poultry and Egg Association.

Key Words: infectious laryngotracheitis virus (ILTV), chicken embryo 
cells

    TP410    Open-field temporal pattern of ambulation in Japanese 
quail genetically selected for contrasting adrenocortical respon-
siveness to brief restraint.  J. M. Kembro1, D. G. Satterlee*2, J. B. 
Schmidt2, M. A. Perillo1, and R. H. Marin1, 1Universidad Nacional de 
Córdoba, ICTA and CONICET, Argentina, 2Louisiana State University 
Agricultural Center, Baton Rouge.

Japanese quail selected for a reduced (LS) rather than an exaggerated 
(HS) adrenocortical response to brief mechanical restraint have been 
shown to possess lower fearfulness (e.g., comparatively enhanced loco-
motor activity when placed in an open field) and a nonspecific reduc-
tion in stress responsiveness. Detrended fluctuation analysis provides 
information about the organization and complexity of temporal patterns 
of behavior. The present study evaluated the temporal pattern of ambula-
tion of LS and HS quail in an open-field that was a novel, and therefore 
frightening, environment. Time series of 4,200 data points were made 
for each bird registering the distance ambulated every 0.5 s during a 
35-min test period. Consistent with their known reduced fearfulness, the 
LS quail initiated ambulation significantly sooner (P < 0.02) and tended 
to ambulate more (P < 0.09) than did their HS counterparts. Detrended 
fluctuation analyses showed a monofractal series (a series with similar 
complexity at different temporal scales) in the birds that initiated their 
ambulatory activity in less than 600 s (72% of the birds). Among those 
birds, a lower (P < 0.03) autosimilarity coefficient was found in the 
LS quail than in their HS counterparts (0.76 ± 0.03 and 0.87 ± 0.03, 
respectively), suggesting a more complex (less regular) ambulatory 
pattern in the LS quail. However, when the patterns of ambulation were 
re-examined considering only the active period of the series, that is, after 
the birds had initiated their ambulation activity, monofractal patterns 
were observed in 97% of the birds and no differences between the lines 
were found. Collectively, the results suggest that during the active period 
of open-field testing, during which fear responses were likely less strong 
and other motivations were the driving forces of ambulation, LS and 
HS lines have similar ambulatory organization.

Key Words: detrended fluctuation analysis, fractal pattern, genetic 
selection

    TP411    Effects of alternatives of molting on bird well-being.  H. 
W. Cheng*1, D. Lay1, R. Marchant-Forde1, and E. D. Pajor2, 1USDA-
ARS, West Lafayette, IN, 2Purdue University, West Lafayette, IN.

Induced molting by feed withdrawal may cause stress in birds and affect 
their well-being. The objective of this study was to develop a welfare 
friendly alternative for molting by evaluating the effects of currently 
available molting alternatives on bird stress responses and well-being. 
One thousand, two hundred 60-wk-old hens were used in the study. 
The hens were housed in 2-bird cages, and randomly assigned into 1 
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of the 5 treatments: control (C); feed withdrawal (FW); low energy 
diet (LE), low salt (LS); and melengestrol acetate (MGA, at 4 mg/hen/
day). The lighting schedule was 8:16 h (light:dark). The birds were on 
the treatment for 26 days. For the FW treatment, feed was withdrawn 
from the birds for 9 days, followed by grower diet for 17 days, and 
then returned to layer ration; and for all other treatments, the relative 
diet were used up to 26 days. Physical and physiological changes were 
analyzed at various periods of time during the molting. Compared to 
the controls, body weight (BW) was significantly reduced in the birds 
from all treated groups except MGA (P > 0.05). BW loss in the FW-
treated birds started at 3 days posttreatment (P < 0.01), reached a peak 
at 9 days (P < 0.001), and then recovered after feeding with grower diet 
(P > 0.05); while the BW of LE- and LS-treated birds did not reach a 
significant loss until 9 days posttreatment (P < 0.01), and did not fully 
recover up to 26 days posttreatment in LE-treated birds (P = 0.07). The 
changes of blood glucose concentrations were paralleled to the changes 
of BW. The FW-treated birds had lower levels of glucose at both 3 and 9 
days posttreatment (P < 0.05, and 0.01, respectively), which was recov-
ered following feeding with grower diet; while LS-treated birds had a 
significantly lower glucose concentration at 9 days posttreatment (P < 
0.05), which did not recover during the period of molting (P < 0.05); 
and LE-treated birds had a tendency for a lower glucose concentration 
from 9 to 17 days during the molting (P = 0.052). These results suggest 
that MGA could be used as a welfare-friendly alternative for molting. 
The results also provide evidence that it is valuable to further examine 
if low energy diet fed birds are still hungry.

