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1 Blepharitis and conjunctivitis associated with

Staphylococcus aureus and Escherichia coli in turkey breeder
hens. T. A. Abdul-Aziz*, British United Turkeys of America.

Marked thickening and hardening of the eyelids and periorbital tissues
occured in several birds in a flock of in-lay turkey breeder hens. One
or both eyes was affected, and usually both the upper and lower eyelids
were involved. In many cases, the affected upper and lower eyelids were
almost completely adhered and birds could not see. There was also exten-
sive scabbing over the skin of the affected eyelids and, in some birds, there
was a whitish discahrge from the eyes. The conjunctivae were congested
and, in some cases, covered with exudate. The corneal surface of the
eyes appeared intact snd normal in appearance. Histologically, there was
severe necrosis of the epithelium of the eyelid and conjunctiva, with acc-
cummulation of fibrinonecrotic exudates that contained nemerous clumps
of bacteria. The thickening and hardening of the eyelids was caused by
extensive formation of fibrous granulation tissue and fibrous scars in the
dermis. Other common lesions in the dermis were follicular perivascular
infiltration of lymphocytes, dilation and congestion of blood vessels, and
presence protenaceous material. In most cases, staphylococcus aureus
alone or with Escherichia coli was obtained from the conjunctival sur-
face or from the eyelid lesion. Five siolates of S. aureus were found to
be sensitive to neomycin but resistant to penicillin, erythromycin, and
tetracycline.

Key Words: Blepharitis, Turkeys, Staphylococcus

2 Late embryo loss during incubation of broiler
hatching eggs is associated with incidences of anomalies and
embryo heads oriented toward the small end. R. W. Keirs*,
E. D. Peebles, S. K. Whitmarsh, and P. D. Gerard, Mississippi State
University.

The incidence of gross anomalies (ANOM) among broiler hatching eggs
has increased 176 % since 1998, which is the subject of a recently sub-

mitted report. However, no research data establishes the relationship of
late incubational embryo loss (16 through 21 days; LEL) to incidences
of ANOM and embryo heads orientated toward the small end (SE UP)
of broiler hatching eggs. The following data are from the Hatching Effi-
ciency Analysis System (HEAS) records of hatch residue from the same
eight flocks that were hatched on the same day, in different machines of
the same hatchery. This represented a total of 16 HEAS records. An
eight flock HEAS record composite of eggs with lower incidence of LEL
(3.31 %) had lower associated incidences of ANOM (2.03 %) and SE UP
(0.33 %) when compared to the same eight flock composite record of eggs
having higher associated incidences of LEL (5.21 %), ANOM (3.43 %),
and SE UP (0.71 %). A tray level effect was noted in both low (ranged
from 2.65 to 4.35 %) and high (ranged from 3.60 to 6.25 %) LEL groups,
with the effect being more marked in the high LEL group. Another ex-
ample of this association is depicted by differences between vertical rows
that contained eggs from the same flock, and that were hatched on the
same day and in the same machine with a turning problem. The LEL
in each row was considerably high but were different from one another.
The LEL for each of the separate vertical rows was 11.76 and 14.73 %.
The respective ANOM for these rows were 4.02 and 5.21 %, and the re-
spective SE UP for each of these rows were 1.93 and 2.68 %. A tray level
difference in LEL of over 7 % (9.52 vs. 17.26 %) existed in the vertical
row exhibiting the higher average LEL (14.73 %). The above examples
strongly suggest that increased LEL is associated with increased inci-
dences in ANOM and SE UP. The observed tray level effects also suggest
an influence of incubational environment on LEL with associated ANOM
and SE UP.

Key Words: Anomalies, Embryo, Small Ends Pp
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3 Immunization of chickens with transgenic Ara-
bidopsis expressed VP2 protein of infectious bursal dis-
ease virus. H. Wu*a, N. K. Singhb, R. Locyb, K. S. Gunnc, and
J. J. Giambronea, aDepartment of Poultry Science, Auburn Univer-
sity, AL, bDepartment of Biological Sciences, Auburn University, AL,
cDepartment of Biological Sciences, Alabama State University, AL.

Recombinant gene technology has revolutionized vaccine production.
Transgenic plants represent a safe, effective, and inexpensive way to
produce an immunologically active subunit vaccine. Immunogenicity of
VP2 protein of infectious bursal disease virus (IBDV) variant E strain
expressed in transgenic Arabidopsis was compared with a commercial
vaccine in specific-pathogen-free (SPF) chickens. The VP2 gene was iso-
lated and stably integrated into Arabidopsis seedlings by Agrobacterium
tumefaciens transformation. Soluble expressed VP2 protein from the
transgenic plant was used to immunize chickens. Chickens receiving oral
immunization with plant derived VP2 at 1 and 3 weeks of age demon-
strated a measurable antibody response using ELISA and 50% protection
against challenge infection. In addition, chickens given transgenic VP2
by subcutaneous route at 1 and 3 weeks of age had better protection
(90%) than chickens that received commercial vaccine at 1 and 3 weeks
(78%). Results support the feasibility of using a vaccine produced in
transgenic plants against IBD.

Key Words: IBDV, Edible Vaccine, Oral Immunization

4 Novel Lactobacillus culture demonstrates
bacteriocin-like activity in vitro against multiple food borne
pathogens and in vivo efficacy against Salmonella enteri-
tidis. G. M. Nava*a, G. Telleza, J. L. Vicentea, L. R. Bielkea, P.
J. Blorea, A. M. Donoghueb, D. J. Donoghuea, and B. M. Hargisa,
aDepartment of Poultry Science, University of Arkansas, Fayetteville,
bPPPSRU/ARS/USDA, Fayetteville, Arkansas.

Mechanisms by which probiotic supplements affect the microecology of
the intestinal tract are not well understood. Some effective probiotic
bacteria produce bacteriocins, antimicrobial compounds which inhibit
pathogenic bacteria. In the present investigation, several in vitro and
in vivo studies were performed to demonstrate the antagonistic effect
of a novel Lactobacilli probiotic culture (PHL-1) with wide in vitro an-
tibacterial spectrum by bacteriocin-like activity. The two Lactobacilli
present on the PHL-1 culture were isolated from different intestinal sec-
tions of healthy poults, and were identified as Lactobacillus casei and
Lactobacillus cellobiosus by the MIDI Sherlock Microbial Identification
System. Pure cultures of Lactobacillus casei and Lactobacillus cellobio-
sus were grown on MRS agar and were evaluated by agar plate diffusion
for bacteriocin-like activity against pathogenic field strains of Salmonella
enteritidis PT-13a (SE), Escherichia coli O2, Campylobacter jejuni,
and Campylobacter coli. The two LAB present in PHL-1 culture showed
clear inhibition zones against these intestinal pathogens in the agar dif-
fusion technique. Independent in vivo experiments demonstrated signifi-
cant reduction (83% at 7 days of age and 25% at 14 days of age compared
to control) on SE cecal colonization in broiler chickens after prophylactic
administration of PHL-1 at 1-3 days of age (P < 0.05). These studies
demonstrate that the Lactobaciilus bacteria produce bacteriocin-like ac-
tivity against several food borne pathogens in vitro and efficacy against
SE in vivo.

Key Words: Probiotic, Salmonella, Bacteriocin

5 Live performance and lesion scores following a
mixed Eimeria challenge in three commercial breeds of
broilers. B. M. Woolsey*a, C. L. Wazlaka, B. C. Morrisa, H. D.
Danforthb, D. J. Caldwellc, D. A. Emmersond, and A. P. McElroya,
aVirginia Tech, bUSDA/ARS/LPSI/PBEL, Beltsville, MD , cTexas
A&M University, dAviagen North America.

Performance characteristics and immunologic responsiveness of chickens
are directly altered with genetic selection. The relationship of these two

traits is a balance between immune response and improved performance
characteristics. Therefore, defining these responses in current industry
breeds is advantageous and could influence selection strategies. Coccid-
iosis is a prevalent disease in broilers resulting in decreased body weight
gain and increased feed conversion. Differences in the host response to
a mixed Eimeria challenge between three commercial breeds of broilers
were evaluated. Broilers were divided into control (non-challenged) and
Eimeria acervulina (EA), Eimeria maxima (EM), and Eimeria tenella
(ET) challenged (1 day of age) groups. Body weight gain (d 1,6,14 and 28
post-challenge (PC)), feed conversion (d 0 to 6, 0 to 14 and 0 to 28PC),
lesion scores (d 3, 6, 9 and 28PC), spleen weights (d 3,6 and 9PC) and
oocyst shedding (d 5 to 9) were determined. Significant differences were
observed in body weight gain for all sampling times for Breed C as com-
pared to Breed B. Challenge groups weighed less than control groups at
all collection times. Significant differences in lesion scores were observed
with EA, EM, and ET on d 6PC. Breed C had more EA lesions than
Breed A, and Breed C was not significantly different from either of the
other breeds. Similarly, Breed C had higher ET lesion scores than Breed
A or Breed B, while in contrast Breed B had higher EM lesions than
Breed A or Breed C. On d 9PC Breed C had elevated EM lesions com-
pared to Breed A or Breed B, with no differences between breeds for EA
or ET. Breed C had increased spleen weights compared to Breed A at d
6PC. These data provide evidence that differences exist in the response
of different breeds of commercial broilers to Eimeria infection and could
contribute to differences in pathogenicity and live performance.

Key Words: Eimeria, Body Weight, Immune Response

6 Intestinal mucosal mast cell and morphological re-
sponse to a mixed eimeria challenge in commercial broilers.
C. L. Wazlak*a, B. M. Woolseya, B. C. Morrisa, H. D. Danforthb,
D. J. Caldwellc, D. A. Emmersond, and A. P. McElroya, aVirginia
Tech, bUSDA/ARS/LPSI/PBEL, Beltsville, MD, cTexas A&M Univer-
sity, dAviagen North America.

The host-pathogen interaction and intestinal immune response of dif-
ferent commercial breeds of chickens should be further investigated to
understand both immunity to and pathophysiology of Eimeria infec-
tion for improvements in genetic selection of commercial broilers. This
study compared the intestinal immune response to a mixed Eimeria
challenge in three commercial breeds of broiler chickens. Day of age
chicks of each breed were divided into control and challenge groups
(n=200/treatment/breed). On day 3 of age, chicks in challenge groups
were administered a mixed challenge of Eimeria acervulina (EA), Eime-
ria maxima (EM), and Eimeria tenella (ET). Duodenal, midgut, and
cecal tissue samples were taken 3, 6, and 9 days post-challenge (PC) to
evaluate morphometric alterations and mucosal mast cell responses. On
day 3 PC, in the duodenum, Breed C had significantly more mast cells
and longer villus height (VH) and crypt depth (CD) than Breeds A or
B, while in the ceca, mast cells numbers were higher in Breeds B and C
as compared to Breed A. In the mid-gut, CD was increased and villus
to crypt ratio (V:C) lower in Breed C. On day 6 PC, there were no dif-
ferences in mast cell numbers between breeds, but challenged birds had
decreased mast cell numbers in the ceca as compared to controls. VH
and CD were increased in Breed C duodenal tissues, while Breed A had
lower mid-gut VH, and Breed B had decreased CD and increased V:C
ratio. On day 9, duodenal CD was increased and V:C ratio decreased in
challenged birds as compared to controls, however, there were no differ-
ences between breed. Breed C had increased mid-gut VH compared to
Breed B, with Breed A as an intermediate. These data are indicative of
differential host responses, including differences in mast cell responsive-
ness and intestinal morphologic alteration, of three commercial breeds of
broilers administered a mixed Eimeria challenge.

Key Words: Eimeria, Immunity, Mast Cell

Poult. Sci. 83 (Suppl. 1)



SPSS ABSTRACTS 1763

Monday, January 26, 2004
Physiology

Room:B310 10:15-12:00
7 Assessment of respiratory chain complex activities

and protein banding pattern in duodenal mitochondria in
broiler breeder males with low and high feed efficiency. C.
Ojano-Dirain*a, M. Iqbala, N. Pumforda, N. Tinsleya, K. Lassitera,
T. Wingb, M. Cooperb, and W. Bottjea, aDepartment of Poultry Sci-
ence, Center of Excellence for Poultry Science, University of Arkansas,
Fayetteville, bCobb-Vantress Inc., Siloam Springs, AR.

Since the small intestine is the major site of nutrient absorption and we
have previously observed increased reactive oxygen species (ROS) pro-
duction in intestinal mitochondria obtained from broiler breeder males
with low feed efficiency (FE, gain to feed), experiments were conducted
to evaluate the activity of the respiratory chain complexes (Complex I,
II, III, IV and V [ATP synthase]) and protein banding pattern in broiler
breeder males with low FE. Duodenal mitochondria were isolated from
broilers with low (0.52 ± 0.01, n = 8) and high (0.68 ± 0.01, n = 8) 7- to
8-week feed efficiency. Activities of respiratory chain complexes (Com-
plex I to V) were measured by UV spectrophotometry. Mitochondrial
protein carbonyl content, an index of protein oxidation, was assessed
with immunochemical assay. The protein bands were separated in 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).
Gels were stained with Coomassie Blue and band intensities were scanned
and quantified with an Agfa (Arcus II) scanner and Scion software, re-
spectively. The bands were compared to known molecular weight mark-
ers. The activity of Complex I, II, III and V (ATPase), but not Cx IV,
was significantly higher in the high FE compared with the low FE duo-
denum mitochondria. Carbonyl modified protein intensity was higher in
the low FE birds. There were no differences however, in protein band
patterns between the low and high FE duodenum mitochondria. The
general reduction in respiratory chain complex activity (with the excep-
tion of Complex IV) concomitant with higher levels of protein carbonyls
in low FE duodenal mitochondria suggests that protein oxidation could
be contributing to the lower respiratory chain complex activity and func-
tion observed in low FE mitochondria. These findings also contribute to
understanding the cellular basis for the phenotypic expression of feed ef-
ficiency in broilers. Supported in part by USDA-NRI #2001-03443 to W.
Bottje

Key Words: Broilers, Feed Efficiency, Oxidative Stress

8 The effect of selenium on heat shock protein 70
expression in turkey embryos. R. E. Rivera*, V. L. Christensen,
and F. W. Edens, North Carolina State University, College of Agriculture
& Life Sciences, Department of Poultry Science, Raleigh.

The optimum incubation environment to obtain the best poult quality
has always been an important issue in the turkey industry. Heat shock
protein 70 (hsp70) has been associated with the acquisition of thermal
tolerance and tolerance to other stressors. Hsp70 functions as a molecu-
lar chaperone, assisting in protein refolding after stress-induced denatu-
ration. Selenium is an essential trace mineral and must be incorporated
into the enzyme glutathione peroxidase (GSH-px). GSH-px functions
in the GSH/GSH-px antioxidant system that protects cells from damage
due to oxidative stress. This study was conducted to examine a potential
relationship between dietary supplementation of selenium to turkey hens
and the expression of hsp70 in turkey embryos. A total of 52 Nicholas
turkey breeder hens were fed either a breeder diet with no supplemen-
tal selenium or one supplemented with 0.3 ppm organic selenium in yeast
(Sel-Plex

r

, Alltech Inc., Nicholasville, KY). The hens were fed the exper-
imental diets for a minimum of two weeks before the eggs were collected.
The eggs were incubated at 37.5 C for 21 d, and the embryos then were
heat stressed at 40 C for 2 hr. Liver samples were collected immediately
after the termination of the heating episode. The liver samples were
analyzed for hsp70 using an immunoblotting procedure. Selenium activ-
ity was analyzed by determination of GSH-px activity. There were no
significant differences (P>0.05) between treatment effects on hsp70 ex-
pression and GSH-px activity in embryonic liver samples. A relationship
between selenium supplementation to the dam and hsp70 expression in
heat-stressed turkey embryos is equivocal at this time.

Key Words: Turkey Embryos, hsp70, Selenium

9 Enhancement of the humoral response in chickens
via oral administration of CpG-ODNs. K. A. Ameiss*a, J. El-
Attrachea, N. Brewera, A. P. McElroyb, and D. J. Caldwella, aTexas
A&M University, bVirginia Tech.

Synthetic oligodeoxynucleotides containing CpG motifs (CpG-ODN)
have been demonstrated to be effective oral mucosal adjuvants in mice.
Studies on the effectiveness in chickens are currently very limited. The
goal of this study was to determine whether orally administered CpG-
ODNs could adjuvant the immune response to BSA in a commercial line
of SCWL chickens. In the first experiment birds were immunized per-
orally with water, 0.5 ml of a 1.4 mg/ml solution of BSA alone, with 75
µg of a CpG-ODN, or with 75 µg of non-CpG-ODN. On days 2, 5, 12,
19, and 33 post immunization (PI) five birds from each group were ran-
domly selected and serum and intestinal samples taken. In experiment
two, birds were immunized perorally with the BSA solution containing
0, 5, 50 or 100 µg of the same CpG-ODN. Serum samples were taken
from each bird on day 0, 2, 5, 12, 19, 26 and 33 PI. All vaccinations were
followed by ad libitum access to the 1.4 mg/ml BSA solution on days 0 5
and 26 PI. Serum and intestinal antibodies were measured using indirect
ELISA. Mean absorbance values revealed that birds given a single 75 µg
dose of CpG-ODN had significantly higher (P<0.001) levels of IgG (Abs
= .87) in the serum by nineteen days PI as compared to both the nega-
tive and BSA only controls (Abs = 0 and .63 respectively). Additionally,
both serum IgM and IgA titers differed (P<.05) by day 19 PI when given
75 µg (Abs = .32 and .35 respectively) as compared to the BSA control
(Abs = 0.16 and 0.12). Similar differences were found when assaying
IgM and IgA, but not IgG, intestinal specific antibodies. In the second
experiment a dose related response was observed for all three isotypes.
These findings indicate that a single oral CpG-ODN administration of 50
to 75 µg can accelerate the production of antigen specific antibodies of
all three isotypes in commercial chickens.

Key Words: Chicken, Immunization, CpG-ODN

10 Aged laying hens as a model for ovarian carci-
noma. W. D. Berry*a, M. N. Barnesb, and E. E. Partridgeb, aAuburn
University, bUniversity of Alabama at Birmingham.

Studies of spontaneous ovarian carcinoma have been hampered by the
lack of an experimental model. Reports of spontaneously occurring ovar-
ian carcinoma is aging laying hens suggests that the laying hen may con-
stitute an appropriate model for studies on ovarian cancer and potential
preventive or therapeutic treatments. The objectives of this study was
to determine the feasibility of using the laying hen as a model for spon-
taneous ovarian carcinoma and to determine the efficacy of a potential
chemotherapeutic agent. Four hundred SCWL hens, 3 years of age, were
placed into individual laying cages for the 2 year study. Two hundred
of the hens were received three injections of 100mg medroxyprogesterone
acetate (Depo- Provera) to induce temporary reproductive quiescence.
The remaining hens received sham injections of vehicle (Control). Both
groups were subjected to two induced molts. The first molt occurred
prior to beginning treatments, the second molt was induced 12 months
later. Egg production was recorded for the duration of the experiment.
All hens were killed and necropsied at the end of the experiment. Tissues
were sampled and histologically analyzed. Ovarian carcinoma was diag-
nosed in 42% of the Control hens and 35% of the Depo-Provera hens.
These results document the feasibility of using the aged laying hen as
a model for spontaneous ovarian carcinoma and are consistent with the
theory that a reduction in the number of ovulations will reduce the in-
cidence of ovarian carcinoma. Support for this study was provided the
National Cancer Institute SPORE CA83491-02 and the UAB Estes fund
for Gynecologic Cancer Research.

Key Words: Hen, Ovarian Carcinoma, Medroxy Progesterone

11 Adrenocorticotropin-induced morphological
changes in laying hens. J. Odhiambo* and J. P. Thaxton, Missis-
sippi State University.

Adrenocorticotropin (ACTH) activates synthesis and release of corticos-
terone (CS) to cause a series of adaptive responses known as stress. In
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three experiments, laying hens received ACTH (8IU/kg BW/d) contin-
uously for 7d via osmotic pumps and controls were infused with saline.
Changes in BW and weights of the dry carcass (front and rear halves),
head + feet + skin-feathers, liver, heart, spleen, abdominal fat pad
and the gastrointestinal tract (proventriculus, gizzard and combined in-
testines) were evaluated in ACTH and CON hens. Additionally, proxi-
mate analyses for moisture, protein, fat, carbohydrate, and ash were con-
ducted on liver, breast and thigh muscle samples. Results indicate that
ACTH increased BW and carcass and liver weights. Proximate analyses
showed that ACTH increased all chemical components of the liver, fat
content of breast muscle, and moisture content of thigh muscle.

Key Words: Adrenocorticotropic, Laying Hens, Morphological Changes

12 Nitric oxide in broilers and laying hens. J. P. Thax-
ton*, Mississippi State University.

Nitric oxide (NO) was determined spectrophotometrically by measuring
the accumulation of its stable degradation products, i.e., nitrate (NO3)
and nitrite (NO2), using the Griess reaction. Tissue and plasma sam-
ples were deproteinated prior to chemical analysis of NO. Plasma, brain,
breast and thigh muscles, duodenum, heart, liver, lung, and spleen were
assayed in both 5 wk old broilers and 57 wk old SCWL hens. Addition-
ally, bursa of Fabricius and testes in broilers and magnum and uterus in
layers were assayed. Layers possessed higher NO levels in plasma, breast
muscle, heart, and spleen than broilers. Broilers possessed higher NO
levels in brain, kidney, lung, and thigh muscle than layers. Nitric oxide
level in lung, duodenum, and liver did not differ between broilers and
layers.

Key Words: Nitric Oxide, Chicken, Tissue Levels

13 Bone mineral density and content of live White
Leghorn hens induced to molt using a non-fasting program.
H. Mazzuco*a,b and P. Y. Hestera, aPurdue University, bConselho Na-
cional De Desenvolvimento Cientifico e Tecnologico, Brazil.

Previous results have shown that a 10 d feed withdrawal molting program
compromised the skeletal integrity in Leghorns during the molt period
(1 to 25 d) with recovery by 67 d post-molt. To determine changes in
bone integrity, 66-wk-old Leghorns were assigned either to a fasted molt-
ing regimen of 10 d of feed withdrawal or a non-fasted molting regimen
which included ad libitum access for 28 d to a diet containing 71% wheat
middlings and 23% corn. Both molting regimens restricted light to 8h/d.
At 29 d post-molt, hens from both molting treatments were returned to a
regular egg layer diet and photoperiod (16h/d). Molted hens were com-
pared to controls which consumed a regular egg layer diet with 16h of
light/day. A dual energy X-ray absorptiometer determined bone mineral
density (BMD) and bone mineral content (BMC) of the left tibia and
fibula of 7 live birds per treatment . They were scanned weekly for 6
wk and then every 28 d until 126 d post-molt period. An analysis of
covariance using body weight (BW) as the covariate with repeated mea-
surements (1, 7, 14, 21, 28, 35, 42, 70, 98, 126 d) was conducted. By
28 d post-molt, BW loss was 22% and 18% in the fasted and non-fasted
molting regimens, respectively (P < 0.0001). Declines in tibial BMD and
BMC were evident in hens of both molt treatments between 35 and 98
d post-molt when compared to controls. However, tibial BMD values for
the non-fasted molted hens were intermediate between the fasted molted
hens and controls. Compared to pre-molt values, tibial BMD at 42 days
post-molt decreased 26% (P < 0.001) and 9% (P > 0.16) in the fasted
and non-fasted molting regimens, respectively. Similar trends were noted
for tibial BMC; values decreased 32% (P < 0.01) and 18% (P > 0.06) in
the fasted and non-fasted molting regimens, respectively. Results suggest
that a non-fasted molting regimen is less deleterious to tibial BMD and
BMC than a fasted molting regimen.

Key Words:
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14 The effect of soiled surfaces within feather pick-
ing machines on Campylobacter contamination of broiler car-
casses. M. E. Berrang* and J. A. Dickens, USDA-ARS-Russell Re-
search Center.

Numbers of Campylobacter detected on broiler carcasses go down due
to scalding but rebound during defeathering. Hypotheses for this in-
clude: leakage of contaminated feces from the gut during defeathering,
aerosols produced during defeathering and contact with contaminated
surfaces within feather picking machines. Earlier work indicated that es-
cape of gut contents during defeathering can contribute to the increase
in Campylobacter numbers while aerosols created by feather picking ma-
chines do not. Our objective was to determine if contact with the surfaces
of a naturally contaminated commercial feather picker affects the counts
of Campylobacter on broiler carcasses. Twenty chilled carcasses with low
numbers of Campylobacter were collected, aseptically bagged and carried
to the scald-pick area of the same plant. Additionally, 10 carcasses were
collected immediately pre-pick and another 10 immediately post-pick and
individually bagged. After the feather picking machines had been soiled
by approximately 20,000 carcasses, plant personnel went on break leav-
ing an empty shackle line and the pickers running. With no feathered
carcasses present, 10 of the 20 chilled carcasses were hung on shackles
and allowed to proceed through the soiled feather pickers. Whole carcass
rinses were conducted and rinses were cultured for Campylobacter. The
entire process was replicated five times for a total of 200 carcasses, 50
per treatment. Scalded feathered carcasses had an average of log 2.1 cfu
Campylobacter per ml rinse, numbers increased to log 4.0 cfu per ml due
to picking. A smaller increase was noted for chilled carcasses exposed
to the picking machines. Chilled carcasses had an average of log 1.9 cfu
Campylobacter per ml carcass rinse; after passing through the pickers log
2.4 cfu Campylobacter were detected per ml. These data indicate that
naturally contaminated surfaces of feather picking machines may be par-
tially responsible for the reported increases in Campylobacter numbers
during defeathering.

Key Words: Campylobacter, Defeathering, Feather Picker

15 Inhibition of foodborne pathogens and spoilage
organisms using HabaGUARDr conveyor belting materials.
B. W. Sheldon*, S. A. Hale, and X. Li, North Carolina State University.

Opportunities for poultry product cross-contamination during processing
are considerable. One means of reducing the risk of cross-contamination
may be to incorporate antimicrobial agents into food contact surfaces
such as conveyor belts. The objective of this study was to examine the
efficacy of several commercial HabaGUARD

r

conveyor belt materials for
inhibiting Campylobacter jejuni (CJ), Salmonella Typhimurium (ST)
and Enteritidis (SE), Escherichia coli O157:H7 (EC), Listeria monocy-
togenes (LM), and Pseudomonas fluorescens (PF). Using a quantitative
direct inoculation test, 500 microliters of each organism in 0.1% peptone
water were deposited in a thin layer on one fabric based and two plastic
(polyacetal and polyethylene) modular HabaGUARD

r

belt sample types
and their corresponding control belts (without inhibitor), covered with a
plastic film, and incubated with humidification for 24 h at 35C. Surviv-
ing organisms were recovered in peptone water, plated on BHI agar, and
incubated at 35C for 48 h. All samples were run in triplicate and the
experiments replicated three times. In comparison to the control belts,
population reductions of ≥4.2, 7.1, 7.1, 5.9, 6.7, and 3.9 logs, respectively,
were detected for CJ, SE, ST, EC, LM, and PF organisms following ex-
posure to the HabaGUARD

r

flexible belt samples. Similarly, exposure
to the plastic belts resulted in population reductions of 7.7, ≥6.4, 4.2,
≥6.4, and 2.3 logs for SE, ST, EC, LM, and PF (polyacetal) and 3.6
and 3.1 logs for EC and PF (polyethylene), respectively. Moreover, used
polyethylene belts that had been in commercial use for 1 year yielded no
recoverable EC or PF organisms (≥6 log reduction). Of the six organ-
isms tested, the most resistant organisms were PF and EC. The results
of this study demonstrated that HabaGUARD

r

conveyor belts may be
beneficial for reducing the risk of product cross-contamination associated
with contact with contaminated conveyor belts in food processing plants.

Key Words: Foodborne Pathogens, HabaGUARD
r

, Inhibition
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16 Detection of aerobic microorganisms and enter-
obacteriaceae from commercial table eggs using shell rinse
and shell crush methods. M. T. Musgrove*a,b, D. R. Jonesa, J. K.
Northcutta, N. A. Coxa, and M. A. Harrisonb, aUSDA-ARS, bUniversity
of Georgia.

Determining the presence and numbers of bacteria on shell eggs is impor-
tant for evaluating the efficacy of washing and packaging as well as the
quality and safety of the final product. Shell rinse techniques are easy
to perform and widely used. A crush and rub technique (CR) has been
found to be more sensitive than shell rinsing (SR) when sampling for
pathogens on fertile broiler hatching eggs. In order to determine if this
is the most appropriate method for commercial eggs, 360 shell eggs were
collected from a commercial egg processor and sampled by SR and CR
techniques. Sample aliquots from each method were directly plated onto
plate count and violet red bile glucose agar plates, followed by appropri-
ate incubations. Unwashed, in-process, and clean eggs were evaluated in
the study. Aerobic prevalence was similar for both methods since almost
100 % of all three egg types were contaminated with these organisms. En-
terobacteriaceae prevalence average was similar for both methods (44%
SR v. 40% CR) when unwashed, in-process, and clean eggs were con-
sidered together. These bacteria were detected more often by SR when
dirty eggs (90% SR v. 55.8% CR) were sampled but increased detection
was noted for CR when in-process (5% SR v. 39.3% CR) or clean eggs
(26.3% SR v. 36.3% CR) were sampled. While shell rinsing is an easier
method, crush and rub method may be more sensitive for in-process or
clean eggs.

Key Words: Shell Eggs, Enterobacteriaceae, Aerobes

17 Poultry collagen - product characteristics and ap-
plications in poultry-based products. G. Prabhu*, D. Doerscher,
and D. Hull, Proliant Inc.

Much effort has been invested by the industry in research and devel-
opment of new protein sources. Use of protein ingredients in poultry
products is becoming increasingly popular due to their ability to reduce
formulation costs, improve product texture, increase cook yields, reduce
purge or enhance product flavor. Collagen proteins obtained from poul-
try skin can provide functional benefits in combination with providing a
mild chicken or turkey flavor. These poultry collagen proteins are USDA
approved for use in standard of identity processed meat and poultry prod-
ucts where they can be labeled as chicken flavor or turkey flavor. An in-
jectable form of these collagen proteins can provide additional functional
benefits in injected whole muscle poultry products.
The objective of this study was to determine the functional benefits of the
course and injectable form of the poultry collagen in various processed
poultry applications.
Studies conducted in buffalo wings or chicken breast fillet indicated that
when coarse chicken collagen was used at 1%, cooked yield were sig-
nificantly increased over the control, and a 40% reduction in tumbling
time. Significant yield increases were also seen in fully cooked chicken and
turkey breakfast sausage when coarse poultry collagen was used at a level
of 1%. In a smoked turkey sausage, when a portion of the meat block
was replaced with 1% turkey collagen and 4% water, cook yields were
increased, there was an improvement in texture, a reduction in purge.
In a 60% injected turkey breast, the use of injectable turkey collagen at
1% significantly increased cook yields, improved sliceability and texture
and reduced purge over 4 days of refrigerated storage. Sensory difference
testing showed no significant difference between the control and the 1%
turkey collagen treatment.
Benefits of using poultry collagen proteins range from texture improve-
ment to reduction in syneresis and improved organoleptic characteristics.
These proteins have a widespread potential in modification of current,
and in development of next generation, meat products.

Key Words: Chicken, Turkey, Collagen Protein

18 The calculation of eviscerated carcass weight as a
percentage of initial weight prior to initiation of feed with-
drawal for broilers. R. J. Buhr* and J. K. Northcutt, USDA-ARS
Russell Research Center.

By definition feed withdrawal periods either ”precede” or are ”subse-
quent” to attaining a specific age or time of day. Feed withdrawal stud-
ies for broilers have almost exclusively used feed withdrawal periods that
have preceded the processing time of the full fed controls. To accurately
compare carcass yield, the feed withdrawal period must be subsequent

to attaining the same age or time on feed as the full fed control broilers.
Our current experiments with 7 wk old broilers evaluated the determi-
nation of carcass yield as influenced by both preceding and subsequent
feed withdrawal periods of 6, 12, 18, or 24 h. Comparisons were made to
initial live weight (prior to initiation of feed withdrawal, 0 h) for eviscer-
ated carcass weight percentage. Carcass weight percentages increased for
broilers that remained on feed by 2.2% after 6 h, 3.4% after 12 h, 3.9%
after 18 h, and 4.4% after 24 h when compared to the full fed controls
processed at 0 h. Broilers subjected to a subsequent feed withdrawal
period of 6 h also had increased carcass weight percentages by 0.8% and
after a 12 h period a minimal increase of 0.3%. After an 18 h subse-
quent feed withdrawal period eviscerated carcass weight percentages had
declined by 1%, and declined by 0.8% after a 24 h of feed withdrawal
period. In contrast, if comparisons are made to those broilers that re-
mained on feed for an additional 24 h (preceding feed withdrawal), there
was a difference in eviscerated carcass weight of 3.4% after 6 h, 4.0%
after 12 h, 5.2% after 18 h, and 5.0% after 24 h feed withdrawal. Com-
parisons to the full fed control broilers after an additional 24 h on feed
(preceding feed withdrawal) resulted in calculation errors of 4.2% above
the values from comparisons to the full fed controls processed at the time
feed withdrawal was initiated 0 h (subsequent feed withdrawal).

Key Words: Broiler, Feed Withdrawal, Carcass Yield

19 Detection of salmonellae from post-chill broiler
carcasses by rinse aliquot and whole carcass enrichment
methods. D. V. Bourassa*ab, R. J. Buhra, J. A. Casona, M. E.
Berranga, and D. L. Fletcherb, aUSDA-ARS Russell Research Center,
bThe University of Georgia.

The objective of this study was to compare the recovery incidence of
salmonellae using a rinse aliquot method and a whole carcass enrichment
method. On separate sampling days, broiler carcasses were collected from
a commercial processing plant immediately after a single-tank immersion
chiller. Carcasses were individually bagged and transported to the pilot
processing plant on ice. Each bag was opened, 400 mL buffered pep-
tone added, the carcass shaken for one minute, and 30 mL aliquots were
removed for salmonellae recovery using the rinse aliquot method. The
carcass and the remaining rinsate were aseptically transferred to a new
bag and an additional 130 mL of buffered peptone was added making a
total of 500 mL for the whole carcass enrichment method. Both the 30
mL aliquots and whole carcasses plus rinsates were incubated at 37 C for
24 h prior to salmonellae recovery. Of the 40 carcasses, only two were
found to be salmonellae positive using the rinse aliquot method (5%) and
for the same 40 carcasses 13 were positive using the whole carcass en-
richment method (33%). The two positive carcasses for the rinse aliquot
method were collected from separate sampling days and were also posi-
tive for the whole carcass enrichment method. These results agree with
either reported results in which the whole carcass enrichment method re-
sulted in higher salmonellae recovery rates than the rinse aliquot method
on carcasses obtained at the retail level.

Key Words: Salmonellae, Broiler, Whole Carcass Enrichment

20 The effectiveness of DBDMH (1,3-Dibromo-5,5-
Dimethylhydantoin) in controlling poultry carcass bacte-
ria populations in a simulated inside-outside bird washer
(IOBW). M. S. Roberts*a, J. L. McNaughtona, and G. M. Ricksb,
aSolution BioSciences, Inc., bAlbemarle Corporation.

A critical step in poultry processing HACCP food safety plans is the re-
duction of bacteria prior to and following carcass chilling. Disinfectants
may be applied to poultry prior to the chiller to reduce carcass bacte-
ria and support approved Continuous Online Processing (COP) systems.
Effective management of Escherichia coli (EC) counts and Salmonella
(SAL) incidence is essential in meeting the USDA post-chill carcass bac-
teria criteria. Although Cl2 and Br2-based oxidizing biocides are rec-
ognized as effective microbiological controls, Br2 has been shown to be
effective over a wider pH range and is more stable in the presence of high
organic loads than Cl2. Two trials were conducted to measure the effec-
tiveness of Br2, applied through the IOBW, in controlling poultry pre-
chill carcass EC and SAL bacteria. In both trials, poultry carcasses were
spotted along the thigh, breast, and internal cavity with approximately
107 each EC and SAL bacteria. After a drying period in which the bac-
teria were allowed to adhere to the poultry skin, carcasses were treated
internally and externally with a Br2 solution (Trial 1 = 92 ppm Br2 min-
imum and Trial 2 = 74.5 ppm Br2) applied through the IOBW for 15 sec.
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All carcasses were rinsed using the recommended whole bird rinse proce-
dure employing Butterfield’s Phosphate Diluent and rinses were plated
and counted using standard microbiological techniques. Carcasses EC
and SAL counts were reduced significantly in both trials. Compared to
the control (no disinfectant), bacterial numbers were reduced approxi-
mately 3 to 4 log10 depending on the bromine concentration and contact
time. It is concluded that DBDMH, when used in the IOBW, is an
effective Br2 biocide capable of significantly reducing bacteria loads in
pre-chill applications. Additionally, DBDMH has proven to be a strong
candidate for application in continuous on-line processing (COP) in com-
mercial poultry facilities.

Key Words: Bromine, DBDMH, Processing

21 A comparison of chlorine and monochloramine
for disinfection of broiler chicken carcasses. S. Russell*, The
University of Georgia.

The effects of chlorine (CL) and monochloramine (MON) on bacteria
from chicken carcasses, quality attributes, and chemical residuals were
determined. In Study I, 15 tubes with commercial chiller water were
autoclaved, separated into three groups of 5 tubes each, and no chemi-
cal, CL, or MON were added to achieve 50 ppm. One ml of Salmonella
typhimurium (ST), Listeria monocytogenes (LM), or Escherichia coli
(EC) were added to these solutions for 1 h to mimic chilling conditions
and enumerated. In Study II, 3 groups of 10 carcasses each in 3 replicate
trials were coated with naladixic acid resistant (Nal -) ST and placed into
mock chillers containing tap water (TAP), CL, or MON. After 1 h, car-
casses were evaluated for Nal (-) ST and EC. In Study III, carcasses were
exposed to TAP, CL, or MON at 50 ppm and evaluated for flavor and
odor by a 3 member panel, and for color using a colorimeter. In Study
IV, carcasses were exposed to CL and MON at 50 ppm and evaluated
for trihalomethane residuals. Results for Study I indicated that CL and
MON eliminated all ST, LM, and EC in all reps; whereas, when exposed
to CL, 5 log10 ST survived in Rep 1. In Study II, the results for ST pos-
itive carcasses were 50, 40, and 50 % for tap water treated, 50, 20, and
40 % for CL treated, and 50, 30, and 20 % for MON treated carcasses.
EC counts were not reduced by treatment with CL in all Reps; however,
MON reduced counts on carcasses by 1.6, 0.7, and 0.9 log10 cfu/ml more
than CL. In Study III, no differences in flavor or odor were observed be-
tween treatments. No differences in lightness (L*), or yellowness-blueness
(a*) were recorded between treatments; whereas, MON treated carcasses
were significantly less red (b*) in all reps. No carcinogenic by-products
were recovered from CL or MON treated carcasses. These data indicate
that MON would be an acceptable alternative to CL for use in poultry
processing, and MON is much more stable in the presence of organic ma-
terial and would maintain efficacy for much longer periods of time in the
chiller.

Key Words: Chicken, Monochloramine, Chiller

22 Type II collagen in skin from broilers reared on
two different lighting programs. B. Wang*a, J. L. MacIsaacb,
L. A. MacLarena, and B. M. Rathgebera, aNova Scotia Agricultural
College, bAtlantic Poultry Research Institute.

Collagenase activity in the plasma of broilers is elevated for broilers ex-
hibiting symptoms of ascites. Lighting programs that utilize increasing
length of photoperiod can be used to reduce the incidence of this disease.
The incidence of carcass bruises has been shown to increase for birds
raised under continuous light compared to increasing lighting programs.
The objective of this investigation was to determine whether collagen
content in skin of broilers reared under continuous light is reduced. Male
broilers were housed in two rooms; each room was divided into two pens
of 600 birds, with a light tight divider so that two treatments could be
conducted in each room. One treatment was exposure to 23 hr of light
per day, while the other treatment involved increasing the daylength from
6 hours to 23 hr of light over the 38-day growth period. Both treatments
were exposed to 23 hr of light for the first three days. On day 38 skin was
removed and frozen in liquid nitrogen from 5 randomly selected birds per
pen. Cryosections of skin samples were probed with antibodies specific
to type II collagen and scored on a scale of 1 to 5 for intensity of the sub-
strate reaction. Birds on increasing lighting had higher levels (P<0.10)
of type II collagen in skin samples than birds raised under 23 h of light

per day. These results indicate that lighting conditions can influence the
integrity of broiler skin by altering collagen metabolism.

Key Words: Lighting, Skin Collagen, Bruises

23 Weight loss for turkeys offered a feed supple-
ment during the preslaughter feed withdrawal period. A.
R. Masoodi*a, J. L. MacIsaacb, and B. M. Rathgebera, aNova Scotia
Agricultural College, bAtlantic Poultry Research Institute.

Normally, feed is withdrawn from broiler turkeys several hours prior to
the initiation of catching and shipping, allowing contents of the gut to
pass through. The objective of this study was to evaluate the palatabil-
ity of a highly digestible supplement during preslaughter feed withdrawal
and determine live weight loss and carcass yield of multiple-marketed
turkey hens. For each of two trials 480 female turkeys were grown in
8 pens (60/pen) at a density of 0.18m2 / bird. At 9 weeks of age 80
birds from half of the pens were shipped for processing (20 birds/pen).
At 10 weeks of age 40 birds from the other four pens were shipped (10
birds/pen). Commercial feed was withdrawn 6 h prior to catching from
each pen. A highly digestible nutritive supplement was offered in half
of the pens for 5 h in duration. Water only was provided for the last
hour before shipping. All birds were slaughtered 9 h after feed was with-
drawn. Bird weights were taken before conventional feed was withdrawn
and again before the ensanguination to monitor live weight losses. Car-
casses were weighed following evisceration to determine carcass yield.
The 9-week-old turkeys weighed approximately 4.8kg and consumed 12 g
of supplement per kg of bird. The second shipment birds weighed approx-
imately 5.6kg and consumed 10 g of supplement per kg of bird. Birds on
supplement lost less weight than controls ( P<0.0001 ). The average live
shrink for controls was 4.3 % while supplemented birds lost 2.9 %. The
supplement improved ( P<0.05 ) carcass yield based on live weight before
commercial feed withdrawal. The average yield for controls was 74.6%
and that on supplement was 75.4%. The results of this project indicate
that a reduction in weight loss during the feed withdrawal period and
improved carcass yield are possible through administration of a highly
digestible supplement during the normal preslaughter feed withdrawal
period.

Key Words: Feed Withdrawal, Supplement, Turkey Weight Loss

24 Comparison of broiler meat quality among alter-
native slow-growing breeds and a commercial breed grown
with or without outdoor access. A. C. Fanatico*, P. B. Pillai, L.
C. Cavitt, J. L. Emmert, and C. M. Owens, University of Arkansas.

An experiment was conducted to assess the impact of breed and out-
door access on meat quality of broilers. One slow-growing breed (S), two
medium-growing breeds (M1 and M2) and a commercial fast-growing
breed (F) were raised for 12, 10, or 8 weeks, respectively, in an attempt
to achieve similar body weights. The birds were straight-run, and the
placement date was staggered such that all breeds were processed on the
same day. Each breed was assigned to three pens of 24 birds each and
raised in indoor floor pens; the S and F breeds were also assigned to
two floor pens with outdoor access (during daylight hours) containing 36
birds each. All birds were provided with the same starter (0 to 4 weeks
for S and M; 0 to 3 weeks for F), grower (4 to 8 weeks S and M; 3 to
6 weeks for F) and finisher (8 to 12 weeks for S; 8 to 10 weeks for M; 6
to 8 weeks for F) feeds. Birds were commercially processed; Pectoralis
samples were collected at 6 h postmortem for proximate analysis and
evaluation of meat quality (drip loss, cook loss, and tenderness). Pec-
toralis dry matter (%), fat (%), and ash (%) were largely unaffected (P >

0.05) by breed or outdoor access. Tenderness was affected (P < 0.05) by
breed, with the S and M1 breeds being the least tender and the F breed
being the most tender. Drip loss and cook loss (%) were not affected (P
> 0.05) by gender but were affected (P < 0.05) by breed, with the high-
est losses occurring with the S breed and the lowest losses occurring with
the F and M1 breeds. These data indicate that meat quality differences
may exist among breeds with different growth rates and reared with or
without outdoor access.

Key Words: Broiler, Slow Growing, Outdoor Access
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25 Stress levels in broiler chickens provided dietary
tryptophan. M. E. MacKenzie*a, J. L. MacIsaacb, and B. M.
Rathgebera, aNova Scotia Agricultural College, bAtlantic Poultry Re-
search Institute.

Tonic immobility and heterophil-lymphocyte ratio (H:L) are common
methods for measuring stress in broiler chickens. Induction of tonic im-
mobility provides a measure of fear in response to being handled by a
human, while the H:L ratio provides an indication of long term stress.
Stress has been identified as one of the leading causes of pale soft exuda-
tive meat in poultry. Therefore, practices intended to reduce bird stress
can influence overall product quality. The objective of this study was
to determine the impact of dietary tryptophan on broiler fear response
and stress levels. Two trials were conducted with 1128 birds each. There
were 24 pens per trial, with 12 pens of each sex. Four dietary treatments
of 0, 2, 4 and 6 g of tryptophan per kg of feed above commercial levels
were randomly assigned to the pens. Two birds per pen were handled to
induce tonic immobility at 23 and 37 days of age. On day 35 blood was
collected and two slides per pen were prepared by differential staining the
fixed blood. Microscopic examination of a field of 100 white blood cells
per slide provided an H:L ratio for analysis. Proc Mixed was used ana-
lyze the data. The duration that birds were immobile was not influenced
by level of tryptophan supplementation for either sex (P>0.05). There
was a significant interaction between sex and age of bird and the human
handler for the number of attempts to induce immobility (P<0.05). The
H:L ratio was also not influenced by the level of tryptophan in the diet.
Overall tryptophan did not appear to lower fear nor did it seem to affect
the levels of chronic stress.