Key Words: molting, alternatives, chickens

    TP412    Effects of separation of resources on behaviour, physi-
cal condition and production of laying hens in furnished cages.  T. 
Tanaka*, T. Shimmura, T. Azuma, Y. Eguchi, and K. Uetake, Azabu 
University, Sagamihara, Japan.

In our previous studies, we demonstrated that dominant hens had 
priority in using the dust bath, resulted in increased competition for 
the resource. It seemed that the problem was that the resource was 
placed on one side of the cage (“localized”). Therefore, we designed a 
medium-sized furnished cage with a dust bath and nest box on both sides 
of the cage (“separated”, MFS). In this study, we evaluated the useful-
ness of separation of these resources synthetically by the many-sided 
measurements of the behaviour, physical condition and production. We 
used 180 White Leghorn layers. At the age of 17 weeks, the birds were 
randomly introduced into 1 of the 4 cage designs: conventional cages 
(CC, 5 hens/cage), small (SF, 5 hens/cage) and medium furnished cages 
(MFL, 10 hens/cage) with a “localized” dust bath and nest box on one 
side of the cage, and MFS (10 hens/cage). The total spaces of resources 
per bird were same for all cage designs. Behaviour, physical condition 
(body weight, feather condition, and claw length) and production (egg 
production, egg quality, and mortality) were measured in each cage. 
Moving was more frequent in MFS and MFC than in CC and SF (P < 
0.01). The proportion of hens performing aggressive pecking and severe 
feather pecking was higher in MFC than CC and SF (P < 0.05). These 
aggressive interactions occurred frequently in the dust bath area in MFC 
(P < 0.001); however, these tendencies were not found in MFS. The 
claw length at the rear was longer in CC than in the 3 furnished cages 
(P < 0.05). Egg production and egg mass were lower in MFC than in 
SF (P < 0.05), while the production in MFS was similar to those in CC 
and SF. MFS hens laid eggs on the cage floor more often than in MFC 
(P < 0.01). In conclusion, MFS remains advantages of furnished cages. 

Also, MFS have lower aggressive interactions and higher production 
compared with MFC. These results might indicate the usefulness of 
MFS, although some inconsistent results and points for improving MFS 
design were also found.

Key Words: dust bath, feather pecking, furnished cage

    TP413    Environmental enrichment and use of passionflower 
in diets of quails.  J. D. T. Silva*, F. H. Hada, R. H. Marques, R. A. 
Gravena, V. K. Silva, R. D. Malheiros, and V. M. B. Moraes, State 
University of São Paulo, Jaboticabal, São Paulo, Brazil.

This study evaluated the effect of passionflower in diet and environmen-
tal enrichment (EE) on quail performance and tonic immobility time 
(TIT). One hundered and ninty 2 quails were distributed in factorial 2 
(with and without EE) × 2 (with and without 500 mg Passiflora alata/
kg diet), with 6 replicates and 8 quails per cage. For the enrichment are 
used metal chains hanging in the center of the cages. The trial period 
was 6 cycles of 14 days each and evaluated the daily feed intake (DFI), 
production, feed conversion (feed intake/dozen and kg of eggs) and 
TIT. The quails that received passionflower obtained the best values for 
production, feed intake, and TIT. The quails reared in EE become calmer 
(lower TIT); however, the FI/kg of eggs was worse. It was concluded 
that the passionflower and enrichment cages were able to decrease the 
stress of quails during the laying period, and the use of passionflower 
improved the egg production.