Key Words: Tryptophan, Tonic Immobility, H:L Ratio

26 An integrated food safety risk management sys-
tem for poultry companies. Z. Kounev*a, T. Applegatea, and D.
Shaferb, aPurdue University, West Lafayette, IN, bMaple Leaf Farms,
Inc. Milford, IN.

An Integrated Food Safety Risk Management System (IFSRMS) was or-
gized and introduced at a fully integrated poultry company since 2001.
The objective of this research was to organize a system that effectively
controls food borne pathogens (Salmonella spp.) within the entire pro-
duction (pre-harvest food dafety), processing (harvest FS) and further
processing chain. Leadership and cooperation from all departments
within the company realize the integrated line of managemnt of the
system. Development and communication of food safety policies and
standards is a responsability of the senior managemnt of the company.
Executive participatipation and departamental cross training of staff,
are integral to food safety risk management. Production and processing
departments are clearly distiguished from the role of food safety spe-
cialist and microbiologist who are in the team to support management
in execution of their responsibilities. Laboratory-based surveilance and
internal/external audits are management tools used very effectively. Mi-
crobial Risk Assessment (MRS), risk management, risk communication
and risk prediction, are an important part of the IFSRMS. In results
of implemention and management of IFSRMS, combined with HACCP
at the processing and further processing levels, the control of food borne
pathogens is very effective. Currently emerging interdisciplinary collabo-
ration in food safety between poultry producer, poultry processor, retail
market and consumers, will require the poultry industry companies to
adopt an Integral Food Safety Risk Management System, to successfully
reduce incidence of contamination of food borne pathogens.

Key Words: Food Safety, Integrated System, Management
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27 D3 requirement in broiler breeders. A. Atencio*, H.

Edwards, Jr., and G. Pesti, University of Georgia.

A study was conducted with Ross broiler breeders in an environment ex-
cluding UV light, to determine the cholecalciferol (D3) requirements for
hen-day egg production (HDEP), egg weight (EW), specific gravity (SG)
and body ash of the progeny (BAP) at 1 day of age. Five levels of D3

(125, 250, 500, 1000 and 2000 IU/kg of diets) were fed to hens from 24-66
weeks (w) of age. One additional group was fed no supplemental D3 until
36 w of age and was then changed to 4000 IU/kg. Three replications of
20 hens were used for each treatment. No animal byproduct was used
in the corn, soybean meal and wheat middling based basal diet to guar-
antee that no D3 metabolites were present. Data were collected daily
for HDEP, every 15 days for EW and SG and at 3 different hatch times
(42, 58 and 65 w) for BAP. Data were analyzed separately from 27-36
and 37-66 w. Interactions between D3 and age were observed for HDEP
(27-36w), EW (27-36 w), SG (27-36 and 37-66 w) and BAP. These inter-
actions indicated that different amounts of D3 in the diet were necessary
to obtain maximum (max) responses as the experiment progressed. The
level of D3 that resulted in the max response for the different criteria and
ages were calculated using 2nd order multiple regression (reg) with D3

and age as predictor variables and simple reg (1st and 2nd order) with
D3 as predictor variable. When the stationary point of the surface reg
was at a saddle point the 2nd order simple reg was used to find the max
response. At a saddle point it is not possible to find max response to D3

levels. Different from the 2nd order multiple reg, the 2nd order simple
reg did not allow the calculation of the age when the max response was
reached. The D3 level for the predicted max HDEP was 1424 IU/kg at
age 32 w from 27-36 w and 2804 IU/kg from 37-66 w. The D3 level for
max EW was 1182 IU/kg from 27-36 w and 2269 IU/kg from 37-66 w.
The level of D3 for max SG was 1337 IU/kg from 27-36 w and >2000
IU/kg from 37-66 w. The D3 level for the predicted max BAP was 3638
IU/kg at age 54 w. The study indicate that at least 28003000 IU/kg of
D3 should be present in the diet of broiler breeders for max production
and the requirement may be higher for BAP.

Key Words: Broiler Breeders, Requirement, Vitamin D3

28 The effect of maternal dietary vitamin D3 supple-
mentation on the performance and bone quality of broiler
chicks. J. P. Driver*, A. Atencio, G. M. Pesti, H. Edwards, Jr, and R.
I. Bakalli, University of Georgia.

An experiment was conducted to investigate the effect of maternal di-
etary vitamin D3 (D3) supplementation at four different intervals during
the laying cycle, on the performance and bone quality of broiler chicks
fed a tibial dyschondroplasia (TD) inducing diet. Ross broiler breeder
hens were fed a corn-soy diet with various levels of D3 from 24 to 66
weeks of age. Eggs were collected at 39, 44, 53 and 64 weeks of age
and hatched. Chicks from hens fed 250 IU/kg D3 (Low Maternal D3 or
LMD3) and 2,000 IU/kg D3 (High Maternal D3 or HMD3) levels were
placed in battery brooders and fed the diet from 0 to 16 d. At 16 d,
the chicks were weighed and killed; the left tibia was used for bone ash
determination and the right tibia was used to score the incidence and
severity of TD (0, 1, 2 or 3 with 3 being the most severe). Body weight
gain and feed intake were significantly lower for the LMD3 chicks at the
44 and 64 week intervals, although there was no difference in weight at
hatch. For the first two intervals (weeks 39, 44), both LMD3 and HMD3
chicks demonstrated high average TD scores (2.03, 1.57 vs. 2.05, 1.75 for
the LMD3 vs. HMD3 levels respectively) and high average incidences of
severe TD (TD3) (50, 35% vs. 45, 34% for the LMD3 vs. HMD3 levels
respectively). However, results from the last two intervals (weeks 53, 64)
showed that HMD3 chicks, compared to LMD3 chicks, had a reduced av-
erage TD score (1.39, 1.47 vs. 1.01, 0.44 for the LMD3 vs. HMD3 levels
respectively) and TD3 incidence (36, 40% vs. 17, 8% for the LMD3 vs.
HMD3 levels respectively). Hatchability of LMD3 chicks was especially
reduced in the last interval (wk 64) compared to HMD3 chicks (71 vs.
95% for the LMD3 vs. HMD3 levels respectively). In this experiment, as
egg production declined towards the end of the laying cycle, hens fed the
HMD3 were able to deposit sufficient quantities of D3 and 25-OH-D3 in
the egg to maintain excellent hatchability, maximize 16 d body weight
gain and reduce the incidence and severity of TD. Hens fed the LMD3
diet were unable to produce similar improvements.

Key Words: Vitamin D3, Tibial Dyschondroplasia
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29 Isoleucine needs of female broilers: Growth and
processing measurements. L. L. Hale*a, S. J. Barbera, A. Corzoa,
B. J. Kerrb, and M. T. Kidda, aMississippi State University, Mississippi
State, bUnited States Department of Agriculture, Ames, IA.

In commercial broiler diets Ile can be limiting after Thr, rendering it the
fourth limiting amino acid. experiments were conducted to evaluate Ile
needs in 30 to 42 d old female broilers. Broilers in these experiments
received common diets up to d 30. The Ile test diet was composed of
corn, soybean meal, and blood cells, and contained: 3,150 kcal ME/kg,
15.25% CP, 1.05% Lys (0.94% digestible Lys), and 0.42% Ile (0.38% di-
gestible Ile). In Experiment 1, dietary Ile (0.42 and 0.72% total of diet)
and broiler strain (A, multipurpose broiler; B, high yield broiler; C, high
yield broiler) were evaluated. In Experiment 2, dietary Ile dose responses
(0.42 to 0.82% total of diet in 0.08% increments) were evaluated. A corn-
soybean meal based control (0.70% Ile) diet was used in Experiment 2.
Experiment 1 consisted of a 2 x 3 factorial arrangement of treatments
resulting in 5 replications per treatment (30 pens containing 30 broiler
each). Experiment 2 contained 12 birds per pen in 48 pens with 7 repli-
cations for test diets 1-6 and 6 replications in the control diet. No Ile x
strain interactions occurred. Feeding broilers 0.42% Ile suppressed (P <

0.05) BW gain, feed intake, feed conversion, and breast and thigh yields.
Differences in BW of strains did not occur. However, strain A had a
higher (P < 0.05) feed intake and feed conversion than strains B and C.
Differences (P < 0.05) between strains were observed in breast and thigh
yields. Birds fed surfeit Ile in the titration diets grew equally (P < 0.05)
to birds fed the control diet. Quadratic responses (P < 0.05) were ob-
tained for BW gain, feed intake, feed conversion, and breast meat yield.
Optimization of dietary Ile (0.95% of the asymptote) was reached at 0.68,
0.66, 0.68 and 0.63% of diet for BW gain, feed intake, feed conversion,
and breast meat yield, respectively. Levels of plasma free Ile displayed
a linear response. The 30 to 42 d Ile need for female broilers is between
0.63 and 0.68% total of diet (0.59 to 0.64% digestible Ile).

Key Words: Isoleucine, Broiler, Amino acid

30 Isoleucine needs of female broilers: Immunity. L.
L. Hale*, G. T. Pharr, S. C. Burgess, A. Corzo, and M. T. Kidd, Mis-
sissippi State University, Mississippi State.

Broilers fed diets with reduced amino acids levels may be limiting in Ile.
Because research addressing daily Ile needs for broiler immunity is sparse,
Ile responses for immunity in female broilers were evaluated in two ex-
periments from 30 to 42 d of age. Cellular and humoral immunity were
evaluated in diets limiting in Ile and diets varying in Ile from deficient
to adequate. Treatments in Experiment 1 consisted of two levels of Ile
(0.42 vs 0.72%) and three strains of broilers (6 treatments with 5 pens
each). In Experiment 1, measurements consisted of: a hypersensitivity
test to phytohemaglutinin-P (PHA-P) on d 38 and 39 (3 birds/pen); cell
quantification of CD4, CD8 and BU1 receptors (3 birds/pen); and rel-
ative immune organ weights at 42 d (2 birds/pen). Graduations of Ile
(0.42, 0.50, 0.58, 0.66, 0.74, and 0.82% of diet) were fed to one strain of
female broilers (7 pens each) in Experiment 2. A control diet containing
0.70% Ile (6 pens) was compared to the Ile dose surfeit level. Measure-
ments in Experiment 2 consisted of: a hypersensitivity test to PHA-P on
d 35 and 36 (4 birds/pen); a primary antibody response to SRBC on 35
and 42 d (4 birds/pen); cell quantification of CD8 α, β;, and TCR-1 δγ

receptors (3 birds/pen from four pens in the dose response); and immune
organ weights at 42 d (1 bird/pen). Pen represents replication and was
the experimental unit. In Experiment 1, Ile x strain interactions did not
occur. Feeding an Ile deficient diet to broilers suppressed (P < 0.05) the
cell mediated response to PHA-P, thymus weight, and CD8 positive T
cells. There were no significant differences between strains. Immunity
measurements in birds for surfeit Ile in the titration diets were equal (P
< 0.05) to birds fed the control diet. Linear responses to increasing Ile
(P < 0.05) were obtained for the bursa, but no Ile quadratic responses
were noted for measurements in Experiment 2. Although feeding broilers
deficient Ile suppressed some immune criteria, it does not appear that
a marginal Ile deficiency will compromise immunity in growing female
broilers.

Key Words: Isoleucine, Broiler, Immunity

31 Influence of supplemental 25-hydroxy-vitamin D
and phytase on bone parameters of laying hens fed low-
phosphorus diets. A. H. Cantor*a, P. Y. Hesterb, A. J. Pescatorea,
M. J. Forda, H. D. Gillespiea, and T. Aoa, aUniversity of Kentucky,
bPurdue University.

The influence of adding 25-hydroxy-cholecalciferol (25-OH-D3) and phy-
tase to a low-P layer diet on bone mineral quality following 46 wk of
production was studied using 432 commercial laying hens (Hy-Line W-
36). Twelve replicate groups of six individually caged hens, 20 wk of age,
were assigned to each of six treatments. Treatments consisted of feeding
the following diets: 1) low-P, corn-soy basal layer diet (0.12% available
P); 2) basal + 25-OH-D3 (69 µg/kg diet, HY-D, Roche Vitamins Inc.,
Parsippany, NJ); 3) basal + phytase (Ronozyme P, 234 units/kg diet,
Roche Vitamins Inc.); 4) basal + 25-OH-D3 + phytase; 5) normal-P
layer diet (0.30% available P); and 6) normal-P diet + 25-OH-D3. All
diets were supplemented with cholecalciferol (2120 IU/kg diet) and con-
tained 3.75% Ca. After 46 wk of production, bone samples were obtained
from one hen per replicate group. Bones from one side of the hens were
assayed for breaking strength (BS) using an Instron Testing Machine
and were then ashed. Bones from the other side were used to determine
bone mineral density (BMD) and bone mineral content (BMC) using a
Norland pDexa X-ray bone densitometer. Compared with the normal-
P diet, feeding the low-P diet significantly decreased most bone quality
parameters. The addition of phytase, but not 25-OH-D3, significantly
improved weight, ash weight, BMD, and BMC of the tibia and the fe-
mur, BMC of the humerus and BS of the tibia and the humerus. Similar
effects were noted for dietary treatments on most parameters of egg pro-
duction performance. Both BMD and BMC were better correlated with
ash weight and BS than with per cent ash for the tibia and femur. The
results indicate that phytase can be useful in correcting decreased bone
mineralization of hens fed a low-P diet.

Key Words: Phytase, 25-OH-Cholecalciferol, Bone Mineralization

32 Comparison of statistical models to calculate the
relative bioefficacy of 2-hydroxy-4(methylthio) butanoic
acid (HMB) and d,l-methionine (DLM) for turkeys. R.
Gonzalez-Esquerra*, M. Vázquez-añón, T. Hampton, T. W. York, S.
D. Peak, C. W. Wuelling, and C. D. Knight, Novus International, Inc.

In order to test the fitness of regression models to calculate bioefficacy
of an 88% aqueous solution of HMB (Alimet

r

feed supplement, Novus
International, Inc.) vs DLM (dry 99%; Degussa Hulls) in turkeys, a 2
x 4 factorial with a basal treatment design was used. A basal corn/soy
methionine (M) deficient diet adequate in all other nutrients was added
HMB or DLM at various equimolar levels (0.00, 0.04, 0.08, 0.16 and 0.32
%) and each fed to 7 cages of 6 Nicholas toms from 1 to 21 days of age. A
positive response to added M source on BWG, FI and FCR was observed
(P<0.001) proving M deficiency for basal diet. Performance parameters
were not different for any M source at any level (P>0.1) however; at and
above requirement birds on HMB had numerically higher BWG vs those
fed DLM, but numerically lower when fed at the most deficient levels.
BWG pen data were plotted over supplemented M intake using linear
(LMI) or more complex exponential (EXMI) regressions, or plotted over
M level of addition (LL and EXL, respectively). The bioefficacy esti-
mates for HMB vs DLM did not differ from 100 across models, but had
closer confidence intervals when using LMI than EXMI, LL, and EXL
(111 ±45, 96 ±63, 123 ±72 and 101 ±91%, respectively) implying better
fit for LMI. An index for testing the goodness of fit of the various models
was obtained using the Akaike (AIC) and the Schwarz Bayesian (BIC)
smaller-is-better information criteria. Better fits were obtained when us-
ing LMI and EXMI vs LL and EXL (AIC values were -296, -300, -280 and
-281 while BIC values were -287, -289, -271 and -270 for LMI, EXMI, LL
and EXL, respectively). Thus, the appropriate model for testing bioeffi-
cacy should include M intake as independent variable and not M levels,
and using a more complex exponential model does not improve the fit.
In the current trial, the best model to test bioequivalence was using a
linear model with M intake as the independent variable.

Key Words: 2-Hydroxy-4-Methylthio Butanoic Acid, Methionine, Turkeys
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33 Impact of choline, betaine and methionine level
on growth performance and sulfur amino acid metabolism
in broilers during the starter period. P. B. Pillai*a, L. N.
Loupea, J. L. Emmerta, and K. W. Beersb, aUniversity of Arkansas,
Fayetteville, bSafe Foods Inc., Rogers, AR.

Previous research on the effects of choline, betaine and methionine
(MET) in broiler diets deficient in MET and cysteine (CYS) using an
in vitro stable isotope technique suggested that the methionine syn-
thase pathway of hepatic homocysteine remethylation may actually be
impacted by dietary choline and betaine levels more than dietary SAA
status. Conversely, the betaine homocysteine methyltransferase path-
way appeared to be impacted more by dietary SAA status than dietary
choline or betaine level. This study was conducted to further explore in-
teractions among dietary choline, betaine and SAA levels on growth and
hepatic homocysteine remethylation. Graded levels (0, 0.08, 0.16 and
0.24%) of MET were added to diets adequate in choline and deficient
in SAA (0.23% digestible MET, 0.25% digestible CYS). Each MET level
was also tested with the addition of choline (0.25%) or betaine (0.28%).
Commercial broilers were reared from 8 to 21days in battery cages, and
the 12 dietary treatments were fed to 5 replicate pens containing 5 birds
per pen. Body weight and feed intake were recorded, feed efficiency was
calculated, and hepatic tissue was collected. As expected, weight gain
increased linearly (P < 0.05) with MET additions up to 0.16%. Feed
intake and efficiency were improved (P < 0.05) by the addition of MET,
with feed intake and efficiency being maximized with additions of 0.08
and 0.16% MET, respectively. Overall, weight gain, feed intake and feed
efficiency were not affected (P < 0.05) by choline or betaine addition, but
in the absence of MET, betaine addition resulted in increased (P < 0.05)
weight gain and numerically increased feed intake and efficiency. These
data suggest that broilers fed diets adequate in choline and severely defi-
cient in SAA may respond slightly to the addition of betaine. Assessment
of hepatic homocysteine metabolism may reveal the mechanism by which
this response is achieved.

Key Words: Broiler, Betaine, Methionine

34 Evaluation of the tryptophan requirement of
commercial laying hen fed a corn-soybean meal diet. D.
E. Faria*a, B. J. Depontia, M. F. Rizzoa, L. G. Rombolaa, F. H.
Silvaa, L. F. Araujoa, and O. M. Junqueirab, aUniversidade de São
Paulo (FZEA/USP), bUniversidade Estadual Paulista (FCAV/UNESP).

Tryptophan (Trp) has many metabolic roles and it is generally accepted
as the third-limiting amino acid in corn-soybean meal diets for laying
hens. A total of 160 Hisex White hens, 51 weeks of age, were used in this
experiment to evaluate their Trp requirement in corn, soybean meal, and
corn gluten meal diets. Five experimental diets (2,750 kcal of ME/kg,
16% crude protein, 0.84% lysine, 0.4% methionine, 1.4% linoleic acid,
0.18% sodium, 3.8% calcium, and 0.375% available phosphorus) were
used with graded levels of Trp: 0.13%, 0.15%, 0.17%, 0.19%, and 0.21%.
There were no significant differences in feed consumption, egg weight,
and feed conversion. The daily intake of Trp increased as the Trp con-
tent of the diet increased. Egg production and egg mass were reduced
when the hens received diets containing 0.13% Trp. Regression analysis
for egg production and egg mass on the Trp intake resulted in a daily
requirement of 208.15 and 214.25 mg per hen per day, respectively.

Key Words: Amino Acid, Egg Mass, Egg Production

35 Antibacterial activity of Alimet feed supplement
evaluated by a low pH in-feed method. J. Wu* and C.S. Schas-
teen, Novus International, Inc.

The antibacterial property of DL-2-hydroxy-4-(methylthio)-butanoic acid
(Alimet feed supplement) has been previously documented (Hao and
Schasteen, 1999; Enthoven 2002; Dibner and Buttin, 2000) in culture
broth. The objective of this study is to evaluate the effect of Alimet on
Salmonella in a feed using a simulation of conditions (moisture and pH)
encountered after the proventriculus. Standard broiler feed (mash) was
artificially contaminated by a strain of nalidixic acid resistant Salmonella
typhimurium (104 105 cfu/g), followed by the addition of a three-fold
amount of a diluted HCl solution to lower the pH to 4. Samples were
mixed and incubated for 90 minutes at 37◦C, then diluted and plated
onto brilliant green agar containing nalidixic acid and counted the next
day. Our study showed inclusion of Alimet at levels normally provided
for methionine supplementation in poultry feed (0.25%) provides an an-
tibacterial effect ( 0.5 log order reductions). Alimet at 1.2% completely

kills all Salmonella in this study. The effects of four different organic
acids, formic, propionic, butyric, and lactic were tested (all acids are ap-
proved for feed addition in the U.S. except formic). The most effective
single organic acids were formic acid and Alimet which were both signifi-
cantly more effective against salmonella than lactic, butyric, or propionic
acid. The addition of Alimet to other organic acids provides a more than
additive increase in antibacterial effect vs. salmonella in this assay.

Key Words: Alimet, Organic Acid, Salmonella

36 Impact of methionine sources on performance in
turkeys. D. Hoehler*a, A. Lemmea, K. Robersonb, and K. Turnerc,
aDegussa Corporation, Kennesaw, GA, bMichigan State University, East
Lansing, cAkey Inc., Lewisburg, OH.

Data on relative effectiveness of the hydroxy analogue of methionine (liq-
uid MHA-FA) relative to DL-methionine (DL-Met) in turkeys is scarce.
In the current paper, two experiments are presented in order to deter-
mine the relative effectiveness of liquid MHA-FA. In trial 1 at Michigan
State University, 1170 female day-old Hybrid Converter turkeys were dis-
tributed to 78 floor pens containing 15 birds each. From day 7 to 50,
birds were fed the 13 different corn-soy diets supplemented with graded
levels (0.07/0.14/0.21/0.28%) of either DL-Met, diluted DL-Met (65%)
or liquid MHA-FA. DL-Met (65%) treatments can be regarded as an in-
ternal standard for the validation of exponential regression analysis. In
trial 2 at Akey Inc. 315 male day-old BUTA Big 6 turkeys were as-
signed to 63 battery cages for 21 days. Treatments consisted of a basal
corn-soy diet and 2 series each containing graded levels of either DL-Met
(0.100/0.200/0.300%) or liquid MHA-FA (0.154/0.308/0.462%). The ra-
tio between both products at the three corresponding inclusion levels was
65% weight/weight, testing the hypothesis that 100 units liquid MHA-FA
can be replaced by 65 units DL-Met without losing performance. Basal
diets were formulated to be deficient in Met + Cys (0.70% in trial 1,
0.81% in trial 2) but adequate in all other nutrients and energy. Turkeys
performed well in each experiment; overall mortality was only 0.94%
(trial 1) and 0.64% (trial 2). Statistically significant responses showed
the Met deficiency of the basal diets. Exponential regression analysis
revealed a relative effectiveness for weight gain and feed conversion of
liquid MHA-FA of 68% and 56% vs. DL-Met in trial 1, respectively.
Relative effectiveness of liquid MHA-FA in trial 2 was 66% and 44% for
weight gain and feed conversion, respectively. These findings support the
hypothesis of about 65% relative bio-effectiveness of liquid MHA-FA as
compared with DL-Met and agree well with recent data in broiler chicks.

Key Words: Turkeys, Amino Acids, Methionine Sources

37 Estimation of relative effectiveness of methionine
sources in broiler chickens. D. Hoehler*a, A. Lemmea, D. Marvilb,
and P. W. Waldroupc, aDegussa Corporation, Kennesaw, GA, bPerdue
Farms Inc., Salisbury, MD, cUniversity of Arkansas, Fayetteville, AR.

There is an ongoing discussion regarding the relative effectiveness of
the hydroxy analogue of methionine (liquid MHA-FA) relative to DL-
methionine (DL-Met). Three large-scale experiments carried out under
local conditions are presented in order to determine the relative effective-
ness of liquid MHA-FA. In trial 1 at Perdue Farms Inc., 4500 male day-old
Perdue 5632 broilers were assigned to 9 dietary treatments for 39 days.
Treatments comprised basal corn-soy starter/grower 1/grower 2 diets and
2 series each of diets containing graded levels (0.06/0.12/0.18/0.24%)
of either DL-Met or liquid MHA-FA. In trial 2 at a major Mexican
integrator, 4680 male day-old Hybro broilers were assigned to 13 di-
etary treatments for 42 days. Treatments comprised basal sorghum-soy
starter/grower/finisher diets and 3 series each containing graded levels
(0.06/0.12/0.18/0.24%) of either DL-Met, diluted DL-Met (65%) or liq-
uid MHA-FA. In trial 3 at the University of Arkansas, day-old male Ross
308 broilers were assigned to 16 dietary treatments from day 7 to 35.
Treatments comprised a basal corn-soy diet and 3 series of diets con-
taining graded levels (0.03/0.06/0.09/0.12/0.15%) of either DL-Met, di-
luted DL-Met (65%) or liquid MHA-FA. Basal diets were formulated to
be deficient in Met but adequate in all other nutrients. DL-Met (65%)
treatments can be regarded as an internal standard for the validation
of exponential regression analysis. Broilers performed well in each ex-
periment, statistically significant responses showed the Met deficiency
of the basal diets. Relative effectiveness estimates of diluted DL-Met
(65%) were in the expected range confirming that simultaneous regres-
sion analysis represents the proper mathematical model for comparative
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nutritional purposes. Exponential regression revealed a relative effective-
ness for weight gain of liquid MHA-FA of 70%, 63%, and 65% for trials 1,
2, and 3, respectively. Relative effectiveness of liquid MHA-FA for feed
conversion was 66%, 73%, and 49%, respectively. These figures amount
to an average bio-effectiveness of 64% on a weight/weight basis for liquid
MHA-FA, which agrees well with a recent literature survey for broilers.

Key Words: Broiler, Methionine Sources, Exponential Regression

38 Dietary lysine need of broiler chicks and imple-
mentation of proteomics on its nutritional mode of action
. A. Corzo*a, M. T. Kidda, and S. C. Burgessa, aMississippi State
University, Mississippi State.

Considerable research exists evaluating Lys needs of broilers because of
its limitation in corn and soybean meal diets, vitality in terms of optimiz-
ing growth and breast yield, and because it interacts with many essential
amino acids. Furthermore, early Lys nutrition has shown to significantly
affect performance of broilers at later stages of production. Lysine needs
for chicks between 0 and 18 days of age was reevaluated. A titration diet
(20.5% CP, 1.22% Lys) was first validated against a high protein (22.5%
CP, 1.22% Lys) and a previously documented diet (21.6% CP, 1.22% Lys)
by feeding these diets to chicks from 0 to 18 days of age. Analyses of
the data showed no difference between dietary treatments. Subsequently,
broiler chicks were fed the titration diet which contained progressive in-
crements of 0.05% lysine from 0.95% up to 1.40%, achieved by the addi-
tion of L-Lys at the expense of a filler (sand). At 18 days of age BW and
feed consumption were determined. Mortality was used to correct feed
conversion values. Statistical analysis involved analysis of variance and
regression so that an optimum dietary Lys level could be predicted (95%
of the asymptote) whenever a quadratic response was detected. Upon cal-
culation of the optimal dietary Lys level fed, it was determined that BW
and corrected feed conversion maximized at dietary Lys levels of 1.24%
(1.10% digestible) and 1.27% (1.13% digestible), respectively. Blood sam-
ples were then collected from chicks corresponding to two treatments:
chicks fed the lowest Lys level (0.95% Lys) and chicks from where the re-
quirement was found to be (1.25% Lys). Plasma samples were analyzed
by matrix-assisted laser desorption-ionization (MALDI), as well as on-
line reversed-phase two dimensional liquid chromatography coupled with
tandem mass spectrometry. Protein classification is being conducted to
further elucidate the impact of dietary Lys adequacy vs. inadequacy in
chicks.

Key Words: Broiler, Lysine, Proteomics

39 Dietary threonine responses in three commercial
broiler strains. M. T. Kidd*a, A. Corzoa, S. J. Barbera, S. L.
Brantonb, B. J. Kerrc, D. Hoehlerd, and M. L. Locatellid, aMississippi
State University, Mississippi State, bUnited States Department of Agri-
culture, Mississippi State, MS, cUnited States Department of Agricul-
ture, Ames, IA, dDegussa Corporation, Kennesaw, GA.

Broilers consuming diets marginal in Thr may result in Lys inefficiency
in turn reducing breast meat because Thr is third limiting. There are
no published reports evaluating Thr responses across broiler strains. Be-
cause the growth and tissue accretion rates of commercial broilers differ,

a study evaluated Thr needs in three commercial broiler strains (A, mul-
tipurpose; B, high-yield; C, high-yield) known to differ in terms of feed
intake, growth rate, and breast meat yield. Birds were randomized across
96 floor pens (12 birds/pen), received a common diet from d 1 to 20, and
fed graduations of Thr (0.52 to 0.87% total Thr in 0.07% increments)
from d 21 to 42. Treatments (3 x 6 factorial) were replicated between
5 and 6 times. The corn, soybean meal, and peanut meal test diet con-
tained 0.43% and 0.96% digestible Thr and Lys, respectively. A feed
conversion interaction (P < 0.05) occurred indicating that strain C was
more sensitive to Thr deficiency than strains A and B. The abdominal
fat interaction (P < 0.05) indicated that strain A had more relative fat
than strains B and C. All strains differed (P < 0.05) in terms of BW
gain (A, 78.2; B, 75.1; C, 72.9 g/d). Strain C had the lowest (P < 0.05)
feed intake resulting in the lowest (P < 0.05) Thr intake, but it had the
highest (P < 0.05) breast meat yield. Most parameters tested yielded
quadratic (P < 0.05) models whereby Thr estimates could be predicted.
Namely, BW gain and breast meat yield resulted in total Thr estimates
(95% of the upper asymptote) of 0.74 and 0.71%, respectively, which are
in good agreement with the 1994 NRC (0.74%). The plasma Thr sigmoid
response verified the former estimates. Analysis of strain intercepts and
slopes as affected by Thr differed (P < 0.05) in terms of feed intake, but
not BW gain or breast meat yield. The 21 to 42 d Thr need across strains
is about 0.74% total or 0.65% digestible (Thr/Lys of 0.68).

Key Words: Threonine, Broiler, Amino acid

40 Starter phase dietary lysine and strain cross ef-
fects on performance of female broilers . A. Corzo*a and M.
T. Kidda, aMississippi State University, Mississippi State.

Previous studies have found that early dietary lysine has an effect on
breast meat yield in male broilers. A study was designed to evaluate
starter dietary lysine (0-21 d of age; 1.20 vs 1.35% lysine of diet as
achieved by the addition of L-lysine at the expense of a filler) on the
performance of female broilers from three different genetic strain crosses,
and monitor subsequent effects at 41 and 56 d of age. Both high yield and
multipurpose strains were used. Body weight and feed consumption at
Days 41 and 56 were higher (P<0.01) for birds consuming the high lysine
starter diet, but feed conversions were similar when compared to the low
lysine diet. Body weight and feed conversion were similar among strains.
Mortality was unaffected by lysine level and strain cross throughout the
study. At 41 and 56 d of age, carcass and breast meat weight, but not
yield, were higher (P<0.05) in birds fed the high lysine starter diet. At
56 d differences in carcass yield, abdominal fat, and breast meat yield
were seen among strains, such that the strain with highest yield had the
least amount of abdominal fat in terms of absolute weight and percent-
age. No effect on processing yields by dietary lysine was observed at any
time regardless of the growing characteristics of the broilers. However,
for early slaughter ages, feeding high levels of dietary lysine during the
starter phase could prove to be convenient when maximum live perfor-
mance or breast meat absolute values are desired while concomitantly
minimizing cost relative to labor employed per pound of final product.

Key Words: Broiler, Lysine, Strain
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41 Evaluation of probiotic cultures on Salmonella

prevalence in commercial turkey houses. J. L. Vicente*a, G.
M. Navaa, R. L. Jarquina, A. Torres-Rodrigueza, C. D. Sartora, A. D.
Wolfendena, S. Higginsa, L. Bielkea, G. Telleza, A. M. Donoghueb, and
B. M. Hargisa, aDepartment of Poultry Science, University of Arkansas,
Fayetteville, bUSDA, ARS, PPPSRU, Fayetteville AR, 72701.

The efficacy of a 9-bacteria (7 enterobacteriaceae and 2 lactic acid bac-
teria) probiotic culture (P1) and two lactic acid bacteria isolates alone
(P2), with or without a commercial organic acid (OA), were evaluated
for ability to reduce recoverable environmental Salmonella in commer-
cial turkey flocks 2 weeks prior to processing. Salmonella positive flocks
were identified 3 to 4 weeks prior to processing by standard drag swab
sampling of each house with subsequent enrichment and selective plat-
ing. Eight drag swab assemblies were utilized per house, and houses

with Salmonella recovery from > 6 of 8 drag swabs were selected as can-
didates for treatment. Two weeks after treatment (prior to live haul),
similar drag swab assemblies were utilized and Salmonella recovery inci-
dence was compared following enrichment on novobiocin-containing BGA
plates with serological confirmation of suspect colonies. In the first trial,
6 Salmonella-positive houses were selected to evaluate four treatments,
a) P1-100X, b) OA+P1-100X, c) OA+P1, and d) OA+P2. A stock so-
lution of OA (Performax) was prepared (0.95 L OA/7.8 L water) and
added to the drinking water for 8h (128x dilution). After cleaning the
water lines by flushing with tap water, the cultures were administered
in the drinking water at a final concentration of 1.0 x 106 cfu/ml for
three consecutive days. Drag swab samples were taken two weeks af-
ter treatment, prior to live haul. A significant reduction (P<0.01) of
Salmonella recovery was observed in all treated houses two weeks after
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treatment (a: 90%, b: 100%, c: 100%, and d: 86% reduction). In the
second trial, 22 Salmonella-positive houses were selected to evaluate six
treatments, a) Control, b) OA, c) P1, d) P2, e) OA+P1, and f) OA+P2.
Two weeks after treatment, the recovery of Salmonella was significantly
reduced (P<0.001) in houses treated with P1 or P2 in combination with
OA, when compared to control houses (87 and 75% reductions, respec-
tively). These studies suggest that the administration of selected probi-
otics in combination with OA can reduce the recovery of environmental
Salmonella in turkeys houses prior to processing.

Key Words: Probiotics, Salmonella, Organic Acid

42 Intermittent administration of a probiotic culture
and a mixture of organic acids may reduce Salmonella enter-
itidis transmission in chicks. R. L. Jarquin*a, G. M. Navaa, J. S.
Vicentea, A. D. Wolfendena, C. D. Sartora, S. E. Higginsa, G. Telleza,
D. J. Donoghuea, A. M. Donoghueb, and B. M. Hargisa, aDepartment
of Poultry Science, University of Arkansas, Fayetteville, bPPPSRU, ARS,
USDA, Fayetteville AR.

Recently, we have explored the possible inhibitory effect of organic acids
on microbial growth within the chicken gastrointestinal tract. The ob-
jective of this study was to combine and evaluate a defined probiotic cul-
ture and an organic acid mixture on Salmonella colonization in chicks. In
three replicate experiments an organic acid mixture (OAM) (tannic , lac-
tic, butyric, acetic, .024%, .048%, .048% and .048% final concentration,
respectively) administered in the drinking water was alternated with a
nine-bacteria probiotic culture (BB) and evaluated for ability to prevent
Salmonella enteritidis (SE) colonization in neonatal broiler chicks. Day-
of-hatch chicks were randomly divided into eight pens (n=40/pen). In an
additional pen containing 80 chicks, all birds were individually tagged for
identification and then orally challenge with SE (105) to serve as seeders.
Treatments consisted of Controls, OAM alone, BB alone (1 x 106 cfu/ml
final concentration) or OAM and BB provided on an alternating daily
basis (2 pens/treatment) . On day 2, 10 seeders were placed into each
of the eight pens. Treatments were continued until day 8. On day 10
and 20 (experiment 2 and 3 only) half of the chicks from each pen and
the seeders were humanly killed and the cecal tonsils were aseptically col-
lected for enrichment culture for SE. In Experiment 1 on Day 10, only the
OAM and BB combined treatment resulted in a lower incidence (70%)
of SE (p<. 05) compared to control (95% incidence). In Experiment 2 ,
a significant reduction of SE colonization was observed for all treatment
groups compared to control (Control 95%, 75%, OAM alone 35%, 10%,
BB alone 55%, 25% and 75%, 15% for the OAM-BB combination, days 10
and 20 respectively). In Experiment 3 on day 10, SE incidence was lower
(p<.05) in the OAM group (20%) and the OAM-BB group (42.5%) com-
pared to the control group (72.5%). On day 20, a significant reduction
in SE was observed only in the OAM group (47.5%) compared to control
(62.5%). These observations show that the combined administration of
BB and OAM might be efficacious to prevent SE intestinal colonization
however, our results varied considerably in efficacy across experiments.

Key Words: Organic Acids, Probiotic, Salmonella

43 Estimation of Salmonella populations from com-
mercial North Carolina turkey farms. F. B. O. Santos*, X. Li,
J. B. Payne, and B. W. Sheldon, North Carolina State University.

Salmonella is one of the primary causes of human gastroenteritis in the
United States. Although there are many foods that may be contami-
nated with Salmonella, poultry products are one of the major vehicles
for transmitting this organism to humans. The national rate of poultry
product contamination with Salmonella has declined since adoption of
the HACCP food safety program. However, further reductions in carcass
contamination may require the adoption of on-farm pathogen reduction
strategies. In this study Salmonella populations from 12 commercial
mixed turkey farms were enumerated [Most Probable Number method
(MPN)] from fresh excreta and litter samples as a function of farm, sea-
son (summer and winter), and bird age (3 vs 19 wk). Moreover, litter
pH, temperature, moisture content, water activity and ammonia levels
were monitored. All farms were Salmonella positive for at least one
of the seasons, with populations ranging from <1 log MPN/g to >5.3
log MPN/g. Of the 48 separate fecal and litter composite samples an-
alyzed, 73% and 75% were Salmonella positive, respectively. Bird age
also influenced litter Salmonella populations (P<0.0001), where 3-wk
birds yielded Salmonella populations of ca. 2 logs higher than detected
in the litter of 19-wk turkeys. Season by age interactions also influenced

Salmonella fecal populations (P=0.056). The 3- and 19-wk turkeys had
their highest bacterial levels during the winter (>4.7 log MPN/g) and
summer (4.3 log MPN/g) months, respectively. Regression analysis of
the data indicated that litter pH influenced the Salmonella populations
(P=0.0009). A more acidic litter produced significantly lower popula-
tions (pH of <6 yielded a population of <2 log MPN/g). Furthermore,
litter moisture values were inversely correlated with Salmonella popu-
lations (P=0.0009). These results indicate that Salmonella populations
in turkey fecal and litter samples vary widely from farm to farm and are
influenced by several factors including bird age, season, and the chemical
properties of the litter.

Key Words: Turkey, Salmonella, Populations

44 Characterization of Salmonella spp. prevalence
and populations in commercial broiler production. J. B.
Payne*, F. B.O. Santos, X. Li, and B. W. Sheldon, North Carolina
State University.

Salmonella contamination during the grow-out phase of poultry pro-
duction is an area that is receiving increased attention. By assessing the
relationship of on-farm Salmonella populations to environmental param-
eters and farm management practices, on-farm control strategies similar
to those developed for processing HACCP programs may be identified. A
study was conducted to estimate Salmonella populations and prevalence
in fresh excreta and litter from North Carolina broiler farms. Litter pH,
temperature, ammonia levels, moisture content, and water activity were
also measured. Composite litter and fecal samples were aseptically col-
lected from three commercial farms (two houses per site) as a function of
bird age (1-3 wks, 4-6 wks) and season (summer, winter) and the popula-
tion of Salmonella spp. enumerated using a 3-tube MPN method. Fifty
percent of the litter (n = 24) and fecal (n = 24) samples were Salmonella
positive. Litter and fecal mean and range of Salmonella populations were
1.70 and 1.0 to 3.6 and 1.57 and 1.0 to 3.1 log MPN/g, respectively. A
significant 3-way interaction of season, farm and age did influence the lit-
ter Salmonella populations (P=0.02); however, Salmonella populations
in fecal samples were not influenced by season, age, farm or their inter-
actions. The highest litter and fecal Salmonella populations (3.6 and
3.1 log MPN/g, respectively) were detected on Farm 2 during the win-
ter months for birds in the 4-6 wk age category. When fecal and litter
sample data were combined, no significant season, age, or farm effects
were observed; however, their 3-way interaction significantly impacted
Salmonella populations (P=0.01). The results of this study indicate
that Salmonella spp. populations and their prevalence in commercial
broiler farms were not impacted by individual farm, season, or flock age
effects but collectively, they did influence Salmonella populations.

Key Words: Salmonella, Populations, Broilers

45 Evaluation of several methods of delivery of a
competitive exclusion product to turkey poults to pro-
tect against colonization by Salmonella. J. A. Byrd*a, J. L.
McReynoldsb, M. R. Burnhama, L. F. Kubenaa, and D. J. Nisbeta,
aUSDA-ARS, FFSRU College Station, TX, bTexas A&M University, De-
partment of Poultry Science, College Station.

Competitive exclusion (CE) cultures have been demonstrated to offer
protection in young chicks against colonization bySalmonella. One draw-
back of the spray method of CE products is the exposure of anaerobic bac-
teria to oxygen which is detrimental to the beneficial anaerobic bacteria.
In the present study, we evaluated several methods for the application
of CE products on turkey poults against the colonization by Salmonella.
On day 3, 48 h post-treatment, ceca were removed from 10 poults and
were analyzed for volitile fatty acid levels. The remaining poults were
challenged by crop gavage with 104 Salmonella Typhimurium. Six days
later, poults were killed for determination of the cecal colonization for cfu
Salmonella enumeration. Treatment with the CE caused a significant (P
<.05) increase in propionic acid levels when compared to controls, with
measured levels of 14.62 vs. 2.31 µmol propionic acid/g of cecal con-
tents, respectively. CE also caused a significant decrease in the incidence
of Salmonella in cecal contents when compared to the controls, with de-
tected Salmonella-positive ceca in 36.8% of the CE-treated vs. 85% of
the controls. Similarly, CE treatment caused a significant decrease in the
number of Salmonella detected in the ceca when compared with the con-
trols, with Log10 1.09 vs. 3.27 Salmonella /g cecal content, respectively.
Poults provided CE by spray or beak-dip method resulted in a significant
decrease in the incidence and number of Salmonella recovered from the
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ceca when compared with the controls. These results indicate that beak-
dip CE application was just as effective of traditional spray treatment of
day-of-hatch turkey poults and significantly decreased Salmonella Ty-
phimurium cecal colonization. These data suggest that prophylactic ad-
ministration of CE to day-of-hatch poults can reduce Salmonella colo-
nization as well as other pathogens.

Key Words: Competitive Exclusion, Turkey, Salmonella

46 Development of an experimental disease model
for necrotic enteritis utilizing immuno-suppressants and
dietary mechanisms. J. L. McReynolds*a, J. A. Byrdb, R. C.
Andersonb, T. S. Edringtonb, L. F. Kubenab, and D. J. Nisbetb, aTexas
A&M University, Department of Poultry Science , bUSDA-ARS, South-
ern Plains Agriculture Research Center, College Station, TX.

Clostridium perfringens (CP) is the etiologic agent of the disease
Necrotic Enteritis (NE). The clinical signs of this disease include de-
pression, decreased appetite, diarrhea, and severe necrosis of the intesti-
nal tract. Understanding the disease progression of NE has been very
difficult due to its complexity and several predisposing factors (dietary
components, immuno-suppression, and mechanical irritation of the gut)
that appear to contribute to this syndrome. In the present investiga-
tion day-of-hatch broilers were fed a wheat diet and randomly assigned
to the following groups: control, Coccivac-BTM (CV), Bursa-vacTM or
the combination of the two, and challenged with 107 cfu CP. Each treat-
ment group had an appropriate non-challenged control. Broilers in each
treatment group had a significant increase (P>.05) in lesion scores when
compared with controls with mean lesion scores of 1.05 and 2.05 in the
CP and BV + CP treatment groups, respectively. Incidence data of CP
was also significantly increased (P>.05) in all treatment groups when
compared to controls with percentages of 73% and 100% in the CV +
CP and BV + CP treatment groups, respectively. When compared with
controls percent mortality was also significantly increased (P>.05) to 23
% in the CP group and to 43% and BV + CP treatment groups. CP is one
of the gram-positive organisms that have been controlled in the commer-
cial poultry industry by growth promoting antibiotics. Coccidiosis has
also been effectively controlled through the use of ionophores for many
years. Increased pressure to remove these antibiotic products because of
resistance and consumer preference could greatly increase the risk of NE.
Development of a usable disease model for the better understanding of
this condition is needed.

Key Words: Necrotic Enteritis, Clostridium Perfringens , Chickens

47 Pre-nitrate adaptation prior to experimental
chlorate product feed or water supplementation effectively
reduces Salmonella. M. R. Burnham*a, J. A. Byrdb, J. L.
McReynoldsc, R. C. Andersonb, K. J. Genoveseb, L. F. Kubenab, and D.
J. Nisbetb, aJones County Junior College (JCJC), bUnited States De-
partment of Agriculture-Agricultural Research Service, Southern Plains
Agricultural Research Center, Food and Feed Safety Research Unit
(USDA-ARS, SPARC, FFSRU, cTexas A & M University (TAMU).