Table 1. DFI, feed conversion, production, and TIT of quails reared 
or not reared in enrichment cages, receiving or not receiving pas-
sionflower

 Item DFI 
(g)

Production 
(%)

FI/kg 
eggs

TIT 
(s)

Passiflora alata (mg)     
 0 23.42 80.01b 2.75b 18.98b
 500 23.84 83.82a 2.66a 13.34a
 P-value 0.1226 0.0177 0.0013 0.0090
Enrichment cage     
 Without 23.67 82.60 2.67a 20.53b
 With 23.58 81.23 2.74b 11.79a
 P-value 0.7331 0.3609 0.0086 <0.0001
P. alata × enrichment     
 P-value 0.6097 0.2829 0.6027 0.3281
 CV (%) 2.75 4.40 2.24 89.54

a,bAverages with the same letter in the same column di not differ 
(Fisher’s test).

Key Words: behavior, Coturnix coturnix japonica, Passiflora alata

    TP414    Effect of the density of conspecifics on runway social 
reinstatement behavior of male Japanese quail genetically selected 
for contrasting adrenocortical responsiveness to stress.  D. A. 
Guzman1, D. G. Satterlee*2, J. B. Schmidt2, J. M. Kembro1, and R. H. 
Marin1, 1Universidad Nacional Córdoba, ICTA, CONICET, Argentina, 
2Louisiana State University Agricultural Center, Baton Rouge.

Runway tests are considered indicative of underlying sociality in birds 
and their ability to make social discriminations and establish interactions 
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among conspecifics placed in goal boxes at one or both ends of a runway. 
Herein, male social reinstatement behavior in juvenile Japanese quail 
selected for a reduced (LS, low stress) or exaggerated (HS, high stress) 
adrenocortical response to brief mechanical restraint was evaluated. 
During a 8 min test period, individual males were given the choice to 
reinstate with either 2 (low density, LD) or 8 (high density, HD) unfa-
miliar conspecifics placed in goal boxes at opposite ends of a double 
runway (DRW). Then, the same males were individually retested in a 
single goal box runway (SRW) wherein they were exposed, in separate 
tests, to either a goal box containing a LD or HD of unfamiliar males. 
Each of the SRW tests used a test ceiling of 6 min. In the DRW, a higher 
(P < 0.01) number of HS males started their ambulation toward the goal 
box containing a HD as opposed to LD of males. DRW tested HS males 
also spent more (P < 0.01) time in close proximity (within a 10 cm close 
zone; CZ) to the HD (218 s) rather than the LD (57 s) of conspecifics. 
In contrast, LS males did not differ in their initial direction of travel in 
the DRW and they spent similar amounts of times in the CZs of their 
stimulus LD (141 s) and HD (124 s) males. Similar to the DRW results, 
in the SRW, HS males spent more (P < 0.01) time in the CZ of HD rather 
than LD conspecifics while LS quail spent similar amounts of time in 
the CZs of LD and HD males. Considering that runways are novel (and 
therefore frightening) environments, the present findings suggest that 
HS quail may find better shelter (i.e., more comfort) in close proximity 
to a larger rather than smaller group of conspecifics while LS birds find 
groups of varying conspecific density equally attractive. The results 
suggest that LS quail possess favorable social adaptive qualities since 
they appear to be better suited to cope with situations were the density 
of conspecifics is variable.

Key Words: runway, sociality, genetic selection

    TP415    Effect of lighting programs during the growing phase 
on bone mineralization of two strains of egg type chickens at end 
of lay.  D. A. Wilson*1, P. Settar2, J. Arango2, N. P. O’Sullivan2, Y. Y. 
Li1, Z. Lin1, and P. Y. Hester1, 1Purdue University, West Lafayette, IN, 
2Hy-Line International, Dallas Center, IA.