The objectives of this study were to evaluate the effectiveness of feeding a
2 d pre-nitrate adaptation diet followed by an experimental chlorate prod-
uct (ECP) diet for 2 d prior to slaughter on the reduction of Salmonella
in the ceca of market age broilers and its subsequent effects on their per-
formance. The specific objective is to eliminate or reduce Salmonella
in consumable broiler meat products. In three trials, at 6 wk of age,
one hundred and sixty broilers were randomly assigned to eight groups
of twenty birds and placed in floor pens containing pine litter. Prior
to placement, each bird was orally challenged with 109 Salmonella Ty-
phimurium (ST). All groups were fed normal broiler rations with double
distilled water. Prior to slaughter (2 d), group 1 served as a control,
groups 2 and 3 were supplemented in the feed with either 1.0% ECP-
carrier alone or 5.0% sodium chloride, group 4 was supplemented in the
water with a 1x ECP (containing 15mM chlorate ion equivalent), and
groups 5-8 were supplemented in the feed with either 0.1, 0.5, 1.0, or
5.0% ECP. Prior to this application (2 d), sodium nitrate pre-adaptation
was applied to groups 2-8. Performance variables investigated were BW,
weight gain, feed and water consumption, feed conversion, litter mois-
ture, and mortality. Cecal contents were aseptically collected and spread
on brilliant green agar plates to enumerate ST, respectively. Weight gain,
feed and water consumption, and feed conversion (gain/intake) were sig-
nificantly increased in sodium containing diets. However, in the 5.0%
sodium chloride and 5.0% ECP diets, litter moisture was significantly

increased when compared to all other treatments. Mortality was not sig-
nificant. Pre-nitrate adaptation followed by 1-5% ECP feed or 1x ECP
water exposure significantly reduced the incidence of birds positive and
log value of ST in the ceca. Overall, 1.0% of a feed grade ECP or 1x ECP
water supplementation effectively reduces ST without causing adverse ef-
fects on performance. These results indicate that pre-nitrate adaptation
and ECP supplementation of feed or water prior to slaughter effectively
reduces ST and may likewise reduce Escherichia species in broilers, and
may potentially reduce the risk of contaminating poultry products. Pre-
nitrate adaptation may allow ECP to more effectively destroy nitrate
responsive bacteria in the intestinal environment without harming the
normal microflora.

Key Words: Broilers, Experimental, Chlorate Product

48 Performance of summer reared broilers between
6 and 8 weeks of age to varying ME and CP while fostering
an ideal amino acid balance. J. Galobart*a, E. T. Morana, and
D. Hohlerb, aPoultry Science Department, Auburn University, bDegussa
Corporation.

Hot weather suppresses performance of heavy broilers. Reducing dietary
CP while maintaining levels of essential amino acids lends to an ideal bal-
ance and minimizes N excretion. Reducing dietary ME may relieve car-
cass fatness normally incurred with hot weather while facilitating breast
meat development when combined with ideal protein. Ross x Ross 308
broilers (544) were grown sexes-separate in 32 floor pens from 6 to 8 weeks
of age in a summer environment (25C & 80% RH). High (HE-3.25 kcal/g)
and low (LE-3.09 kcal/g) ME feeds were formulated in conjunction with
high (HP-18%) and low (LP-16.5%) crude protein, (amino acid), contents
resulting in 8 factorial arranged treatments when sex was superimposed
on the design. TSAA (0.75), Lys (0.95), Thr (0.72), Trp (0.20), Ile (0.70),
Val (0.72), and Arg (1.05) were the most limiting amino acids and at
similar percentages for all treatments. Altering the levels of dietary ME
and/or CP generally led to independent responses that were equivalently
expressed by males and females. Increasing ME improved F/G with-
out affecting either final BW or live gain between 6 and 8 weeks of age.
HP resulted in an improvement of all measurements of live performance;
however, incidence of mortality due to SDS increased with males when
energy was reduced, but decreased with females. Carcasses of males had
a lower proportion of abdominal fat than females; however, changes in
dietary ME and CP did not alter theses amounts nor affect chilled yield
and incidence of grade defects. Percentages of breast fillets significantly
suffered from the reduction in CP, particularly with females; however,
equivalent L* values of fillets among all treatments indicated similarity
in quality. Females typically have a greater proportion of tenders than
males, and their recovery not only suffered as a consequence of decreased
CP but also decreased when ME was reduced. The lower performance
and breast meat yield at low protein intakes may be attributed to lim-
iting supplies of essential amino acids or due to an insufficient supply of
non-essential amino acids.

Key Words: Broiler Carcass Quality, Energy, Protein

49 Effects of pellet quality on lysine needs of male
broilers from 14 to 30 days of age. M. W. Greenwood*a, P. M.
Clarkb, M. L. Penkab, and R. S. Beyera, aAnimal Science and Industry-
Kansas State University, bGrain Science and Industry-Kansas State Uni-
versity.

Research has suggested that the productive energy (PE) benefit observed
with feeding pelleted diets increases lysine needs of broilers. High levels
of feed fines in a pelleted diet do not contribute to the PE value of a
diet. Therefore, an experiment was conducted to determine the effects of
feed fines level on total lysine necessary for maximum body weight gain
(BWG) and feed efficiency (FE) of male broilers from 14-30 d. A 2 x 5
factorial treatment arrangement was achieved by feeding diets containing
two levels of total lysine (1.00 and 1.15%) with five levels of feed fines
(20, 30, 40, 50, and 60%). Two corn-soybean meal-based diets grower
diets (1432 kcal ME/lb and 20.5 % CP) were formulated to provide two
levels of dietary lysine. Feed fines represented a blend of fines created
and scalped during manufacturing, and by grinding intact pellets with
a 1/8 hammermill screen. Subsequently, pellets and fines were blended
together to obtain desired levels of feed fines. Eight grower cages of 5
male broiler chicks (Cobb 500) were fed each dietary treatment. Mean
body weight and feed consumption were obtained at 14 and 30 d. Birds
fed 1.00% lysine exhibited superior weight gain (P=0.01) at the lowest
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level of fines, while BWG for birds fed 1.15% lysine was not different until
the diet reached 60% fines. Birds fed 1.00% lysine at the lowest level of
fines had significantly greater AFI (P=0.05) than any other treatment.
Lack of a feed intake response at other levels of fines suggests that birds
received a growth benefit independent of feed intake. Feeding low lysine
diets with 60% fines resulted in depressed FE (P=0.03) when compared
with diets containing 40% fines or less, while fines level did not affect FE
at the higher lysine level. Higher levels of intact pellets in diets possibly
improved performance due to less energy expenditure required during
meal consumption. These results demonstrate that increasing dietary
lysine concentrations may compensate for inferior performance obtained
with diets of poor pellet quality.

Key Words: Lysine, Pellet Quality, Fines

50 Effects of top-dressing recycled broiler litter on
bird performance, litter production and litter nitrogen. C.
D. Coufal*a, C. Chaveza, P. L. Niemeyera, and J. B. Careya, aTexas
A&M University.

Clean-out of broiler rearing facilities, disposal of old litter and the cost
of new bedding materials are costly tasks for broiler producers. One
method to extend the use of broiler litter and prolong the time between
clean-outs is to top-dress the litter by adding a thin layer of new bedding
material over the old, recycled litter. An experiment was conducted to
access the effects this practice has on bird performance and litter and
caked litter production, moisture and nitrogen content. Six pens were
used to rear four consecutive flocks of broilers to 6 weeks of age. The
bedding material in the pens was recycled rice hull broiler litter which
had been used previously for 9 consecutive broiler flocks. Three pens
received no litter treatment (control), while three pens were top-dressed
with a thin layer (1-2 cm) of new rice hulls before each flock of birds was
placed. A total of 840 broilers were used for each flock (420 bds/trmt.).
Seasonal effects were observed with regard to bird performance and litter
and caked litter moisture, dry matter deposition and nitrogen content.
When data was averaged for the four flocks, no differences due to litter
treatment were observed for the bird performance parameters of body
weight, feed conversion or mortality (P<0.05). Caked litter moisture
was significantly higher for top-dressed pens than the control pens (47.0
vs. 44.32%). However, smaller amounts of caked litter was produced in
the top-dressed pens, resulting in a significant reduction in the amount of
dry matter caked litter produced per kg of marketed broiler when com-
pared to control pens. Litter and caked litter nitrogen content was also
significantly lower for top-dressed pens (3.66 and 4.43%, respectively)
than untreated control pens (4.08 and 5.08%, respectively). These re-
sults indicate that top-dressing of litter could be an effective method to
reduce caked litter production and reduce litter nitrogen content.

Key Words: Broilers, Top-Dress, Nitrogen

51 A comparison of the organizational structure and
management practices in commercial broiler production in
northeast united states and southwest nigeria and their ef-
fects on control of diseases such as coccidiosis, new cas-
tle disease(ND) and infectious bursal disease (IBD). O. T.
Olusanya*a, O. A. Oladeleb, and B. O. Olugasab, aPoultry Diagnostic
Research Center, University of Georgia, Athens, bUniversity of Ibadan,
Nigeria.

There are some notable differences in the commercial broiler production
methods between countries. Some of these differences account for the
success seen in one country and not in others as the case is between
United States and Nigeria. This study was carried out to identify the
differences and to see how it has contributed to the success of the in-
dustry in the United States with resultant disease control as one of the
measures of success. Study visits to the two countries were carried out
over a period of 2 years between 2001 and 2003 to identify the differ-
ences; some other differences were identified from published literatures.
A direct relationship was established between the intergrated structure of
the U.S poultry industry and its success compared with the unintegrated
structure in Nigeria and its sub-optimal disease control. There is marked
differences in management practices on farms in the countries. Potential
ways in which the poultry industry in Nigeria may apply the methods
used in the United States to achieve a better success were determined .
There are indications that the success recorded in poultry production in
the U.S may be reproduced in varying degrees in Nigeria and probably

any other country if the proper methods can be adopted and funded to
attain the desired goals.

Key Words: Broiler Production, Disease Control, Nigeria

52 Growth and breast muscle yield potential of se-
lected parent stock and pure line products. M. E. Rustad*a,
F. E. Robinsona, R. A. Renemaa, M. J. Zuidhofb, and B. Fancherc,
aUniversity of Alberta, Edmonton, AB, Canada, bAlberta Agricul-
ture, Food and Rural Development, Edmonton, AB, Canada, cAviagen,
Huntsville, AL.

The rate of genetic progress in growth rate and breast meat yield has
reduced days to market, led the development of market-specific strains,
and increased challenges in managing parent stocks. This trial was car-
ried out to determine the relative growth and breast yield potential of
commercial and specialized broiler lines to aid in development of effec-
tive weight management strategies. Eight strains of broiler pullets (288
birds/strain) were placed in 18 blocks of 8 pens each, and randomized
within each block. Birds were provided ad libitum access to feed and
water, and given a constant 23L:1D of light. Weekly pen weights were
taken from 0 to 84 d. At 2 wk intervals (0 to 84 d), one bird from each
pen was assessed for external fleshing traits, processed, and weights of
the P. major, P. minor, and fatpad were determined.
At 12 wk, the heaviest strain was Strain 1 (4.40 kg) while the lowest
was Strain 4 (3.26 kg). Strain 4 birds had the highest % breast muscle
throughout the trial (12-wk: 25.6% of live BW) while Strain 3 was al-
ways the lowest yielding strain (17.6% of live BW). Rankings in breast
muscle yield remained consistent during the 12 wks. Strain 4 had the
lowest fat pad weight (1.86% of live BW), while five strains (Strains 1,
3, 6, 7 and 9) were similar (mean weight = 2.89% of live BW). Strain 4
was a high yielding strain but with a relatively small size (lowest shank
and keel length). However, Strain 1 had consistently higher values for
chest girth, keel and shank length than Strain 4, but ranked second in
breast yield. This strain differed from all others in that the ratio of
breast width/keel length did not differ as the proportion of breast in-
creased. This implies that this strain carried increases in breast muscle
by keel extension rather than adding width. This trial demonstrates the
variability in growth pattern and fat deposition in current stocks.

Key Words: Broiler Growth, Breast Muscle Yield, Strain Variation

53 Investigating the embryonic metabolism of mod-
ern and unselected broilers. E. E. O’Dea*a, G. M. Fasenkoa, J. J.
R. Feddesa, F. E. Robinsona, J. C. Seguraa, C. A. Ouellettea, and J. H.
van Middelkoopb, aUniversity of Alberta, Edmonton, Alberta, Canada,
bResearch Institute of Animal Husbandry, Lelystad, Netherlands.

The objective of this study was to determine if broiler strain and breeder
flock age has an affect on embryonic metabolic rate. Fertile hatching eggs
(n=7) from three broiler breeder strains (Strain 1 (B) modern strain se-
lected for high breast yield, Strain 2 (W) modern strain selected for
whole bird market, Strain 3 (U) unselected since 1978) at two flock
ages (Trial 1 33 wk and Trial 2 - 38 wk) were incubated in individual
metabolic chambers and daily CO2 production of each embryo measured.
From the CO2 data, daily O2 consumption and embryonic heat produc-
tion were calculated. Data were analyzed using the GLM procedure of
SAS and significance measured at P < 0.05. Strain had no significant
effect on average total CO2 production over the entire 21 d incubation
period (B (4.29±0.1L); W (4.26±0.1L); U (4.21±0.1L)). Differences in
CO2 production between flock ages were observed throughout the entire
incubation period, with embryos from the 38 wk old flock producing sig-
nificantly more CO2 (4.73±0.1L) than embryos from the 33 wk old flock
(3.78±0.1L). There were also significant interactions between strain and
flock age for both average daily CO2 production and total CO2 produc-
tion. In embryos from the 33 wk old flock, U had significantly higher
CO2 production (4.04±0.2L) than W (3.53±0.2L), with the CO2 pro-
duction of B (3.74±0.2L) not differing from either strain. When embryos
from the 38 wk old flock were compared, W had significantly higher CO2

production (4.98±0.2L) than U (4.38±0.2L), with B (4.83±0.2L) not dif-
fering from either strain. The same patterns observed for CO2 production
were also observed for O2 consumption and embryonic heat production.
The data showed that strain differences in embryonic metabolic rate are
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dependent upon breeder flock age. This data may indicate why broil-
ers produced by younger breeder flocks do not perform as well as those
produced by older flocks.

Key Words: Embryo Metabolism, Genetic Selection, Broiler

54 The impact of mycosorb on the suppression of di-
etary aflatoxin on the performance of broiler breeder hens.
M. Daley*a, V. G. Stanleya, C. Dunkleya, and A. Seftonb, aPrairie View
A&M University, bAlltech, Guelph, Canada.

A study was conducted to examine the effect of MycosorbTM (Alltech,
Inc., Nicholasville, KY) on the suppression of aflatoxicosis in broiler
breeder hens. One hundred and twenty Cobb broiler breeder hens, 35
wk of age, were fed diets amended with aflatoxin (AF) (0 and 3 mg/kg)
and Mycosorb (0 and 2 lb/ton) in a 2 X 2 factorial designed experiment.
The birds were placed at random with three replicates of 10 females and
1 male per pen. Eggs were collected daily, stored at room temperature
and incubated every 7 d for 3 wk. Response variables were mean percent

fertility, hatchability, hen-day egg production, egg weight, chick weight
at hatch, and embryonic mortality over the 3 wk period. At the end of
the 3 wk incubation, blood was collected from the hens and analyzed
for total protein, globulin and albumin. The data showed that AF did
not negatively affect fertility, egg size and chick weight at hatch. How-
ever, the inclusion of Mycosorb in the AF-treated diet raised the level of
egg production (65.83 vs 57.26%), hatchability (74.9 vs 67.6%), and low-
ered embryonic mortality (16.87 vs 24%) (P<0.05). Serum total protein,
globulin and albumin were lowered in the AF-fed hens but were partially
restored with the addition of Mycosorb. The improved performance over
the control (egg production 3.9%; hatchability 2.7%; liveability at hatch
3.2%) when Mycosorb was fed without AF indicated that the basal diet
likely had AF present at a level that was impacting performance. The
basal diet was not analyzed for AF. The data demonstrated that the per-
formance of broiler breeder hens could be enhanced by feeding Mycosorb
in the presence of AF.

Key Words: Broiler breeder, Aflatoxin, Mycosorb
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55 Response of broilers fed organic vs. inorganic

trace minerals. A. E. Sefton*a and S. Leesonb, aAlltech, Inc.,
bUniversity of Guelph.

Until recently trace minerals have received little attention because of
their low relative cost. Environmental concerns have caused an increased
interest. The current studies investigated the requirements for zinc (Zn),
copper (Cu), iron (Fe) and manganese (Mn) in the organic (Bioplex

r

,
Alltech, Inc., Nicholasville, KY) forms. A commercial broiler premix
served as the control, which supplied total 100 ppm Zn, 90 ppm Mn,
30 ppm Fe and 5 ppm Cu on an as feed basis. An organic premix was
designed to give equal bioavailability of the four test minerals to that of
the inorganic premix. Selenium and iodine were supplied in the inorganic
form in both premixes. In the first experiment the inorganic premix was
used to supply comparable calculated bioavailable mineral levels to the
control, and 80, 60, 40 and 20% of that level. There were 6 reps of 8
caged, male broilers, grown from day old to 42 days of age. In the second
trial the inorganic premix was compared to the 20 and 10 % organic pre-
mix levels, and the inorganic premix at 20% the control level. There were
10 reps of 8 caged Ross X Ross male broilers. Mortality, growth rate or
feed efficiency were no significant different (P ≥0.05), in trial 1. There
were significant (P≤ 0.05) reductions in manure levels for Zn (40%), Mn
48%), and CU (20%), with the lowest feed level giving the lowest ma-
nure level. Fe was not significantly reduced. In the second experiment
there were no significant differences in mortality, 41-day body weight,
nor 20 or 41 day feed efficiency. The only significant difference was lower
20 day body weight for the 10% organic mineral and the 20% inorganic
mineral levels. The 20% organic mineral level did not differ from any of
the other treatments. No leg problems were noted in either trial, even
thought caged rearing was chosen to accentuate possible problems. These
trials show that mineral manure levels can be reduced by supplementing
the diet with organic minerals at levels lower than is the current practice
with inorganic minerals.

Key Words: Organic Minerals, Inorganic Minerals, Trace Minerals

56 Broiler breeder semen quality as affected by trace
minerals in vitro. S. J. Barber*, H. M. Parker, and C. D. McDaniel,
Mississippi State University.

Research has shown that trace elements, such as selenium, manganese,
and zinc, can alter reproductive functions. The aim of the current study
was to evaluate the sperm quality index and sperm viability as affected by
various levels and sources of selenium, manganese, and zinc when added
in vitro to broiler breeder semen. In vitro treatments consisted of the
following sources and levels of minerals: Control, no minerals added to
semen; seleno L-methionine, four levels ranging from 8.78 µg/L to 7896
µg/L; sodium selenite, four levels ranging from 8.78 µg/L to 7896 µg/L;
manganese sulfate, eight levels ranging from 6,500 mg/L to 65,000 mg/L;
Zn 180

r

, four levels ranging from 0.65 mg/L to 650 mg/L; and zinc sul-
fate, four levels ranging from 0.65 mg/L to 650 mg/L. The addition of

7896 µg/L of sodium selenite to semen was detrimental to sperm viabil-
ity and motility. Also, manganese sulfate adversely affected the sperm
quality index and sperm viability at concentrations greater than 6,500
mg/L. Sperm viability was decreased when 650 mg/L of Zn 180

r

was
added to semen. However, sperm motility was depressed by exposure to
zinc sulfate or Zn 180 at 6.5 mg/L or greater. Apparently, these trace
minerals must act at the reproductive tissue level during spermatogenesis
to improve semen quality. Conversely, the direct in vitro application of
these elements to semen appears to be detrimental to spermatozoa.

Key Words: Broiler Breeder, Trace Minerals, Sperm Quality Index

57 The effect of exogenous enzymes on male broil-
ers subjected to Salmonella infection<. E. T. Moran Jr.*a, E.
E. M. Piersonb, J. C. Remusb, and M. Hrubyc, aAuburn University, AL,
bDanisco Animal Nutrition, St. Louis, MO, cDanisco Animal Nutrition,
Marlborough, Wiltshire, UK.

A study was conducted to evaluate the effect of an amylase, protease
and xylanase mixture (Avizyme 1502) on the performance and microbial
characteristics of broilers exposed to 4 serotypes of Salmonella (Sal) at 1
day of age. 1120 one-day-old Ross 308 male broilers were assigned to two
treatments with 16 pens of 35 chicks/pen. Steam pelleted corn/soy-based
diets formulated to be in excess of NRC (1994) nutrient requirements
were fed to 8 weeks of age with or without 0.05% Avizyme. Performance
characteristics and total Sal content in the ceca were evaluated at 1, 3,
6 and 8 weeks. Carcass characteristics were measured at 8 weeks. The
swab method was used to enumerate total Sal in the ceca using 3 non-
fasted birds/pen. All birds were fed ad libitum. Numerical advantages in
feed conversion and liveability were consistently observed in the enzyme
treatment, particularly during the final period. No differences between
control and the enzyme-supplemented birds were observed in terms of
yield or common defects. However, the extent of fatness as indicated by
abdominal fat was greater in the enzyme-supplemented broilers. All sam-
pled birds tested positive for Sal 18 hours after exposure, and numbers
existing in the ceca were more than sufficient to establish a broad-based
infection. At 8 weeks of age, 100% of the sampled birds from the enzyme
treatment were negative for Sal. Furthermore, there was a reduction in
ceca weight in the enzyme treatment, this suggests that either a change
in the type of digesta entering the ceca and/or a shift in the extent of
fermentation of the cecal contents was occurring. A greater percentage
of Sal negative litter samples were found in pens on the enzyme treat-
ment (not statistically analysed), this finding supports the cecal observa-
tions. The results suggest that the enzyme mixture potentially alters the
amount and/or type of substrate available for fermentation in the ceca,
which could increase VFA production while suppressing Sal.

Key Words: Avizyme 1502, Broiler, Salmonella
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58 Comparison of four commercial molt programs
with and without feed restriction procedures. P. L. Ruszler*a,
C. F. Honakera, L. R. Minearb, and C. L. Novaka, aVirginia Tech,
bSouthern States Coop.

Four commercial molt treatments were compared for 36 wk post-molt
using 576 each of Bovans and Hyline W-98 hens, beginning at 66 wk.
Treatment (trt) A had feed withheld for four d followed by 31 d of diet 1
step-up limit fed. Treatment B had feed withheld for 10 d followed by 18
d of diet 2 and 7 d of diet 3 full fed. Treatment C had feed withheld for
four d followed by 24 d of diet 4 then 7 d of diet 1 full fed. Treatment D
was full fed a commercial feeding regimen consisting of diet 5 for 14 d, 7 d
of diet 2, and then 14 d of diet 3. Crude protein and ME (kcal/kg) values
for diets 1 to 5 were 14%/2772, 12.2%/2100, 15%/2772, 9.5%/1430, and
9.4%/1630, respectively. All treatments were fed a 16.5%/2882 ME layer
diet at 35 d post-molt. By d 17, trt A lost 27% body weight reaching zero
production (zp) on d seven for 31 d. By d 10, trt B lost 31% body weight
reaching zp on d seven for 17 d. By d 21, trt C lost 31% body weight
reaching zp on d 16 for three d and again on d 22 for 12 d. By d 28, trt
D lost 35% body weight reaching zp on d 16 for three d. Treatment A
reached 50% production on d 50 post-molt and trt B on d 45. Treatment
C remained below 2% average production for 33 d and reached 50% on
d 47 post-molt, while trt D remained between 0 and 6% production for
21 d reaching 50% on d 45 post-molt. Peak hen-day production (HDP)
occurred at 91% for trt C at 11 wk, 90% for trt B at 10 wk, 89% for A at
12 wk and 9 wk for D. The HDP was not different (76 vs. 78%) at 102
wk age. Cumulative egg production range (164 to 169 eggs), final body
weight (1936 to 1963 g), final egg weight (64.6 to 65.6 g), and specific
gravities (1.079 to 1.080) were not significantly different. Feed intake was
109 to 110 g/hen for an average feed conversion (AFC) of 1706 g/doz at
98 wk and rose to 123 g/hen for an AFC of 1964 g/doz at 102 wk due
to low environmental temperature. None of these parameters were sig-
nificantly different. The commercial molt, trt D, with no feed restriction
performed as well as the other molt treatments using either 4 or 10 d of
feed restriction.

Key Words: Egg Production, Weight Loss, Molt

59 The comparison of two full fed molt programs
with two commercial restricted fed molt programs. P. L.
Ruszler*, C. F. Honaker, and C. L. Novak, Virginia Tech.

Two strains of Leghorn hens, 512 each of Bovans and Hyline W-98, were
molted at 103 wk of age and subsequent production parameters were
measured to 139 wk to determine the effects of molting without feed
withdrawal. Treatment (trt) A had feed withheld for 4 d followed by
31 d of diet 1 step-up limit fed. Treatment B had feed withheld for 10
d followed by 18 d of diet 2 and 7 d of diet 1 full fed. Treatment C
(low-level nutrient program) was full fed diet 3 for 28 d followed by diet
1 for 7 d. Treatment D was full fed a diet 20% higher in nutrients than
treatment C, consisting of diet 3 for 14 d, diet 2 for 7 d, and diet 1 for
14 d. Crude protein and ME (kcal/kg) values for diets 1, 2, and 3 were
14%/2772, 11.75%/2100 and 9.5%/1430, respectively. Starting on d 35
post-molt, a 16.5%/2882 ME layer diet was fed to all trt. By d 14, trt
A lost 21% body weight and reached zero production (zp) on d 5 for 24
d, while trt B lost 22% body weight by d 10, reaching zp on d 5 for 16
d. By d 28, trt C lost 20% body weight and reached zp on d 9 for 7 d,
while trt D lost 15% body weight by d 14, dropping to only 2.3% pro-
duction on d 5 for 11 d before returning to production. Days post-molt
to reach 50% production for each treatment were 49, 42, 49, and 43, for
trt A, B, C, and D, respectively. Peak hen-day production of 82% for
trt A, B, and D and 83% for trt C was reached by 10 wk. Treatment C
had a significantly heavier final body weight than trt D and both were
greater (P0.05) than trt A and B. Final shell strength, as measured by
specific gravity, for trt A (1.0777) was significantly greater than trt B
(1.0758), with trt C (1.0771) and D (1.0761) between. Cumulative egg
production (158 to 163), egg weight (67 to 68 g), feed intake (112 to 113
g), and soft shelled eggs (1.33 to 1.74%) were not significantly different.
A full fed low nutrient molt procedure without feed withdrawal can re-
sult in productive performance equal to commercial programs using feed
withdrawal procedures.

Key Words: Weight Loss, Low Nutrient, Molt

60 Comparison of broiler growth and carcass yield
among alternative slow-growing breeds and a commercial
breed grown with or without outdoor access. A. C. Fanatico*,
P. B. Pillai, L. C. Cavitt, C. M. Owens, and J. L. Emmert, University of
Arkansas.

An experiment was conducted to assess the impact of breed and outdoor
access on growth rate and carcass yield. One slow-growing breed (S),
two medium-growing breeds (M1 and M2) and a commercial fast-growing
breed (F) were raised (straight-run) for 12, 10, or 8 weeks, respectively,
in an attempt to achieve similar body weights. The placement date was
staggered such that each breed was processed on the same day. Each
breed was assigned to three pens of 24 birds each and raised in indoor
floor pens; the S and F breeds were also assigned to two floor pens with
outdoor access (during daylight hours) containing 36 birds each. All
birds were provided with the same starter (0 to 4 weeks for S and M; 0
to 3 weeks for F), grower (4 to 8 weeks S and M; 3 to 6 weeks for F)
and finisher (8 to 12 weeks for S; 8 to 10 weeks for M; 6 to 8 weeks for
F) feeds, and birds were commercially processed. Weight gain was simi-
lar (P > 0.05) among breeds, but males gained more weight (P < 0.05)
than females. The S and F breeds had the highest and lowest (P < 0.05)
feed intakes, and consequently the lowest and highest (P < 0.05) feed
efficiencies, respectively. Carcass and breast yield (%) were higher (P <

0.05) and leg quarter yield was lower (P < 0.05) for females. The F breed
had the greatest (P < 0.05) carcass and breast yield (%) and the lowest
(P < 0.05) wing and leg quarter yield (%). The S breed exhibited the
lowest (P < 0.05) breast yield (%) and the greatest leg quarter yield (%).
The tibia was collected for bone breaking strength. Birds given outdoor
access had greater (P < 0.05) bone strength, and the F breed had the
highest (P < 0.05) bone strength and the S and M1 breeds had the lowest
(P < 0.05) bone strength. These data indicate that substantial growth
performance and yield differences exist among breeds, and provide valu-
able information about the potential efficiency of meat production for
alternative poultry systems.

Key Words: Broiler, Slow Growing, Outdoor Access

61 Light duration and intensity effects on small
broiler performance. J.B. Hess*a, S.F. Bilgilia, and E.R. Millerb,
aAuburn University, Auburn, bAviagen, Inc., Huntsville, AL.

Broiler lighting programs vary in both light duration and intensity,
and questions arise as to the combined effects of each on broiler live
performance and meat yields. This trial examined four lighting dura-
tion/intensity combinations in straight-run broilers raised to 33d. Ross
308 broilers (90 birds, 4 chambers/treatment, equal sexes per chamber)
were raised in light-controlled chambers at 0.72 sq. ft/bird density. All
treatments (Trt) were given 23 hrs light at 2.5 foot candles (fc) for three
days. Trt 1 and 3 dropped intensity to 1.5 fc between 4-13d and 1 fc from
14-33d. Trt 1 maintained 23 hrs light throughout, while Trt 3 dropped
to 18 hrs from 4-28 d. Trt 2 and 4 were given 0.5 fc from 4-33d, with
Trt 2 given 18 hr light from 4-14 d, and Trt 4 given 18 hr light from 4 to
28d. Equal number of each sex was processed at 33d (24 birds/chamber)
to assess yields. Body weights were reduced by Trt 3 and 4 at 33d (3.98
and 4.0) as compared to Trt 1 and 2 (4.08 and 4.11, respectively), an
effect largely due to duration of light. Feed consumption (5.72 lb) and
conversion (1.432) were lowest for Trt 4 (duration and intensity effect).
Mortality was low throughout the trial and was unaffected by lighting
treatments. Lean carcass, front half and leg quarter yields were unaf-
fected by the lighting treatments, while tender weight and yields were
reduced with the decrease in light duration and intensity. Compared to
females, males had lower fat (2.1 vs. 1.8%) and tender (3.6 vs. 3.4%)
yield, but higher leg quarter (28.9 vs. 29.5%) yields. However, total white
meat (fillet and tenders) yield did not vary between the sexes (19.4%).
Overall, reductions in live performance and yields were greater with re-
duced light duration than with reduced light intensity.

Key Words: Lighting Programs, Light Intensity, Broiler
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62 Effect of frequency and length of turning on

hatchability of broiler hatching eggs. O. Elibola and J. Brake*b,
aAnkara University, Faculty of Agriculture, Department of Animal Sci-
ence, Ankara, Turkey, bNorth Carolina State University, College of Agri-
culture & Life Sciences, Department of Poultry Science, Raleigh.

The effect of turning frequency (24 versus 96 times per day) for various
periods ranging from 2 d to 14 d of incubation, followed by complete
cessation of turning, on broiler hatching eggs was studied in four exper-
iments. Hatching eggs from Ross 344 male x Ross 308 female broiler
breeder flocks were collected from commercial flocks and stored for 2 d
at 18 C and 75 % RH in all experiments prior to setting in Petersime
incubators under standard conditions. The donor flocks were 37 wk, 59
wk, 34 plus 61 wk, and 57 wk of age in Experiments 1 to 4, respectively.
Eggs were turned 24 or 96 times per day from 0-8 d, 0-10 d, 0-12 d, or
0-14 d of incubation followed by no turning in Experiment 1. Experi-
ment 2 was conducted as Experiment 1 except that turning from 0-6 d
of incubation was added. Experiment 3 was conducted as Experiment 2
except that the eggs came from breeder flocks at 34 and 61 wk of age.
In Experiment 4 the 0-2 d and 0-4 d turning periods were added and the
0-12 d period was deleted. Fertile hatchability was not affected by turn-
ing frequency or period in Experiments 1 and 2 but middle embryonic
mortality was increased and late embryonic mortality was decreased by
more frequent turning in Experiments 1 and 2, respectively. Late em-
bryonic mortality decreased and fertile hatchability increased when eggs
were turned 96 times in Experiment 3. In Experiment 4 fertile hatcha-
bility was decreased only by turning from 0-2 d while mid and late deads
decreased as the days of turning were extended. Mid and late deads were
increased and early deads decreased by turning 96 times in Experiment
4. It is suggested that turning broiler hatching eggs 24 or 96 times per
day solely from 0-8 d is sufficient for minimally acceptable hatchability.

Key Words: Hatchability, Turning Frequency, Turning Length

63 Analysis of end-of-season carcass and reproduc-
tive traits in original and replacement male broiler breeders.
N. J. Wolanski*a, R. A. Renemaa, F. E. Robinsona, and J. L. Wilsonb,
aUniversity of Alberta, Edmonton, AB, Canada bUniversity of Georgia,
Athens.

The practice of spiking, which involves the addition of young males to
a breeder flock to maintain or increase fertility, has become a com-
mon method of addressing declining male fertility late in production.
To date, no study has reported if there are differences in the carcass
and reproductive morphology of original (ORIGINAL) and replacement
(REPLACEMENT) males at the end of the breeding period. In this
study, the external morphometrics and reproductive traits of 327 Hub-
bard males (237 ORIGINAL and 90 REPLACEMENT) were examined.
Body weight, shank length, spur length, keel length, and girth circum-
ference were recorded. Footpad condition was scored on a 3-point scale,
and feather condition was scored on a 6-point scale. Breast muscle and
testes were dissected and weighed, and presence of abdominal fat visually
assessed.
The ORIGINAL birds (63 wk of age) were heavier and had a higher breast
muscle weight, girth measurement, keel and spur length, and feather con-
dition than the REPLACEMENT males (47 wk of age). The absolute
testes weights of the ORIGINAL and REPLACEMENT males were sim-
ilar. When the birds were sorted into three BW categories (LOW, STD,
and HIGH), the heavier males had a greater testis and breast muscle
weight. While external indicators of size and fleshing differed between
REPLACEMENT and ORIGINAL roosters, testis weight was not af-
fected by the age of the bird. It was found that BW and breast muscle
weight did correlate well with average testis weight in birds where tes-
ticular regression had not occurred. As ORIGINAL males had a higher
BW and were more heavily fleshed than REPLACEMENT males, their
ability to successfully complete matings may be impeded.

Key Words: Broiler Breeder Males, Spiking, Testes Weight

64 The adverse effects of sub-optimal incubation
temperatures on chick yield and early chick quality. N. S.
Joseph*a, S. Lourensb, and E. T. Moran, Jr.a, aPoultry Science Depart-
ment, Auburn University, Auburn, AL, bDepartment of Applied Poultry
Research, Animal Sciences Group, Lelystad, The Netherlands.

The ideal temperature that optimizes hatchability and chick quality is
rarely uniform within large multi-stage setters. Also, temperatures in
the hatcher are not adjusted for the metabolic heat production of the
embryo. The present study measured low eggshell temperature at the
start of incubation and high eggshell temperature at the end of incuba-
tion to estimate their significance to hatchability and quality of broiler
chicks. Eggshell temperature (EST), based on an infrared thermome-
ter, was assumed to relate to embryo temperature. A total of 1800 eggs
from a single flock was divided and set in two setters. For the first 10
days of incubation, one incubator was set to attain an EST of 36.6◦C,
considered to be low, while the other was set to 37.8◦C and represented
an optimal temperature. EST was measured daily on sample eggs from
each incubator to assure treatment intentions. On day 11 of incubation,
the temperature in the low EST incubator was increased to 37.8◦C, in
synchrony with the other incubator until egg transfer. On day 18 of in-
cubation, half of the eggs from each setter were combined in each of two
hatchers. The EST in one hatcher was set to 37.8◦C and the other to
39.5◦C, considered to be high. Low EST for the first 10 days slowed
embryonic development compared to optimal EST and resulted in fewer
healthy chicks at hatch. An EST of 36.6◦C also decreased weight loss
during incubation, leading to increased body weight and yolk sac at hatch
but decreased body length. High hatcher EST decreased yolk-free BW.
Sample male chicks from each treatment were grown to 7 days of age.
For the first 2 days post-hatch, body temperature was highest among
those that received the optimum EST in the setter whereas those that
had received the high EST of 39.5◦C in the hatcher subsequently had the
lowest body temperature. Chicks incubated at 37.8◦C in both setter and
hatcher gained more weight in the first week post-hatch than any other
temperature combination. A deviation in EST from 37.8◦C decreased
hatchability and performance. Low EST at the beginning of incubation
was more adverse to chick quality than high EST at the end.

Key Words: Incubation Temperature, Hatchability, Chick Quality

65 Incubator temperature and oxygen concentra-
tion at the plateau stage effects embryonic growth and
metabolism of two breeds of chicken. M. J. Wineland*a, V.
L. Christensena, I. Yildirumb, D. T. Orta, and K. M. Manna, aNorth
Carolina State University, College of Agriculture & Life Sciences, Depart-
ment of Poultry Science, Raleigh, bThe University of Selcuk, Agriculture
Faculty, Department of Animal Science, Konya, Turkey.

The restrictive nature of the egg shell during the plateau stage of de-
velopment on oxygen consumption can impact embryo/chick growth and
metabolism. The use of different incubation environments could enhance
or decrease embryonic growth and metabolism depending upon a breeds
characteristic egg shell properties. Two (A & C) commercially available
breeds (BR) of chickens whose eggs have previously demonstrated vastly
different egg shell conductances were examined. Three experiments were
conducted using embryos from 17 to 21 d of age. Embryos were sub-
jected to four different temperatures (T) in Experiment 1 (36, 37, 38,
39 C), or four different oxygen partial pressures (O) in Experiment 2
(17,19, 21, 23%). In Experiment 3, two temperatures by two oxygen par-
tial pressures were arranged factorially. The breeder flocks were 50-55
wk of age. Embryos were examined at two different times (D) ( pipping
and hatch) for body weight (BW), yolk free body mass (YFBM), resid-
ual yolk mass (RYM), relative heart weights (RHW), and relative liver
weights (RLW). YFBM in Experiment 1 was significantly greater in C
compared A. In Experiment 2, increasing O improved growth at both
D, and C was heavier than A at both D. In Experiment 3, greater O
increased YFBM but did not interact with T. Lower T increased YFBM
at 20 but not at 21 d. The RYM demonstrated significant BRxO and
DxBR interactions in Experiment 1, significant O, BR and D effects in
Experiment 2. In Experiment 3, both T and O interacted with BR to
affect YFBM. Mean RHW displayed a significant TxBRxD interaction
in Experiment 1, a BRxD effect in Experiment 2 and significant T and
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BRxO effects in Experiment 3. The results indicate that elevated tem-
perature and decreasing oxygen partial pressures can decrease YFBM.
RYM from pipping to hatching indicated utilization of yolk nutrient is
enhanced by elevated O and depressed by elevated T. Utilization of yolk
by different BR depended upon conductance characteristics of the egg.
RHW is depressed more by elevated T than other factors. This data
support the idea that hatchling quality differences between BR could be
influenced by incubation conditions.

Key Words: Embryo Growth, Incubation Parameters

66 Sperm mobility and reproductive fitness of
naturally-mating broiler breeders. B. P. Hudson*a, J. L.
Wilsona, and D. P. Fromanb, aThe University of Georgia, bOregon State
University.

Prior research has shown a direct relationship between sperm mobility
and fertility of artificially inseminated chicken and turkey hens. However,
the effects of sperm mobility on reproductive performance of naturally-
mating flocks have not previously been evaluated. Sperm mobility was
determined in 250 caged broiler breeder males (Cobb) at 28 - 30 wk of
age. Subpopulations were classified as having low (L, n = 30) or high (H,
n = 30) sperm mobility phenotype. Males from these two groups were
placed in pens (1/3 floor, 2/3 slats) with Cobb 500 fast-feathering broiler
breeder hens at 31 wk of age and allowed to mate naturally. A total of 12
pens each contained 5 males and 58 females with males of each phenotype
in half of the pens. From 32 through 35 wk of age, mating behavior was
observed and eggs were incubated to determine fertility and hatchability.
Males were placed in cages again at 36 wk of age and sperm mobility was
reanalyzed. Initial sperm mobility scores for H and L males were 0.583
and 0.105, respectively. Sperm mobility scores of H (0.423) and L (0.214)
males remained significantly different at 36 wk of age. Sperm mobility
phenotype did not influence (P > 0.05) BW at 31 wk (H = 3780 g, L =
3841 g), fertility (H = 91.2 %, L = 94.3 %), hatchability of fertile eggs
(H = 93.8 %, L = 95.0 %) or hatchability of total eggs set (H = 83.5 %,
L = 88.3 %). Body weight and fertility were directly related (r = 0.668,
P < 0.02), suggesting that male BW has greater influence on fertility
than does sperm mobility in young naturally-mating flocks. Completed
matings, incompleted matings, mating attempts, total mating activity
and mating efficiency comparisons were similar (P > 0.05) for males in
both groups. High mating frequency of the young males in this study
may have negated possible sperm mobility effects on fertility, suggesting
that sperm mobility should be evaluated in older naturally-mating males.

Key Words: Broiler Breeder Male, Sperm Mobility, Mating Activity

67 ELISA surveillance of a single killed injection vac-
cination program in broiler breeders. J. B. James*a and P. A.
Stayerb, aMississippi State University, College of Veterinary Medicine,
bSanderson Farms, Inc.

To achieve maximum antibody protection in breeders and their offspring,
the U.S. industry typically vaccinates breeder pullets with killed vaccines
around twelve weeks and again at eighteen weeks pullet age. This study
reports serological surveillance data from an ongoing broiler breeder vac-
cination program administering double-dosed killed vaccine one time at
fifteen weeks of pullet age. ELISA titers were determined at twelve weeks
(pre-killed exposure levels), twenty-six weeks (presumed peak of antibody
titers), and fifty weeks (persistence of titers) of bird age. Results indi-
cate that a single handling vaccination program provides ELISA titers

equal to or greater than those of published double handling vaccination
programs at twenty-six weeks of age. Also persistence of antibody titers
from a single handling vaccination program appears equal to or greater
than those of the published double handling vaccination programs. These
ELISA results support superior broiler performance as reported by com-
parative U.S. industry data collection services. It is concluded that one-
time killed vaccine exposure may be a viable alternative to traditional
double handling vaccination programs.

Key Words: ELISA, Vaccination, Broiler Breeder

68 Establishing if the duration of egg turning effects
the hatchability of broiler breeder eggs. G. M. Fasenko*a, J. E.
Montgomerya, E. E. O’Deaa, and K. Martinb, aDepartment of AFNS,
University of Alberta, Edmonton, AB, Canada, bJamesway Incubator
Company, Inc, 30 High Ridge Ct., Cambridge, ON, Canada.

Commercial hatchery personnel have noticed an increased difficulty in
dissipating embryonic heat produced by eggs during the latter stages of
incubation. Turning eggs 45◦ to the right or left of horizontal is neces-
sary to maximize hatchability, but impedes air movement through the
incubator. An experiment was conducted to determine if the duration
of time in which eggs are held in a tilted versus a horizontal position
affects hatchability. A total of 600 eggs from a commercial Ross x Ross
308 breeder flock (53 wk of age) were weighed and divided equally into
two incubation turning protocol groups. Eggs on a standard commercial
hatchery turning profile (control) were held for one hr at 45◦ to the left of
horizontal, then turned 45◦ to the right of horizontal for 1 hr. Eggs in the
experimental group (short turn) were held for 10 min at 45◦ to the left
of horizontal, then held in the horizontal position for 40 minutes, then
held for 10 min at 45◦ to the right of horizontal. These turning proce-
dures were repeated until transfer to a hatcher at 18 d of incubation. All
eggs were candled at 7, 14, and 18 d of incubation and non-viable eggs
opened to determine fertility status and, if fertile, approximate day of
embryonic death. At 21.5 d of incubation all viable chicks were counted
and weighed and any unhatched eggs opened to establish day of embry-
onic death. All data were analyzed using the GLM procedure of SAS and
significance measured at P ≤ 0.05. Egg weights were narrowly selected
for and thus were not significantly different between the two treatment
groups. Transfer weights approached significance (P=0.0740) with per-
cent weight loss during incubation being significantly lower (P = 0.0009)
in the short turn (11.8 ± 0.1) versus the control group (12.2 ± 0.1). This
may have been a contributing factor to significantly larger (P = 0.0001)
chick weights in the short turn (45.0 ± 0.2) versus the control group (43.9
± 0.2). Chicks from the control group were observed to hatch earlier and
thus had the opportunity to lose more moisture before removal from the
hatcher. Embryonic mortality was not significantly affected by the treat-
ments, but hatchability of fertile (of saleable chicks) was (P = 0.0007).
The short turn group had a significantly higher (P=0.0017) percentage
of culled chicks (10.6 ± 1.7) compared to the control (2.8 ± 1.7) which
contributed to the lower hatch (81.1 ± 2.3) versus the control group (91.7
± 2.3). The lack of a significant effect of the experimental turning proto-
col on embryonic mortality indicates that a shorter turn duration during
incubation may be possible. Further research is required to determine
the minimum turn duration that does not influence hatch time or chick
quality.

Key Words: Egg Turning, Incubation, Hatchability
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69 Benefits of Bacillus subtilis C-3102 spores on live

performance of broiler chickens in four pen trials.. D. M.
Hooge*a, H. Ishimarub, and M. D. Simsc, aHooge Consulting Ser-
vice, Inc., Eagle Mountain, UT, bQuality Technology International, Inc.,
Huntley, IL, cVirginia Scientific Research, Inc., Harrisonburg, VA.

Three commercial integrator pen trials were conducted with straight-
run Cobb 500 broiler chicks grown to 42, 42, and 39 d, respectively, to
evaluate diets supplemented with Bacillus subtilis spores (Calsporin

r

at
0.05% giving a 0.003% level of spores), the leading alternative growth
promoter in Japan for many years, compared to control basal diets. The

additive significantly increased body weight in all experiments (average
+0.051 kg or +2.90%) and decreased feed conversion ratio in 2/3 trials
(average three trials -0.027 kg feed/kg body weight or -1.46%), without
affecting mortality. In a fourth pen trial on new litter with a used lit-
ter covering and relatively high stocking density (0.0622 m2/bird or 0.67
ft2/bird), Ross x Hubbard HiY equal mixed-sex chicks were grown to 49
d of age. On all sides of the pens, 86.4 cm (34 inch) high corrugated pa-
per was used to prevent crossover of test additive, but provided minimum
ventilation and caused wet litter. Chick quality and uniformity were sub-
standard due to omphalitis. The Bacillus subtilis spores (0.003% level)
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treatment gave significantly better body weight and feed conversion ra-
tio results (+0.202 kg or 8.66% and -0.146 kg feed/kg body weight or
-6.92%) compared to control treatment, though not significantly better
than bacitracin-MD (55 ppm) or Bacillus subtilis spores plus bacitracin-
MD. Mortality was significantly lower in control than in the combined
treatment (no culling and faster growing birds in additive treatments
apparently caused mortality of weaker chickens). The Bacillus subtilis
spores, an alternative growth promoter, replaced bacitracin-MD in broiler
chicken diets and significantly improved body weight and feed conversion
ratio versus unsupplemented control diets.

Key Words: Bacillus Subtilis, Direct-Fed Microbial, Growth Promoter

70 Comparison of feed restriction, dietary aluminum
sulfate and a low density diet for force molting brown egg
laying hens. A. H. Cantor*, A. J. Pescatore, M. J. Ford, H. D. Gille-
spie, and A. N. Mañón, University of Kentucky.

A study using 225 brown egg laying hens (Hy-Line) that had completed
48 weeks of production was conducted to compare feed restriction (FR),
dietary aluminum sulfate (AL) and a low density diet (LD) for force molt-
ing and effects on subsequent performance. Fifteen replicate groups of
five caged hens were assigned to each molting treatment. Hens in the FR
group were restricted from feed for one wk and then fed 40 g/hen/d of
a corn-soybean layer diet (Diet 1, 2.84 Mcal AME/kg, 17.5% CP, 0.67%
TSAA, 3.94% Ca, 0.27% available P) for two wk. The AL diet was a
corn-soybean layer diet (2.89 Mcal AME/kg, 16.0% CP, 0.60% TSAA,
3.7% Ca, 0.17% available P) supplemented with 0.5% aluminum sulfate.
The LD diet contained 19.1% corn and 75% wheat middlings and had
a calculated nutrient content of 2.13 Mcal AME/kg, 13.7% CP, 0.49%
TSAA, 2.0% Ca, 0.28% available P and 6.4% CF. All hens were provided
with water on an ad libitum basis and were subjected to a photope-
riod of 8L:16D during the first three wk. Within 1 wk, egg production
approached 0% for the FR treatment and decreased to 28% without a
subsequent decrease for the LD treatment. Dietary aluminum failed to
affect egg production. Weigh loss for hens in the FR, AL and LD treat-
ments was 19.5%, 5.6% and 15.7%, respectively. After three wk, all hens
were provided with increased light (gradually increased to 16L:8D) and
fed Diet 1 on an ad libitum basis for 40 wk. Within 4 wk following
the molt period, egg production for all three treatments was similar. No
significant differences among treatments were detected in overall egg pro-
duction, average egg weight, per cent shell, and feed conversion. Hens
in the FR treatment had the lowest BW at the end of the molt, but
were significantly heavier than the AL hens during most of the post-molt
period. Although few differences among treatments were noted in post-
molt production performance, only the FR treatment successfully caused
the hens to cease production.

Key Words: Force Molting, Aluminum, Low Density Diet

71 Dried distillers’ grains with solubles changes egg
yolk color without affecting egg production when included
at 5 to 15 percent of a corn-soybean meal layer diet. K. D.
Roberson*, J. L. Kalbfleisch, W. Pan, and R. A. Charbeneau, Michigan
State University.

Dried distillers’ grains with solubles (DDGS) was obtained from an
ethanol plant in Michigan and fed at 0, 5, 10, or 15
corn-soybean meal diet to Hy-Line W36 hens to determine if egg pro-
duction or yolk color would be affected. In trial 1, diets were fed to 6
rows of 40 birds each (4 birds/cage) from 48 to 56 wk of age. Xantho-
phyll content was 6.12 mg/kg in the DDGS which had a light color. Egg
production was analyzed weekly. Egg specific gravity and weight were
determined biweekly with 30 eggs/row. Twelve eggs per row were bro-
ken out and yolk color was determined with a 1965 Roche Yolk Colour
Fan. The hens were fed the control diet for 9 d before beginning trial
2 (hens-57 to 62 wk of age) using DDGS from the same source. Diets
were reallocated among rows and similar measurements were taken as in
trial 1. Xanthophyll content was 0.72 mg/kg in trial 2 in which DDGS
had a dark color. A ME value of 2750 kcal/kg was used for DDGS in
both trials. Yolk color of 10 eggs/row was measured after 3 wk with a
Minolta chromometer in trial 2. There was a linear decrease (p=0.007)
in egg production as DDGS increased during Wk 6, but there was no
effect in 8 of 9 wk in trial 1. Specific gravity was decreased linearly
(p=0.013) as DDGS increased during Wk 4, but there was no effect at
Wk 2, 6 or 8. Egg weight was not affected. Yolk color was increased
linearly (p<0.01) as DDGS was increased in the diet throughout trial 1.

In trial 2, DDGS did not reduce egg production, egg weight, or egg spe-
cific gravity through 5 wk of production. Lightness (L*) and yellowness
(b*) of yolks were not affected, but redness (a*) was increased linearly
(p<0.001) by increasing levels of DDGS. In general, the results show
that up to 15% ethanol-derived DDGS can be fed to laying hens with-
out reducing egg production or quality. Differences in yolk color were
detected subjectively when DDGS was light and objectively when DDGS
was dark.

Key Words: Dried Distillers’ Grains With Solubles, Layer, Yolk Color

72 The interaction of sodium chloride levels in poul-
try drinking water and sodium chloride levels in the feed. S.
E. Watkins*, C. A. Fritts, and P. W. Waldroup, University of Arkansas.

Drinking water in some areas of poultry production contains high lev-
els of sodium chloride, often resulting in problems with wet litter. An
analysis of drinking water for several poultry producers revealed high
levels of sodium and chloride, often equivalent to 30% of the birds daily
needs. Many of these operations have also complained of poor perfor-
mance i.e. poor weight gain, feed conversion, and loose droppings. The
present study was conducted to determine adverse effects of sodium chlo-
ride levels in drinking water and ascertain if adjustment could be made in
dietary sodium chloride levels to adjust for differences in sodium content
of the drinking water.
A corn-soybean meal diet was fortified with various levels of NaCl to
provide levels of 0.02/0.04, 0.05/0.09, 0.10/0.17, 0.15/0.24, 0.20/0.32,
and 0.25/0.40% Na/Cl, respectively. Drinking water solutions were pre-
pared weekly using distilled deionized water with 0, 0.025, 0.05, 0.075,
0.10, and 0.125% salt. The six dietary treatments were combined in a
complete factorial arrangement with the six drinking water treatments
to give 36 experimental treatments. Six pens of five male broilers were
assigned to each treatment from 1 to 21 d post hatch. At 21 d BW and
feed consumption were determined and excreta evalued for sodium and
chloride content.
The presence of salt in the drinking water significantly influenced the
amount of dietary salt needed to optimize BW and FCR. However, overall
performance was not depressed even with the combination of the highest
levels of NaCl in feed and water used in this study. Results indicate that
adjustments in dietary NaCl can be made relative to amount present in
the drinking water.

Key Words: Sodium, Broilers, Water

73 Whole pearl milet in broiler diets. M. A. Hidalgo*,
A. J. Davis, and N. M. Dale, University of Georgia.

A new rust resistant hybrid of pearl millet (TifGrain 102) is now available
for animal feed. Previous studies had determined that the performance
of broilers fed diets containing up to 50% ground pearl millet (PM) was
equivalent or better than those fed typical corn-soybean diets. Since sup-
plies may be seasonal and limited as production of this grain becomes
widespread, three experiments where conducted to determine if limited
amounts of whole PM could be included in poultry diets. In the first
battery study, 14 d-old broilers were divided into 4 dietary treatments
each consisting of 4 replicate pens of 6 birds each. The experimental
diets consisted of a corn/soybean mash diet containing either 5, 10, 15
or 20% whole PM. Disappearance of whole PM was greater than 95%
for all treatments as determined by the general absence of millet seed
in the excreta. In a second battery study, 1 d-old broilers were fed for
15 d a mash diet containing either 0, 5, 10, 15 or 20% whole PM. Each
dietary treatment consisted of 5 replicate pens of 7 chicks except for the
control diet which had 4 replicate pens of 7 chicks. Gizzard weight rel-
ative to body weight increased in the birds fed 10% or more PM (P ≤
0.05), but performance relative to the control group was unaffected by
the inclusion of whole PM. In a third floor pen study, 1,056 Cobb x Cobb
1-d-old chicks were allocated to 24 pens. The pens were divided equally
between three dietary treatments consisting of 0, 5, or 10% whole PM.
Weight gain and feed consumption were determined on d 17, 36 and 42.
At the end of the experiment 10 birds (5 males and 5 females) were ran-
domly selected for determination of prechilled carcass weight and 5 birds
(2 female and 3 males) were selected for determination of fat pad weight.
No differences in feed conversion or weight gain were observed. Percent
carcass yield was not different between the birds from any of the dietary
treatments. There was a significant increase in the fat pad weight as a
percent of live weight for the birds fed diets with 10 % whole PM. The
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results indicated that PM can be used as a whole grain in poultry feed
formulation without compromising bird performance.

Key Words: Whole Grain, Pearl Millet, Broilers

74 Gossypol determination by near-infrared re-
flectance spectroscopy. M. M. Lordelo*a, S. A. Shaabana, A. J.
Davisa, M. C. Calhounb, P. F. Vendrela, and N. M. Dalea, aUniversity
of Georgia, bTexas A&M University.

Cottonseed meal (CSM) is a potential alternative protein source for poul-
try diets, however, the possibility of high gossypol levels discourages its
use. Gossypol is a toxic polyphenolic compound produced and located
in the pigment glands of the cottonseed. Gossypol content is regularly
determined by the American Oil Chemists Society (AOCS) method, how-
ever, this method is laboratory intensive and time consuming, and is
therefore not practical for a quick field determination. Near-infrared
reflectance (NIR) spectroscopy is a rapid, non-destructive, and non-
polluting technology. NIR spectroscopy was investigated as a means of
determining the gossypol content of CSM. Two CSM sample sets (A and
B) were obtained and analyzed. Sample set A had a wide range of CSM
samples collected from all over the world. Sample set B was a subset of set
A and contained samples obtained from various locations in the United
States. Once the CSM samples were received they were finely ground to
maintain uniform particle size. A portion of each ground sample was an-
alyzed for gossypol content by AOCS procedure (reference data) and by
NIR spectroscopy. Both reflectance and reference data were combined in
a calibration. As parameters for the calibration accuracy, the coefficient
of determination (R) and standard error of prediction (SEP) were used.
Results indicated that the correlation between the 2 gossypol determi-
nation methods was poorest on the international samples. Sample set
A had an R of 0.652 and an SEP of 0.034. For sample set B, however,
the R was found to be 0.921, and the SEP 0.014. It was demonstrated
from these studies that a general prediction equation can be developed
to predict the gossypol content of CSM by NIR spectroscopy. From a
practical standpoint, NIR technology gives a means of making an im-
mediate assessment of whether a particular CSM shipment has a low
enough gossypol content to be employed in feeds for poultry sensitive to
gossypol.

Key Words: Cottonseed Meal, Gossypol, NIR

75 High nutrient density improves live performance
and yields of Ross 508 broilers. M. T. Kidd*a, C. D. McDaniela,
S. L. Brantonb, E. R. Millerc, B. B. Borenc, and B. I. Fancherc,
aMississippi State University, Mississippi State, bUnited States De-
partment of Agriculture, Mississippi State, MS, cAviagen Incorporated,
Huntsville, AL.

Reduced nutrient density regimes clearly reduce overall company live per-
formance costs. Could the reduced nutrient density regimes be reducing
overall company profit when considering salable meat output-especially
when high yield broilers make up a significant proportion of birds placed.
A floor-pen experiment was conducted to evaluate decreasing nutrient
density in Ross 508 male and female broilers (15 birds/pen) to better
understand the impact of reduced diet density on bird live performance
and meat yields. Corn, soybean meal, and poultry based-pelleted diets
were fed to broilers in four phases from 1 to 14, 15 to 28, 29 to 35 and
36 to 49 d of age whereby treatments of high (H), medium (M), and low
(L) amino acid densities were employed. The combinations of nutrient
density feeding phases resulted in the following treatments (1, HHHH; 2,
HHML; 3, HHLL; 4, HMML; 5, HMLL; 6, HLLL; 7, MMMM; 8, LLLL)
resulting in a 2 x 8 factorial design (6 replications/treatment). Live per-
formance measurements were obtained in each phase period and all birds
were processed for yield determinations (5/pen at 35 d; 10/pen at 49 d).
Diet by gender interactions (P < 0.05) occurred for 0 to 28 and 0 to 35 d
BW and feed conversion responses. The interactions indicate that male
broilers are more sensitive to reductions in diet density, particularly in
the early periods, and point to the importance of separate gender feed-
ing when manageable. Reducing nutrient density in the early feeds was
detrimental (P < 0.05) for most parameters tested. High nutrient density
throughout life (HHHH) optimized breast meat yield, whereas reductions
in nutrient density reduced growth and breast meat yield, and increased
corrected feed conversion and leaf fat. Feeding broilers primary L and M
nutrient dense diets resulted in broilers with reduced growth and breast
meat yield, although M diets resulted in good feed conversion.

Key Words: Nutrient density, broiler, Amino acid
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76 Effect of probiotic cultures or antibiotics on
enteritis-susceptible poult performance within brooding
houses. S. E. Higgins*a, A. Torres-Rodrigueza, J. L. Vicentea, G. M.
Navaa, C. M. Pixleya, C. D. Sartora, G. I. Telleza, D. J. Donoghuea, A.
M. Donoghueb, and B. M. Hargisa, aUnversity of Arkansas, Fayetteville,
bUSDA, ARS, PPPSRU, Fayetteville, AR.

Sixteen wire-panel pens were constructed within a commercial brooding
house, allowed comparison of 4 different treatments (4 pens/treatment,
18 poults/pen) in 3 trials. At one week-of-age, treatments included: non-
treated controls, organic acidifier followed by 2 Lactobacilli (LAB) cul-
ture, organic acidifier followed by 11 LAB culture, or amprolium and/or
neomycin for 7 days (as per company prescribed treatment of flock). In
trial 1 and 2 there were no significant differences (p<0.05) between any
treatments, however at 21 days, the mean weight of pens receiving the
11 LAB culture was heavier (380.91g) than non-treated controls (353.79
g) and antibiotic treated poults (370.46g) in trial 1. In trial 2, at 33 days
old, the mean weight of pens receiving the 11 LAB culture were higher
(913.14g) than control pens (893.05g) but were the same as pens receiving
antibiotic treatment (912.86g). However, we also observed faster gain be-
tween days 25 and 33 in the 11 LAB treatment (396.59g), but the slowest
gain in antibiotics treated pens (382.66g). In the third trial, we evalu-
ated three treatments in a commercial house from day 12 to day 47 during
an outbreak of Salmonella seftenburg infection. Treatment groups were
non-treated controls, 11 LAB culture (no organic acidifier), or antibi-
otics (penicillin, 3-Nitro, and/or neomycin sulfate) followed by 3 days
of 2 LAB culture. In this experiment, the poults receiving antibiotics
followed by probiotics had significantly higher gain (856.62g) over the
duration of the experiment (from day 12 of age to day 47) compared the
other treatments (control-745.82g, 11 LAB-777.18g). In trial 3, however,

the gain between days 29 to 47 was not significantly different between
antibiotic-treated poults (379.12g) and 11 LAB treated poults (372.92g).
In summary, we found that administering a prophylactic treatment of
probiotic culture achieved similar or better performance than antibiotics
alone. However, during a disease outbreak, administration of appropri-
ate antibiotics followed by a probiotic culture caused significantly higher
gain over the duration of the experiment.

Key Words: Probiotic, Antibiotic, Salmonella

77 Respiratory challenge of day-old turkey poults
with Listeria monocytogenes Scott A results in systemic in-
fection with high mortality and organ and knee synovial
tissue invasion. G. R. Huff*a, W. E. Huff*a, J. M. Baloga, N. C.
Ratha, R. Nannapanenib, and M. G. Johnsonb, aUSDA/ARS/PPPSRU,
bDept of Food Science, University of Arkansas.

Turkey osteomyelitis complex (TOC) is a stress related chronic disease
of processing age turkeys in which opportunistic bacteria colonize the
soft tissue, joints, and bone of otherwise healthy-appearing carcasses.
We have hypothesized that turkey products and processing plants may
become contaminated with opportunistic pathogens, including Listeria
monocytogenes (Lm), contained in these lesions. The pathogenesis of the
Scott A (serotype 4b) strain of Lm was studied by challenging day-of-age
male turkey poults by air sac inoculation with tryptose phosphate broth
containing 100 cfu (Control), 104, 105, or 106 cfu (Low challenge) or 107

or 108 cfu (High challenge) of Lm Scott A. Most mortalities occurred
between 2 and 4 days post-infection. At 4 days post infection, six non-
challenged control birds were necropsied and cultured for Lm. Mortality
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at 2 weeks PI ranged from 25-100% and was directly correlated with level
of challenge (P =0.0001). Listeria challenge resulted in significantly de-
creased relative weight of the bursa of Fabricius and increased relative
weight of the spleen, resulting in a highly significant effect on the bursa
to spleen ratio (P = 0.0001). Lm was isolated from challenged birds but
not from controls by direct plating of liver (P = 0.0001), pericardium (P
= 0.0001), brain (P = 0.0002), and both left (P = 0.01) and right (P =
0.001) knee synovium cultures plated directly from transfer swabs onto
UVM Listeria selective agar. Isolates were confirmed as Lm using Gram
stain and biochemical charcterization (API Listeria and the Biolog sys-
tem). High challenge resulted in confirmed Lm isolation from 48% of left
knee and 59% of right knee cultures. Low challenge resulted in isolation
of Lm from 11% of both left knee and right knee cultures. Left knee syn-
ovial tissue swabs that were negative on direct plating were pre-enriched
in Fraser broth and replated on UVM Listeria selective agar yielding an
additional 16% confirmed Lm isolation. These results suggest that Lm
Scott A colonization of synovial tissue can initiate in day of age poults
and that respiratory tract infection with Lm Scott A is both invasive and
pathogenic in day-old turkey poults.

Key Words: Listeria Monocytogenes , Turkeys, Respiratory Infection

78 Crop colonization by salmonella enterica serovar
typhimurum in the turkey poult: Influence of diet (lactose
and/or lactobacilli). S. A. Johannsen*, M. J. Hensley, R. W. Grif-
fith, and C. G. Scanes , Iowa State University.

Food borne pathogen continues to be a threat to human health in the
United States of America with poultry meat a significant source of
Salmonella and other pathogens. This is being examined extensively in
chickens but the situation in turkeys is less clear cut. Turkey meat can
be contaminated with Salmonella serotypes including Salmonella Enter-
ica serovar Typhimurium (ST). The present studies examined crop colo-
nization and the effects of the probiotics and/or prebiotics, respectively
Lactobacilli and lactose. Following challenge by gavage, there were con-
siderable ST colony forming units (CFU) in the both the crop wall and
ingesta. These decreased progressively during nocturnal crop emptying.
Neither Lactobacilli nor lactose nor combinations had a consistent effect
on ST colonization of the crop in poults on either mash or pelleted feed.
[Supported by the Midwest Poultry Consortium, the Iowa Turkey Fed-
eration, the Iowa Healthy Livestock Initiative and the Iowa Agricultural
Experiment Station]

Key Words: Crop Colonization, Salmonella, Turkey Poult

79 Immunological assessment of the chicken crop
(ingluvies) post-Salmonella enteritidis challenge and the de-
sign of a novel crop lymphoid tissue scoring system. L.
Vaughn*, P. Holt, H. Stone, and R. Moore, USDA, ARS, Southeast
Poultry Research Laboratory.

Previous short-term crop immunity experiments evaluated humoral and
cell-mediated immune responses four weeks post-Salmonella Enteritidis
challenge. The current experiment evaluated humoral immunity and crop
(ingluvies) lymphoid tissue presence in pre- and post-SE infected chicks
over a ten-week period. A crop lymphoid tissue scoring criteria, score
0-5, was also established. Seventy-seven specific-pathogen-free (SPF)
White Leghorn chicks age five weeks were selected for the experiment.
Birds were divided equally into eleven groups. All birds were orally in-
fected with Salmonella Enteritidis, phage type 13, nalidixic acid resistant
strain. The humoral immune response was monitored pre-infection and
post-infection by assessing antibody levels against SE lipopolysaccha-
ride (LPS) antigen in serum and crop lavage samples by Enzyme Linked
Immunosorbent Assay (ELISA). Each week, seven birds were sacrificed
and liver, spleen and cecum cultured to monitor progression of SE infec-
tion. Crop tissue was excised, formalin-fixed and routine Hematoxylin
and Eosin (H&E) staining performed. The presence or absence of crop
lymphoid tissue was evaluated by light microscopy and scored 0-5 in the
pre- and week one through week ten post-SE infection crop tissues. The
scoring system of the individual lymphoid tissue areas relied upon width
x height measurements, using a grid-reticule, and cellular characteris-
tics. The entire crop tissue section was then assigned to one of three
main ranking categories (I, II, III) based on its average score (0-5) value
of the lymphoid areas per cross-sectional crop tissue cut. Results indi-
cated an increased serum IgG and crop IgA anti-SE-LPS response and
crop lymphoid structure development post-SE infection. The crop lym-
phoid aggregates increased in size and number as early as week 1 post-SE

infection and quantitatively progressed in subsequent weeks post-SE in-
fection. The crop lymphoid tissue remained prominent through week ten
post-infection. The novel crop lymphoid tissue scoring criteria revealed
an increased crop tissue cellular immune response in post-SE challenge
groups. These histological and immunological findings may indicate that
there is indeed an active immune response in the crop.

Key Words: Salmonella, Crop, Mucosal Immunity

80 Antibiotic sensitivity patterns of E. coli and
Salmonella spp. isolates obtained from commercial poul-
try. W. Schleifer*, M. Gray, K. Iverson, and D. Boyer, Bob Jones
University.

All antibiotic use in poultry production is under intense scrutiny. Antibi-
otic resistance is a major reason for this concern. E. coli and Salmonella
are significant food borne pathogens and are monitored by USDA. Previ-
ous studies on resistance patterns for these bacteria have been conducted
on microbes isolated from the environment or diagnostic specimens. This
study summarizes antimicrobial resistance patterns of these genera, iso-
lated from the intestines of market age birds where the greatest chance
of entering the human food chain exists.
In this study respective bacterial isolates were obtained in August and
October of 2002 from broiler chickens and commercial turkeys from two
locations. The bacteria were randomly obtained from homogenates of
intestines that were harvested during slaughter. The intestines were im-
mediately quick frozen. In the laboratory, standard enrichment and iso-
lation techniques were used to select for the respective bacteria. Genera
identification was performed on VRB agar for E. coli and on Triple Sugar
Iron agar for Salmonella spp. Antibiotic sensitivity testing was performed
using standard disc diffusion procedures with nine antibiotics. A total
of 16 E. coli and 16 Salmonella spp. isolates were obtained from broilers
from North Carolina. 22 Salmonella spp. isolates were obtained from
commercial turkeys from Arkansas.
100% of the isolates were susceptible to two antibiotics, enrofloxacin and
chloramphenicol . Regarding the therapeutic antibiotics; 31% and 3% of
the E. coli and Salmonella spp. isolates respectively, showed resistance
to neomycin. 88% and 82% of the E. coli and Salmonella spp. iso-
lates showed resistance to tetracycline. There was no evidence of cross-
resistance between gentamicin and neomycin. None of the isolates were
resistant to ceftifur.
The susceptibility patterns contradict recent concern that the use of en-
rofloxacin would increase bacterial resistance to this drug. The high
resistance rate of both genera to tetracycline, support the results of pre-
vious reports.

Key Words: Antibiotic, Sensitivity, Enrofloxacin

81 Individual and combined efficacy of bacterio-
phage and Baytrilr (enrofloxacin) to treat a severe Es-
cherichia coli respiratory infection in broiler chickens. W.
E. Huff*, G. R. Huff*, N. C. Rath, J. M. Balog, and A. M. Donoghue,
USDA, ARS, PPPSRU, University of Arkansas.

Our research on bacteriophage has demonstrated that bacteriophage can
be used to prevent and treat colibacillosis in broiler chickens. A study
was conducted to evaluate the therapeutic efficacy of bacteriophage and
the antibiotic enrofloxacin individually and in combination to treat col-
ibacillosis. The experimental design was a 2 x 2 x 2 factorial with 8
treatments and 4 replicate pens of 10 birds. The treatments were con-
trol, unchallenged birds treated with bacteriophage, enrofloxacin, or the
combination; birds challenged with E. coli; and birds challenged with E.
coli and treated with either bacteriophage, enrofloxacin, or the combina-
tion of bacteriophage and enrofloxacin. When the birds were 7 d of age
they were challenged by injecting 104 cfu of E. coli into the thoracic air
sac. The antibiotic treatment was initiated immediately after the birds
were challenged and consisted of 50 ppm enrofloxacin in the drinking
water for 7 consecutive days. The bacteriophage treatment consisted of
a single intramuscular injection of 2 different bacteriophage (109 pfu)
administered immediately after the E. coli challenge. Mortality in the
birds challenged with E. coli and untreated was 68%. The bacteriophage
treatment significantly decreased mortality from 68 to 15%. Enrofloxacin
significantly decreased mortality from 68 to 3%. There was total protec-
tion in birds that received both the bacteriophage and enrofloxacin. The
decrease in mortality with enrofloxacin (3%) was significantly better than
the decrease in mortality with bacteriophage (15%). Both enrofloxacin
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and bacteriophage provided effective treatment of colibacillosis, and sup-
port the concept that bacteriophage can be an effective alternative to
antibiotics. These data also suggest that the combination of bacterio-
phage treatment with antibiotic treatment may have value.

Key Words: Bacteriophgage, Enrofloxacin, Chickens

82 Sensing pathogens: strategies in food safety and
bio security. A. A. Bergwerff*, Utrecht University.

The Department of Public Health and Food Safety focuses on the safety
of foods of animal origin for human and animal consumption. Work is

also being carried out on the recognition, detection and prevention of
zoonoses in the broadest sense

Pathogenic microorganisms should be combated in advance of their
growth to numbers which constitute a risk for both animal and pub-
lic health. For this reason, improved methods and technologies aimed at
the detection of pathogens in the environment, feed and in food prod-
ucts are necessary. The development of rapid diagnostic assays based on
SPR biosensor technology has been predominantly fuelled by changes in
food-chain management systems and securing safe food production and
supply. We will review the most recent studies exploiting SPR biosensor
technology for pathogen and residue detection.

Monday, January 26, 2004
SCAD/Avian Diseases
Room:B312 3:30-4:45

83 Infection by the TS-11-strain of Mycoplasma gal-
lisepticum in commercial egg-laying hens persists in con-
junction with a subsequent infection by the F-strain. A. M.
Vance*a, S. D. Colliera, S. L. Brantona, E. D. Peeblesb, and J. D.
Evansa, aUSDA-ARS Poultry Research Unit, bMississippi State Univer-
sity.

Possible competitive exclusion between two vaccine strains of My-
coplasma gallisepticum (MG) administered at different times to com-
mercial egg-laying hens was investigated. This was accomplished by de-
termining the effects of a TS-11-strain of MG (TS-11 MG) inoculation at
10 wk of age followed by secondary F-strain of MG (FMG) inoculations
at either 22 or 45 wk of age. A trial was conducted using 160 commercial
pullets separated into four replicate pens within each of four treatments.
Each replicate pen contained 10 birds. Treatments and their correspond-
ing times of MG inoculation were as follows: Non-inoculated controls;
Inoculation of TS-11 MG at 10 wk; Inoculation of TS-11 MG at 10 wk
and FMG at 22 wk; Inoculation of TS-11 MG at 10 wk and FMG at 45
wk. Tracheal and choanal cleft swabs were taken from two birds in each
replicate pen and cultured in Freys field media two weeks before and
after the Week 45 FMG inoculation, and at necropsy (57 wk). RAPD
PCR analyses were performed on each swab to determine which vaccine
strains were present. Both TS-11 MG and FMG were present in all birds
tested at all three times. These data suggest that TS-11 MG persists
in commercial egg-laying hens throughout lay following a 10 wk in vivo
inoculation, and that a competitive exclusion process does not occur be-
tween TS-11 MG and FMG when subsequent in vivo FMG inoculations
are given at either 22 or 45 wk of age.

Key Words: RAPD PCR, Mycoplasma Gallisepticum, Vaccine

84 Effect of overlaying F strain mycoplasma gallisep-
ticum on TS-11 vaccinated laying hens. S. L. Branton*a, E. D.
Peeblesb, P. D. Gerardb, J. D. Evansa, S. C. Colliera, W. R. Maslinb,
and A. M. Vancea, aUSDA-ARS Poultry Research Unit, bMississippi
State University.

Two trials were conducted with three treatments: 1) Control (my-
coplasma clean), 2) TS-11 Mycoplasma gallisepticum (MG) vaccinated
at 10 wks of age, and 3) TS-11 MG vaccinated at 10 weeks of age followed
by F strain MG inoculation at 22 wk of age. Egg production, egg weight,
egg shell breaking strength, Haugh unit score, pimpling incidence, and
blood/meat spot incidence data were collected over the initial 15 wk of
production (23-37 wk of age). No significant differences (P<0.05) were
observed between the treatments for overall 15 wk means for any of the
measured parameters.

Key Words: Mycoplasma Gallisepticum, Egg Weight, Treatments

85 The performance of coccidial vaccinated broilers
fed the feed additive arsanilic acid. G. Mathis*a, P. Pearsonb,
and G. Flemingb, aSouthern Poultry Research, Inc., bFleming Labora-
tories, Inc.

The objective of the study was to determine if Arsanilic Acid (90 g/t)
in conjunction with a coccidiosis vaccine improves performance of broiler
chickens grown to 42 days of age. The feed additive Arsanilic Acid is used
in broilers for increased rate of weight gain, improved feed efficiency, and
improved pigmentation. The experiment consisted of 24 pens of 60 male

broiler chickens. Floor space was 0.77 sq. ft. per bird. All chicks were
spray vaccinated with the label recommended dosage of Coccivac-B (coc-
cidial vaccine) on day of hatch. The treatments were replicated in eight
blocks, randomized within blocks of three pens each. The test treatments
were nonmedicated, Arsanilic Acid (90 g/t) from Day 0 to 37, Arsanilic
Acid (90 g/t) from Day 18 to 37. All birds were fed a nonmedicated
withdrawal feed from Day 37 to 42. To confirm Coccivac-B viability
and cycling, on Day 21 oocysts per gram litter were determined for all
pens. Expected levels of approximately 20,000 OPG were detected in all
pens. Performance both feed conversion and live weight measured on Day
42 showed a significant improvement by feeding Arsanilic Acid (90g/t).
The feed conversion of the nonmedicated birds was 1.91 with a 1.801 live
weight. The feed conversion of the Arsanilic Acid (90 g/t) birds was 1.86
with a 1.857 live weight. A significant difference in feed conversion but
not live weight was observed between the two Arsanilic Acid feeding pro-
grams. Arsanilic Acid from Day 0 to 37 feed conversion was 1.848 versus
1.873 for Arsanilic Acid from Day 18 to 37. Arsanilic Acid (90 g/t) in
conjunction with a coccidiosis vaccine improved performance of broiler
chickens.

Key Words: Arsanilic Acid, Coccivac-B, Coccidiosis

86 Anticoccidial sensitivity of Coccivac-B and
Coccivac-T. G. Mathis*, Southern Poultry Research, Inc.

Vaccinating poultry with live coccidial vaccines has been commercially
practiced since the early 1950’s. Coccivac-B is a commercial broiler
chicken coccidial vaccine comprised of Eimeria acervulina, E. maxima.
E. mivati, and E. tenella. Coccivac-T is a commercial turkey coccidial
vaccine comprised of E. dispersa, E. meleagrimitis, E. adenoeides, and E.
gallopavonis. All strains of Eimeria used in both vaccines were isolated
prior to the introduction of the major anticoccidials used today. Even
though these strains have never been exposed to these anticoccidials,
the actual level of anticoccidial sensitivity has never been thoroughly
documented. Using traditional anticoccidial sensitivity battery testing
procedures, the anticoccidial sensitivity of both vaccines was determined.
The test treatments for Coccivac-B were nonmedicated noninfected, non-
medicated infected, diclazuril 1.0 ppm, salinomycin 66 ppm, monensin
100 ppm, lasalocid 90 ppm, and nicarbazine 125 ppm. The test treat-
ments for Coccivac-T were nonmedicated noninfected (NMU), nonmedi-
cated infected (NMI), diclazuril 1.0 ppm, monensin 73 ppm, and lasalocid
90 ppm. Birds were inoculated at 14 days of age and weighed and le-
sion scored 6 days post inoculation. The inoculum level for Coccivac-B
was 150 X the recommended individual commercial dose. The challenge
caused an approximate 45 % weight depression and 2.5 to 3.5 regional
coccidial lesion score in the NMI birds. All medicated challenged birds
had less than 5 % weight depression and less than 1.0 lesion score. The
inoculum level for Coccivac-T was 100 X the recommended individual
commercial dose. The challenge caused an approximate 330 % weight
depression and 4.0 average coccidial droppings score in the NMI birds.
All medicated challenged birds had less than 6 % weight depression and
1.0 or less dropping score. Both vaccines proved to be very sensitive to
these anticoccidials. This information can serve as a foundation for the
use of coccidial vaccines in the restoration of coccidial sensitivity in the
field.

Key Words: Coccivac-B, Coccivac-T, Anticoccidial
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87 Foot ash as an effective diagnostic tool to evalu-
ate bone mineralization problems in broiler chickens. A. R.
Garcia* and N. Dale, The University of Georgia.

In recent years, with the development of rapid growth broilers, metabolic
disorders have become an issue, affecting performance and profitability.
Among these disorders, bone mineralization is one of the main concerns
of nutritionists and field veterinarians, since it generates lameness, slower
growth and losses in the processing plant. Considering this, having an
assay by which bone mineralization were easily determined so that min-
eralization disorders could be detected since early stages, would be a
helpful tool. However, the current assay to evaluate bone mineraliza-
tion, tibia bone ash (TA), is accurate, but so time consuming that it is
rarely conducted outside the research laboratory. The objective of this
study was to evaluate a method for rapidly and accurately evaluating
bone mineralization to be used as a diagnostic tool. Foot ash (FA) was
compared to the standard TA method from birds fed graded levels of
available dietary phosphorus (AP) from deficient to adequate. In the FA

determination the foot is severed at the tibiotarsal joint, dried at 105 C
and ashed at 600 C. Correlation coefficients between AP and both FA
and TA were almost identical (r=0.77 and 0.78, respectively), showing
that the more rapid test provides reliable data. FA could detect a dif-
ference in bone ash as early as 4 days of age (n=10), in birds fed either
normal (0.45 %) or deficient (0.25 %) concentrations of dietary AP, for
which, the percentages of FA were 12.96 and 9.91, respectively. In birds
fed adequate AP diets, FA percent increases to 14-15 % by 10 days of age.
The sample size could be reduced to 6 feet for a statistical test with 95 %
of confidence and would still have above 90 of power %. The estimated
time for completion of the process was 40 h, which would allow both the
veterinarian and the nutritionist to take a decision quickly. These results
demonstrate that FA method could be used as a valuable diagnostic tool
to confirm the presence of bone mineralization disorders when AP is a
problem.

Key Words: Foot Ash, Tibia Bone Ash, Bone Mineralization
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88 Feeding of wheat middlings to commercial lay-

ers as an alternative method to feed withdrawal that can
be used to molt birds. T. Murase*a, S. Miyaharaa, T. Satoa, K.
Otsukia, and P. Holtb, aLaboratory of Veterinary Microbiology, Tot-
tori University, Tottori Japan, bUSDA/ARS Southeast Poultry Research
Laboratory, Athens, Georgia.

Induced molting through feed withdrawal is commonly used by the poul-
try industry to achieve improved egg production in aging hens. The
method, however, increases the susceptibility of hens to Salmonella in-
fection and intestinal shedding of the organisms. Because the eggs can
be contaminated with Salmonella by transovarian transmission or pene-
tration of the shell by organisms, alternative methods to feed withdrawal
need to be developed. Seo et al. (J. Food Prot., 64:1917, 2001) exper-
imentally demonstrated that feeding of wheat middlings (WM) can be
used to molt birds and not increase the risk for Salmonella problems.
We thus investigated the usefulness of the WM on laying hens in a com-
mercial egg-producing farm. Approximately 26,000 commercial laying
hens at 478 days of age that were reared in an environmentally controlled
windowless house were given WM for 25 days. After that, the birds were
again fed with usual layer feed. Most of the birds stopped laying at
10-15 days of the treatment. Egg production rate gradually increased
to 11.4% during 31-40 days and 71.4% at 41-50 days of the treatment.
The mean production rate during 51-100 days was 87.6%. While mor-
tality during 1-30 days (2.0%) was comparable to that observed in the
other flock molted with 12 days of fasting, mortality during 31-100 days
(0.58%) was approximately 40% lower than that recorded in the flock
molted through feed withdrawal. Although Salmonella serovar Montev-
ideo and Salmonella serovar Cerro had intermittently been isolated from
environmental samples in the hen house, no increase of the isolation rate
was found during the treatment. In this study, it was demonstrated that
feeding of WM was successfully used to improve egg production in aging
hens in the commercial egg-producing farm. The economic aspects of the
WM methods compared with feed remain to be investigated.

Key Words: Layer, Molt, Salmonella

89 Efficacy of trees to capture emissions from tunnel
ventilated poultry houses. G. Malone*, G. Van Wicklen, and S.
Collier, University of Delaware.

The emission of dust, gases and odors from poultry facilities pose ma-
jor challenges for the poultry industry. Cost-effective technologies to
reduce emissions from modern tunnel-ventilated poultry houses are lim-
ited. With support from Delawares Non-Point Source 319 program, a
study was implemented to measure efficacy of vegetation (trees) to cap-
ture emissions from tunnel ventilation fans. A 30 ft wide, three row
planting of 16 ft high bald cypress (30 ft from fans), 14 ft high Leyland
cypress (40 ft from fans) and 8 ft high eastern red cedar (48 ft from
fans) were installed directly opposite from two 48 in. tunnel cone fans.
Select emission parameters were assessed over two summers from market
age birds on this roaster farm. Duplicate sampling stations, 4 ft high
were installed in front and in the rear of the tree line to measure total

dust (gravimetric determination) and ammonia (Gastec dosimeter tubes
# 3DL) concentrations during each 5 hr sampling event. The following
are some preliminary observations expressed as the relative change in
concentration of emissions from the front to the rear of this tree plant-
ing. Air velocity from these fans was reduced 99% (418 fpm on the fan
side of trees reduced to 5 fpm on the back side of the tree line). Based on
19 days of sampling the vegetative filters (trees) reduced total dust by
50-55%. Ammonia concentrations from 14 days of sampling suggest the
trees reduced concentrations by 67% and 29% in Years 2002 and 2003,
respectively. Meteorological conditions, cropping practices next to the
trees and measurement methodology are challenges associated with accu-
rate assessment of determining the efficacy of trees to capture emissions.
Although these preliminary results are encouraging, the concept of using
trees as a cost-effective technology to filter a portion of the emissions
from poultry houses requires more extensive evaluation.

Key Words: emissions, ventilation exhaust , trees

90 Electrostatic space charge system for air qual-
ity improvement in broiler production houses. C. Ritz*a, B.
Mitchellb, B. Fairchilda, M. Czaricka, and J. Worleya, aThe University
of Georgia, bSoutheast Poultry Research Laboratory USDA-ARS.

Air quality related to poultry housing is receiving increased attention
in many areas of the country. Environmental pressures to reduce dust
and ammonia emissions from animal housing has led to considerable in-
terest in practical systems to reduce these air pollutants. Producers
are primarily concerned with ammonia inside the house, which can af-
fect bird health and performance. Reducing airborne dust in enclosed
animal housing has been shown to result in corresponding reductions
in airborne bacteria, ammonia and odor. An electrostatic space charge
system (ESCS) was designed to reduce airborne dust and ammonia emis-
sions from a commercial broiler house. The ESCS for this application
was based on patented technology that was developed to reduce airborne
dust, ammonia, and pathogens and has been proven effective in poul-
try hatcher and broiler breeder pen trials. In the present study, dust
and ammonia were measured at 10-minute intervals over a three-flock
period in both a treatment and control house with built-up litter. Re-
sults of the study during the months of November through April indicate
the ESCS reduced airborne dust by an average of 55%. Dust levels in
the treatment house were consistently lower than in the control house.
Ammonia levels in the treatment house averaged 8% lower than in the
control house with most of the reduction occurring during the evening
hours when ammonia levels were highest. No differences in bird activity
were observed between treatment and control houses. Further evaluation
of the ESCS will include flocks on new bedding following house cleanout
and periods of increased ventilation during the summer months. Success-
ful application of this technology in broiler houses has the potential for
improving bird performance and reducing house emissions and caretaker
health hazards.

Key Words: Electrostatic, Dust, Broiler
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91 Using geostatistics to determine the variability of
nutrient species in a poultry house. P. R. Owens, D. M. Miles,
and D. E. Rowe, USDA-ARS Waste management and Forage Research
Unit.

Litter sampling in a poultry house is commonly conducted to determine
the concentration of nutrients for land application of litter for fertilizer.
The objective of this study was to determine the variability of nutrient
species within a poultry house using geostatistics. This research was
conducted in the summer on a tunnel ventilated working poultry house
that was 146 m by 12.8 m. Prior to sampling, the litter had twenty-eight
flocks of chickens grown on it with decaking between each flock. The
house was sampled on a grid at 5 m across the house and 12 m down the
house for a total of 36 sampling points. The litter was sampled at day
21 to examine litter properties. The pH was determined using 1:5 lit-
ter water ratio. The total N was determined by total Kheldahl nitrogen
method. The ammonium, nitrate and phosphate were extracted with DI
water and 2M KCl and analyzed using flow injection analysis. The litter
samples were also acid digested and the total metals were determined
using an ICP. The average nitrogen species data indicated a higher av-
erage concentration of NH4+ (2813 mg kg-1) in the cooling cell end of
the house and decreased to an average of 1951 mg kg-1 toward the fan
exhaust end of the house. The average NO3- was 6405 mg kg-1 at the
cool cell end and decreased to an average of 2704 mg kg-1 at the exhaust
end of the house. When the data was examined using geostatisitics, the
ammonium was around 4000 mg kg-1 near the sidewalls and around 2500
mg kg-1 near the center of the house. The NO3- illustrated the same
trend with values around 16000 mg kg-1 near the sidewalls and around
3000 mg kg-1 at the center of the house. These trends held true through
the length of the house with decreasing concentrations from the cool cell
end to the exhaust end of the house. These geostatisical estimates of
the nutrient concentrations indicated an anisotropic distribution of the
nutrients along the house as well as decreases in nitrogen species from
the cool cell end to the exhaust end.

Key Words: Spatial Variability, Litter Analysis, Nutrient Distribution

92 Case study: Improved broiler performance with
KEM SAN TM

brand liquid acidifier in the absence of in-feed
growth promotants or therapeutic antibiotics. P. A. Welch*,
J. K. Murphy, and V. J. H. Sewalt, Kemin Americas, Inc.