Osteoporosis, a progressive decrease in the amount of mineralized 
structural bone, leads to skeletal fragility and susceptibility to bone 
fracture in egg laying strains of chickens. Our objective was to determine 
if lighting programs during the pullet growing phase affects skeletal 
integrity at end of lay due to light effects on age at onset of lay. Two 
strains of chickens, W98 and Hy-Line brown, were exposed to 1 of 3 
varying step-down lighting programs during growth (2 to 17 wk of 
age) referred to as slow, moderate, and rapid. Beginning at 18 wk of 
age, all pullets were photo-stimulated with the same step-up lighting 
regimen. At end of lay (66 wk of age), the left drum stick and wing 
were retrieved for determination of bone mineral density (BMD), bone 
mineral content (BMC), and bone size traits using dual-energy X-ray 
absorptiometry. Data were analyzed using an ANOVA for BW and bone 
width. An analysis of covariance with BW as the covariate was used for 
BMD, BMC, bone length, and bone area. Results indicate that lighting 
programs during the growing period had no affect on BMD, BMC, bone 
area, and bone width of 66 wk-old hens. Pullets exposed to the rapid 
lighting program had shorter bone length at 66 wk of age than those on 
the moderate or slow lighting programs (P = 0.001). Based on age of 
first egg laid, pullets of the rapid lighting program matured earlier than 
those on the other lighting programs, which most likely caused earlier 
growth plate closure leading to shorter bones. Hens exposed to a rapid 
lighting program as pullets weighed less (P < 0.0001) at 66 wk of age 

than those of the moderate or slow lighting programs. In conclusion, 
exposure to the slow step-down lighting programs during the growing 
phase delayed sexual maturity but did not result in subsequent improve-
ments in bone mineralization at 66 wk of age.

Key Words: pullet lighting programs, bone mineral density, osteopo-
rosis

    TP416    Use of artificial turf in colony cage nest boxes for Single 
Comb White Leghorn hens in mid-lay.  K. Doncaster*1, A. Schuur-
mans2, and B. Rathgeber1, 1Agriculture & Agri-Food Canada, Kentville, 
NS, Canada, 2Nova Scotia Agricultural College, Truro, Canada.

The nest box has been identified as a key component of furnished 
housing for commercial laying hens. A bare wire floor in the nest box 
is easy to maintain; however, it has been shown that providing nesting 
substrate increases use of the nest box. An experiment was performed 
with laying hens accustomed to nest boxes without substrate to determine 
the benefit inclusion of nesting material. A total 320 laying hens were 
housed in 8 colony cages equipped with perches, claw shorteners and 
nest boxes at 18 weeks of age with 40 birds per cage. At 36 weeks of 
age, the location of where eggs were collected was recorded to determine 
nest box use. At 37 weeks of age artificial turf was introduced in 4 of 
the 8 cages, 2 on each tier. Artificial turf was added to half of the cages 
and location of oviposition was monitored for week 37, 41 and 42. The 
incidence of cracked, toe-picked and soft-shelled eggs was recorded 
as well. Statistical analysis was performed using proc mixed of SAS. 
Prior to introduction of the artificial turf the use of the nest box was 
not different between treatment groups with approximately 40% of the 
eggs being laid there. The week after the turf was introduced the use 
of the nest box went up to 83% and ended up at 91% by the end of the 
study with the use remaining at 40% for the cages with no turf added 
to the boxes. The number of damaged shells was reduced in cages with 
turf installed inspite of eggs accumulating on the egg belt near the nest 
box. The majority of the cracked shells were from eggs laid outside 
the nest box. This study demonstrated the value of nesting substrate in 
furnished cages for both a reduction in damaged shells and providing 
a preferred location for laying eggs.

Key Words: furnished cage, artificial turf, egg quality

    TP417    Response surface regression analysis to locate optimal 
minimum age at sexual maturity based on body weights at weeks 
8 and 12 for indigenous chicken in Khorasan province of Iran.  H. 
Farhangfar*, M. E. Navidzadeh, and S. M. Hosseini, Birjand University, 
Birjand, Iran.