Infections resulting in the activation of cellular and humoral immune re-
sponses in combination with tissue repair represent substantial energy
and nutrient drains, increasing the overall maintenance requirement of
broilers. Reducing exposure of broilers to poultry pathogens in the drink-
ing water and other intake components, e.g. litter, feed, insects, and
dust, potentially reduce maintenance requirements and allows for im-
proved live performance. KEM SANTM

brand liquid acidifier [KS], an
EPA registered water sanitizer for use in poultry drinking water, has
broad spectrum biocidal activity against a variety of bacteria and fungi.
The purpose of this study was to compare broiler performance of flocks
receiving water treated with KS at a concentration of 2.6 mL/L, admin-
istered continuously for the first three weeks of the growout, to flocks fed
diets containing growth promoting antibiotics (Ab+) or flocks raised in
the absence of growth promoting or therapeutic antibiotics (Ab-). Re-
sults of individual flock settlements served as replicates, which ranged
from 36 to 67 growouts depending on the treatment, and represented
837,000, 1,693,000, and 1,665,000 birds respectively for KS, Ab+ and
Ab- treatments. KS treated flocks had improved feed conversion (1.88
vs. 1.99 and 2.01), improved livability (94.63 vs. 93.63 and 93.43%, and
reduced condemnation (1.42 vs. 1.88 and 1.54%) compared to Ab+ and
Ab- flock settlements. The results of this ongoing case study suggest
that KEM SANTM

brand liquid acidifier provided in the drinking water
of broilers for the first three weeks of the growout period may serve as an
effective alternative to the use of in-feed growth promoting antibiotics.

Key Words: KEM SAN, Water Sanitation, Growth Promotants

93 Impact of sanitizers and cleaners on pseu-
domonas in water lines. S. E. Watkins*, R. Hubbard, M. L. Wilson,
and L. Newberry, University of Arkansas.

Four foot long nipple drinker lines equipped with regulators and stem
pipes were seeded with 400 ml of a pseudomonas culture. Over 1,000,000
colony formunig units of pseudomonas were in each ml of culture. The
cultures were left in the lines for five days. The lines were then cleaned
with citric acid, a 50% hydrogen peroxide solution, sodium bisulfate,

12.5% sodium hpochlorite and a chlorine dioxide based product. Each
product was used according to the manufacturer’s recommendation. All
products were added to three different lines and were then compared to
three untreated lines. Water samples were collected from each line prior
to the addition of product. Product was then added to each line via a
clean 5 gallon bucket and one half gallon of the solution drained from
each line. Water samples were then collected from each line at 2 and 24
hours post treatment. All lines pre treatment contained similar levels of
pseudomonas as compared to the initial amount seeded in the lines. Post
application of treatments, only the control and lines treated with the
chlorine dioxide based product still contained significant levels of pseu-
domonas. No psedomonas was recovered for any of the other treatments
at either 2 or 24 hours post application.

Key Words: Drinking Water Sanitation, Hydrogen Peroxide, Sodium
Hypochlorite

94 The value and safety of composted broiler lit-
ter in vegetable crop production. Y. Vizzier-Thaxton*a, W. B.
Evansa, T. Arbrougha, and L. Currieb, aMississippi State University,
bCurrie Farms.

Broiler chicken litter can be applied to agricultural lands to improve
nutrient levels and organic matter content of the soil. When properly
treated, potentially pathogenic organisms are eliminated, making the lit-
ter suitable for application to fresh food crops. Composting broiler litter
is one way to create a safe, usable product for food production. In this
study, the safety and efficacy of composted broiler litter (CBL) for veg-
etable crop production was tested. In 2002, five levels of CBL were used
as fertilizer in a tomato trial in Crystal Springs. The rates of CBL tested
were 0, 0.5, 1, 2, 4, and 8 T/A, with and without nitrogen side-dressing
at the time of first flowering. In Spring, 2003 a collard trial was estab-
lished using CBL rates of 0, 0.5, 1, 2, and 4 tons/acre. In each trial,
soil, leaf, and/or fruit sampling were used to monitor crop and soil con-
ditions and determine the presence of pathogens. No pathogenic bacteria
were found in the CBL prior to application, in the soil during the season,
nor in samples of tomato leaves or fruits. Total and marketable tomato
fruit yields increased with increasing CBL application, as did collard top
yield. Side-dressing had no influence on fruit yield. Regression analysis
indicated a linear response of tomato yield to CBL up to the 8 T/A rate,
indicating the need to test if higher yields may have been achievable
with greater applications of CBL. Compost applications increased soil
available potassium, phosphorus and zinc, along with soil organic matter
content. Applications did not alter pH. This work indicates that grow-
ers can safely and effectively apply CBL in tomato production systems.
Additional work will evaluate the compost’s safety and efficacy on other
vegetables

Key Words: Litter, Compost, Microbiology

95 Reproductive Efficiency of Female Broiler Breed-
ers as Affected by Genotype, Growth Profile and Photo-
stimulation Age 1. Growth and Carcass Traits Between
Hatch and 24 wk of Age. F. E. Robinson*a, R. A. Renemaa,
and M. J. Zuidhofb, aUniversity of Alberta, Edmonton, AB, Canada,
bAlberta Agriculture, Food and Rural Development, Edmonton, AB,
Canada.

A 3 X 4 X 2 factorial design was carried out with 3 broiler breeder
strains, 4 target BW profiles and 2 ages at photostimulation (PS) to fol-
low growth and development. A total of 560 pullets from each strain
(Hubbard Hi-Y, Ross 508, and Aviagen TP7) were housed in 24 pens in
light-tight conditions and exposed to a conventional photoperiod. The 4
BW profiles separated at 3 wk and converged at 32 wk of age as follows
STANDARD (approximates mean target BW profile of breeder strains
used); LOW (12 wk BW target = 25% lower than STANDARD followed
by rapid gain to 32 wk); MODERATE (12 wk BW target = 150% of
STANDARD followed by lower rate of gain to 32 wk); and HIGH (12 wk
BW target = 200% of STANDARD followed by minimal growth to 32
wk). Birds underwent PS at 18 or 22 wk. For each of the 12 interactions,
4 birds were killed at 14 d intervals from 2 to 18 wk of age to characterize
growth. After PS, 4 birds per 24 interactions were dissected.
Growth rate restricted frame size (e.g. 18 wk shank length: LOW, 101.8;
STANDARD, 105.6; MODERATE, 109.5; and HIGH, 112.3 mm). At 24
wk of age, 22-wk PS birds showed increased breast muscle (20.9%) and
fat pad weights (1.71%), compared to 18 wk PS birds (breast 21.2%; fat
pad 1.91%). The 508 hens had the heaviest fat pads. Early PS resulted
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in increased 24-wk liver weights in all strains (18 wk, 1.68; 22 wk, 1.42%),
but the difference was greatest in the TP-7 strain (18 wk, 1.72; 22 wk,
1.40%). The 22-wk ovary weight was influenced by age at PS in HIGH
(18 wk, 17.3; 22 wk, 1.6 g) and MODERATE (18 wk, 14.1; 22 wk, 1.1
g) groups only. Severe restriction limits breast and fat tissue growth and
reduces ovarian and oviduct development rate at PS. Heavier pullets re-
spond to early PS by developing a reproductive system at the expense of
breast muscle and fat pad growth.

Key Words: broiler breeder, growth curve, photostimulation age

96 Reproductive efficiency of female broiler breed-
ers as affected by genotype, growth profile and photostim-
ulation age 2. Sexual maturation profiles. M. J. Zuidhof*a,
R. A. Renemab, and F. E. Robinsonb, aAlberta Agriculture, Food and
Rural Development, Edmonton, AB, Canada, bUniversity of Alberta,
Edmonton, AB, Canada.

To test the impact of genetic strain and growth profile on sexual matu-
ration profiles, a 3 X 4 X 2 factorial design experiment, with 3 broiler
breeder strains, 4 target BW profiles and 2 photostimulation (PS) ages
was performed. A total of 560 pullets from each strain (Hubbard Hi-Y,
Ross 508, and Aviagen TP7) were housed in 24 pens. The BW profiles
separated at 3 wk and converged at 32 wk of age as follows: STAN-
DARD (blended target BW profile of breeder strains used); LOW (12
wk BW target = 25% lower than STANDARD followed by rapid gain
to 32 wk); MODERATE (12 wk BW target = 150% of STANDARD fol-
lowed by lower rate of gain to 32 wk); and HIGH (12 wk BW target =
200% of STANDARD followed by minimal growth to 32 wk). Birds were
individually caged at 18 wk, and photostimulated at 18 or 22 wk. A
cumulative normal distribution curvewas used to characterize the onset
of production (first egg) data.
Pullets photostimulated at 18 wk of age commenced lay an average of
41.5 d after lighting, compared to 29.9 d when PS occurred at 22 wk.
While timing of sexual maturation among birds on the growth profiles
did not differ when a 22 wk PS age was used, the HIGH, MODERATE,
STANDARD, and LOW birds photostimulated at 18 wk entered lay 33.4,
38.3, 43.6, and 50.8 d after lighting, respectively.
Variation in onset of lay was related to feed allocation and weight gain
during the onset of lay (HIGH and LOW birds had a standard deviation
(SD) in age at first egg of 9 and 4 d, respectively; MODERATE and
STANDARD birds were intermediate). In the 508 and Hi-Y strains, age
at PS did not affect SD in age at first egg (average SD = 6 d), while in
the TP7 strain, SD of age at first egg decreased from 10 d (18 wk PS)
to 6 (22 wk PS). Reducing feed allocations during the onset of lay to
achieve BW targets of the HIGH profile birds caused variability in the
onset of lay in the high breast yield TP7 strain.

Key Words: Broiler Breeder, Growth Curve, Sexual Maturation

97 Reproductive Efficiency of Female Broiler Breed-
ers as Affected by Genotype, Growth Profile and Photo-
stimulation Age 3. Carcass and Reproductive Morphology
Traits at Sexual Maturity. R. A. Renema*a, F. E. Robinsona,
and M. J. Zuidhofb, aUniversity of Alberta, Edmonton, AB, Canada,
bAgriculture, Food and Rural Development, Edmonton, AB, Canada.

A 3 X 4 X 2 factorial design trial, with 3 broiler breeder strains, 4 target
BW profiles and 2 photostimulation (PS) ages was performed to test the
impact of strain and growth profile on sexual maturation traits. A total
of 560 pullets from each strain (Hubbard Hi-Y, Ross 508, and Aviagen
TP7) were housed in 24 pens. The BW profiles separated at 3 wk and
converged at 32 wk of age as follows: STANDARD (approximates mean
target BW profile of breeder strains used); LOW (12 wk BW target =
25% lower than STANDARD followed by rapid gain to 32 wk); MODER-
ATE (12 wk BW target = 150% of STANDARD followed by lower rate
of gain to 32 wk); and HIGH (12 wk BW target = 200% of STANDARD
followed by minimal growth to 32 wk). Birds were photostimulated at 18
or 22 wk. Eight birds per interaction were processed at sexual maturity
(SM, first egg).
Growth profile affected timing of SM with the 18 wk but not the 22 wk
PS age. There was no effect of growth history on initial egg weight. Body
weight at SM was 3.40, 3.21, 3.01, and 2.84 kg for HIGH, MODERATE,
STANDARD, and LOW birds, respectively, which impacted shank and
keel length – indicating differences in frame size. Ovary weight was 6 g
heavier in the LOW birds (55 g) than in other groups. The arrangement
of LYF on the ovary changed with PS age, with 1.33 LYF hierarchies (18

wk PS age) compared to 1.22 (22 wk PS age) being formed. The Hi-Y
hens had more LYF in a multiple arrangement (43%) than 508 or TP7
hens (mean = 33%). The 18 wk PS age increased excess LYF production
of HIGH (55 % paired) compared to other growth profiles, while both
small yellow follicle (SYF) number and atresia in SYF were increased.
Feeding profiles affected growth and conformational traits, with little
effect on reproductive morphology.

Key Words: Broiler Breeder, Sexual Maturity, Growth Curve

98 Assessment of the aversion of hens to different
gas atmospheres using an approach-avoidance test. A. B.
Webster* and D. L. Fletcher, The University of Georgia.

Approach-avoidance tests were conducted to evaluate the responses of
laying hens to different gas atmospheres. Twelve hens were trained in a
test apparatus consisting of a raised entry chamber connected by a de-
scending chute to a lower chamber into which gas could be injected. Feed
was removed from hens overnight before training sessions, and layer feed
was presented in the lower chamber as the stimulus to motivate hens to
proceed through the apparatus. Once hens were trained to a stable min-
imum time taken to eat after being placed in the apparatus, approach-
avoidance tests were initiated. These resembled training sessions except
that they were conducted in mid-afternoon, with feed having been re-
moved from the hens in the morning, and one of six gas treatments was
injected into the lower chamber. The gas atmospheres evaluated were:
air, 30 % CO2-in-air, 45 % CO2-in-air, 60 % CO2-in-air, 70 % Ar/30 %
CO2, and Ar. Each hen was tested once in random order with each atmo-
sphere. Days of testing were alternated with days of retraining to prevent
possible learned effects of gases carrying over between tests. Hens were
able to detect the atmospheres containing CO2. They showed increased
tendency to hesitate upon encountering these gases, but not so to Ar.
This aversion was usually overridden by motivation to approach food.
There was no evidence to suggest that 70% Ar/30% CO2 was superior
from an animal welfare standpoint to any of the simple mixtures of CO2

in air. There was also no indication that the hens were able to differ-
entiate among the different concentrations of CO2 in the atmospheres
tested.

Key Words: Gas Stunning, Laying Hen, Aversion

99 The effect of four beak treatments on early stress
and normal growth parameters. P.L. Ruszler*, C.F. Honaker, C.L.
Novak, D.M. Denbow, and A.P. McElroy, Virginia Tech.

Four strains of day-old pullets; 950 each of Bovans, Lohmann, Hyline
W-36, and Hyline W-98, were housed in commercial start/grow cages.
One-fourth of each strain was beak trimmed with a hot-blade debeaker
at either one day (1D) or at seven days of age (7D). Additionally, another
one-fourth was beak trimmed with infrared energy at one day (IR) or was
not beak trimmed (N). Plasma corticosterone (PC) levels were taken ev-
ery 2 d in addition to daily body weights and feed intakes through 14
d. Feed intake and body weights were measured every 2 wk through 20
wk. PC levels were elevated for all treatments (11 to 17 ng/ml) for the
first four d, but returned to normal (4 to 5 ng/ml) by day eight with-
out significant differences between treatments. Treatment (trt) 1D was
significantly lighter than the others in body weight each day, by 2 to 4
g from 3 to 13 d and consumed less feed through eight days. The body
weight each day for trt 7D was significantly lighter than N by 1 to 2 g
right after the 7D beak-trimming, but was heavier than 1D from 9 to
13 d. Body weights and feed intake were not different from 4 to 20 wk.
Age at first egg (129 d) for trt N and 7D was significantly different from
IR (126 d) with 1D (127 d) in between. Average feed intake for trt 1D
between 20 and 28 wk was 92 g, which was significantly less than trt
N (99 g). Both were different from trt 7D (96 g) and IR (94 g). Body
weights were not different (P0.05) between 20 and 28 wk of age. Total
egg production through 28 wk favored the IR trt with 49.7 eggs per hen
while trt 7D was significantly less at only 48.3 eggs with trt 1D (49.3)
and N (49.1) in between. A study of the growth and production parame-
ters indicated that the 1D trt depressed growth performance but showed
no difference in egg production to 28 wk of age. Different beak trimming
techniques had no effect upon physiological stress during the first two
wk, as measured by plasma corticosterone levels and changes in body
weight or feed intake.

Key Words: Corticosterone, Stress, Body Weight
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100 Ammonia emissions and levels of ammonia and
carbon dioxide in exhaust air from broiler houses. A. J.
Pescatore*a, K. D. Caseya, R. S. Gatesa, J. Bicudoa, H. Xinb, E. F.
Wheelerc, and M. J. Forda, aUniversity of Kentucky, bIowa State Uni-
versity, cPenn State University.

Air emissions from commercial broiler houses are a growing concern. In
order to determine air emissions a commercial broiler site in western Ken-
tucky was selected for this study. The site contained four broiler houses
each 12.2 m x 152.5 m and housed either 20,000 or 25,000 birds depending
on the finished bird requirements. This produced a placement density of
13.44 birds per m2 at 25,000 birds and 10.75 birds per m2 at 20,000 birds.
Ammonia emissions were determined over three flocks from November to
June. Litter in the houses was reused and represented the 2nd, 3rd and
4th flock to be grown on the litter. Ammonia levels exhausting air from
the buildings were determined by a Portable Measuring Unit. Carbon
dioxide was measured with a CO2 sensor (Vaisala Model GMT222) with
a range of 0 - 5000 ppm. Each house was equipped with the necessary
number of units to measure exhaust air at all primary ventilation fans.
Ammonia and carbon dioxide levels were measured over a 48 hour period
at 2 to 3 week intervals. Exhaust fan capacity was determined with a
Fans Assessment Numeration System.

Ammonia levels in exhausted air ranged from a low of 2 ppm to a high
of 73 ppm. Carbon dioxide levels ranged from 300 ppm to 5000 ppm.
The 5000 ppm is the upper detection level of the sensors suggesting that
higher levels may have existed.

Ammonia emission rates as expressed as g/bird/day increased with the
age of the bird. Under ten days of age the ammonia emissions ranged
from .36 - .57 g/bird/day. Between 15 and 30 days of age the range was
from .02 to .27 g/bird/day in two flocks and .68 to .97 g/bird/day in the
remaining flock. Variation between flocks and between houses was also
seen for birds at 30-42 days of age. During this period ammonia emis-
sions ranged from .32 to 1.71 g/bird/day. For birds greater than 48 days
of age the range of ammonia emissions were .71 to 2.34 g/bird /day. The
maximum emission rate determined in this study was 2.34 g/bird/day.
This level was equivalent to a daily ammonia emissions of 442 g per 500
kg of bird weight.

Key Words: Ammonia Emissions, Carbon Dioxide, Air Emissions

101 Dietary fish oil alters energy metabolism and
anti-oxidant system during acute phase response in broiler
chicks. T. S. Koh*, J. T. Im, I. K. Park, J. H. Kim, and S. I. Lee,
Konkuk University.

Three experiments were designed to determine the effects of dietary (n-
3) polyunsaturated fatty acids on the growth-suppressive effects of the
acute phase response and antioxidant enzyme activity and balances of
nitrogen and energy. One-d old chicks were fed diets contanining 1.0%
of soybean oil in experiment 1, or diets containing 1.0% of fish oil in
experiment 2, and then on 7-d of age chicks were fed diets contain-
ing 1.0% of either soybean oil or fish oil. In experiment 3, one-d old
chicks were fed diets containing 1.0% of either soybean oil or fish oil.
In chicks of half of pens within each dietary treatments of each exper-
iments, the acute phase response were induced by injecting Salmonella
typhymurium lipopolysaccharide(LPS) i.p. 3 times at 8, 10, and 12-d of
age. During acute phase response, when birds were fed on the soybean
oil diet(exp. 1) from 1-d of age, birds fed dietary fish oil from 7-d of age
gave reduced(p<0.05) activities of MnSOD and Cu/ZnSOD in liver and
erythrocyte cytosols, and circulating ceruloplasmin activity in plasma
compared with those fed soybean oil. But when 1-d old bird fed the fish
oil diet(exp.2) dietary fish oil lessened growth-suppressisng effect of the
LPS effect and enhanced(p<0.05) activities of MnSOD and Cu/ZnSOD
in liver and erythrocyte cytosols and lowered the ceruloplasmin activity
in liver cytosol compared with those fed soybean oil. In exp. 3, when
birds fed on the dietary fish oil, acute phase response did not affect ex-
cretion of uric acid nitrogen per nitrogen intake and nitrogen balance,
while increased(p<0.05) dietary metabolizable energy value and activ-
ity of ceruloplasmin in liver. And dietary fish oil increased activities of
MnSOD(p<0.05) and Cu/ZnSOD in liver cytosol compared with those
fed soybean oil. In conclusion, during acute phase response, one-d old
chicks fed dietary fish oil enhanced balance of energy due to increased
digestive absorption of energy sources , and activity of SOD in liver, and
lowered ceruloplasmin activity in plasma. The results indicated that en-
hanced daily gain and dietary energy utilization in birds fed fish oil from
one-d of age seems due to change on the antioxidants systems during
acute phase response.

Key Words: Chicks in Acute Phase Response, (N-3)Polyunsaturated Fatty
Acids, SOD Activity and Energy Balance
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102 Effect of 1966- and 2003-version turkey diets

on growth performance and carcass composition of 1966
vs. 2003-type turkey hens and toms. P. R Ferket*a, G. B.
Havensteina, J. L. Grimesa, A. G. Gernata, and K. E. Nestorb, aNC
State University, bOhio State University.

Growth characteristics of turkeys depend upon nutritional and genetic
influences and their interactions. Modern commercial turkeys and a
Random-bred control line started in 1966 (RBC2) were fed diets and
feeding programs typical of 1966 and 2003 and growth performance char-
acteristics through 196 d of age were compared. Carcass composition was
also determined at 112 and 196 days of age. Each pen of modern turkeys
consisted of 5 birds each of the Nicholas, BUTA and Hybrid strains. Eight
groups, i.e. 2 strains (S), 2 sexes (SX), and 2 dietary regimens (D) were
randomly assigned into each of 4 blocks of 8 litter-floor pens (32 pens
total) for grow out. The 1966 starter diet (0-56 d) contained 2800 Kcal
ME/kg and 29% CP; the 1966 grower diet (57 112 d) contained 2930 Kcal
ME/kg and 22%CP; and the 1966 finisher diet (113 196 d) contained
3000 Kcal ME/kg and 17% CP. The 2003 feeding regimen consisted of
8 diets, the first 7 of which were fed for 14- day periods from hatch to
112 d of age. Energy levels in the 2003 diets were 2950, 2950, 3000,
3100, 3250, 3350, and 3400 kcal ME/kg in diets 1 through 7 respectively.
The CP levels were 27.5, 26.5, 25.5, 23.5, 21.5, 20.0, and 18.0 percent,
respectively for diets 1 through 7. The 2003 finisher diet was fed from
day 113 - 196, and it contained 3550 Kcal ME/kg and 14.5% CP. At 112
and 196 days, 5 birds from each treatment group were slaughtered, bled,
deplumed, and homogenized to determine carcass dry matter (%DM),
crude protein (%CP), crude fat (%CF), and % ash.

The S, SX, D, SxD, effects for body weight (BW) were all highly signifi-
cant (P<.0001) through 112 days of age. The birds on the modern feed
outperformed those of the 1966 feed until high summer temperatures ar-

rived in mid-June. The diet effect then disappeared, and the birds on
the lower energy/higher protein 1966 diets performed better than those
on the high energy/low protein 2003 diets through the remainder of the
test. At 112 and 168 d, BW of the 1966 RBC2 on the 1966-type diets
were 5600 and 8730 g and BW of modern turkeys fed 2003 feeds were
11987, and15923 g, respectively. Carcass fat content was the primary de-
terminant influence by S, SX, and D. At 112 d, carcass %CF was greatest
in 2003 birds and by the 2003 diets (P<.0001), but no SX or interactions
effects were observed. At 196 d, %CF in carcasses of hens was higher
than in toms (P<.0001), but no significant main effects of strain or diet
were observed. A significant S x SX x D effect (P<.005) observed at 196
d revealed that the 1966 diet increased %CF in 1966 toms and 2003 hens,
but decreased in 1966 hens. This study demonstrated significant growth
performance and carcass composition changes have occurred from 1966
to 2003 due to changes in genetic and nutritional programs.

Key Words: Performance and Carcass Characteristics, Turkey Genetics,
Nutrition Program

103 The use of dehulled-degermed corn to reduce
phosphorus excretion from poults raised to 21 days of age.
J. L. Godwin*, J. L. Grimes, M. J. Wineland, A. Gernat, V. L. Chris-
tensen, and E. R. Neely, North Carolina State University.

An experiment was conducted to determine if feeding degermed-dehulled
corn (DDC) to turkey poults would support growth performance as well
or better than those fed diets containing normal corn and would reduce
phosphorus (P) excretion from poults raised to 21d. Degermed, dehulled
corn (DDC) is produced by dry milling and results in the removal of
80% of the corn phytate P. Two hundred and eighty eight British United
Turkeys male turkey poults were housed in Petersime batteries with 48
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pens (6 birds per pen) at day of hatch. There where 6 pens per treat-
ment. Treatments were in a factorial arrangement with two types of
corn (normal corn and DDC) and three levels of Ca and P (100, 85,
70% of recommended NRC levels). Poults were fed a starter ration with
treatments as follows: normal corn + Ca and P at 100, 85, and 70% of
NRC recommended levels (N100, N85, N70, respectively) and DDC +
Ca and P at 100, 85, and 70% of NRC recommended levels (DDC100,
DDC85, DDC70, respectively). Feed and water were provided ad libitium
for 21d. Diets were fed in mash form. The following parameters were
reported; growth performance, AMEn, and apparent nitrogen retention
(ANR). Individual BW, feed consumption, and feed to gain, by pen,
where determined at 7 day intervals to 21d. The following parameters
were also measured at 21d: percent toe and tibia ash, tibia breaking
strength, and P levels in fecal samples. Poults fed diets formulated with
DDC had significantly higher mean BW (P≤0.03; 709g vs. 659g) at 21d
and a significantly better feed conversion (P≤0.04; 1.02 vs. 1.06) at
7d than those fed diets formulated with normal corn. Neither toe nor
tibia ash were significantly affected by corn type, NRC level, or the in-
teraction of the two. Tibia breaking strength was significantly affected
by corn source as well as NRC level. Poults fed DDC had higher tibia
breaking strength than those fed normal corn (P≤0.05; 101.17 vs. 94.69
MPa). Poults fed levels of 100 and 85% of NRC had higher tibia breaking
strength than those fed diets containing 70% of NRC (P≤0.03; 101.02,
101.13 MPa vs. 91.63 MPa). Fecal P was not affected by corn type
but decreased significantly as NRC levels decreased (P≤0.0001; 1341.58,
1093.57, and 940 mg P/100ml, respectively). AMEn and ANR were
significantly affected by the interaction of corn source by NRC level.
Diets containing DDC85 resulted in a significantly higher AMEn than
all other diets (P≤0.0001; DDC70-4,078, DDC85-4,152, DDC100-4,018,
N70-4,083, N85-3,885, N100-3,460 kcal/kg). Birds consuming DDC diets
had significantly higher ANR than birds consuming N corm (P≤0.0001;
DDC70-91.6, DDC85-90.2, DDC100-88.2%, versus N70-83.3, N85-79.7,
N100-61.7%). In conclusion, replacing normal corn with DDC resulted
in improved growth performance in poults raised to 21d.

Key Words: Phosphorus, Dehulled-Degermed Corn, Turkeys

104 Effect of plane of nutrition at the same feed in-
take on body weight and carcass characteristics of broiler
breeder males. H. Romero-Sanchez*a, P. W. Plumsteadb, and J.
Brakeb, aUniversidad de Antioquia, Medellin, Colombia, bNorth Carolina
State University, College of Agriculture & Life Sciences, Department.

Broiler breeder males are typically reared to a strict BW profile to avoid
the apparent negative effects of excessive BW on reproductive function.
An experiment was conducted to test the effect of two planes of rearing
nutrition, independent of level of feed intake, on BW and carcass char-
acteristics of broiler breeder males. A total of 200 day old Ross 344 male
broiler breeders were placed in four pens in a blackout rearing facility.
From 0-2 wk all birds received a starter feed after which pens were ran-
domly assigned to either a HIGH (3250 Kcal, 16.7% CP) or LOW (2850
Kcal, 14.0% CP) grower diet. The same feeding program to 21 wk of age
was used for both treatments irrespective of effect on BW. From 21-24
wk the HIGH and LOW diets were blended to provide a gradual transi-
tion to a single common breeder diet fed during the breeder phase. All
birds were weighed individually at 4, 8, 12, 16, 20, 22, 24, 28, 32 and
36 wk. At 22 wk 15 birds per pen were sacrificed to measure carcass
composition, abdominal fat pad, and testes weights. Percentage fertility
was evaluated weekly from 28 to 33 wk. As expected, males receiving
HIGH rearing nutrition had heavier BW and longer shank lengths at 8,
12, 16 and 20 wks (P<0.05). Processing at 22 wks revealed heavier BW
and a greater percentage shanks, ribs and abdominal fat pad for HIGH
males (P<0.05) with no treatment effect on percentage feathers, breast
and leg portions. Following transfer, male BW differences between HIGH
and LOW rearing treatments disappeared by 24 wk with only small ef-
fects on shank length remaining at 36 wk (P<0.05). Further, plane of
male breeder nutrition during rearing had no effect on early male broiler
breeder fertility to 33 wk. The data suggest that feed allocation after
transfer played a greater role in subsequent male BW and reproductive
performance than did BW at transfer.

Key Words: Broiler Breeder, Rearing Nutrition, Skeletal Development

105 Evaluation of Calsporin as an effective probiotic
for use in turkey. E. Blair*, J. Firman, and D. Robbins, University
of Missouri-Columbia.

Calsporin contains Lactobacillus bacillusbtilis C=3102. Calsporin was
added to a typical corn/soybean meal diet as a probiotic. This pro-
biotic was compared to a common antibiotic, Zinc Bacitracin, for the
entire growout period for the male turkey (0-18 weeks of age). The study
consisted of three dietary treatments: A negative control which did not
contain either of the growth promotents; A diet with zinc bacitracin
(0.05% of the diet); and a diet that contained Calsporin (0.0003% of the
diet). The diets where formulated to meet or exceed all nutrients accord-
ing to the NRC (1994). The birds where weighed and feed consumption
measured at 21, 42, 63, 84, 105, 126 days. In all phases there was no
significant (p < 0.05) difference between the treatments that contained
either Calsporin or Bacitracin for gain or feed efficiency. At day 126 litter
samples where taken from each pen and evaluated for nitrogen content.
The pens treated with Calsporin contained significantly (p < 0.001) less
nitrogen than the other treatments. At the conclusion of the study a
sample of birds from each treatment where processed to determine dif-
ferences in parts yeild. No significant (p < 0.05) differences where found.

Key Words: Turkey, Probiotic, Antibiotic

106 Effect of virginiamycin in diets with adequate or
reduced dietary calcium or available phosphorus for 0 to 18
d-old broilers. T. O’Connor-Dennie* and L. L. Southern, Louisiana
State University Agricultural Center.

Two experiments (EXP) were conducted to evaluate the effect of virgini-
amycin (Vm) in diets with adequate or reduced Ca or available P (aP)
on growth performance, bone strength, and bone ash percentage in 0 to
18 d-old chicks (initial and final BW were; EXP 1, 47 and 494 g; EXP
2, 40 and 524 g). Both EXP consisted of six treatments with six repli-
cations of six chicks per replication. The dietary treatments were: 1)
a corn-soybean meal diet (C-SBM) with 1.00% Ca and 0.45% aP, 2) C-
SBM with 0.80% Ca and 0.45% aP, 3) C-SBM with 1.00% Ca and 0.35%
aP, 4 to 6) Diets 1 to 3 with 11 (EXP 1) or 22 (EXP 2) ppm Vm. In
EXP 1, daily gain (ADG), feed intake (ADFI), bone breaking strength
(BBS), milligrams of tibia ash per chick per gram Ca (ash/Ca) intake,
and kilograms BBS per gram Ca (BBS/Ca) or aP (BBS/aP) intake were
increased (P < 0.08) in chicks fed Vm. Daily gain, ADFI, BBS, mil-
ligrams of tibia ash, BBS/Ca, and BBS/aP were increased in chicks fed
the low aP diet with Vm (aP x Vm, P < 0.10). A similar effect was ob-
served in chicks fed the low Ca diet, but the interaction was significant
(P < 0.10) only for milligrams of tibia ash, ash/Ca, and ash/aP. Bone
ash percentage also was decreased (P < 0.01) in chicks fed the low aP
diet but Vm did not affect this response. In EXP 2, bone ash percentage,
milligrams of tibia ash, and ash/Ca were increased (P < 0.07) in chicks
fed Vm. Daily gain, ADFI, BBS, bone ash percentage, milligrams of tibia
ash, ash/Ca, ash/aP, BBS/Ca, and BBS/aP were decreased in chicks fed
the low aP diet (P < 0.05). Chicks fed the low Ca diet had a decreased
(P < 0.05) ash/Ca, ash/aP, and BBS/Ca. There were no Ca or aP by
Vm interactions in EXP. 2, but the trends were similar to those observed
in EXP 1. These data indicate that reducing the dietary level of aP by
0.10% decreased growth performance and bone response variables, and
that Vm will partially overcome the negative effects of the low aP diet.

Key Words: Chick, Phosphorus, Virginiamycin

107 The role of the crop as a storage and fermenta-
tion organ in the turkey poult. M. J. Hensley*, S. A. Johannsen,
R. W. Griffith, and C. G. Scanes , Iowa State University.

The crop may function as an organ for the mechanical storage and po-
tentially also fermentation of ingesta in poultry. This was examined in
the turkey poult. At the beginning of the period of night, the crop was
engorged with feed irrespective of whether poults were receiving mash
or pelleted diets. During the period of night, crop ingesta amounts de-
creased progressively. The rate of decline was slower if there low levels of
light allowing some feeding. The pH of the crop ingesta declined during
the period of night in poults on a mash diet. This may reflect fermen-
tation of ingesta in the crop and the generation of volatile fatty acids
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and other organic acids. It is concluded that the crop role may have
a significant role in gastro-intestinal functioning and metabolite avail-
ability. [Supported by the Midwest Poultry Consortium and the Iowa
Agricultural Experiment Station]

Key Words: Crop, Turkey, Feed storage

108 Effect of Versazyme on nutrient utilization of
broiler chickens. N. H. Odetallah*a, J. J. Wanga, J. D. Garlichb,
and J. C. H. Shihb, aBioResource International, bNorth Carolina State
University.

The objective of this study was to evaluate the effect of Versazyme (VZ)
on the apparent nutrient utilization of broiler chickens. A total of 196
7-day old male broiler chicks were randomized to 4 treatments with 6
replicate pens per treatment. The experimental unit was a pen of 7
birds. Birds were fed a diet containing 3200 kcal/kg ME and 19.05%
CP with 1.5% Celite as an indigestible marker and grown up to 26 d of
age. Birds were given access to water and feed ad libitum. Apart from
the control (C) diet, the other 3 treatments received one of 3 different
fermentation batches of VZ (X, Y and Z) at an inclusion rate of 0.10%
(wt/wt). Two fecal collections were performed at 13-14 and 22-23 d of
age. Feed and fecal materials were analyzed for their content of energy,
N and fat. AMEn, apparent N retention (ANR) and apparent fat di-
gestibility (AFD) were calculated. Birds receiving VZ had numerically
higher BW at the end of the trial (1259, 1248 and 1250 g vs. 1217 g for
X, Y and Z vs. C, respectively P>0.05). Nonetheless, cumulative FCR
was significantly improved (1.47, 1.59 and 1.50 vs. 1.66 for X, Y and
Z vs. C, respectively P<0.05). After one week of VZ supplementation,
only batch X improved the AMEn (3214 vs. 3104 kcal/kg diet for X vs.
C, P<0.05) but not ANR or AFD. At 22-23 days of age, batch X signifi-
cantly improved the utilization of the 3 nutrients (3325 vs 3125kcal/ kg,
77.3 vs. 75.2% and 91.7 vs. 88.7% for AMEn, ANR, and AFD for X vs.
C, respectively, P<0.05). Neither batch Y nor Z had an effect on any of
the 3 parameters at 14 or 23 d of age except for batch Z which caused a
significant improvement in the 23 d AMEn (3202 vs. 3125 kcal/kg for Z
vs. C, respectively, P<0.05). In conclusion, Versazyme, produced under
current conditions, may improve nutrient utilization of broiler chickens
fed diets containing marginally low CP. More research is still needed to
further investigate the effect of VZ on digestibility of broiler diets.

Key Words: Versazyme, Broilers, AMEn

109 Evaluation of PRO*CALTM processing plant
byproduct in broiler starter diets. P. W. Waldroup*a, C. A.
Frittsa, F. D. Clarka, N. M. Daleb, and A. B. Batalb, aUniversity of
Arkansas, bUniversity of Georgia.

Disposal of processing plant byproducts poses some difficulties, espe-
cially the products obtained from the processing effluent. Various means
have been employed to remove the organic matter (primarily protein
and fat) from processing plant wastewater streams with little effect.
PRO*CALTM is a high protein, high fat, free-flowng product resulting
from a proprietary process used to combine the nutrients collected from
processing plant effluent water with blood to produce a highly nutritive
feed ingredient. The sample used in this test contained 62.35% CP and
22.15% crude fat. The objective of the present study was to evaluate
this product to determine its nutritive value (TME and amino acid di-
gestibility), its value in broiler starter diets, and possible adverse effects
on the carcass.
A sample of product was found to have a TME value of 4570 kcal/kg
with high levels of essential amino acids with good digestibility (5.19%
total and 4.45% dig Lys; 0.91% total and 0.83% dig Met; 3.05% total
and 2.66% dig Thr). Diets were formulated for a 0 to 21 d feeding period
to meet minimum recommendations of NRC (1994) adjusted to 3080 ME
kcal/kg. One diet contained only corn and soybean meal as intact pro-
teins. The second diet also contained 5% PRO*CALTM. Intermediate
diets were obtained by blending the two basal diets. The corn-soy diet
was fed to 16 pens of 5 males; other diets were fed to 8 pens of 5 males.
Measurements included BW, feed intake, and mortality. At the conclu-
sion of the trial birds from the corn-soy and 5% PRO*CALTM diets were
autopsied by a poultry pathologist to evaluate internal organs.
Inclusion of the PRO*CALTM at levels up to 5% had no adverse ef-
fects on BW or mortality. Feed conversion was singificantly improved
as PRO*CALTM level increased, perhaps due to slightly higher levels of

Lys and CP. No adverse effects on internal organs was noted. It may be
concluded that PRO*CALTM is an effective source of energy and protein
in broiler diets.

Key Words: Broilers, Processing Byproduct, PRO*CALTM

110 Utilization of PRO*CALTM processing plant
byproduct in simple corn-soy and complex industry finisher
diets for broilers. C. A. Fritts* and P. W. Waldroup, University of
Arkansas.

PRO*CALTM is a product produced with a proprietary process used
to combined the nutrients collected from processing plant effluent water
with blood to form a dry, free-flowing product high in energy (4570 TME
kcal/kg) and crude protein (62%). The amino acids have been found to
be highly digestible. In a previous study from our laboratory it was
found that 5% PRO*CALTM (highest level tested) was effectively used
in diets fed to chicks up to 21 d. Equal BW and superior FCR were
observed. The objective of the present study was to evaluate the use of
PRO*CALTM in finisher diets (42 to 56 d) using both simple corn-soy
diets and in more complex industry-type diets. Both live performance
and carcass composition were evaluated.
One series of diets (CS) was formulated using only corn, soybean meal,
and PRO*CALTM as intact proteins and was formulated to match nu-
trient averages of top 25% of companies in a leading agricultural survey.
The second series (IND) was formulated by a local poultry integrator and
contained a more varied set of ingredients. PRO*CALTM was included
at 0, 2.5, 5.0, and 7.5% in CS diets; the IND series did not include the
7.5% level. Eight pens of 70 males (Cobb 500) per treatment were placed
on test diets at 42 d and fed to 56 d. At the conclusion of the study 8
birds per pen were processed after 12 hr fast using automatic eviscera-
tion. They were cut up and deboned by trained industry tecnicians.
The inclusion of PRO*CALTM at levels up to 7.5% in CS and up to 5% in
IND diets had no significant effects on BW gain, FCR, mortality, dressing
percentage, or breast yield. Birds fed IND diets had significantly higher
breast yield than those fed CS, probably due to higher levels of Lys and
CP in these diets. Results indicate that up to 7.5% PRO*CALTM had
no adverse effects on live performance or carcass characteristics of male
broilers 42 to 56 d and should be an effective source of protein and energy
in poultry diets.

Key Words: Broilers, Processing byproduct, PRO*CALTM

111 CRINAr POULTRY and BMDr alleviate the ef-
fects of a Clostridium perfringens challenge in commercial
broilers. M. D. Sims*a, P. G. Williamsb, M. Frehnerc, and R. Losac,
aVirginia Scientific Research, Inc. - USA, bAkzo Nobel Surface Chem-
istry LLC, Davis - USA, cCRINA SA, Akzo Nobel Group, Switzerland.

CRINA POULTRY is a blend of components of plant essential oils and
spices, which increase natural endogenous enzyme secretion to improve
digestion of food substrates and exhibit antimicrobial activity in vitro.
These effects may lead to better regulation and stabilization of intesti-
nal micro flora. A 7-week floor-pen study was conducted to compare
the performance and intestinal lesion of Clostridium perfringens (CP)
challenged broilers, fed 1) a diet supplemented with 100 ppm of CRINA
POULTRY (CRINA), 2) a diet supplemented with 55 ppm of Bacitracin
MD (BMD), and 3) a non-supplemented diet (challenged (CC) & un-
challenged (UC) controls). There were 10 pens/group and 54 birds/pen.
Three corn/soy basal diets (starter, grower, finisher) of increasing ME
(3115, 3195, 3270 kcal/kg) and decreasing crude protein levels (21.4,
19.6, 17.1%), and water were provided ad libitum. Except for the UC
group, CP was administered to each bird individually by oral gavage on
days 23, 24, 25 & 26. CP lesions were scored at weeks 4 & 5. At weeks 4
& 7, birds of the CRINA (0.948 & 2.393 kg) and UC (0.962 & 2.431 kg)
groups were heavier (p≤0.05) than those of the BMD (0.917 & 2.268 kg)
and CC (0.805 & 2.185 kg) groups. Feed conversion rates of the CRINA
(1.70, 1.95), BMD (1.70, 2.01) and UC (1.68, 1.92) groups were not differ-
ent and were better (p≤0.05) than that of the CC group (1.78, 2.21). At
weeks 4 & 5, the CP lesion scores of the CRINA group (1.05, 0.90) were
lower (p≤0.05) than those of the CC (2.35, 2.15), while at week 5 they
were also lower (p≤0.05) than those of the BMD group (1.40). Week 7
relative mortalities of the CRINA (6%), BMD (8%) and UC (7%) groups
were not different and were lower (p≤0.05) than that of the CC group
(14%). These results demonstrate that CP challenged broilers receiving
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CRINA or BMD had less intestinal CP lesions and performed better than
or similar to equally challenged control broilers.

Key Words: Broiler Floor-Pen, Essential Oil CRINA POULTRY, Clostrid-
ium Perfringens

112 Effect of a combination of probiotics, cell-wall
fragments and prebiotics (Biomin C-EX and Biomin IMBO)
on the productivity and digestion processes of broiler chick-
ens. R. Beltran*b, G. Schatzmayrc, A. Klimitschc, and R. Gruzauskasa,
aVeterinary Academy of Lithuania, bBiomin America, cBiomin IAN
GmbH, Austria.

Background: The use of probiotics to enhance intestinal health has been
studied for many years. Probiotics are defined as viable microorganisms
that have a beneficial effect in the prevention and treatment of specific
pathologic conditions when consumed. Prebiotics are nondigestible food
ingredients that benefit the host by selectively stimulating the growth of
beneficial bacteria in the colon. Cell wall fragments or used to prevent
pathogen adherence by blocking specific receptor binding sites in the gut,
thus minimizing infection.
Objective: To test the effect of Biomin C-EX and Biomin

r

IMBO (pro-
biotic, immune modulatory substances & prebiotic) on the productivity
of broiler chickens and feed conversion ratio and to also test the influence
of the preparation on the digestibility, including digestion processes in
broilers.
Design and Setting: 600 broiler chickens of Strain Ross 208 were ob-
tained. The birds were divided into 2 groups, 300 chickens per group.
The broiler chickens were kept on dry litter and water and feed given
ad libitum. The experimental group contained probiotic additive. The
dosage of Biomin C-EX was 20g/1000 heads (spray plus via drinking wa-
ter) and Biomin

r

IMBO was mixed 1.5 kg/ton of feed. Body weight,
feed intake, feed conversion ratio, percent mortality, digestibility of feed
nutrients, and concentrations of volatile fatty acids and ammonia were
measured. The duration of the experiment was 35 days.
Results: By using a combination of probiotics, cell wall fragments and
prebiotics improvements in BWG, FCR, Mortality and digestibility of
feed nutrients such as organic matter, crude fat, crude protein, and crude
fiber were observed. Also the presence of Biomin

r

C-EX and Biomin
r

IMBO had a positive influence towards volatile fatty acids and ammonia
concentrations.
Conclusions: Our findings suggest that applying Biomin

r

C-EX and
Biomin

r

IMBO improved the health performance of the animal and
showed a positive impact towards the digestion processes.

Key Words: Probiotic, Prebiotic, Nutrition

113 Effects of inorganic versus organic selenium on
hen production and egg selenium concentration. R. L. Payne*
and L. L. Southern, LSU Agricultural Center.