A statistical analysis using response surface regression was carried out 
to identify optimal minimum age at sexual maturity (ASM) based on 
body weight at weeks 8 (W8) and 12 (W12) for indigenous chickens 
in Khorasan province of Iran. The data used in this study consisted of 
1,617 body weight and ASM records collected from 1,617 indigenous 
chicken belonging to the same generation and sex (female) during 
the year 2006. The mean of W8, W12, and ASM were 513 g, 865 g, 
and 162 days, respectively. The ASM ranged from 138 to 209 days. 
A response surface regression in which ASM was dependent, and W8 
and W12 were independent variables was fitted to the data set. In the 
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model, linear, quadratic terms of the independent variables as well as 
interaction between W8 and W12 were included. The model was fitted 
using RSREG procedure of SAS program. The results obtained in the 
present research indicated that except the intercept term fitted in the 
model, all the independent variables (linear, quadratic, and interaction 
terms) had no statistical significant (P > 0.05) effects on ASM variation. 
This suggested that other possible environmental factors could affect age 
of sexual maturity in the indigenous chickens. However, the predicted 
value of the optimal minimum ASM was found to be approximately 
161 days (close to the simple average of ASM in the data set) as body 
weight at W8 and W12 were 504 g and 997 g, respectively.

Key Words: age at sexual maturity, weight, indigenous chicken

    TP418    Bayesian estimation of posterior means of heritability for 
weight at week 8 in Iranian indigenous chickens.  H. Farhangfar*1, R. 
Lotfi2, M. E. Navidzadeh1, R. A. Mirzaei3, and A. Shoorideh3, 1Birjand 
University, Birjand, Iran, 2Tarbiat Modares University, Tehran, Iran, 
3Centre of indegenous chicken breeding, Mashhad, Iran.

A total of 6,440 body weight records at week 8 in Iranian indigenous 
chickens were used to obtain Bayesian estimation of posterior means 
of heritability. All records were collected in the Centre of Indigenous 
Chicken Breeding in Mashhad, Khorasan. The average body weight at 
week 8 was 571.46 g. An animal linear model was applied for genetic 
analysis. In the model, the fixed environmental effects of sex and hatch 
(4 hatches) were included. Furthermore, the body weight of chicks at 
day of hatch (average 35.03 g) was fitted in the model as a covariate. 
Random additive genetic effect of chicks was also included in the 
model. The number of sires and dams were 81 and 747, respectively. 
A Bayesian estimation approach was used to obtain posterior means of 
additive genetic effect as well as environmental variance components 
for body weight at week 8. The variance components were estimated 
using MTGSAM software through carrying out 100,000 Gibbs sampling 
in which the first 5,000 rounds were assumed as burning in period. The 
convergence criterion was set to be 0.0001. Estimated additive genetic 
and environmental variance components were 2,330.91 g2 and 3,564.75 
g2, respectively. Posterior means of heritability of weight at week 8 
was found to be approximately 0.4 which is in the range of heritability 
obtained by previous studies. Relative high estimate of heritability found 
in this study indicates that there is a great genetic potential in the Iranian 
indigenous chickens to be improved for body weight.

Key Words: Iranian indigenous chickens, Bayesian estimation, heri-
tability

    TP419    Sequence characterization of K-gene link region of 
Nagoya breed.  N. Kansaku*1, M. Kobayashi1, A. Nakamura2, and K. 
Noda2, 1Azabu University, Sagamihara, Japan, 2Aichi-ken Agricultural 
Research Center, Aichi, Japan.