An experiment was conducted using 288 Hy-Line W-36 laying hens (70
wk of age) to compare two selenium sources (sodium selenite or selenome-
thionine) provided at 0, 0.15, 0.30, 0.60, or 3.00 mg/kg of the diet. Diets
were corn-soybean meal-based and contained 0.82% lysine. Each treat-
ment was replicated four times with two cages of four hens per cage in
each replicate, and the trial lasted 28 d. Hen production was assessed
daily. Two eggs per replicate were collected every 4 d for whole-egg se-
lenium analysis. Albumen quality was assessed using the d-24 and d-28
egg collections. Feed intake was measured at the end of the 28-d trial.
Eggs produced per kg of feed was increased linearly (P < 0.09) as sodium
selenite levels increased. Daily feed intake was not affected (P > 0.10)
by selenium source. Hen day production was not affected (P > 0.10) by
diet; however; the percentage of cracked eggs was greater (P < 0.03) in
hens fed selenomethionine than in those fed sodium selenite. Eggs from
hens fed sodium selenite had improved (P < 0.04) d-28 albumin quality
compared with those fed selenomethionine, but d-24 albumin quality was
not affected (P > 0.10) by diet. Both sodium selenite and selenomethio-
nine increased egg selenium levels linearly (P < 0.01) as dietary level
increased, but eggs from hens fed selenomethionine had higher concen-
trations (P < 0.01) of selenium than eggs from hens fed sodium selenite.
Selenium concentration in the eggs increased throughout the 28-d trial
(time, P < 0.01), but the increase was greater in hens fed selenomethio-
nine (treatment by time interaction, P < 0.10). The results from this
trial indicate that hen production is not affected by selenium source,

although the increase in percentage of cracked eggs from selenomethio-
nine is worthy of further investigation. Selenomethionine increases egg
selenium concentrations more than sodium selenite.

Key Words: Laying Hen, Egg Production, Selenium

114 Effect of zinc supplementation on growth per-
formance, bone strength, and bone ash percentage in 0 to
18-d old broilers. J. L. Shelton*, R. L. Payne, T. O’Connor-Dennie,
and L. L. Southern, LSU Agricultural Center.

Research in our laboratory has shown that no supplemental Zn in diets
for chicks from 5 to 15 d posthatching decreased growth performance but
did not affect bone ash percentage or bone strength if diets with 45 ppm
supplemental Zn as Zn sulfate were fed from 0 to 4 d posthatching. How-
ever, in a second experiment (EXP), both growth performance and bone
strength were decreased in chicks fed diets with no Zn supplementation
from 0 to 14 d posthatching. Therefore, an EXP was conducted to deter-
mine the length of time that Zn supplementation is necessary such that
there would be no negative effect on subsequent growth performance or
bone response variables. Each treatment was replicated with eight pens
of five chicks each, and the average initial and final BW were 35 and 530
g, respectively. Two diets were used: a corn-soybean meal positive con-
trol diet adequate in all nutrients for broilers and supplemented with 75
ppm Zn as Zn sulfate (PC) or this same diet with no Zn supplementation
(NC). The six treatments were the PC diet fed for 0, 3, 6, 9, 12, or 18 d
and then replaced by the NC diet fed for the remainder of the 18-d EXP.
Daily gain was decreased (P < 0.10) in chicks fed the NC for 18 d relative
to those fed the other diets. Feeding the PC diet for only 3 d resulted in
equal growth performance (P > 0.10) relative to those fed the PC diet for
18 d. Bone strength was decreased (P < 0.05) in chicks fed the NC diet
for 18 d relative to those fed the PC diet for 18 d. However, chicks fed
the PC diet for only 3 d had bone strength intermediate between those
fed the NC diet for 18 d and those fed the PC diet for 6, 9, 12, or 18 d.
Bone ash percentage was not affected (P > 0.10) by diet. Feeding chicks
the PC diet for 6 d resulted in equal bone response variables (P > 0.10)
relative to those fed the PC diet for 18 d. These results suggest that
Zn may be removed from the diet on d-6 posthatching with no negative
effects on growth performance, bone strength, or bone ash percentage in
broilers grown to 18 d.

Key Words: Bone Strength, Chicks, Zinc

115 Efficacy of a prebiotic feed ingredient for broiler
chicks. R. L. Payne* and L. L. Southern, LSU Agricultural Center.

Two experiments (each using 288 female Ross x Ross broilers) were con-
ducted to evaluate a prebiotic (PB, 77.5% fermentable carbohydrate and
8.5% CP) feed ingredient. Experiment 1 began on d-7 posthatching and
was an 11-d trial to compare the PB and dextrose as energy sources. All
diets were based on corn and soybean meal (1.26% lysine; cellulose was
replaced by PB or dextrose in the diets). The six dietary treatments were:
1) adequate ME (3,300 kcal/kg); 2) Diet 1 plus 6% PB; 3) Diet 1 plus
6% dextrose; 4) low ME (2,800 kcal/kg); 5) Diet 4 plus 6% PB; and 6)
Diet 4 plus 6% dextrose. Each treatment was replicated eight times with
six broilers per pen. Broilers fed the adequate ME diets had improved
(P < 0.01) average daily gain (ADG), feed intake (ADFI), and gain:feed
(GF) compared with those fed the low ME diets. Broilers fed either 6%
PB or dextrose, regardless of dietary energy level, had an increased (P <

0.01) ADG relative to those fed the cellulose, but there was no difference
in ADG between the PB and dextrose. The PB increased (P < 0.08)
ADFI, and dextrose increased (P < 0.01) GF compared to broilers fed
diets 1 or 4. Experiment 2 was conducted from 0 to 21-d posthatching to
evaluate the protective effects of the PB from an E. acervulina infection.
Two levels of salinomycin (SAL, 0 or 44 ppm) and two levels of PB (0 or
4%) were fed to control or coccidiosis-infected chicks (1 x 106 sporulated
oocysts on d 7 of the experiment). Each treatment was replicated six
times with six broilers per pen. From d 0 to 7, ADG, ADFI, and GF
were not affected (P > 0.10) by diet. After inoculation from d 7 to 14,
ADG, ADFI, and GF were increased by SAL but only in the infected
chicks (coccidia by SAL, P < 0.09). A similar response was observed in
ADFI and GF from 14 to 21 d. The PB decreased (P < 0.06) GF from 7
to 14, 14 to 21, and in the overall data (0 to 21 d) and ADG from 14 to
21 d. The results from these experiments indicate that the PB provides
energy to the broiler chick, but it does not have a protective effect from
an E. acervulina infection.

Key Words: Broiler, Energy, Coccidiosis
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116 Comparative efficacy of two thermotolerant mi-

crobial phytases. 1. broiler growth and feed efficiency. P. W.
Plumstead*a, B. A. Lenfesteya, H. Romero-Sancheza, J. Brakea, and
M. R. Bedfordb, aNorth Carolina State University, College of Agriculture
& Life Sciences, Department of Poultry Science, Raleigh, bZymetrics,
Minneapolis, MN.

One of the main factors limiting the application of microbial phytase
preparations in broiler diets lies in the instability of the phytase enzyme
during thermal processing of feed. The current trial was designed to
compare the relative efficacy of a new thermotolerant variant of an E.
coli derived phytase (TEP) with a commercially available fungal derived
thermotolerant phytase (CFP) preparation. Six replicates of 38 mixed
sex broilers were assigned to each of ten dietary treatments in a floor pen
house. Treatments consisted of a positive control (0.44% available phos-
phorus (AvP), in starter diets fed 0-21 d and 0.42% AvP in grower diets
fed 22-42 d) or a negative control basal diet (0.26% AvP in starter and
0.24% AvP in grower). The basal diet was further supplemented with
each phytase source at 250, 500, 1000 and 2000 U/kg diet. All diets were
pelleted with a minimum die face temperature of 80 C. Feed intake, BW,
and mortality adjusted feed conversion ratio (adjFCR) were measured
from 021 and 2242 d. As expected, BW at 21 d and 42 d was improved
in a stepwise fashion by phytase addition to the highest level irrespective
of enzyme source, but did not reach that of the positive control. How-
ever, the BW of TEP birds were heavier at dose rates of 500, 1000 and
2000 U/kg and 250, 500, and 1000 U/kg for 21-d and 42-d BW, respec-
tively. Further, birds receiving the TEP enzyme exhibited a significant
linear (P<0.01) and quadratic (P<0.01) 21-d and 42-d BW response to
increasing enzyme dose that was not observed with the CFP enzyme di-
ets. No phytase or enzyme source effects were noted for adjFCR. The
improved performance and linear nature of the dose response for BW ob-
served for the TEP enzyme indicate a greater relative degree of enzyme
activity following thermal processing that appears to be independent of
dose.

Key Words: Broilers, Phytase, Thermal Stability

117 Comparative efficacy of two thermotolerant mi-
crobial phytases. 2. broiler livability and skeletal develop-
ment. P. W. Plumstead*a, B. A. Lenfesteya, H. Romero-Sancheza, J.
Brakea, and M. R. Bedfordb, aNorth Carolina State University, College
of Agriculture & Life Sciences, Department of Poultry Science, Raleigh,
bZymetrics, Minneapolis, MN.

The current trial was designed to compare the effects of a new thermo-
tolerant variant of an E. coli derived phytase (TEP) and a commercially
available fungal derived thermotolerant phytase (CFP) preparation on
broiler skeletal development and mortality. Six replicates of 38 mixed
sex broilers were assigned to each of ten dietary treatments in a floor
pen house. Treatments consisted of a positive control (0.44% available
phosphorus (AvP), in starter diets fed 0-21 d and 0.42% AvP in grower
diets fed 22-42 d) or a negative control basal diet (0.26% AvP in starter
and 0.24% AvP in grower). The negative control diet was further sup-
plemented with each phytase source at 250, 500, 1000 and 2000 U/kg
diet. All diets were pelleted with a minimum die face temperature of
80 C. At 42 d the right tibia was removed from two birds per pen. As
expected negative control birds had a reduced ultimate tibial bending
strength (P<0.01) that increased with phytase supplementation but only
the 2000 U/kg TEP dose equaled that of the positive control (P<0.05).
No phytase dose effects or differences between enzymes were noted for 21
d mortality. By 42 d the mortality of the negative controls had increased
to 24.3% relative to 3.57% for the positive controls. Graded doses of TEP
resulted in a significant linear reduction in mortality (P=0.03) that was
not seen for the CFP diets (P=0.40) in which only the 2000 U/kg dose
decreased mortality to the level of the positive control diet. Frequency
analyses of the cause of mortality revealed a 55% incidence of ascites for
the negative control diet. Supplementation of the TEP enzyme resulted
in a linear decrease in ascites that was not observed with the CFP diets.
The linear nature of the dose response for mortality and ascites observed
for the TEP enzyme indicate a greater relative degree of enzyme activity
following thermal processing that appeared to be independent of dose.

Key Words: Broilers, Phytase, Mortality

118 Determining the equivalent inorganic phospho-
rus released by phytase in broiler chicks. S. A. Adedokun*a,
J. S. Sandsb, and L. Adeolaa, aDepartment of Animal Sciences, Purdue
University, West Lafayette, IN, bDanisco Animal Nutrition Marlborough,
Wiltshire, United Kingdom, SN8 1XN, cDepartment of Animal Sciences,
Purdue University, West Lafayette, IN.

Seven day-old male Ross 308 broiler chicks were used in a 14-d experiment
to determine the equivalency value of a new phytase using corn-soybean
meal based diets. The experimental diets consisted of positive control
(PC) or negative control (NC) diets which were formulated to contain
0.50 or 0.12 % non-phytate phosphorus, respectively, with a total P of
0.77 or 0.39 %, respectively. Their respective calcium contents were 1.00
or 0.76 %. The test diets were formulated by the addition of monosodium
phosphate (MSP; analyzed to contain 22.4 % P) to the NC diet to supply
0.5, 1.0, or 1.5 g of P / kg diet while phytase was added to the NC diet
at 500 U or 1000 U / kg of diet at the expense of corn starch. Each
diet was randomly assigned to 8 cages of 4 birds each. Body weight gain
(BWG) showed both linear and quadratic increase (P < 0.05) with in-
creasing level of dietary P or phytase supplementation (450 to 656 or
603 g, respectively). Feed efficiency (g BWG / g feed intake) increased
linearly (P < 0.05) with increase in P or phytase supplementation and
quadratic effect to increasing level of phytase (P < 0.05) supplemen-
tation (0.699 to 0.793 or 0.758 g, respectively). Percent tibia and toe
ash increased linearly (P < 0.05) in response to supplemental P from
MSP or phytase supplementation (37.7 and 8 to 47.9 and 10.9 or 45.2
and 10, respectively). Phosphorus and nitrogen digestibility in the exc-
reta showed linear increase (P < 0.05) with increase in P and phytase
supplementation and quadratic response (P < 0.05) to phytase. Supple-
mental phytase-derived P release estimated by solving linear regression
equations of percent tibia or toe ash against P and phytase levels gave P
equivalency values of 0.96 g (tibia ash), or 1.01 g (toe ash) for 1,000 units
of this new phytase. The results of this study show that this phytase is
efficacious in hydrolysis of phytate P for bone mineralization and growth
of broiler chicks.

Key Words: Chicks, Phosphorus, Phytase

119 Evaluation of foot ash as an alternative to tibia
bone ash for quantifying bone mineralization. N. Dale* and
A. R. Garcia, The University of Georgia.

In research studies in which degree of bone mineralization is a critical
parameter, a reliable and standard means of quantifying such mineral-
ization is essential. For the past 80 years, tibia bone ash (TBA) has been
the assay of choice for this purpose. While the assay provides a precise
measure of relative mineralization, it is extremely labor intensive and
time consuming. The objective of this study was to determine whether a
simpler assay might provide equally reliable data on relative bone min-
eralization. A review of the scientific literature between 1920 and 1930,
when the procedure came into popular use, shows that the TBA assay
was never rigorously compared to alternative techniques. Rather, at the
time an assay to determine bone mineralization was clearly needed. The
TBA assay provided satisfactory results and became generally adopted.
Foot ash (FA), by comparison, is easily determined. The foot is severed
at the tibiotarsal joint, dried at 105 C, and ashed at 600 C. FA is ex-
pressed as weight of ash as a percent of the dry weight of the foot. Fat
is not extracted from feet prior to ashing.
To compare FA to TBA as indicators of mineralization, broiler chicks
from 1 to 14 days of age were fed diets containing 0.25, 0.30, 0.35, and
0.40% available phosphorus. From each chick, a tibia and foot were re-
moved for determination of FA TBA. Correlation coefficients between
percent dietary available phosphorus and results for TBA and FA were
not significantly different, and in fact were almost identical (0.78 and
0.77, respectively). On the basis of these studies, the FA and the TBA
assays appear to provide equally precise data in assays involving bone
mineralization. FA values are considerably lower than TBA due to the
larger amount of organic material in the sample. In the above study,
FA and TBA were 11.6 and 31.8, 12.6 and 34.8, 14.6 and 39.5, and 15.7
and 41.5%, respectively for diets containing 0.25, 0.30, 0.35, and 0.40%
available phosphorus.

Key Words: Foot Ash, Tibia Ash, Phosphorus
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120 Efficacy of β-mannanase (Hemicellr) in broiler
chickens infected with necrotic enteritis. H.-Y. Hsiao*a, D. M.
Andersona, F. L. Jina, and G. F. Mathisb, aChemGen Corp., bSouthern
Poultry Research.

Removal of growth promoting antibiotics (GPA) from animal feeds is
reported to lead to deterioration in growth performance, and increased
incidence of dermatitis, necrotic enteritis, or dysbacteriosis. Hemicell

r

,
a β-mannanase based feed enzyme, has been shown to significantly im-
prove growth performance and reduce lesion scores in broiler chicks si-
multaneously challenged with Eimeria sp. and Clostridium perfringens.
Three disease challenged trials summarized here with different degrees
of virulence. These three trials followed a similar protocol. Trials with
21-day male broiler chicks were conducted in battery cages with 10 birds
per cage and 8 replications per treatment. All birds were challenged
with 50,000-75,000 E. acervulina and 1,500-5,000 E. maxima oocysts on
day 7 and with 108 cfu C. perfringens on days 12, 13, and 14, all by
oral gavage. Three dietary treatments were tested: (a) none; (b) med-
icated (BMD, 50g/ton and Sacox, 60g/ton); and (c) -mannanase (100
MU/ton). As the degree of infection intensified, the mortality rate in
the non-medicated, non-enzyme treated control group increased from 0%
to 9.78% and 42.71%, respectively while the growth performance (F/G
and weight gain) increasingly deteriorated. The -mannanase treatment
significantly reduced mortality from 9.78% to 3.75% and from 42.71%
to 20.87%. β -Mannanase use also improved the relative growth per-
formance by increasing percentages in proportion to in infection with
25% improvement in the highest infection case. The standard medicated
treatment tended to be the most effective. Results of these three trials
further confirmed the benefits of feeding β-mannanase to broiler chicks
afflicted with Necrotic Enteritis, particularly in antibiotic free diets.

Key Words: β-Mannanase, Necrotic Enteritis, Coccidiosis

121 Digestible phosphorus nutrition in broiler
breeder pullets and hens. M. S. Lilburn*a and T. J. Applegateb,
aOhio State University, bPurdue University.

There is considerable interest in maximizing nutrient utilization in poul-
try given the current state of environmental scrutiny that the industry
is under. Broiler breeder pullets and hens are restrict fed and reared
on litter. Diet and nutrient digestibility estimates, therefore, would also
include recycling of P from the litter. In the current experiments, pullets
and hens were housed for short periods in Petersime growing batteries.
This allows for individual feeding and excreta collection without the con-
founding effect of litter P intake. In Exp. 1, pullets were fed 98 gm every-
other-day and total excreta was collected for 48 hr post-feeding. The ex-
perimental diets contained two levels of Ca (.8%, .95%) and three levels
of availabile phosphorus (.2, .3, .4%). This corresponded to total P levels
of .44-.48, .54-.55, and .61-.62%. DM digestibility was 72% over all diets.
Even at the lowest level of AvP (0.2%, 380-422 mg TP intake), excreta P
averaged 255-276 mg). Excreta P increased to 390-420 mg at the highest
level of Av P (.4%, 540 mg TP intake). In Expt. 2, hens were fed diets
containing .09% AvP (.25% TP), .2% AvP (.36% TP) or .3% AvP (.46%
TP). These diets were fed with and without supplemental phytase. There
was essentially zero P retention in the .09% AvP treatment without phy-
tase and supplemental phytase increased P utilization to the same levels
as the 0.2% and 0.3% AvP treatments.

Key Words: Broiler Breeders, Phosphorus, Phytase

122 Effects of β-Mannanase (Hemicellr) in commer-
cial broilers with two calcium and phosphorus feeding
regimes. 1. Live performance and body weight uniformity.
M. E. Jackson*a, H. Y. Hsiaoa, D. M. Andersona, R. L. Jamesa, D. W.
Fodgeb, and J. L. McNaughtonc, aChemGen Corp, bDF International,
cSolution Bio Sciences Ltd.

β-mannans are antinutritional components of soybean meal and other
plant protein sources. The enzyme β-mannanase has been demonstrated
to break down these components and improve performance in broiler
chickens. An experiment was conducted to determine if dietary mineral
status plays a role in response to the enzyme in broilers. Four dietary
treatments consisting of two feeding regimes with and without a target
β-mannanase at 100 MU/ton were provided to 8 replicate pens with 70
straight-run broilers per pen. All diets were corn-soybean meal based
with essential nutrient levels reflecting commercial levels maintaining
a 2:1 ratio of calcium (Ca) to available phosphorus (AP). The feeding
regimes consisted of a high and low Ca and AP plane (high Ca/AP =

0.90/.45, 0.84/.42, and 0.78/.39, low Ca/AP = 0.90/.45, 0.74/.37, and
0.42/.21% from 0-21, 21-35, and 35-49 days of age, respectively). Indi-
vidual body weights of all birds were determined on days 21, 35, and
49. Over the course of the study, β-mannanase improved weight gain by
3.1 and 4.6% and feed conversion by 4.8 and 9.5 points in the high and
low Ca/AP regimes, respectively (P<0.05). This trend was consistent
in the three feeding periods. The enzyme improved uniformity as deter-
mined by % coefficient of variation with no differences between the min-
eral regimes (P<0.05). Body weight CVs were 11.65, 13.57, and 11.02%
with the enzyme vs. 13.97, 15.11, and 13.31% without at 21, 35, and 49
days, respectively. Graphic inspection revealed that CV differences were
a result of more small birds in the control populations. There were no
significant effects of Ca/P regime in the above variables. The experiment
demonstrated that β-mannanase improves broiler performance and that
this effect may be greater with marginal calcium and phosphorus levels.
Improvements in body weight uniformity were large and consistent across
mineral planes and ages.

Key Words: B-Mannanase, Broilers, Uniformity

123 Effects of β-Mannanase (Hemicellr) in commer-
cial broilers with two calcium and phosphorus feeding
regimes. 2. Calcium, phosphorus, and nitrogen digestibil-
ity, and bone ash. M. E. Jackson*a, H. Y. Hsiaoa, D. M. Andersona,
R. L. Jamesa, D. W. Fodgeb, and J. L. McNaughtonc, aChemGen Corp,
bDF International, cSolution Bio Sciences Inc.

Whereas β-mannanase has been shown to improve general performance in
broilers, effects related to nitrogen and mineral utilization have not been
explored in broilers. Four dietary treatments consisting of two feeding
regimes with and without β-mannanase were provided to 8 replicate pens
with 70 straight-run broilers per pen. All diets were corn-soybean meal
based with essential nutrient levels reflecting commercial levels maintain-
ing a 2:1 ratio of calcium (Ca) to available phosphorus (AP). The feeding
regimes consisted of a high and low Ca and AP plane (high Ca/AP =
0.90/.45, 0.84/.42, and 0.78/.39, low Ca/AP = 0.90/.45, 0.74/.37, and
0.42/.21% from 0-21, 21-35, and 35-49 days of age, respectively). Ni-
trogen, phosphorus, and calcium digestibility with 10 birds/pen using
a 24-hour total collection method were determined on days 21, 35, and
49. Tibial bone ash was determined on samples of 4 birds/pen on days
21 and 49. There were no treatment effects on calcium digestibility. β-
mannanase increased phosphorus and nitrogen digestibility on days 35
and 49 (P<0.05). Differences were larger in the lower Ca/P regimes at
both ages. Increases of 3-7% for phosphorus and 1-4% for nitrogen di-
gestibility were observed. Fecal output as a percent of feed intake on a
dry matter basis decreased as a result of β-mannanase inclusion from 10.6
to 8.7% and from 14.2 to 12.6% at 35 and 49 days, respectively (P<0.05).
Bone ash was significantly lower with the low Ca/P regime without the
enzyme when compared to the two high Ca/P diets. Bone ash in the low
Ca/P regime supplemented with β-mannanase was intermediary between
the other treatments, suggesting some improvement due to the enzyme.
The experiment demonstrated that β-mannanase improves nitrogen and
phosphorus digestibility and reduces fecal output, suggesting potential
environmental benefits from a waste management standpoint.

Key Words: B-Mannanase, Mineral Nitrogen, Digestibility

124 The effects of exogenous phytase on broiler
chicks fed diets containing sub-optimal concentrations of
available phosphorus. A. J. Cowiesonba, T. Acamovic*b, M. R.
Bedfordc, and I. Nevisond, aDanisco Animal Nutrition, bScottish Agri-
cultural College, cZymetrics, dBIOSS.

The effect of supplementing nutritionally adequate diets containing about
3g/kg available P, with exogenous phytase was assessed using growing
broiler chicks. A total of 384 female Ross broiler chicks were weighed at
day-old, stratified by weight, and assigned to one of eight experimental
treatments. There were twelve replicate cages with four chicks per cage.
The diets were fed from day-old for a period of 16 days. A positive con-
trol diet (5g/kg available P) and a negative control diet (3g/kg available
P) were used and a further six diets were manufactured by supplementing
the negative control diet with 150, 300, 600, 1200, 2400 and 24,000 units
(U)/kg of exogenous phytase (EC 3.1.3.26; Zymetrics Inc., Marlborough,
UK). The enzyme used in this work, Quantum Phytase from Zymetrics,
was derived from a modified E. coli phytase produced in Pichia pastoris
that exhibited enhanced thermal stability. Weight gain, intake and feed
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conversion ratios were determined, as were nutrient digestibility coeffi-
cients and toe ash values. Birds fed on the negative control diet had lower
(P<0.05) weight gains than those fed on the positive control diet. The
addition of exogenous phytase above 150 U/kg increased (P<0.05) weight
gain, toe ash percentage and nutrient utilisation compared to birds fed on
the negative control diet. Furthermore, addition of 24,000 U/kg diet im-
proved (P<0.05) toe ash content and the utilisation of several nutrients
beyond that of the birds fed diets with lower concentrations of phytase,
and the positive control ration. Supplementation of diets containing 3
g/kg available P with exogenous phytase can improve the performance of
chicks beyond that of those fed on a diet containing adequate available
P. In addition, the use of high activities of phytase (>1,000 U/kg diet)
can enhance nutrient availability in poultry diets beyond that of lower
phytase concentrations. These results may be mediated partially by a
reduction in endogenous losses as well as by increasing the availability of
dietary nutrients. Phytase may also allow digestive enzymes to function
more effectively by making co-factors more available and also by allowing
digestive enzyme architecture to be optimal.

Key Words: Phytase, Phytate, Broiler

125 Growth performance of male broiler chicks fed
low CP diets supplemented with Versazymer up to 28 days
of age. N. H. Odetallaha, J. J. Wanga, M. H. Fosnaught*a, and J.
C. H. Shihb, aBioResource International, Inc., bNorth Carolina State
University.

Improving bioavailability of proteins may lower protein requirement and
reduce feed costs. It is well established that enzymes can improve
bioavailability of feeds although this has not been as extensively studied
with proteases. Broiler chicks are typically fed 23% CP in the starter diet
(NRC, 1994). In this study, a low 19 % CP (LP) and a moderate 22% CP
(MP) corn-soybean meal starter diets were fed without (LP or MP) and
with (LP+VZ or MP+VZ) Versazyme

r

(VZ), a feed additive containing
a protease enzyme. VZ was added to both starter and grower diets at
a level of .1% (wt/wt). The objective of this study was to determine if
Versazyme

r

has a protein sparing effect. Day-old Arbor Acre male broiler
chicks (256 total) were randomly assigned to 4 treatments with 8 repli-
cate pens/ treatment in a completely randomized design. Body weight
(BW) and feed conversion ratio (FCR) were calculated. Mortality and
culls were recorded and used to adjust FCR. There was no significant
effect of VZ or diet on mortality. BW was higher for birds fed the LP
diet with VZ both at 21d (LP=719 & LP+VZ=842 g/bird, p<.01) and
28d of age (LP=1268 & LP+VZ=1425 g/bird, p<.01). FCR was also im-
proved (p<.01) at 21d (LP=1.49 vs. LP+VZ=1.36) and 28 d (LP=1.48
vs. LP+VZ=1.41). Birds fed the MP+VZ diet had a lower BW at 21d
(MP=811 and MP+VZ=781 g/bird, p=.02) but this effect was amelio-
rated at 28 d (MP=1397 vs. MP+VZ=1394 g/bird, p=.40). There was
no effect of VZ supplementation to MP diet on FCR at 21d (MP=1.37 vs.
MP+VZ=1.40, p=.29) or at 28d (MP=1.41 vs. MP+VZ=1.41, p=.87).
In summary, supplementing starter feed with Versazyme

r

improved per-
formance of male broiler chicks fed the LP but not the MP diet. These
results suggest that Versazyme

r

may have a protein sparing effect when
feeding a low protein starter diet. Further research is needed to de-
termine the level of CP that maximizes the potential of Versazyme

r

in
broiler starter diets.

Key Words: Versazyme
r

, Protease, Broiler Starter Diets

126 Effect of feed phytase on phorphosus compo-
nents of poultry manure. J. L. McNaughton*a and D. G. Barnesb,
aSolution BioSciences, Inc., bPCS Sales, Inc.

Manure soluble phosphorus (SP) input to perennial surface waters has
been proposed as the primary cause of eutrophication of receiving wa-
ters in parts of North America. Recent studies indicate significant SP
enters receiving waters by subsurface transport. A trial was conducted
to determine the effect of feed phytase (PH) enzyme on P components
(fecal total, water soluble, and soluble reactive P) of poultry manure and
on broiler performance. Two treatments included: (1) P supplied by
defluorinated phosphate, at 0.43% available P, without feed PH. (2) P
supplied at 0.36% available P and PH (800 FTU/kg of feed) uniformly
sprayed into finished mash feed, both fed hatch to 25 days of age to 10
reps of 4 broiler chicks in batteries. Fecal droppings were collected on
days 17-19, 20-22, and 23-25. Manure collected from each rep was mixed
and a portion dried for immediate analyses. The remaining samples were
not dried and stored for an additional 56 days at room temperature in

open wide mouth plates, with a circulating fan blowing over the plates.
Analyses performed on all samples at Trial Day 25 & 81 (storage for 56
days after final collection): total P, water-soluble P, and soluble reactive
P. Broiler performance at 25 days (body weight, feed conversion, body
weight uniformity, bone ash, bone ash variation, and mortality) were un-
affected by dietary treatments. With the use of feed PH, total P intake
was significantly (P<0.05) lower at 25 days and fecal total P was signif-
icantly (P<0.05) lower at Trial Days 25 & 81. However, with the use of
feed PH, fecal soluble P was significantly (P<0.05) higher at Trial Days
25 & 81. Conclusions: The issue of creating potentially higher levels of
soluble P in manure due to the use of feed PH is a legitimate question
raised by differing historical results coming from different scientists on
the PH/SP issue. This trial should contribute one additional data point
in the continued controversy. More research, well replicated to elucidate
the mechanism of action, is needed to find the true answer.

Key Words: Phosphorus, Phytase, Manure

127 The effect of phytic acid and phytase on the
digestibility of maize starch for growing chickens. A.
Cowiesona,c, T. Acamovic*a, and M. Bedfordb, aSAC, bZymetrics,
cDanisco Animal Nutrition.

The effects of myo-inositol hexaphosphate (IP6) and phytase on mineral
and amino acid retention by broilers has been investigated and reported
previously. However, although beneficial effects of supplemental phytase
on the metabolisable energy content of poultry diets has been noted, no
previous work has been reported on the effects of both IP6 and phytase
on the digestibility of starch. The study reported here was designed to
assess the effects of IP6 and phytase on the digestibility coefficients of
starch in a model system. A total of 64 juvenile broiler chickens were
separated into 8 experimental groups each of 8 birds. Maize starch was
fed as a control to one group of 8 birds and 6 further groups were fed
starch containing various concentrations of IP6 and phytase (EC 3.1.3.26;
Zymetrics variant of an E coli derived and produced in Pichia pastoris).
A further group of 8 birds was fed a solution of glucose in order to es-
timate endogenous losses. The total excretion of dry matter and starch
was determined over a 48-hour period and the digestibility coefficients
of DM (DCDM) and starch (DCS) were calculated. Data were subjected
to analysis of variance using JMP (SAS Institute) and means were sepa-
rated using Tukey’s LSD. The DCDM and DCS for the maize starch were
0.82 and 0.60 respectively and were reduced (P<0.01) by approximately
50% with the ingestion of IP6. Supplementation of the starch/IP6 mix-
tures with phytase improved (P<0.05) the DCDM and DCS of the maize
starch to that (P>0.05) of the untreated control. The relatively poor
coefficient of starch digestibility in the control birds may be an artifact
of the precision feeding methodology due to low endogenous amylase pro-
duction caused by the deprivation of feed prior to intubation. However,
relative treatment effects were highly significant and demonstrate for the
first time that the digestibility of maize starch can by impaired by the in-
gestion of IP6. This may be due to the formation of mineral/IP6/starch
complexes in the GI tract that alter the structure and may reduce the
solubility, and thus the digestibility, of starch. It is also possible that
the IP6 may chelate mineral co-factors required for optimal function of
amylases and other enzymes, including those involved in increasing the
accessibility of starch to enzymic degradation. In the current study the
addition of phytase improved the digestibility of starch in the presence
of IP6. These data may help explain the beneficial effects of phytase on
the metabolisable energy content of poultry diets.

Key Words: Phytase, Phytate, Starch

128 Predicting ileal-digestible energy coefficients of
corn using in-vitro assays. T. H. D’Alfonsoa, M. E. McCannb, K. J.
McCrackenb, and M. F. Isaksenc, aDanisco Animal Nutrition, bQueen’s
University of Belfast, cDanisco.

An in-vitro method was utilized (EnglystTM Starch Kit) and modified to
mimic the rate of starch digestion (RSD) in poultry. The assay consisted
of first subjecting the sample to pepsin and HCL, then to an enzyme
mixture of pancreatin, invertase, and amyloglucosidase. The solutions
were shaken to simulate churning and peristaltic action and samples were
taken at 7.5, 15, 22.5, 30, 45, 60 and 120 minutes for measurement of
glucose release. A curve was derived to relate starch digestion over time
for each of 75 corn samples obtained from 15 different countries. Protein,
starch, oil and moisture were also measured for each sample. There were
sufficient amounts of corn to include at 55% in a corn-soy diet for two
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treatments each in a 28-day broiler study to measure performance and
ileal digestible energy (IDE). There were 25 birds pen pen, of which 6
were randomly selected for collection of ileal digesta for determination of
IDE using titanium dioxide as a marker. One treatment was the control
diet and the other was supplemented with a 0.1% commercial mixture
of xylanase, amylase and protease (AvizymeTM 1502, Danisco Animal
Nutrition). The RSD value at 60 minutes was significantly correlated
with IDE (P<0.02, R2 > 90%), for both the control and the enzyme-
supplemented diets. Feed conversion ratio (FCR) ranged between 1.43
and 2.67. Average = 1.81, s.d. = 0.30. Weight gain ranged between 680
and 1301 g. Average = 909 g, s.d. = 114 g. Enzyme addition improved
FCR to 1.73 and reduced variance by 30% (P < 0.01). Ileal digestible
energy (IDE) averaged 2831 kcal/kg (s.d. 486 kcal/kg). IDE coefficients
of starch, protein, oil and other fractions (fiber, etc.) were found to be
86%, 82%, 90% and 12%, respectively. With enzyme addition, IDE was
raised by an average of 5% to 2975 kcal/kg, and digestibility coefficients
were raised to 91%, 83%, 91%, and 14% for starch (+5%), protein (+1%),
oil (+1%) and other sources (+2%), respectively.

Key Words: Starch Digestibility, Corn, Metabolizable Energy

129 Using in-vitro assays to predict ileal digestible
energy and the responses of corn-soy poultry diets to
the addition of a xylanase, amylase, and protease mix-
ture (Avizymer 1502, Danisco Animal Nutrition). T. H.
D’Alfonso*, Danisco Animal Nutrition.

A predictive model of ileal digestible energy (IDE) of corn and the re-
sponse to addition of a commercial mixture of xylanase, amylase and
protease (Avizyme

r

1502, Danisco Animal Nutrition) was derived from
in-vitro assays of the rate of starch digestion (RSD), protein, oil, and
gross energy. In a previous experiment, IDE coefficients of starch, pro-
tein, oil and other fractions (fiber, etc.) were found to be 86%, 82%,
90% and 12%, respectively. With enzyme addition, IDE coefficients were
raised to 91%, 83%, 91%, and 14% for starch (+5%), protein (+1%),
oil (+1%) and other sources (+2%), respectively. Experiments were de-
signed at 5 different research sites, 2 in North America and 3 in Europe,
to measure IDE, dose responses to enzyme supplementation and to val-
idate the predictive model. A total of 17 different corn samples were
analysed using the in-vitro assays. IDE and the improvement in IDE
with enzyme supplementation were predicted. In each experiment the
predicted improvement in IDE was applied as an improvement in appar-
ent metabolizable energy (AME) values for each corn sample, and diets
were re-formulated with enzymes and the predicted values. An improve-
ment in IDE is equal to an improvement in AME, plus any interaction
in the energy consumed by microbial populations in the caeca. In 2 of
the experiments, treatments included (1) Control diet (different for each
research site); (2) diets re-formulated to the same AME as (1) but with
the predicted enzyme effect of an increase in corn AME leading to a re-
duction in added fat in the diet; and (3) a Negative Control, same as

(2) but without enzyme supplementation. In 3 of the experiments, ad-
ditional treatments included the control diet with partial and full dose
rates of enzymes added, but without re-formulation. On average, di-
ets reformulated with enzymes and the predicted improvements in AME
performed as well as control diets and were less variable in gain, intake
and feed conversion (FCR). The diets reformulated with enzymes and
the predicted AME improvement required between 10 and 15 kg/ton less
added fat. Controls diets with enzyme supplementation and no AME
re-formulation (i.e. enzymes “over-the-top”), produced birds of equal
weight, and with an average of 3.5% lower feed conversion (P < 0.01).

Key Words: Corn, Metabolizable Energy, Enzymes

130 A dose-response study with the feed enzyme β-
Mannanase in broilers provided with corn-soybean meal
based diets in the absence of antibiotic growth promot-
ers. M. E. Jackson*a, K. Geroniana, A. Knoxb, J. McNabb, and E.
McCartneyc, aChemGen Corp, bRoslin Nutrition Ltd., cPen & Tec Con-
sulting.

β-mannans are antinutritional components of soybean meal and other
plant protein sources. The enzyme β-mannanase (Hemicell

r

, ChemGen
Corp., Gaithersburg, MD) has been demonstrated to break down these
components and improve performance at a level of 100x106 MU (enzyme
activity units per ton, manufacturers recommended level). An experi-
ment was designed to assess the effects of graded levels of β-Mannanase
on performance and body weight uniformity of male broilers provided
with diets based on corn and soybean meal. Four dietary treatments
contained 0, 50, 80, and 110 MU β-Mannanase/ton. Each treatment
had 15 pens with 40 birds/pen. Individual bird weights were determined
on days 0, 21, and 42. Feed consumption was similar among the treat-
ments from 0-21 days of age. From 21-42 days of age, feed intake with
80MU/ton was significantly greater than with 50 MU/ton and numer-
ically greater than the other treatments. β-Mannanase at 80 or 110
MU/ton induced improvements (p<0.05) in weight gain (3.9-4.8%) and
feed efficiency (3.5-3.8%) over the control while 50 MU/ton resulted in
negligible benefit. There were no significant differences between 80 or 110
MU/ton inclusions although numerical improvements in feed conversion
with 110 MU/ton were observed. There was a significant linear response
to increasing levels of β-Mannanase on feed conversion (R2 of 0.93). No
significant body weight uniformity differences between treatments were
observed. Relatively low mortality and high uniformity in all treatments
suggests minimal disease stress under the conditions of this experiment
despite the absence of antibiotic growth promotors. Dietary inclusion
of β-Mannanase at a rate of approximately 80 MU/ton significantly im-
proves broiler gains and feed conversion and that a rate of 110 MU/ton
or greater may be required to maximize feed efficiency.

Key Words: B-Mannanase, Dose Response, Broilers
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131 Effect of infectious laryngotracheitis method of
vaccine administration and dosage on commercial broilers.
S. L. Branton*a, G. W. Morganb, W. B. Rousha, D. T. Thorntonc, P.
A. Stayerd, V. R. Bowmane, and K. D. Williamsf , aUSDA-ARS Poul-
try Research Unit, bMississippi State University, cMS Board of Animal
Health, dSanderson Farms, Inc., ePECO Farms, Inc., fTyson Farms,
Inc.

During a natural outbreak of infectous laryngotracheitis (ILT) that oc-
curred in Mississippi in late 2002 and extended into early 2003 the
method of administration (water or spray) and dosing (full or half) reg-
imens for ILT vaccination were investigated. The study involved three
poultry companies, encompassed 27 broiler farms and comprised a total
of 965 chickens. Results of the study showed that the majority of chick-
ens sero-converted by three weeks post-inoculation regardless of vaccine

administration method and post-inoculation mortality was not different
among treatments.

Key Words: Poultry, Vaccination, ILT

132 Field experiences with various methods of infec-
tious laryngotracheitis vaccination in broiler chickens.. P. A.
Stayer*a and T. Cummingsb, aSanderson Farms, Inc., bMississippi State
University, College of Veterinary Medicine.

Infectious laryngo tracheitis (LT) vaccination is rarely part of broiler
production in the United States. In 2003, Mississippi producers vacci-
nated broilers against LT for the first time in twenty years after a previ-
ously vaccinated breeder flock broke with clinical disease and shed LT to
the surrounding broiler production farms. Based upon experiences from
broiler producers in more recently LT vaccinated areas, water pumped
LT vaccination was initially used to protect susceptible broilers. Due
to labor issues and excessive broiler reactions, LT vaccination was later
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sprayed at either full or half dose. Results of broiler performance were
compared among the methods of LT vaccine administration, as well as
among vaccine suppliers. Also, limited challenge studies were conducted
at the Mississippi State University, College of Veterinary Medicine to
determine differences in protection among the methods of administra-
tion. Multiple methods of application as well as multiple suppliers of
vaccine appear to provide efficacious LT protection in Mississippi broiler
production.

Key Words: Infectious Laryngotracheitis, Vaccine Administration

133 Expression of spike proteins of infectious bron-
chitis virus in two eukaryotic systems. Y.-T. Lo* and C. Wang,
Mississippi State University.

Infectious bronchitis (IB), caused by infectious bronchitis virus (IBV) is
an acute, highly contagious viral respiratory disease and is one of the
most common and economically important diseases in the poultry indus-
try. The spike protein (S), which is cleaved posttranslationally to release
S1 and S2 subunits, of IBV has been identified to play an important role
in inducing serotype-specific protective immunity. To develop a serologic
assay to detect a serotype of IBV, two eukaryotic expression systems,
adenovirus (Ad5) and yeast (Pichia pastoris) were used to express S or
S1 protein of Arkansas type of IBV. The specific aims of this study were
1) to determine if the Ad5 can replicate in chicken embryonic kidney cells
and a continuous line of chicken hepatoma (LMH) cells, and 2) to evalu-
ate if the adenovirus or yeast system can be used to express S protein of
IBV. Results indicated that Ad5 could infect and replicate in LMH cells
suggesting that LMH cell line could be used to express S protein. Two
recombinant adenovirus clones which carried the S gene were success-
fully generated. The determination of the S protein expression level is
underway. In the yeast expression system, four clones of Pichia genome
containing the S1 gene have been confirmed. The four verified recombi-
nants have been screened for expression levels at different time points.
After analysis of coomassie blue-stained SDS-PAGE, three of four clones
secreted a 82 kDa protein, slightly smaller than the size of the S1 sub-
unit protein (90 kDa) at 24 and 48 hours post-induction. It suggests that
the spike protein expressed in the yeast system may not be completely
glycosylated.

Key Words: Infectious Bronchitis Virus, Spike Protein, Eukaryotic Ex-
pression System

134 Utilization of cpg oligodeoxynucleotides to im-
prove newcastle disease vaccination. A. Barri*, K. Ameiss, J.
El-Attrache, and D. Caldwell, Texas A&M University.

The efficacy of synthetic oligodeoxynucleotides (ODN) containing CpG
motifs (CpG ODN) as vaccine adjuvants for increasing protective immune
responses in mammals has been reported by numerous investigators. Few
investigations into the immunostimulatory effects of CpG ODN in poultry
have been completed to date. In the present study, the immunogenicity
of CpG ODN and non-CpG ODN as mucosal vaccine adjuvants were eval-
uated in SPF chickens in association with vaccination using a commer-
cially available Newcastle Disease Virus (NDV) vaccine. Day-of-hatch

SPF chicks were randomly separated into eight experimental groups of
twenty chicks each. Experimental groups consisted of a NDV vaccinated
group, a NDV vaccinated + CpG group, and a NDV vaccinated + non-
CpG group where vaccine was administered on day 1 of age. Replicate
pens of identical experimental groups also received a booster vaccination
on day 14 of age. Two pens of negative control animals, which did not
receive vaccine or CpG administration, were housed in a separate rearing
room. On day 28 antigen specific IgG titer for all animals within ex-
perimental groups was determined by indirect ELISA. When comparing
antigen specific IgG titer in serum, animals receiving CpG + NDV vaccine
on days 1 and 14 of age were observed to have the highest overall titer
(P<0.05) as compared to all other experimental groups. Additionally,
animals receiving CpG + NDV vaccine on day 1 only, as well as animals
receiving non-CpG + NDV vaccine on day 1 and days 1 and 14, were
observed to have titers which were all significantly greater than animals
receiving vaccine alone on day1 or days 1 and 14. Measurable titer was
not observed in negative control animals. By demonstrating mucosal
adjuvant properties when administered with NDV vaccine in chickens,
the present study confirms and extends previously published research by
mammalian investigators on the immunostimulatory properties of CpG
ODN.

Key Words: CpG Motifs, Newcastle Disease Virus, Adjuvant

135 Standardization of an in vitro assay using MSB-
1 cells and MTT-reduction to measure chicken infectious
anemia virus (CIAV) infectivity. S. K. Putta*a, K. L. Guenthera,
N. C. Rathb, and L. A. Newberrya, aUniversity of Arkansas, bUSDA,
Agricultural Research Service.

Chicken Infectious Anemia Virus (CIAV) induces immunosuppression in
chickens. This infection is characterized by anemia associated with atro-
phy of hematopoietic and lymphoid tissues, subcutaneous and intramus-
cular hemorrhages and increased mortality. CIAV can be grown in vitro
using lymphoblastoid cell lines. Tetrazolium assays are being widely ap-
plied to probe the relationships between cell survival, growth and differ-
entiation and also to investigate associations between compromised cell
metabolism and programmed cell death. These assays are now recog-
nized as rapid, safe, non-radioactive alternatives for measuring in vitro
cell proliferation and cytotoxicity. Virus infection impairs cell viabil-
ity and growth by manipulating host cell physiology. The objective of
this research was to develop and standardize a method for quantitating
CIAV infectivity in MSB-1 cells utilizing MTT [3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide]. Healthy MSB-1 cells (1x106/mL)
were infected with various strains of CIAV diluted serially (1:2) in 96 well
microtiter plates and incubated for 4 days (41C, 5 % CO2). Following
incubation, 20 µl of MTT solution (5 mg/mL in D-PBS) was added to
each well and incubated for 2 hours (41C, 5% CO2). Cells were lysed
and the optical density was read at 570 nm in an ELISA reader. These
results indicate that CIAV infection reduces the viability of MSB-1 cells,
in a linear manner with respect to increasing titers of the virus. This
assay has potential additional applications in determining the infectivity
and possibly in vivo quantification of CIAV infection.