The avian endogenous virus gene (ev21) and dominant sex-linked gene 
(K) are closely associated on the Z chromosome of late-feathering (LF) 
chickens. The LF phenotype is widely used for sex identification when 
chicks hatch. To identify the sex of chicks, early-feathering (EF, k+/k+) 
males are mated with LF females (K/W). To produce the K/W, K/K males 
are necessary. However, both K/K and K/k show LF. Thus, progeny 
testing or DNA analysis are required. In White Leghorn, identification 
of genotype was conducted using PCR-RFLP of the K-gene linked 

region. However, our preliminary study showed that the PCR-RFLP 
technique was not applicable to the Nagoya breed. Accordingly, this 
study was conducted to identify differences between White Leghorn and 
Nagoya breed in the K-gene linked region. Based on the phenotype of 
feathering and results of back cross, genotype of the hen and rooster of 
Nagoya breed was preliminary determined. Genomic DNAs extracted 
from red blood cells of Nagoya breed were used for amplification of the 
K-gene linked region. After amplification, PCR products were purified 
and sequenced on both strands using an Applied Biosystem Model 310 
sequencer. A total of 1,456 bp of K-gene linked region was sequenced. 
Comparison between K and k+ in Nagoya, indicated that differences 
were detected at 10 positions. Transition was detected at position 307, 
474, 738, and 1,072. Transversion was detected at position 514, 557, 694 
and 794. Deletion or insertion was detected at positions 754–757 and 
1,063–1,070. At position 1,072–1,075, k+ of White Leghorn and K and 
k+ of Nagoya had “GGCC” whereas K of White Leghorn had “AGCC”. 
This transition at 1,072 clearly explains the reason that the PCR-RFLP 
technique used for White Leghorn was not applicable to Nagoya breeds. 
Interestingly, K of both White Leghorn and Nagoya contain a Mbo I site 
at position 291-295, whereas, k+ of both White Leghorn and Nagoya 
did not contain this Mbo I site. Thus, these results indicate that the 
original RFLP method developed in the White Leghorn cannot be used 
in Nagoyas but the Mbo I RFLP can be used in both White Leghorn and 
Nagoya breeds to differentiate the K and k+ alleles.

Key Words: sex, RFLP, feathering

    TP420    Variability in embryonic and postembryonic growth in 
Japanese quail: Effect of egg weight.  B. K. Biswas* and K. L. Arora, 
Fort Valley State University, GA.

Two experiments were conducted: Experiment I: Includes 3 groups of 
eggs differing in weights: Large (L) eggs weighing 10.28 ± 0.18 g (n = 
11), Medium (M) eggs weighing 9.38 ± 0.37 g (n = 11) and Small (S) 
eggs weighing 7.83 ± 0.37 g (n = 12). The eggs originated from the same 
breeding colony housed at 75°F with 16L:6D photoperiod. The eggs 
were collected between 3:00 and 5:00 PM and were held in the cooler 
at 45°F overnight prior to incubating at 99–100°F and 75–78% relative 
humidity. After 12 days of incubation, the eggs were opened and the 
embryos separated, excess moisture removed and weighed to the nearest 
0.1 g. The same embryos were then dried to a constant weight at 110°F. 
Mean wet weight of embryos were 3.30 ± 0.44 g, 3.47 ± 0.11 g, and 
2.94 ± 0.40 g and dry weights 0.70 ± 0.20 g, 0.77 ± 0.08 g and 0.55 ± 
0.12 g in L, M, and S eggs, respectively. The embryos from the M eggs 
were comparatively heavier and more uniform than L and S eggs. The S 
eggs consistently had smaller embryos (P < 0.05). Experiment II: Two 
groups of eggs with widely divergent egg weights were used. Group I: 
Large eggs ranging 9.5 to 11.6 g (n = 20) and Group II: Smaller eggs 
ranging 7.6 to 8.0 g (n = 20) were hatched. Chicks were weighed to 
the nearest 0.1 g, numbered, and transferred to the brooder. The chicks 
were then weighed at 3-day intervals up to 30 days of age. Mean and SD 
values were used for comparing growth. Chicks from larger eggs were 
heavier by 4 to 6 g than the chicks from the smaller eggs throughout 
the treatment. Both experiments indicated that egg weight definitely 
affected the embryonic and postembryonic chick weights. Since Japa-
nese quail is routinely being used in a variety of research projects and 
is also considered to be a pilot bird for poultry, the researchers must not 
ignore the role of egg weight. For minimizing experimental variability, 
the eggs of medium weight should be utilized.

Key Words: Japanese quail, egg weight, embryonic weight
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