Key Words: CIAV, MTT, MSB-1
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136 Nucleotide and amino acid sequence analysis

of field strains of infectious bursal disease virus from the
United States and some other countries. A. Banda*a,b and P.
Villegasa, aCollege of Veterinary Medicine The University of Georgia,
bCollege of Veterinary Medicine National University of Mexico.

Nucleotide and amino acid sequence analysis and heteroduplex mobility
assay (HMA) were conducted to analyze the hypervariable region of VP2
gene from field strains of infectious bursal disease virus from the United
States and other countries. From samples analyzed from the United
States, the majority exhibited RFLP identical to the variant Delaware E
strain that was confirmed by nucleotide and sequence analysis, however,
the VP2 hypervariable region from strains classified as Delaware variant
E, revealed some amino acid substitutions that make them somewhat
different from the original variant E strain isolated in the mid 1980s.
A variety of inactivated IBDV strains were obtained from Latin Amer-

ica. Standard strains were predominantly detected in Mexico; however,
some strains exhibited amino acid sequences with unique substitutions.
Variant E-like were detected in Venezuela, however, these viruses exhib-
ited one amino acid substitution that is characteristic of very virulent
IBDV strains (vvIBDV). In Dominican Republic, Brazil and Venezuela,
vvIBDV strains were detected, the nucleotide and amino acid sequence
analysis demonstrated that these strains are similar to vvIBDV strains
detected in other parts of the world, but these Latin American strains
bear some particular amino acid substitutions. A panel of recombinant
plasmids developed from several vaccine strains were developed, and they
were used as reference to conduct HMA. For all strains, the results from
HMA correlated with sequence analysis.

Key Words: Infectious Bursal Disease Virus, Nucleotide and Amino Acid
Sequence Analysis, Field Isolates
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137 Evaluation of the immunological response to
IBDV by flow cytometry and ELISA. D. Petkov*a, D. R.
Kapczynskib, and H. S. Sellersa, aDepartment of Avian Medicine, Col-
lege of Veterinary Medicine, University of Georgia, bSoutheast Poultry
Research Laboratory, U.S. Department of Agriculture/ARS.

Infectious bursal disease virus (IBDV) is responsible for a highly con-
tagious and immunosuppressive disease. Humoral immunity plays an
essential role in protection against IBDV. Titers of neutralizing antibod-
ies and levels of protection are closely related. The hypothesis of this
study was that since IBDV infects immature IgM+,B-cells then differ-
ent populations of IgA, IgG, and IgM expressing B-cell lymphocytes will
be affected, which will affect the immunoglobulin levels in serum. The
objective of this experiment was to show that changes in B-cell subpop-
ulations occur and identify the changes in infected versus noninfected
birds between 3-38 days of age (d.o.a.) in the bursa, blood, and spleen.
Specific pathogen free (SPF) leghorns were inoculated with tissue-culture
adapted Edgar IBDV (102.1/TCID50) at three days of age. Spleen and
bursa were taken every seven days, single cell suspensions were stained
with monoclonal IgA, IgM, or IgG antibodies and measured by Flow cy-
tometry (FL). Results showed IgM+ B-cells constitute two distinct sub-
populations (A and B). Population A increased from 22% at 3 d.o.a. to
40% at 38 d.o.a. while population B decreased from 50% at 3 d.o.a. to
30% at 38 d.o.a. IgA+ cells increased at 10 d.o.a. in the bursa. IgG+

cells increased between 10 and 17 days post inoculation (PI). No signif-
icant changes were observed in the spleen. Specific anti-IBDV ELISA
titers increased slightly at 10 days PI, peaked around 24 days and de-
creased below detectable levels at 38 days PI. Total serum IgA, IgG, IgM
was evaluated using ELISA. In the infected group, IgG decreased be-
tween 24-38 days, IgA increased between 17-31 days, and IgM increased
between 17-38 days after inoculation. Flow cytometry analysis combined
with ELISA results showed an increase in total IgA, IgM and anti-IBDV
titers in serum from the infected group. The major difference detected
was observed in IgM+, B-cells in the bursa.

Key Words: IBDV, B-Cells, Flow Cytometry

138 The use of spleen to body weight ratios as an
adjunct to bursa to body weight ratio analysis to estimate
infectious bursal disease virus protection. K. C. Cookson*a and
J. J. Giambroneb, aFort Dodge Animal Health, Overland Park, Kansas,
bDepartment of Poultry Science, Auburn University, AL.

Bursa to body weight ratios are the standard method for calculat-
ing percent protection in infectious bursal disease virus (IBDV) chal-
lenge studies. Because IBDV has also been known to cause temporary
splenomegaly, the objective was to see how well spleen to body weight
ratios could predict IBDV protection compared to the standard bursal
evaluation. In this study, SPF leghorns were placed into Horsfall iso-
lators and divided into those that were not vaccinated and those that
were vaccinated at 14 days of age with Bursine-2. At 28 days of age
birds were divided into groups of 20 and were either left unchallenged
or received 3.0 logs of one of three variant IBDVs: California Group-6
(1174), Delaware E type (Georgia-V1) or AL-2. At 36 days of age all
birds were weighed then sacrificed and bursas and spleens were weighed.
A protection cutoff was set at 2 standard deviations from the mean values
of the negative controls. This resulted in the following bursa and spleen
protection scores of the Bursine-2 vaccinates: California-6 (95%, 100%),
Georgia-V1 (100%, 100%) and AL-2 (80%, 100%). Non-vaccinated chal-
lenged birds were 0% protected using bursal or spleen evaluations. The
attached table shows actual mean values for all groups. Results show
that Bursine-2 vaccinated and challenged birds had significantly bigger
bursas than challenge controls. Their spleens were no different than the
negative controls while the challenge controls were significantly enlarged.
These findings indicate that spleen to body weight analysis may be used
to complement standard bursal analysis. This could be potentially help-
ful when evaluating protection conferred by more invasive vaccine strains,
since they cause more background bursal atrophy.
Bursa and spleen to body weight ratios

Vaccine No IBDV
Group Chal. CA-G6 GA-V1 AL-2

bursa spleen bursa spleen bur sa spleen bursa spleen

None 6.01a 1.93a 1.89c 2.77b 1 .96c 3.01b 1.98c 2.94b
Bursine-2 4.22b 1.67a 4.79b 1.99a 6.05a 1.98a 4.63a 1.87a

Statistical analysis was performed using ANOVA procedure.
Groups with different letters are statistically different (p<0.05)

Key Words: IBDV, Bursa, Spleen

139 Standardization of a fluorescent bead assay for
capture of andtibody to avian reovirus. K. L. Guenther*, S.
K. Putta, M. Parcells, N. Green, and L. A. Newberry, University of
Arkansas.

Recent technological advances have made it possible to simultaneously
measure multiple antibody titers in a single reaction. Each reaction takes
place on the surface of an internally fluorescently labeled microscopic
bead called a microsphere. The magnitude of the reaction between the
molecule coated (antigen) on the bead and the target (antibody) is mea-
sured using a second fluorescent molecule called a reporter. The reporter
molecure signals the intensity of the identification reaction by attach-
ing to the molecule coated on the microsphere. To perform a test, the
color-coded specifically coated microphere, reporter molecules, and un-
known sample are combined and injected into the analytical instument
that uses microfluidics to align each microsphere in single file. Lasers
illuminate the colors inside and on the surface of each microsphere and
optics capture the color signal, which is then translated by a digital sig-
nal processor into real-time quantitative data for each specific reaction.
The objective of this project was to standardize this technology for ap-
plications involving measurement of antibody immune response in com-
mercial poultry. Our first assay to standardize involves avian Reovirus
strain S1133. A two-step Carbodiimide protein-coupling method was
used to attach Reovirus egg derived viral antigen to the microspheres.
The microspheres were then reacted with chichen serums known to be
either REO positive or REO negative. Positive binding of the various
test serums was detected using a fluorescently labeled anti-chicken IgG.
Results indicate that this assay is capable of quantitatively distinguish-
ing between positive and negative antiserums for REO virus. We believe
that the strengths of this new technology with regard to poultry indus-
try will lie in the development of multiplex assays for rapid screening of
antibodies to multiple pathogens.

Key Words: Luminex, Antibody, Reovirus

140 Effect of in ovo administered reovirus vaccines
on the immune response of SPF chickens. J. J. Giambrone*, Z.
Guo, and T. V. Dormitorio, Auburn University.

Effect of in ovo administered reovirus vaccines on the cell-mediated im-
munity (CMI) and B-cell populations of specific-pathogen-free (SPF)
chickens was investigated. T-cell mitogenic responses to ConA were nu-
merically lower at all times and significantly lower at 6 days of age in
birds vaccinated with a commercial reovirus vaccine compared to the
unvaccinated birds, or birds vaccinated with an experimental reovirus-
antibody complex vaccine. Antibody in the complex vaccine prevented
immunosuppression of CMI. B-cell populations increased and reached
their highest level at 6 days of age in chickens vaccinated with the com-
mercial reovirus vaccine, and at 9 days of age in birds that received either
the complex vaccine or no reovirus vaccine. There were no significant
differences in the proportions of subpopulations of T-cells (CD4+CD8-
and CD4-CD8+ cells), of the 3 groups of chickens, except at 12 days of
age. At this time, the percentages of CD4-CD8+ cells in the two vac-
cinated groups were statistically higher than the non-vaccinated group.
Immunosuppression of the CMI induced by the in ovo administration of
the commericial reovirus vaccine was not associated with subpopulations
of CD4 and CD8 cells.

Key Words: Reovirus, In Ovo, Vaccination
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235 The effects of terminating antimicrobial growth

promoters in Denmark. H. C. Wegener*, Danish Veterinary Insti-
tute.

Feeding antibiotics to animals in order to make them grow faster has been
common practice in intensive agricultural production systems since the
late fifties. In the sixties the first concerns were raised that this praxis
was potentially harmful to public health, because of resistance emerging
to medically important antimicrobials in human pathogenic bacteria.

In 1997 the World Health Organization convened a meeting of experts to
review the medical impact of the use of antimicrobials in food animals.
The expert identified the use of antimicrobials for growth promotion as
a major cause for public health concern. The WHO meeting therefore
recommended; that the use of antibiotics for growth promotion should be
terminated if they are also used for treatment in animals or humans, and
furthermore, that the use of other classes of antimicrobials as growth
promoters should be gradually phased out and substituted with safer
non-antimicrobial alternatives.

In April 1998, the Danish poultry, cattle and pig producers voted to vol-
untarily terminate the use of all antimicrobial growth promoters. The
use was stopped instantly in poultry, cattle and pigs over 35 kg (growers
and fatteners), while a phase out for pigs under 35 kg was adopted, to be
completed before January 1 2000. Since January 2000 no antimicrobials
have been used for growth promotion in Denmark.

This presentation focuses on the effects of the discontinuation of antimi-
crobial growth promoters (AGPs) on antimicrobial usage, antimicrobial
resistance in human pathogenic bacteria, animal health, feed efficiency
and productivity in Danish broiler production.

The producers expressed a number of concerns about terminating the
use of AGPs. Their main concerns were; increased feed consumption, in-
creased morbidity and mortality, increase in Salmonella and other food-
borne pathogens, increased consumption of antimicrobials for therapy,
and consequently, no, or only limited, effect on resistance

Effects on antimicrobial usage The total usage of antimicrobials in broil-
ers in Denmark amounted to 62 kilograms in 139 million broilers pro-

duced in 2002. This represents a very major reduction in total usage of
antimicrobials in broiler production.
Impact on antimicrobial resistance The impact of the withdrawal of an-
timicrobial growth promoters on antimicrobial resistance and antimicro-
bial usage is monitored through the DANMAP program. Resistance to
the most commonly used AGPs virginiamycin, avoparcin and avilamycin
have declined significantly among E. faecium from broilers and broiler
meat after the withdrawal of AGPs.
Healthy humans have not been monitored systematically in Denmark be-
fore and after the termination of growth promoters. However scientists
in three different European countries have investigated the occurrence
of vancomycin resistant enterococci (VRE) in humans and found a clear
declining trend in VRE carriage by humans in the community in coun-
tries that have banned avoparcin as an AGP. This is important, because
VRE carriage is a risk factor for VRE infections in hospitals. Similar
studies have not been carried out yet, for the growth promoters, which
were more recently banned or withdrawn in Europe.
Broiler productivity The Danish Poultry Council has recorded produc-
tivity data since 1975. We have analyzed data from November 1995 to
June 2001. The analysis included more than 8,000 flocks for slaughter.
Three parameters were chosen; kg broilers produced per m2 (per flock),
feed conversion ratio (kg feed/ kg broiler) and mortality
Productivity, measured by kilograms of broiler chicken produced per
square meter were not affected by the termination, and mortality rates
were likewise unaffected, in fact there is a tendency that they have been
reduced. Feed efficiency has changed slightly; it now takes 16 grams more
feed to produce one kilogram of chicken compared to before the termi-
nation however, the savings on antibiotics for growth promotion offsets
the extra cost of feed. The total volume of the Danish broiler production
has continued to increase since 1998.
Effects on Salmonella and other foodborne pathogens The prevalence of
Salmonella in broiler flocks and chicken products has continued to de-
cline after the withdrawal of the growth promoters. Furthermore there
has been no increases in the levels of other foodborne pathogens or food-
borne diseases in humans, which can be associated with the withdrawal.
POSTER PRESENTATIONS
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141 Posthatch immunity similarities of various com-

mercial broiler strains. S. A. Thornton*a, G. T. Pharra, S. L.
Brantonb, and M. T. Kidda, aMississippi State University, Mississippi
State, bUnited States Department of Agriculture, Mississippi State, MS.

Posthatch livability and chick quality during the first wk are of utmost
importance in commercial broiler production. Growth rate and subse-
quent carcass yields have been shown to differ among broiler strains.
There is a paucity of research, however, evaluating innate immunity of
various commercial broiler strains. An experiment was conducted to eval-
uate immunity in chicks from three high-yielding broiler strains. Eggs
were collected from commercial flocks of each strain between the ages
of 32 and 45 wk. Eggs were set in a common incubator and hatched
by strain in a common hatcher. Chicks received an in ovo Mareks vac-
cination, but no other vaccinations were administered at hatch. Male
chicks (96 birds/strain) were randomized into 24 battery cages (8 repli-
cations/strain). All birds received a common corn and soybean meal
based diet containing 22.8% CP, 3,075 kcal ME/kg, 0.99% TSAA, and
1.37% Lys. Measurements consisted of relative immune organ weights
(bursa, thymus, and spleen; 2 birds/pen at d 3 and 6), a cutaneous ba-
sophil hypersensitivity test to phytohemagglutinin (2 birds/pen at d 9
and 10), and quantification of blood cell populations (2 birds/pen at d
10). The design was a generalized-randomized complete block, pen was
the experimental unit, and a probability of α= 0.05 was used. Significant
differences did not occur for any parameter tested. It has been shown
that selection for enhanced performance can increase cellular immunity
while decreasing adaptive immunity. These birds were from high-yielding
lines and were reared in a clean environment-where the inflammatory re-
sponse would be minimized. Future research comparing other immune

response criteria in various broiler strains, reared in different environ-
ments, is warranted.

Key Words: Broiler, Strain, Immunity

142 Sampling procedures for broiler litter. A. S.
Tasistro*a, C. W. Ritzb, and D. E. Kissela, aUniversity of Georgia- Agri-
cultural & Environmental Services Laboratories, bUniversity of Georgia-
Poultry Science.

Sampling procedures are critical in broiler litter analysis because of its
variability in composition and properties. There is a need for practical
alternatives that help obtain representative samples and that simulta-
neously allow enough time to receive and apply the analytical results.
Litter from a commercial broiler house in Georgia was sampled in two
ways: 1) Thirty samples were taken on a regular grid that consisted of
six sampling points (around the feeders, central waterers, and center of
the house) in each of five lines spaced at 100 ft., and 2) Five samples were
taken from trenches dug from the center of the house to one of the side-
walls. Each trench was dug close to each of the lines used in the other
sampling. The number of sub-samples needed to have mean estimates
for each elemental litter component within specified limits in statistical
accuracy were estimated using conventional statistical procedures and
computer intensive random resampling procedures. The mixing associ-
ated with trench sampling reduced the variability in the concentrations
of all elements analyzed, and resulted in a reduction in the number of
sub-samples needed to attain comparable levels of statistical accuracy.
For instance, the Coefficients of Variation for N concentrations in sam-
ples from the grid and trenches were 17 and 6 %, respectively. Thus,
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the number of sub-samples needed to estimate the mean N concentra-
tion within 15% of the experimental mean 95% of the time are 6 and 2
when sampling by taking individual floor samples and digging trenches,
respectively.

Key Words: Broiler Litter, Sampling, Composition

143 Optimization of phase feeding of starter, grower
and finisher diets for broilers by mixture design: 48 day
production period. W.B. Roush*a, D. Boykinb, and S.L. Brantona,
aUSDA-ARS Poultry Research Unit, bUSDA-ARS Mid-South Area
Headquarters.

A mixture experimental design, a variant of response surface methodol-
ogy, was conducted to determine the proportion of time to feed broiler
starter (23% protein), grower (20% protein) and finisher (18% protein) di-
ets to optimize production and processing variables based on a total pro-
duction time of 48 d. Mixture designs are useful for proportion problems
where the components of the experiment (i.e., length of time the diets
were fed) add up to a unity (48 d). The experiment was conducted with
d old male Ross X Ross broiler chicks. The birds were placed 50 birds
per pen in each of 60 pens. The experimental design was a 10 point aug-
mented simplex-centroid design with six replicates of each point. Each
design point represented the portion(s) of the 48 d that each of the diets
was fed. Formulation of the diets was based on NRC standards. At 49
d, each pen of birds was evaluated for production data including BW,
feed conversion, and cost of feed consumed. Then, six birds were ran-
domly selected from each pen for processing data. Processing variables
included live weight, hot carcass weight, dressing percent, fat pad per-
cent, and breast yield (Pectoralis major and Pectoralis minor weights).
Production and processing data were fit to simplex regression models.
Model terms not determined to be significant (P<0.05) were removed.
The models were found to be statistically adequate for analysis of the
response surfaces. A compromise solution was calculated based on opti-
mal constraints designated for the production and processing data. The
results indicated that broilers fed a starter and finisher diet for 30 d and
18 d, respectively would meet the production and processing constraints.
Trace plots showed that the production and processing variables were not
very sensitive to the grower diet. The results of the mixture experiment
concluded the grower diet was not needed for a 48 d production period.

Key Words: Broiler, Mixture Design, Phase Feeding

144 Comparing shell and air cell temperatures of in-
cubating eggs from modern and old broiler genetic strains..
J. E. Montgomery*a, G. M. Fasenkoa, E. E. O’Deaa, J. J. R. Feddesa,
C. Ouellettea, and K. A. Martinb, aDepartment of Agricultural, Food
and Nutritional Science, University of Alberta, Edmonton, AB, Canada,
bJamesway Incubator Company, Inc., 30 High Ridge Ct., Cambridge,
ON, Canada.

Hatchery personnel have observed that modern broiler strains seem to
produce more heat especially in the latter stages of incubation. This in-
crease in heat production may require a change in incubation practices
in order to optimize hatchability and chick quality. The objective of this
study was to determine if there are differences in air cell and shell temper-
atures in incubating eggs from a modern and an old broiler strain. Prior
to incubation, thermistors were attached to the egg shells and inserted
into the air cells of eggs (n=15) from a Cobb 500 flock (C500) (55 wk of
age) and a broiler strain unselected since 1978 (U1978) (57 wk of age).
The eggs were incubated in a Jamesway AVN incubator and hatcher, and
temperatures recorded every half hour for 21 d via the thermistors con-
nected to a computer. The trial was repeated one week after completion
of the first trial. The data were analyzed using the GLM procedure of
SAS and significance measured at P < 0.05. Trial significantly affected
the average temperature over the 21 d period (P = 0.0002) with temper-
atures higher in Trial 1 (37.76◦C ± 0.06) than Trial 2 (37.41◦C ± 0.07).
Broiler strain did not affect average temperature over 21 d, however, air
cell temperatures (37.46◦C ± 0.07) were significantly lower (P = 0.0067)
than the shell temperatures (37.71◦C ± 0.06). Although an effort was
made to standardize egg weights between the trials and strains, the large
differences in average egg weights between the two strains made this ex-
tremely difficult. Trial 1 had larger eggs (61.2g ± 0.2) and chicks (43.7g
± 0.06) versus Trial 2 (60.7g ± 0.2; 42.9g ± 0.2). Eggs (61.6g ± 0.2)
and chicks (44.2 g ± 0.2) from the C500 strain were larger than from
the U1978 strain (60.3g ± 0.2; 42.3g ± 0.2). In conclusion there was
no effect of broiler strain on shell or air cell temperatures. However, in

this study, because an attempt was made to standardize egg weight and
thus embryo size, the egg weights chosen for the two strains were not
indicative of the average weights at the respective flock ages. This would
have an effect on embryonic heat produced as in a commercial setting
the C500 eggs would be larger.

Key Words: broiler genetic strain, incubation, egg temperature

145 Methods of molt induction for commercial lay-
ing hens. C. S. S. Araujo*a, S. M. Baraldi-Artonia, L. F. Araujo*b,
and O. M. Junqueiraa, aUNESP/ FCAVJ bUSP/FZEA.

This experiment was carried out to compare the productive performance
of commercial laying hens and to determine the effects on morphomet-
ric evaluation of oviduct and in the plasma levels of progesterone and
estradiol after being under different methods of induced molting. Two
hundred-eight Brown laying hens, ± 60 weeks of age, were randomly
divided into four treatments groups. The treatments were: T1- the con-
ventional method consisted of feed withdrawal during the 10 first days of
the experiment; T2- diet of high-zinc content for 10 days (20.000 ppm);
T3- diet of low-calcium for 14 days (0,1% Ca) and T4- diet of low-sodium
for 14 days (0,05% Na). Feed intake, feed: gain ratio, egg weight, egg
laying percentage, shell percentage and egg specific gravity were recorded
at 4 weeks period postmolt. The results were not affected by the used
molting methods in this period. After opening the abdominal cavity
and eviscerating the gastrointestinal tract, the ovaries and oviducts were
dissected and weighed. The different parts of the oviducts were mea-
sured: magnum, isthmus and uterus. The number of folds present in the
magnum and the isthmus were evaluated. There were no significative
differences between the lengths of the different parts of the oviduct as
well as regarding the number of folds in the magnum and the isthmus.
A significant decreased in the mean plasma estradiol and progesterone
concentrations occurred in hens in treatment of the low sodium and feed
restriction, respectively. FAPESP No. 00/11469-0

Key Words: Estradiol, Induced Molting Program, Morphometric Evalua-
tion

146 Effects of experimental chlorate product (ECP)
in drinking water on salmonella enteritidis (SE) in laying
hens during an induced molt. L. F. Kubena*a, J. L. McReynoldsb,
J. A. Byrda, R. C. Andersona, S. C. Rickeb, and D. J. Nisbeta, aUSDA-
ARS, SPARC, Food & Feed Safety Research Unit, bDepartment of Poul-
try Science, Texas A & M University.

The method most commonly used to induce molting and stimulate mul-
tiple egg-laying cycles in laying hens for commercial egg production is
feed deprivation. Unfortunately, an increased risk of Salmonella enteri-
tidis (SE) may result from the use of this method. Methods to stimulate
multiple egg-laying cycles without increasing the risk of SE are needed.
Hens over 50 wk of age were divided into 12 groups of 11 hens each and
placed in individual laying cages. Two wk prior to dietary changes, hens
were placed on an 8-h light and 16 h-dark photoperiod that continued
for the 9-day experiment. All hens were challenged orally with 106 cfu of
SE on the fourth day. Treatments were non-fed hens with distilled water
(NFD), non-fed hens with the experimental chlorate product (ECP which
provided 15mM chlorate ion concentration) water (NFECP), alfalfa diets
with distilled water (ALD), and alfalfa diets with ECP water (ALECP).
In the NFD hens, 67% (Log10 2.74) of the crops and 94% (Log10 5.62)
of the ceca were colonized; whereas, for the NFECP hens a significant
reduction to 22% (Log10 1.05) of the crops and 61% (Log10 2.44) of the
ceca was observed. In the ALD hens, 61% (Log10 2.52) of the crops and
94% (Log10 4.06) of the ceca were colonized. In the ALECP hens, a
highly significant reduction to 11% (Log10 1.26) of the crops and 39%
(Log10 1.12) of the ceca was observed. When compared with the NFD
hens, a significant reduction in SE invasion of the ovary, liver, and spleen
occurred in all other treatments, except the ovary in the ALD hens. The
low alfalfa intake is most likely a factor in our lowered protection against
SE, when compared with previous results. These results suggest that
ECP added to the drinking water may be a useful tool to reduce the risk
of SE during an induced molt by feed deprivation or the use of alfalfa
molting diets. For several parameters, ECP combined with the alfalfa
diet was most efficacious.

Key Words: Molting Laying Hens, Experimental Chlorate Product (ECP)
and Alfalfa, Salmonella Enteritidis
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147 Comparison of methionine sources in laying
hens under commercial conditions in Mexico. M. Alvarez*a,
M. L. Locatellia, G. Perezb, and C. Funtanetc, aDegussa Mexico, S.
A. de C. V., Mexico City, bEmpresas Guadalupe, Guadalajara, Mexico,
cGuadalajara, Mexico.

Knowing the relative nutritive value of liquid DL-methionine hydroxy
analog-free acid (MHA-FA) compared to DL-methionine (DL-Met) is an
important precondition to cost-effective purchasing, feed formulation and
egg production. A recent comprehensive literature survey revealed a rela-
tive effectiveness of about 65% for liquid MHA-FA compared to DL-Met.
The relative efficacy of liquid MHA-FA can be confirmed under field con-
ditions by a quite simple approach: both methionine sources are added to
two batches of a practical diet, the dosage of DL-Met being 65% of that
of the supplemented liquid MHA-FA dosage. Two large-scale trials con-
ducted under local conditions at Empresas Guadalupe with HyLine W36
hens using sorghum-soy diets in Mexico are presented. Trial A lasted 15
weeks with hens from 22 to 36 weeks of age. A total of 400,000 layers
were housed in 4 sections, 1 section was fed diets supplemented with 65
parts DL-Met, whereas 3 sections were fed identical diets supplemented
with 100 parts liquid MHA-FA. Egg production and egg weight were
recorded weekly, feed consumption and feed conversion were recorded on
a monthly basis. The overall average results for the treatments 65 parts
DL-Met/100 parts liquid MHA-FA were: egg weight 56.3/55.4g, egg pro-
duction 88.0/88.6%, daily egg mass 49.7/49.2g, daily feed consumption
95.6/94.1g, kg feed:kg egg mass 1.92/1.91. Trial B was conducted for 12
weeks with hens from 48 to 59 weeks of age. A total of 200,000 layers were
housed in 2 sections, 1 section was fed diets supplemented with 65 parts
DL-Met, 1 section was fed diets with 100 parts liquid MHA-FA. Again,
the overall average results for the treatments 65 parts DL-Met/100 parts
liquid MHA-FA were almost identical: egg weight 62.8/63.1g, egg pro-
duction 83.1/81.4%, daily egg mass 52.2/51.3g, daily feed consumption
101.2/100.7g, kg feed:kg egg mass 1.94/1.96. Based on these extensive
commercial studies it can be concluded that 65 parts of DL-Met replace
100 parts of liquid MHA-FA in layer diets without any difference in per-
formance.

Key Words: Laying Hens, Amino Acids, Methionine Sources

148 Litter gaseous flux for broiler chicks at one day
of age. D. M. Miles*a, P. R. Owensa, D. E. Rowea, and S. L. Brantonb,
aUSDA-ARS Waste Management and Forage Research Unit, bUSDA-
ARS Poultry Research Unit.

Researchers attribute rising ammonia concentrations in the broiler house
to the elimination of air leaks in the house for energy conservation, use
of limited area brooding and to reduced ventilation in winter to conserve
energy. The problem has been intensified by litter buildup. To begin as-
sessment of the interrelationship of factors influencing litter gas products,
ammonia, nitrous oxide, carbon dioxide, carbon monoxide, and methane
concentrations were measured using a photoacoustic multigas analyzer in
conjunction with flux boxes. Flux boxes were cylindrical plastic contain-
ers, 35 cm high with a 14.3 cm radius; a small electric fan was mounted
inside the bottom of each container. One-day-old chicks were placed in
a tunnel ventilated commercial broiler house about 6 hours prior to the
gas measurements and were confined to the brood end of the house. The
litter had been used for 28 flocks. Flux boxes were inverted on the litter
surface approximately 2 seconds before the photoacoustic analyzer drew
in a sample (time zero concentration); the second sample was captured
after one minute. Thirty-six sampling positions comprised an imaginary
grid, with measurements placed at 3 locations across the house (5 m
apart) and 12 locations down the house (12 m apart). Ammonia flux
averaged 8.3 and 6.2 mg/(m2*min) for the brood and vacant ends of the
house, which correlates to differences of 40 and 30 ppm, respectively, be-
tween time zero and one-minute concentrations. Brood carbon dioxide
flux was 103.2 mg/(m2*min) compared to 91.5 mg/(m2*min) in the op-
posite end of the house. Nitrous oxide and methane similarly had greater
flux measurements in the brood area. A 3.3 ◦C litter temperature dif-
ferential (30.7 ◦C, brood vs. 27.4 ◦C, vacant) was linked to increased
ammonia emissions as well as an increase in other gaseous products.

Key Words: Ammonia, Carbon Dioxide, Litter

149 Effect of different ratios of alfalfa and layer ra-
tion on molting induction and early post-molt performance.
L. M. Donalson*a, W. K. Kima, P. Hererraa, C. L. Woodwarda, L. F.
Kubenab, D. J. Nisbetb, and S. C. Rickea, aDepartment of Poultry
Science, Texas A&M University, College Station, bUSDA Agricultural
Research Service, College Station.

This study was conducted to compare the effects of 100% alfalfa and al-
falfa mixed diets on the induction, post molt production and post molt
egg quality. 116 White Leghorn laying hens were induced to molt af-
ter being acclimated and monitored for pre-molt egg production. The
hens were then divided into five treatment groups: full fed (FF), feed
withdrawal (FW), 100% alfalfa (A100), 90% alfalfa / 10% layer ration
(A90), and 70% alfalfa / 30% layer ration (A70). The birds were put
on a lighting program and molted for 9 days. At the end of the trial 56
birds were euthanatized and their organs weighed while the other 60 were
returned to a layer ration and observed for post molt production and egg
quality. The parameters examined were egg height, egg weight, albu-
men height, yolk height, yolk diameter, shell breakage, specific gravity
and egg production. Ovary and oviduct weight of hens fed molting diets
were significantly decreased (P< 0.05) compared to FF control during
the 9-day molting period. As % layer ration increased, feed intake also
increased and % weight loss decreased. FW had a significantly higher
egg production at 11 and 14 weeks post-molt compared to A70 or FF.
Differences in albumen height also proved to be significant with FW and
alfalfa mix treatments significantly greater than full fed during weeks
3,4,12, and 16. Egg weights of A90 and A70 were significantly heavier
than FF at 4 weeks post-molt whereas FW had a significantly heavier
egg weight than A100 at 3 and 10 weeks post-molt. Specific gravity of
FF was significantly less for A90 and NF treatments at weeks 5 and 11
while yolk height of eggs from FF treatment were significantly lower than
all treatments at 3,4,7, and 15 weeks.

Key Words: Molting, Egg Quality, Alfalfa

150 Application of real time ultrasound technology
to estimate in vivo breast meat weight of broiler chickens.
E. O. Oviedo, J. Parker*, and W. P. Weatherford, Stephen F. Austin
State University, Nacogdoches, TX 75962.

Real-Time ultrasound is a fast, non-destructive, and relatively inexpen-
sive technique to estimate body composition. The RT-ultrasound make
it possible to observe, store, and measure areas of the longitudinal cross-
sectional view of breast muscles. The technique allows repetitive mea-
surements of the same bird over the whole period of growth. That data
can help to model the real development of muscles influenced by different
nutritional or management treatments. It also facilitates the selection of
breeding stock. The objective of this research was to develop equations
to estimate breast meat weight from RT-Ultrasonographic measurements.
A total of 96 Cobb and Ross broilers were randomly selected, weighed,
and two RT-Ultrasound measurements were taken from both sides of
the breast muscles. Samples of chickens coming from different flocks
were taken at 28, 35, 42 and 49 days of age. Ultrasound images were
captured with 3.5 MHz 17.2 cm linear probe using the Aloka-500 ultra-
sound diagnostic equipment. These images were later analyzed for total
area and perimeter of the breast muscles. Immediately following ultra-
sonography, broilers were processed and dissected to determine carcass,
boneless breast meat, leg quarter, and wing weights. Data was utilized
to develop multiple regression equations to estimate the following car-
cass part weights: Breast meat weight (kg) = - 88.039 + (0.173 * Body
weight (kg)) + (4.632 * Ultrasound measurement (cm2)) R2 = 0.99 ; Leg
quarter weight (kg) = -68.539 + (0.223 * Body weight (kg)) + (2.933 *
Ultrasound measurement (cm2)) R2 = 0.99. Total meat cuts (kg) = -
175.90 + (0.457 * Body weight (kg)) + (9.052 * Ultrasound measurement
(cm2)) R2 = 0.99. Factors such as sex, age, or breed did not contribute
significantly to the accuracy of the models. The measurement in the
right side was consistently more efficient to estimate breast meat weight.
Models were validated with data obtained from a second group of chick-
ens. It was concluded that it is possible to estimate breast meat and
other carcass cut weights from RT-Ultrasound measurements.

Key Words: RT-Ultrasound, Breast Meat Weight, Models
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151 Combining a prebiotic with an alfalfa molting
diet to increase in vitro fermentation by laying hen ce-
cal bacteria. L. M. Donalson*a, W. K. Kima, P. Hererraa, C.
L. Woodwarda, L. F. Kubenab, D. J. Nisbetb, and S. C. Rickea,
aDepartment of Poultry Science, Texas A&M University, College Sta-
tion, bUSDA Agricultural Research Service, College Station, TX.

Recently, new molting procedures have been introduced to the poultry
industry including feeding high fiber diets. Alfalfa diets are alternatives
to the commonly used molting practice of feed withdrawal. Prebiotics
such as fructooligosaccharide (FOS) stimulate growth and activity of
colonic bacteria thus improving the hosts health. The objective of the in
vitrostudies was to evaluate the effects of combining a prebiotic with an
alfalfa molting diet on fermentation of laying hen cecal bacteria. Cecal
contents from laying hens were diluted to a 1:3000 concentration with
an anaerobic dilution solution. The cecal dilution was added to serum
tubes filled with ground alfalfa and a corn-based feed with or without
FOS. Samples were handled in an anaerobic hood, pressurized using a
methanogen manifold and incubated at 37◦C. Samples were removed at
0, 6 and 24 hours. In the first trial the trend was as time increased, lactic
acid amounts increased in all samples with the greatest total increases
occurring with alfalfa as the feed substrate. Lactic acid concentrations
remained constant when the corn diet was compared to inoculum (0.5
mg/dL) however when FOS was added to the corn diet lactic acid con-
centrations increased 13-fold (6.4 mg/dL; P<0.05). Between alfalfa and
inoculum there was a 17-fold increase (8.4 mg/dL) and when FOS was
added there was a 19-fold increase (9.7 mg/dL; P<0.05). In the second
trial, when lactic acid concentrations in the corn diet were compared to
inoculum(0.1 mg/dL) there was a 293-fold increase and with the addi-
tion of FOS increased 478-fold (47.8 mg/dL; P<0.05). When alfalfa was
compared to inoculum, lactic acid concentrations increased 290-fold (29
mg/dL) and with FOS increased 643-fold (64.3 mg/dL; P<0.05). These
data indicate that cecal fermentation can be enhanced by the addition
of FOS.

Key Words: Prebiotics, Fermentation, Cecum

152 An evaluation of in-house composting of catas-
trophic poultry mortalities. N. L. Tablantea, L. E. Carr*a, and
G. W. Maloneb, aUniversity of Maryland, bUniversity of Delaware.

Acceptable methods of disposal of poultry carcasses with highly
pathogenic disease are determined by state regulatory authorities and
may include, burial, incineration, landfill disposal, rendering, and com-
posting. Out of these five methods, composting of mortalities on the farm
appears to be the most acceptable because it averts potential groundwa-
ter pollution from burial, avoids high fuel cost and possible air pollution
from incineration, and prevents potential disease spread associated with
transport to landfills and the high transport cost and tipping fees. In
January 2003, approximately 135,000 pounds of poultry carcasses (DOAs
from processing plants) were used to simulate a full in-house composting
situation. This demonstration was performed in a 40 X 500 foot clear
span broiler house. The objectives of the demonstration were to explore
three different composting procedures (layering, shredding and pilling,
and mixing and pilling)and determine labor, time, cost and equipment
needs for each procedure and the suitability of each procedure in the
degradation of the carcasses. To assist in the evaluation, composting
temperatures and microbial profiles were determined. Five weeks after
turning one time all procedures were evaluated and found to be suitable
prior to land application. An educational CD has been developed on this
demonstration and will be made available to the poultry industry.

Key Words: In-House, Catastrophic Disease, Composting

153 Recovery of E. coli and Salmonella suspects from
poultry house drag swabs and surgical shoe covers. B. A. Mc-
Crea*, S. F. Bilgili, R. A. Norton, K. S. Macklin, and J. B. Hess, Auburn
University.

For many years the poultry industry has used drag swabs to assess the
health of flocks. Although this method only provides a snapshot of a
flock’s health status it is nonetheless efficient, easy to perform, and cost
effective. Drag swabs have been used to determine the presence of bac-
teria known to cause food-borne illness in humans, such as Salmonella,
as well as E. coli, which is an indicator of fecal contamination. Two
commercial broiler farms were visited three times during growout. The
first visit was performed on chick delivery day, prior to chick placement.
The second visit was midway through growout and the final visit was on

the day that birds were processed. Surgical shoe covers were worn over
plastic boot covers during the time that samples were taken inside the
poultry house. During visits, multiple environmental samples were taken
of the poultry house in conjunction with drag swabs. Drag swabs were
taken of four quadrants and pooled for each house. One pair of surgical
shoe covers was worn for each house as researchers traveled the length of
the building several times to collect samples. Peanut hulls were used for
litter on participating farms. It was observed that surgical shoe covers
retained a large number of peanut hulls during sampling on chick deliv-
ery day. Subsequent sampling visits also yielded that surgical shoe covers
retained a larger amount of litter and fecal material than did the pooled
drag swabs. Surgical shoe covers yielded 50% more Salmonella suspects
than pooled drag swabs. Those isolates suspected of being Salmonella
were confirmed biochemically and a RiboPrinter

r

(Qualicon) was used
for serotyping. The RiboPrinter

r

indicated that the isolates collected
were not in the current Salmonella database. Pooled drag swabs yielded
the same number of E. coli suspects as surgical boot covers. The effec-
tiveness of recovery may be attributed to the volume of litter and fecal
material retained on surgical shoe covers. Given the frequency of recov-
ery and ease of use, surgical boot covers may be a suitable alternative to
drag swabs of broiler house litter.

Key Words: Salmonella, E. Coli, Drag Swab

154 Growth characteristics of pearl grey guinea fowl
as predicted by Richards, Gompertz and Logistic models.
S. N Nahashon*a, S. E Aggreyb, N. A Adifopea, and A Amenyenua,
aTennessee State University, bUniversity of Georgia.

This study was undertaken to describe the growth pattern of the pearl
grey Guinea fowl. Using body weight data from hatch to 22 weeks, three
nonlinear mathematical (NLM) functions (Richards, Gompertz and logis-
tic) were employed to estimate growth patterns of the pearl grey guinea
fowl. The logistic and Gompertz models are a special case of the Richards
model which has a variable point of inflection defined by the shape or
growth trajectory parameter, m. The shape parameter m were 0.74 and
0.72 in males and females, respectively, suggesting that the growth pat-
tern of the pearl grey guinea fowl is neither logistic nor Gompertz. Un-
like chicken, quail and duck the pearl grey guinea fowl does not exhibit
sexual dimorphism for their growth characteristics. From the Richards
model, the asymptotic body weight, growth rate and age at maximum
growth were 1.6 kg, 0.17 g/wk and 5.8 weeks, respectively for both sexes.
The inverse relationship between the asymptotic bodyweight and both
relative growth and age at maximum growth of the pearl grey guinea
fowl is similar to that of chickens, quail and ducks. Therefore, success
in studying the growth characteristics of guinea fowl will aid in design-
ing management and breeding schemes for improving performance of this
least studied avian species.

Key Words: Guinea Fowl, Growth Pattern, Gompertz

155 Effect of hen age on the incidence of ascites in
broilers reared under hypobaric conditions. J. M. Balog*a, L.
Stampsb, H. O. Pavlidisb, W. E. Huffa, G. R. Huffa, N. C. Ratha, and
N. B. Anthonyb, aUSDA/ARS/Poultry Production & Product Safety
Research Unit, bDepartment of Poultry Science, University of Arkansas.

The changes in egg production and egg quality, as well as, chick quality
that occur as a flock of breeder hens age have been extensively docu-
mented. The objective of this study was to determine how the aging of
the hen flock affects ascites incidence in chicks reared under hypobaric
conditions. A flock of breeder hens was evaluated at 28, 32, 35, 40, and
44 wks of age. Breeder hens were housed in cages and managed using
standard breeder protocols for lighting and feeding. The hens were artifi-
cially inseminated and hatching eggs were collected and incubated using
standard hatchery procedures. At hatch, chicks were weighed, banded,
vaccinated and randomly assigned to cages in either a hypobaric cham-
ber (simulated 2900 m above sea level). The 5 successive hatches were
placed in the hypobaric chamber with the total number of chicks from
each hatch ranging from 114 264. Chicks were warm-room brooded and
given feed and water for ad libitum consumption. Individual weights
and hematocrits were obtained at 0, 14, 28 and 42 D. Mortality was col-
lected daily and necropsied to determine cause of death. At D 42, all
survivors were necropsied, sexed, scored for ascites and split heart, liver,
and spleen weights were recorded. Results indicated that as the hen flock
aged chick weight at hatch increased significantly. There were significant
effects of hen age on the survivability of chicks. As the hen flock aged
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chicks survived longer, with chicks from the last 3 hatches surviving 38
D, compared with 34 D (32 wk) and 31 D (28 wk). Ascites incidence of
birds reared in the hypobaric chamber ranged from 28 57 %. Hemat-
ocrits at 14 D were significantly increased for chicks from the flock at 28
and 32 wk, when compared with the later hatches. Since general chick
quality is reported to improve with the aging of the hen flock, it is not
surprising that as the hen flock aged the chicks were able to withstand
hypoxic stress longer.

Key Words: Ascites, Breeder Age, Hypobaric Chamber

156 Growth characteristics of pearl grey guinea fowl
as predicted by the Richards, Gompertz and Logistic mod-
els.. S. N. Nahashon*a, S. E. Aggreyb, N. A. Adefopea, A. Amenyenua,
and D. Wrighta, aTennessee State University, bUniversity of Georgia,
Athens.

This study was undertaken to describe the growth pattern of the pearl
grey guinea fowl. Using body weight (BW) data from hatch to 22 weeks,
three nonlinear mathematical (NLM) functions (Richards, Gompertz and
logistic) were employed to estimate growth patterns of the pearl grey
guinea fowl. The logistic and Gompertz models are a special case of
the Richards model which has a variable point of inflection defined by
the shape or growth trajectory parameter, m. The shape parameter m
were 0.74 and 0.72 in males and females, respectively, suggesting that the
growth pattern of the pearl grey guinea fowl is neither logistic nor Gom-
pertz. Unlike chicken, quail and duck the pearl grey guinea fowl does
not exhibit sexual dimorphism for their growth characteristics. From the
Richards model, the asymptotic BW, growth rate and age at maximum
growth were 1.6 kg, 0.17 g/week and 5.8 weeks, respectively for both
sexes. The inverse relationship between the asymptotic BW and both
relative growth and age at maximum growth of the pearl grey guinea
fowl is similar to that of chickens, quail and ducks. Therefore, success in
studying the growth characteristics of guinea fowl will aid in designing
management and breeding schemes to improve performance of this least
studied avian species.

Key Words: Guinea Fowl, Growth Patterns, Gompertz

157 Performance and carcass yield of broiler strains
in alternative chicken production systems. S. E. Takahashi,
A. A. Mendes*, E. S. P. S. Braga, C. C. Pizzolanti, K. Peĺıcia, R. P.
Oliveira, R. G. Garcia, I. C. de L. A. Paz, C. M. Komiyama, and R.
R. Quinteiro, Faculdade de Medicina Veterinária e Zootecnia, UNESP,
Campus de Botucatu-SP, Brazil.

The experiment was conduced at the School of Veterinary and Animal
Science, FMVZ/UNESP, Brazil, during the months of February to May
of 2003. One thousand and six hundred day old chicks were randomly
assigned in a 4 x 2 factorial design (4 strains and 2 production systems)
with 4 replicates of 50 birds each. The strains evaluated were Ross,
Caipirinha, Naked Neck and Paráıso Pedrs and the first one is a com-
mercial strain and the others are strains specific for alternative chicken
production systems. The production systems were confined and semi-
confined supplemented with grass paddock (3m2/bird). The birds were
fed ad libitum during three different phases: starter diet (1-28 days),
growth diet (29-63 days) and finisher diet (64-84 days). The feed didn’t
contain drugs. Birds were reared until 84 days. Weight gain, feed con-
sumption, feed efficiency and mortality were analyzed. At 56, 63, 70, 77
and 84 days of age three birds/box were slaughtered in order to evaluate
the carcass, breast and leg yields. A variance analysis was made over
the obtained data and the Tukey test was used when the “F” value was
significant (p<0.05). There were no significant effects among produc-
tion systems, except for feed consumption during all the experimental
period, which the confined birds consumed more feed than the semi-
confined (9.01 and 8.86 kg, respectively). Male broilers showed the best
performance for weight gain, feed efficiency, carcass and leg yield in all
ages studied. Female broilers had the best breast yield in relation to
male (33.11 and 32.36%, respectively, at 84 days old). Paráıso Pedrs
strain showed the higher mortality values (8.0%) while Caipirinha, Ross
and Naked Neck had 4.0; 3.75 and 3.25% of mortality, respectively, and
male broilers had the higher values when compared to females (5.87 and
3.85%, respectively). At 84 days of age Ross strain showed the best car-
cass yield followed by Paráıso Pedrs, Naked Neck and Caipirinha (76.01;
71.96; 69.78 and 66.43%, respectively). At all ages studied Ross strain
had the best breast yield (37.22%) and the other strains didn’t presented
differences from each other (31.23; 32.11 and 30.28%, respectively). For

leg yield the best results were obtained with Caipirinha, Naked Neck and
Paráıso Pedrs strains at 56; 63; 70 and 77 days of age and they didn’t
differ from each other (p>0.05) and the worst values were reached with
Ross strain. It was concluded that there are differences among strains
for performance, carcass and parts yield and no differences were noted
for production systems. Supported by PRODETAB

Key Words: Broiler Chickens, Strains, Alternative Production System

158 Broiler house ammonia emissions. L. Carr*a, J.
Meisingerb, J. Harter-Dennisc, and J. Scudlarkd, aUniversity of Mary-
land, bUSDA-ARS Beltsville, cUniversity of Maryland Eastern Shore,
dUniversity of Delaware.

The goals of this research effort was to quantify ammonia emissions from
broiler production under environmental conditions typical of the Mid-
Atlantic region and assess management treatments that my reduce emis-
sions. This research was conducted in six independent windowless envi-
ronmental chambers at the Poultry Research Center, University of Mary-
land Eastern Shore. Each chamber had a floor area of about 35 square
meters, housing 500 mixed sex broiler chicks for 42 days. The chambers
were set-up to mirror field conditions with automatic feeders and nipple
drinkers. Ventilation was provided by two fans; one was continuous run
and the other activated by a pre-set thermostat depending on bird age.
Each chamber was instrumented with two proportional flow grid air sam-
plers, a flow meter to measure air flow in the grid, acid scrubbers (two per
chamber) to trap ammonia and the appropriate duct work and hardware
to monitor the total air flow from each chamber. Three treatments were
used: control, and two acid litter treatments. Each treatment was du-
plicated. A rough preliminary review of the data suggest that ammonia
emissions from the control were consistent with existing literature values
of 10-20 grams per bird over the 42 day production cycle. The acidified
treatments showed a 20 to 50 percent reduction in emissions. The treat-
ment with the greater acid equivalent had the higher reduction. Data
were determined for a Winter and Summer flock.

Key Words: Poultry House, Ammonia, Emissions

159 Effect of broiler strain on the back and leg feath-
ering at different ages. R. P. Oliveira, A. A. Mendes*, R. G. Garcia,
K. Peĺıcia, S. E. Takahashi, A. de P. Silva, I. C. de L. A. Paz, and R.
R. Quinteiro, Faculdade de Medicina Veterinária e Zootecnia, UNESP,
Campus de Botucatu-SP, Brazil.

Broilers without good feathering can develop some tissue traumas like
breast callosity, cellulite, scratches, laceration and others that could de-
crease carcass quality and cause large economic damages. This study
aimed to evaluate the effect of broiler strain on the feathering at differ-
ent ages. The experiment was carried out at the School of Veterinary
and Animal Science, FMVZ/UNESP, Brazil. Two thousand and four
hundred day old straightrun chicks from five strains named A, B, C, D
and E, derived from broiler hens with 40, 40, 42, 39 and 40 weeks of age,
respectively, were used. The birds were distributed in a completely ran-
domized design of 5 x 2 factorial arrangement in which birds derived from
5 strains and 2 sex (male and female), with four replicates of 60 birds
each. Birds were fed ad libitum during four different phases: pre-starter
(1-7 days); starter (8-21 days); growth (22-42 days) and finisher (43-49
days). At the ages of 28, 35 and 42 days the back and legs feathering
of twenty birds from each replicate was evaluated through score attribu-
tion (AGROCERES

r

pattern, Rio Claro/SP - Brazil) that ranged from
1 to 10. The feathering data was analyzed by the Kruskal-Wallis test
(p<0.05). At all ages studied female broilers showed the higher feather-
ing values for back and legs when they were compared to male broilers.
Back feathering scores showed a tendency to have higher values than the
leg feathering scores. Strain E had the higher scores for back and legs
when it was compared to the others, in all the ages studied, independent
of birds’ sex. Strain C had its back feathering improved as age increased
and it wasn’t noted for leg feathering, when it was compared to strains
A, B and D. There were no differences (p>0.05) for the female leg feath-
ering among strains at 28 and 35 days of age. It was concluded that the
broiler strains available on the brazilian market showed differences for
feathering and E strain had the best feather cover.

Key Words: Broiler Chickens, Strains, Feathering
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160 Mixing accuracy in feed installations: A com-
parison between two tracers for process evaluation was
made, Microtracersr as routinely used in the United States
and Methylviolet tracer as routinely used in Germany. S.
Artelta, J. Akerboom*b, and D. Eisenbergc, aMicro Tracers Services
Europe GmbH, bJadis Additiva B.V., cMicro Tracers INC.

For an efficient and safe animal feed production it is of the utmost im-
portance that compositions of animal feeds are formulated correctly and
in accordance with the requirements of food producing animals and that
they are produced with the highest homogeneity and the lowest possi-
ble carry over. For mixing accuracy experiments so called tracers are
used which are added to the feed and determined afterwards in the feed
samples. In the United States Microtracers

r

is most widely used system
whereas in Germany the Methylviolet tracer is commonly used. A test
trial was run in which the mixing results of these two totally different
tracers were compared. Tests were made in the mixer Speedmix DFML
1000 of the company Bhler AG, Uzwil, Switzerland. As a direct analyti-
cal method Micro Tracer results are evaluated by a Poisson distribution
and results of completeness of mix are expressed by a probability. As for
Methylviolet an indirect analytical method is applied results are evalu-
ated by the Gaussian distribution and expressed as concentrations. Both
tracers lead to the same result: The test feed was homogeneously mixed.
A probability of 52,45% was calculated for Microtracer

r

particles and a
coefficient of variation of 3,39% for Methylviolet tracer. The tests with
both tracers resulted in the same mixing accuracy.

Key Words: Mixing Accuracy, Microtracer, Methylviolet

161 Survival of salmonella in broiler litter incubated
at different water activity levels. F. M. Balaa*, A. Adeli, M.
McLaughlin, and D. E. Rowe, ARS-USDA.

Survival of Salmonella in inoculated broiler litter held at different levels of
water activity was determined. Water activity was maintained using: 1)
incubation of inoculated litter over saturated salt solutions with defined
equilibrium relative humidity in sealed plastic boxes, and 2) using a split
flow humidity generator in sealed boxes vented to ambient atmosphere.
Inoculated litter samples were incubated at 23◦C and 100, 95, 85, 75, 65,
55 and 45% relative humidity in both study systems. Salmonella survival
was determined on xylose lysine deoxycholate, and Hektoen enteric agar.
Inoculated litter samples were analyzed at daily intervals and survivors
expressed as log10 CFU/g of litter. At relative humidity below 75%,
Salmonella displayed a biphasic survival pattern, with a rapid initial de-
cline occurring within the first two days of incubation and a death rates
ranging between 1.9 and 1.5 log/day. Slower death rates were observed
thereafter with times required to reduce the Salmonella count by one or-
der of magnitude ranging between 8 and 40 days. Longer survival times
were observed at lower humidity values. At higher humidity values 100
to 85% survival was longer in open flow systems when compared to closed
incubation systems using saturated salt solutions. Salmonella persistence
was not observed at high relative humidity 100-85%. Greatest Salmonella
destruction occurred in closed incubation system over saturated salt so-
lution at high relative humidity (100-85%). Potential application of the
research findings in pathogen control requires further scale-up studies.

Key Words: Water Activity, Salmonella, Pathogen Survival

162 The productivity of commercial laying hens
housed in battery cage, aviary, perchery and free-range
housing systems. Metin Petek*, Faculty of Veterinary Medicine.

In this study 200 layer hybrids (Tetra SL) were tested under four dif-
ferent housing systems, namely the traditional 3-tier cage system with 3
hens per cage, aviary, perchery and free-range, and the main production
parameters were compared. The cage system was found to be more feasi-
ble for the parameters such as the egg production, feed consumption per
produced egg and economic productivity (egg input/feed output ratio).
No real differences were seen among the groups in the rate of mortality.
The results of this study confirm that hen productivity in well-managed
free-range housing system can compare with the cage system.
Housing groups and egg production traits.

Traits Cage Aviary Perchery Free-range
Age of flock
at 50 %
hen-day egg
production
(day) 171 172 174 173
Duration of
egg production
> 90 %
(week) 9 3 1 11
Hen-housed
egg production
1 (%) 82.15±0.45a 71.27±0.57b 72.40±0.55b 80.33±0.51a
Hen-day
egg production
1 (%) 82.80±0.42a 74.66±0.58b 73.10±0.53b 83.32±0.50a
Annual egg
number per
hen-housed1 299.86±1.67a 260.15±2.10b 264.28±2.01a 293.20±1.86 a
Annual
egg number
per hen-day1 302.23±1.57a 272.54±2.12b 266.83±1.95b 304.12±1.84a
Cracked eggs1 (%) 2.54±0.19b 3.40±0.20a 3.01±0.20a 1.22±0.10c
Floor eggs1 (%) - 43.25±0.68a 35.32±0.60b 20.68±0.67c
Average egg
weight1 (g) 64.32±0.31 64.33±0.31 64.16±0.30 63.67±0.29
Egg mass /
hen-day 1 (kg) 19.44±0.7a 17.53±0.6b 17.12±0.8b 19.36±0.9a
Daily hen-housed
feed intake (g) 138.5±1.92 146.9±18.5 146.2±18.4 144.2±18.3
Annual hen-day
feed intake (kg) 51.40±7.07 56.34±7.0 53.92±6.80 54.33±6.91
Feed consumption
(g) / per egg 168.57±13b 206.15±08a 201.86±11a 178.35±10b
a-c within rows, values with different superscript letters
differ significantly (P<0.001) 1 mean ± standard error

Key Words: Laying Hens, Cage, Aviary

163 Vancomycin-resistant Enterococcus faecium in
broilers during grow-out. M. E. Hume*a, L. Lub, M. R. Burnhama,
R. L. Ziprina, and C. J. Donskeyc, aUSDA, ARS, SPARC, Food and Feed
Safety Research Unit, College Station, Texas, bDepartment of Poultry
Science, Texas A&M University, College Station, cInfectious Diseases
Section, Louis Stokes Cleveland Veterans Affairs Medical Center, Cleve-
land, OH.

Healthy broilers colonized by vancomycin-resistant Enterococcus (VRE)
show no clinical effects and VRE levels decrease with time. Broilers in
Europe given subtherapeutic levels of vancomycin-related feed additives
experience sustained VRE growth and proliferation. The objectives of
the current study were to compare the effects of vancomycin with those
of two commonly used subtherapeutic feed additives on general entero-
coccus populations, VRE colonization during grow-out, and on cecal mi-
croflora profiles as determined by denaturing gradient gel electrophoresis
(DGGE). In one set of experiments day-of-hatch broilers were inoculate
with a poultry (VREp) isolate and in another set with a human (VREh)
isolate. Groups of chicks in both sets of experiments were given either
control (Con) feed or feed containing subtherapeutic chlortetracycline
(Chl), tylosin (Tyl), or vancomycin (Van). Cecal contents were moni-
tored over a 6-week grow-out for enterococci, VRE, and DGGE profiles.
Enterococci at grow-out averaged 6.29 log10 CFU/g in Con, Chl, and
Tyl chicks and 7.29 log10 CFU/g in Van chicks. VREp was at 6.66 log10
CFU/g in Van chicks and decreased to 2.59, 0.43, and 0.86 log10 CFU/g
in Con, Chl, and Tyl chicks, respectively. VREh was not detected at
grow-out in Con, Chl, and Tyl chicks, but was at 7.93 log10 CFU/g in
Van chicks. Analysis of DGGE patterns resulted in a dendrogram with
two main similarity clusters. All Van profiles were grouped into one clus-
ter and all other profiles were in the remaining cluster. Results indicate
that Van compared to Con, Chl, and Tyl had no effect on general en-
terococcus levels, but sustained VRE growth and proliferation. DGGE
indicated that subtherapeutic Van likely supported VRE proliferation
by significantly altering the cecal microbial population and reducing the
levels competing bacteria.

Key Words: VRE, Enterococcus, DGGE
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164 Campylobacter jejuni genotypes from pre- and
post-harvest market-age broiler carcass rinses from several
grower and two processing facilities in Texas and Missis-
sippi. M. E. Hume*a, L. Lub, J. A. Byrda, S. D. Pillaib, and R. H.
Baileyc, aUSDA, ARS, SPARC, Food and Feed Safety Research Unit,
bDepartment of Poultry Science, Texas A&M University, cDepartment of
Pathobiology and Population Medicine, College of Veterinary Medicine,
Mississippi State University.

Campylobacter carcass rinse isolates from pre-and post-harvest market-
age broiler flocks and carcasses picked from the processing line (post-
feather removal, pre-chill immersion, and post-chill immersion) were ex-
amined by pulsed field gel electrophoresis (PFGE) for genotypic diversity
and relatedness. Six distinct genotypes were found among the sixty-two
isolates from rinses collected on-farm and during processing from three
separate flocks in Texas, while twenty distinct genotypes were detected

on-farm and during processing among the fifty-nine isolates from four
farms in Mississippi. Homogeneity among isolates originating on each
farm was the emerging pattern following genotypic comparisons. How-
ever, genotypic cross-contamination was evident in one flock after feather
removal and in three flocks from carcasses prior to immersion in the chill
tank. Fifteen of the twenty Mississippi genotypes were detected among
twenty carcasses originating on one farm in Mississippi. Two of those
genotypes were similar to genotypes found on carcasses from two flocks
originating on two Texas farms. The genotypic diversity seen among iso-
lates from carcasses originating on a single farm reflects the potential
for market-age broilers to harbor multiple Campylobacter PFGE geno-
types. Additionally, these results indicate the potential for Campylobac-
ter genotypic selection and genotypic carcass cross-contamination during
processing.

Key Words: Campylobacter, Genotype, Carcass
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165 Dietary supplementation of xylanase (Allzyme

PT) in wheat-based diets, on broiler chicken performance
from day-old to 42 days of age. J. McLeana, I. Nevisonc, G.
Bertinb, and T. Acamovic*a, aSAC, bAlltech, cBioSS.

Enzyme supplementation of wheat-based diets for poultry can be variably
effective in improving performance. The variability in efficacy may be due
to the variation in dietary constituents and their nutritional quality, as
well as the concentration or activity of the enzyme added to the diet.
The results of two studies where male and female Ross broiler chickens
(8,880) were fed starter, grower and finisher diets throughout a 42-day
growing period. The diets contained at least 500 g/kg of wheat, and
were supplemented with beta xylanase (Allzyme PT, EC No. 14, endo-
1,4-beta-xylanase; EC 3.2.1.8) at activities approximating 0, 300 and 600
xylanase units (XU) per kg of diet. The data obtained from the two inde-
pendent studies were statistically analysed using meta-analysis methods.
Overall for the 42-day study periods, there was a decline (P<0.05) in
intake with enzyme supplementation. The observed intake for males was
reduced by about 2.0% but there was no apparent effect on intake for fe-
males. There is no evidence that enzyme treatment influenced (P>0.05)
weight or weight gain in birds over the 42-day study periods. Supplemen-
tation with beta-xylanase reduced (P<0.001) FCR over the 42-day study
periods by 1.7%. Supplementation with enzyme reduced (P<0.05) faecal
viscosity, which was low, but improved (P<0.002) litter quality. Supple-
mentation of broiler diets, high in wheat, with beta-xylanase consistently
improved broiler performance.

Key Words: Wheat, Xylanase, FCR

166 Effect of cage density and dietary metabolizable
energy level on production parameters of laying hens. M. A.
Jalal*, S. E. Scheideler, and D. Marx, University of Nebraska-Lincoln.

A study was conducted to assess the effects of varying cage densities
on a commercial laying hen strain aged 20 weeks fed differing levels of
dietary metabolizable energy (ME) for 15 weeks.. Four cage densities
(342, 413, 516, and 690 cm2/hen) were combined with three dietary ME
levels (2,800, 2,850, and 2,900 kcal ME/kg diet) in a 4 x 3 factorial ar-
rangement. Each treatment was allotted 6 replicate cages for a total of 72
cages in randomized complete block design. Data was analyzed using the
proc mixed procedure and repeated measured analysis of SAS

r

. Feed in-
take and metabolizable energy intake (MEI) were significantly (P≤0.01)
greater for hens housed at 690 cm2/hen compared to those housed at 413
and 342 cm2/hen, but not those housed at 516 cm2/hen, across all dietary
ME levels. Egg production and egg mass were significantly (P≤ 0.001)
improved for hens housed at 690 cm2/ hen in contrast to other densities
and across all energy levels. Hens housed at 516 cm2/hen and fed low ME
diet exhibited the greatest weight gain which was significantly (P≤0.05)
greater than those fed other levels of ME at the same cage density. Hens
fed the intermediate level of ME had greater body weight gain (P≤0.05)
than those fed high and low ME when housed at 413 cm2/hen while body
weight gain was highest for those fed high ME at 342 cm2/hen. Hens fed
the high ME had significantly (P≤0.001) greater ME digestibility com-
pared to those fed intermediate and low levels with differences of 107 and
118 kcal ME/kg, respectively. There were no significant treatment effects

on egg weight, hen weight, or maintenance energy intake. It is evident
that decreasing number of birds per pen and increasing cage space per
bird had a positive overall effect on performance. Cage density signif-
icantly affected production parameters such as feed intake, ME intake,
egg production, and egg mass. There was no interaction effect of ME lev-
els on laying hen performance at varying cage densities except for body
weight gain.

Key Words: Cage Density, Metabolizable Energy, Laying Hen

167 Arginine needs of female broilers from 21 to 35
days of age. A. Corzo*a, J. P. Thaxtona, S. L. Brantonb, and M. T.
Kidda, aMississippi State University, Mississippi State, bUnited States
Department of Agriculture, Mississippi State, MS.

A study was conducted to evaluate Arg needs of female broilers from
21 to 35 d of age. A total of 576 Ross x Ross 508 d-old female chicks
were obtained from a commercial hatchery, and randomly allocated in 48
floor pens of an open sided house (12 broilers/pen). Birds were provided
common diets from placement until 21 d of age. From 21 to 35 d of age
birds were fed a corn, soybean meal, and corn gluten meal diet (19% CP,
3150 Kcal/kg ME and 1.05% Lys) to which seven arginine levels from
0.95 progressively increasing by 0.10% up to 1.55%. A diet resembling
industry guidelines served as a control group (1.35% Arg). Statistical
analysis involved analysis of variance and quadratic regressions (95% of
the asymptote) to estimate an optimum dietary Arg level whenever a
quadratic response was detected. No Arg effect or significant quadratic
response was observed for BW gain, feed consumption, feed conversion,
or mortality. Arginine supplementation did not impact plasma nitric
oxide levels. However, within all response criteria none of the Arg titra-
tion treatments differed from the control diet suggesting that no Arg
deficiency was accomplished with the basal diet. Perhaps the favorable
environmental conditions experienced throughout the study enabled high
feed consumption, in turn satisfying cumulative needs for dietary Arg for
all dietary treatments. Furthermore, a favorable environment may have
reduced immune responsiveness, thus Arg need for this function.

Key Words: Amino acids, Arginine, live performance

168 Threonine need of female broilers from 30 to 42
days of age. A. Corzo*a, M. T. Kidda, S. L. Brantonb, and B. J.
Kerrc, aMississippi State University, Mississippi State, bUnited States
Department of Agriculture, Mississippi State, MS, cUnited States De-
partment of Agriculture, Ames, IA.

A study was conducted to evaluate Thr responses in female broilers from
30 to 42 d of age. Commercial Ross x Ross 508 females were randomly
placed into battery cages. The test diet was based on corn, soybean meal,
and peanut meal, and formulated to provide 0.55% (0.47% digestible) and
1.05% (0.94% digestible) of Lys and Thr, respectively; progressive incre-
ments of 0.05% Thr as achieved by adding L-Thr at the expense of a filler
created the experimental diets, up to 0.80% Thr. A conventional-type
control diet (0.70% total Thr) served as a control group. Performance of
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birds fed the control diet was similar (P > 0.05) to the titration diet con-
taining equal amounts of Thr (0.70%), thus validating the titration diet
as adequate to support growth. Deficiency effects of Thr were seen for
most variables with birds fed the lowest Thr level (P < 0.05). Quadratic
responses showed an optimization of dietary Thr for BW and feed con-
version (95% of the asymptote) at 0.69% (0.61% digestible) and 0.71%
(0.63% digestible), respectively. Carcass as well as breast meat improved
in a linear manner with increasing dietary Thr (P < 0.05). Plasma Thr
exhibited a linear response. However, the response displayed a drastic
increase in plasma Thr near those dietary Thr levels found to be ade-
quate for BW gain and feed conversion. Threonine response estimates
obtained in present experimentation are in agreement with current NRC
(1994) recommendations. In conclusion, the total and digestible Thr need
for 30 to 42 d-old Ross 508 female broilers is at least 0.69 and 0.61%,
respectively.

Key Words: Amino acids, Broiler, Threonine

169 Influence of a multi-enzyme phase feeding on
performance of commercial broilers. K. Taherpour*a, A.
Kamyaba, M. Moradia, M. Mohammadzadeha, and A. Bahramib,
aUniversity of Tehran, bIlam University.

In a randomized design trial, the effect of adding a multi-enzyme (ME)
to a wheat and barley (W+B) diet on performance was studied using
1125 day old broilers. Five replicate groups of 25 birds were assigned to
each of nine treatments. The isocaloric and isonitrogeneous treatments
consisted of: 1) W+B diet supplemented with the ME from day 0 to 7, 2)
same as 1, but the ME was supplemented to 14-d, 3) same as 1, but the
ME supplemented to 21-d, 4) same as 1, but the ME was supplemented
to 28-d, 5) same as 1, but the ME was supplemented to 35-d, 6) same
as 1, but the ME was supplemented to 42-d, 7) same as 1, but ME was
supplemented to 49-d, 8) as one, but no ME added, and 9) corn and soy
diet. Water and mash diets (0 to 28 and 29 to 49-d) were provided ad-lib
throughout the study. Body weight and feed intakes were taken weekly
on a pen basis and the litter samples form each pen were taken only on
day 49. Mortality and cull birds were weighed and recorded daily. Birds
fed the corn-soy diet showed higher body weight trough out the study
followed by treatment 7, but this difference was only statistically signif-
icant compared with treatments1, 2 and 8 (P<0.05). There was clearly
a linear response to the weight gain in response to the ME addition over
the time. However, feed efficiency was not improved over the time of
ME supplemented diets. Birds that received diet 4 had better feed effi-
ciency (1.86) than the treatments 9, 8, 2 and 1 (P<0.05). Contrary to
our expectation FE was slightly better for the treatment 4 than 7, but
this was not statistically significant (P>.05). As expected, birds which
fed diet 8 had poorest feed efficiency (2.02) and highest mortality than
all other treatments (P<0.05). The litter pH was lowest for treatment 7
and highest in treatment 9. The pH content of the litter was reduced in
response to enzyme addition over time. The litter moisture was lowest
in treatment 7 and as anticipated highest for treatment 8. In conclusion,
our finding suggests that more research is needed to learn how to maxi-
mize the beneficial and economical effects of enzymes, over the inclusion
time, in broiler performance.

Key Words: Multi-Enzyme, Performance, Wheat and Barley

170 Influence of a multi-enzyme supplementation
over time on organ size and carcass quality of broilers.
A. Kamyaba, K. Taherpour*a, M. shivazada, M. Moradia, and M.
Mohammadzadeha, aUniversity of Tehran, bIlam University.

Extensive research has been conducted to establish enzymes effect on
broiler performance, carcass quality, organ size, and several other pa-
rameters. In general, all researchers have used enzymes throughout their
experimental period. Our objective was to investigate the effects of sup-
plementing a wheat and barley basal diet with an enzyme complex over
a period of time on digestive organs and carcass quality of broilers grown
to 49-d. In a randomized block design, mixed sex day old chicks were
randomly assigned in forty floor pens. Each treatment was replicated
5 times with 25 birds. Treatments 1 to 7 supplemented with the en-
zyme in weekly intervals, from 0 to 49d, and treatment 8 had no enzyme
supplementation at any growing period. The measured factors were in-
cidence of pasting vent at days 7 and 49, digestive organs, and carcass
quality at day 49. At this age, three birds per replicate were selected
and killed to determine organ weight and carcass quality relative to the
body weight. Our findings showed that, enzyme supplementation over

time improved carcass quality by reducing abdominal fat and increas-
ing protein accretion on breast and thigh. Birds grown on treatment
7 had least abdominal fat and highest breast and thigh weight. These
differences were statistically significant compared with treatment 1 and
8 (P<0.05). Likewise, dietary treatment 7 resulted in less dry matter in
both breast and thigh. The measured digestive organs such as crop, giz-
zard, small intestine and pancreas showed heavier weight as the enzyme
supplementation period reduced. These differences were statistically sig-
nificant in treatment 8 compared with treatments 1 and 2 (P<0.05). No
significant vent pasting was detected among the treatments with enzyme
supplement, but birds on treatment 8 had significantly (P<0.05) higher
incidence compared to others. It is concluded that enzyme supplemen-
tation as low as 7 days will reduce pasting vent and improves carcass
quality. Therefore, it is suggested that more research work might be
necessary to answer the question if we really need to supplement broiler
diets with exogenous enzymes during the entire growing period.

Key Words: Carcass Quality, Digestive Tract, Wheat and Barley

171 Effects of feed form on total sulfur amino acid
needs of broilers from 15 to 30 days of age. M. W.
Greenwood*a, K. R. Cramera, P. M. Clarkb, and R. S. Beyera,
aAnimal Science and Industry-Kansas State University, bGrain Science
and Industry-Kansas State University.

Feeding diets of good pellet quality is considered to reduce energy expen-
diture during meal consumption, thus improving the productive energy
value of a diet. Past research has indicated that birds fed pelleted di-
ets have increased lysine needs compared to mash-fed birds. Therefore,
an experiment was conducted to determine the effects of feed form on
dietary total sulfur amino acids (TSAA) levels necessary for maximum
body weight gain (BWG) and feed efficiency (FE) of broilers from 15-30
d. Male broiler chicks (Cobb 500) were provided a nutritionally adequate
diet (1400 kcal ME/lb and 22.7% CP) from 0-15 d. Subsequently, a corn,
soybean meal, and fish meal-based diet (1420 kcal ME/lb and 19.7%
CP) was formulated on a total AA basis to obtain a methionine-deficient
diet. Total essential AAs provided were obtained from a composite of
reported data. A 2x5 factorial treatment arrangement was achieved by
feeding diets in two forms (mash and steam-conditioned pellets) with
five levels of dietary TSAA (0.63, 0.68, 0.73, 0.78, 0.83%). Six pens
of 25 chicks were fed each dietary treatment. Mean body weight and
feed consumption were obtained at 15 and 30 d. No significant interac-
tions (P>0.05) were observed at any parameter. Feeding pelleted diets
resulted in increased BWG (P<.0001), average feed intake (P<.0001),
and FE (P<.0001), compared with mash-fed birds. No significant im-
provement in BWG or FE was observed by feeding dietary TSAA levels
greater than the 0.68% and 0.78%, respectively. Birds fed pelleted di-
ets consumed more TSAA (P<.0001) than mash-fed birds, yet pellet-fed
birds were more efficient in their conversion of TSAA into weight gain
(P<.0001). Data suggests that feed form may be a factor affecting the
utilization of TSAA in growing broilers.

Key Words: Broiler, Feed Form, TSAA

172 Effects of feed form on lysine and dietary en-
ergy needs of broilers from 14 to 30 days of age. M.
W. Greenwood*a, K. R. Cramera, P. M. Clarkb, and R. S. Beyera,
aAnimal Science and Industry-Kansas State University, bGrain Science
and Industry-Kansas State University.

An experiment was conducted to evaluate the effects of feed form on ly-
sine and dietary energy levels necessary for maximum weight gain (BWG)
and feed efficiency (FE) of male broilers from 14 to 30 d, and to determine
if birds realize a benefit in productive energy from consuming pelleted di-
ets. A 2 x 3 x 2 factorial treatment arrangement was achieved by feeding
diets in two forms (mash and steam-conditioned pellets) with three levels
of digestible lysine (0.85, 0.95, and 1.05 % of the diet) and two dietary
energy levels (1383 and 1451 kcal ME/lb). Male broiler chicks (Cobb
500) were provided a nutritionally adequate diet (1400 kcal ME/lb and
22.7% CP) from 0-14 d. Four pens of 32 birds were fed each dietary treat-
ment. Mean body weights and feed consumption were obtained at 14 and
30 d. Average feed intake (AFI) was used to calculate lysine conversion
ratio and calories consumed per bird. Pellet-fed birds consumed signif-
icantly less digestible lysine (P=0.0061) to achieve the same amount of
body weight gain as the mash fed birds. A significant feed form x lysine
interaction (P=0.0188) was noted for BWG. Pellet-fed birds exhibited a
linear increase in BWG with increasing lysine concentrations, while mash
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fed birds did not display a growth response at digestible lysine levels
greater than 0.85%. Birds fed 1451 kcal ME/lb diets had greater BWG
(P=0.006) than those fed 1383 kcal diets. No difference in AFI or FE was
observed for birds fed the 1383 kcal ME/lb pelleted diets and those fed
the 1451 kcal ME/lb mash diets. Birds fed pelleted diets converted ly-
sine to weight gain more efficiently (P<.0001) than mash fed birds. Feed
form had no affect on AFI. These findings suggest that benefits obtained
with pelleted diets may be the result of reduced energy expenditure dur-
ing meal consumption, indicating that feed form may influence perceived
nutrient needs of birds.

Key Words: Lysine, Dietary Energy, Feed Form

173 Effect of dietary supplementation of endoxy-
lanases and phospholipase on gut size and digesta viscosity
of turkeys fed wheat-based rations. A. A. Santos Jr.* and P. R.
Ferket, Dept. of Poultry Science, NC State University.

Dietary non-starch polysaccharides (NSP) and enzyme supplementation
may influence growth performance of birds by affecting the intestinal
tract physiology. Day-old Nicholas toms were fed wheat-based diets con-
taining one of 4 enzyme treatments: unsupplemented control (C), 150 mg
Natugrain Blend/kg (NB), 100 mg Lyxasan/kg (LX), and 50 mg Phos-
pholipase/kg (PL) (BASF AG, Germany). The source of NB is from
Trichoderma longibrachiatum fermentation with endoxylanase content
of ≥5,500 EXU/g. LX is from a strain of Aspergillus niger engineered to
have a high rate of endoxylanase production containing ≥5,500 EXU/g.
The PL product contained ≥500 U phospholipase/g. Each treatment
group was assigned to 2 pens with 12 birds each. Eight birds/treatment
were weighed, euthanised, ileum digesta viscosity were measured, and
weights and length of each intestinal section were recorded (56 d). Gut
weights and lengths were calculated relative to BW. In comparison to
C and PL, the endoxylanase treatments (LX and NB) decreased rela-
tive duodenum, jejunum and ileum lengths (9.6 vs 8.7, 18.1 vs 16.3,
22.6 vs 19.4 cm/kg, respectively; P<0.05) and weights (8.8 vs 7.9, 11.3
vs 10.3, 8.6 vs 6.7, respectively; P<0.05). Digesta viscosity was sig-
nificantly higher for PL than the other treatments (13.5 vs 7.07 cP,
P<0.001). There were positive correlations between total relative gut
weight and length with viscosity (r= 0.3, P<0.05), but negative corre-
lation with BW (r= -0.5, P<0.001). Endoxylanase treatments had the
lowest relative gut length and weight along with the lowest ileum digesta
viscosities, but higher BW. No differences observed in relative intestinal
muscularis and mucosal among the dietary treatments. Enlargement of
the digestive organs may compromise lean tissue growth, because more
dietary resources are partitioned towards maintenance requirements of
enteric tissues. Dietary endoxylanase supplementation of wheat-based
diets provides positive effect on the viscosity, intestinal size and perfor-
mance of turkeys.

Key Words: Wheat, Enzyme, Turkey

174 Efficacy of a novel phytase in improving phytate
phosphorus utilization by broilers grown to market weight.
D. R. Ledoux*a, J. N. Broomheada, and M. R. Bedfordb, aUniversity
of Missouri, Columbia, bZymetrics, Wiltshire, United Kingdom.

A 42-day floor pen study was conducted to determine the efficacy of a
novel phytase in improving phytate phosphorus utilization. A completely
randomized design was used with 5 replicate pens of 25 male broilers as-
signed to each of 6 dietary treatments. Dietary treatments fed from day
of hatch to 21 days included: (1) an NRC positive control diet (0.45
(npP) and 1
Ca); (3) as diet 2 plus 156 U phytase/kg diet; (4) as diet 2 plus 625 U
phytase/kg diet; (5) as diet 2 plus 2500 U phytase/kg diet; and (6) as
diet 2 plus 10000 U phytase/kg diet. From day 21 to 42, the npP and
Ca levels were reduced by 0.1
2-6. Feed intake, body weight gain, feed conversion, and percent tibia
ash were all affected by dietary treatments (P < .005). Compared with
birds fed other dietary treatments (1, 4-6) birds fed diets 2 and 3 con-
sumed less feed, gained less weight, had poorer feed conversions, and had
a lower percent tibia ash. Birds fed diet 6 consumed more feed (4369 vs
4159 g), gained more weight (2709 vs 2558 g), and had a higher percent
tibia ash (46.34 vs 45.07
and 7
the novel phytase was effective in improving phytate P utilization, and

at the highest inclusion level improved growth performance above that
of the positive control diet.

Key Words: Phytase, Broilers, Floor Pens

175 Blood and liver glutathione redox status in
heat-stressed broiler chickens fed organic selenium. K. Z.
Mahmoudb and F. W. Edens*a, aNorth Carolina State University, Col-
lege of Agriculture & Life Sciences, Department of Poultry Science,
Raleigh, bJordan University of Science & Technology, Irbid, Jordan.

Selenium is an essential trace element that regulates the glutathione
(GSH)/glutathione peroxidase (GSH-px) system, a major component of
the antioxidant defense mechanism. The GSH/GSH-px system functions
to reduce reactive oxygen and nitrogen substances produced in response
to oxidative stress that can be induced by stressors such as high tem-
perature. In this investigation broiler males were fed from hatch to six
weeks of age diets with either no supplemental selenium, sodium selenite
(0.2 ppm), or organic selenium (0.2 ppm, Sel-Plex, Alltech, Inc.). At
6 wk of age, birds in each group were divided into thermoneutral (24
C) and acute heat distress (35 C for 3 hr) groups. At the end of the
3 hr exposure period, blood and liver samples were collected for assay
for GSH-px, glutathione (GSH-reduced and GSSG-oxidized), glutathione
reductase (GR), glucose-6-phosphodehydrogenase (G-6-PDH), and heat
shock protein 70 (hsp70). Data were analyzed using the general linear
models procedure of SAS. Organic selenium elevated GSH-px activity in
blood and liver in thermoneutral and heat distress groups. The ability
to reduce GSSG to 2 GSH was enhanced and facilitated by maintenance
of GR activity in organic-selenium fed broilers. Organic selenium-fed
chickens were less affected by heat distress than selenite-fed chickens as
assessed by less hsp70 induction. The hsp70 response is induced in ani-
mal models where there is a deficit in the selenium dependent antioxidant
system. The results show that heat distress can be partially ameliorated
by feeding organic selenium.

Key Words: Organic Selenium, Stress, Antioxidant

176 Effect of dietary copper chloride on inflamma-
tory responses of broiler chicks. A. Amato* and E. A. Koutsos,
Animal Science Dept. California Polytechnic State University San Luis
Obispo CA.

To determine the effect of dietary copper chloride (CuCl) on the inflam-
matory responses of broiler chicks, an experiment was designed with a
completely randomized arrangement of 4 dietary treatments. Diets con-
sisted of 95, 125, 156, and 188 ppm Cu as copper chloride (Micronutri-
ents, TBCC

r

, Indianapolis, IN). Diets were fed to broiler chicks (Cobb
x Cobb, n=20 chicks/pen, 4 pens/diet) from day of hatch to 3 weeks of
age. At 3 weeks of age, birds within a pen were randomly assigned to 1 of
2 treatments; half of the birds per pen were vaccinated with lipopolysac-
charide (LPS, 1 mg/kg, intra-abdominally) and half were not injected
(Control). Liver, plasma and peripheral blood macrophages were iso-
lated at 16 h post-treatment. Results demonstrate no significant effect of
CuCl dose on weekly body weight (bw) (P>0.2 for all dates). However,
LPS vaccination significantly reduced day 21 bw versus Control birds
(P<0.01). After isolation on a density gradient and adherence, peripheral
blood macrophage numbers were significantly greater when chicks were
fed 188 ppm CuCl compared to those fed 156 ppm (P<0.05), but were
not different from chicks fed 95 or 125 ppm. Additionally, CuCl dose sig-
nificantly affected macrophage nitric oxide (NO) production (P<0.01).
Specifically, macrophage NO production following LPS stimulation in
vitro was increased in chicks fed 188 ppm CuCl compared to those fed
156 ppm (P<0.05), but not those fed 95 or 125 ppm CuCl. The effect
on macrophage NO production seems to be related to macrophage num-
ber, since standardization of macrophage NO production to macrophage
number removes the diet effect (P>0.2). The most notable finding of
this study is that TBCC affected peripheral macrophage numbers, and
further research is warranted to examine this mechanism.

Key Words: Nutrition, Copper, Macrophage
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177 Effects of different levels of crude protein and
lysine on performance and nitrogen excretion of the com-
mercial laying hens.. D. E. Faria*a, M. F. Rizzoa, B. J. Depontia,
L. G. Rombolaa, F. H. Silvaa, L. F. Araujoa, and O. M. Junqueirab,
aUniversidade de São Paulo (FZEA/USP), bUniversidade Estadual
Paulista (FCAV/UNESP).

According to NRC (1994), dietary requirements for protein are actually
requirements for the amino acids contained in the dietary protein. The
reduction of the protein content of layers diets has been the purpose of
the several studies, mainly for ecological and economical reasons. An
experiment was carried out to evaluate the effects of different levels of
crude protein (CP) and lysine (Lys) on performance and nitrogen excre-
tion of the laying hens. A total of 160 Hisex White commercial laying
hens, 51 weeks of age, were used in this study. The experimental design
was a completely ramdomized in a factorial arrangement 4 x 2: CP lev-
els (12%, 14%, 16%, and 18%), and Lys levels (0.85%, and 1.0%) with
five replicates of four hens each. The experimental diets were isocaloric
(2,750 kcal of ME/kg) and supplemental synthetic amino acids such as
L-isoleucine, L-valine, L-arginine, L-tryptophan, and L-threonine were
added to ensure adequate levels of these amino acids. There were no in-
teractions between the factors studied. Egg production, consumption of
feed, lysine, and energy were not influenced by CP levels. The daily in-
take of CP increased as the CP content of the diet increased. Egg weight,
egg mass, and feed conversion were impaired when the hens were fed diets
containing 12% CP (13.18 g CP/hen/day). The nitrogen consumption
and excretion were related to its content in the diets. The efficiency of
nitrogen utilization was better (54%) for hens fed diets with 12% CP
than hens fed diets with 18% CP (39%). The results indicate that there
is a great potential for reducing nitrogen excretion of the laying hens.

Key Words: Egg Mass, Fecal Nitrogen, Nitrogen Excretion

178 Effect of non-phytin phosphorus and phytase on
total and water soluble phosphorus in broiler, turkey and
swine excreta. N. M. Tamim*a, R. Angela, T. J. Applegateb, W.
J. Powersc, and M. Christmana, aUniversity of Maryland, bPurdue Uni-
versity, cIowa State University.

Four experiments (Exp), broiler (2), turkey (1) and swine (1), were con-
ducted to study the effect of non phytin phosphorus (nPP) and phytase
supplementation on total P (tP) and water soluble P (WSP) in excreta,
and to determine what changes occur in the animal and after excretion.
The experimental diets tested in the broiler studies were: NRC nPP re-
quirement (NRC), NRC with phytase (NRC+Phy), reduced nPP (RED),
RED with phytase (RED+Phy). For the turkey and swine studies the
diets included, NRC, RED and RED+Phy. For each experiment, exc-
reta from individual pens were collected immediately following excretion
and placed on ice until enough had been collected, then subdivided into
three aliquots to be subjected to one of three treatments: 1) boiled,
antibiotic added (containing gentamicin, penicillin, streptomycin, and
amphotericin), then frozen in liquid N; 2) boiled, antibiotic added, in-
cubated at 37 ◦C for 72 h, then frozen; 3) incubated at 37 C for 72 h,
then boiled, antibiotic added, and frozen. Samples were freeze dried, and
analyzed for tP and WSP. For the first broiler Exp reducing nPP level
from 0.37% (NRC) to 0.2% (REDU) resulted in lower (P<0.05) excreta
tP, WSP, and WSP to tP ratio (1.13 to 0.83%, 0.53 to 0.27% and 47.5
to 32.8%, respectively). Phytase supplementation, when added to a diet
that was low in nPP resulted in a reduction (P<0.05) in tP, WSP and
WSP to tP ratio (0.76, 0.06, 8.46%, respectively) as compared to those
from excreta from birds fed to NRC nPP level with phytase (1.12, 0.39,
and 34.66%, respectively). Upon excretion, feeding NRC treatments re-
sulted in higher (P<0.05) tP, WSP and WSP to tP ratio than feeding
RED treatments, irrespective of phytase addition. However, when exc-
reta were incubated for 72 hr, WSP increased in all dietary treatments,
irrespective of phytase addition such that WSP to tP ratio was not dif-
ferent among treatments. Addition of antibiotics to the excreta prior to
incubation prevented the increase in WSP and thus an increase in the
ratio of WSP to tP. Similar results were observed in the turkey and swine
Exp. These data indicate that when phytase is added correctly to diets,
along with reduction in nPP levels, there is no effect on WSP to tP ratio,
and that the increase in this ratio sometimes reported in the literature
could be a function of microbial activity solubilizing tP in the excreta
and not due to phytase addition.

Key Words: Water Soluble Phosphorus, Total Phosphorus, Excreta

179 Phytase and water soluble phosphorus in layer
manure. M. M. Bryant*, S. Sohail, and D. A. Roland, Sr., Auburn
University.

Phytase is used in poultry feed to free phytate phosphorus in plant mate-
rial allowing the reduction of added inorganic phosphorus. This is done
in an effort to reduce P pollution. A study was conducted to see what
effect the use of phytate has on total and water soluble P in layer manure.
Hyline W36 hens (120) were divided into groups of 15 and housed 3 per
cage and fed one of two commercial layer diets that were iso-nitrogenous
and iso-caloric . Diet one was formulated with .4% available phosphorus
(AP) and diet two with .3% AP plus phytase. Diets were fed for 10 days
before manure was collected. Manure was sampled fresh then allowed
to air dry for 42 days and re-sampled. Manure samples were tested for
total phosphorus (TP) and water soluble phosphorus (SP). Fresh ma-
nure from hens fed diets containing phytase had less TP (23.51 g/Kg vs.
20.68 g/Kg) than fresh manure from hens fed the feed without phytase,
but more SP than hens fed no phytase (4.01 g/Kg vs. 5.38 g/Kg). The
air dried manure from hens fed the phytase feed also had less TP (25.19
g/Kg vs 19.81 g/Kg), but the hens fed no phytase had more SP (4.04
g/Kg vs. 2.90 g/Kg). These results suggest that SP in manure may be
influenced by dietary phytase and storage.

Key Words: Phytase, Phosphorus, Manure

180 Determining the equivalent inorganic phospho-
rus released by phytase in broiler chicks. S. A. Adedokun*a,
J. S. Sandsb, and L. Adeolaa, aDepartment of Animal Sciences, Purdue
University, West Lafayette, IN, bDanisco Animal Nutrition Marlborough,
Wiltshire, United Kingdom, SN8 1XN, cDepartment of Animal Sciences,
Purdue University, West Lafayette, IN.

Seven day-old male Ross 308 broiler chicks were used in a 14-d experiment
to determine the equivalency value of a new phytase using corn-soybean
meal based diets. The experimental diets consisted of positive control
(PC) or negative control (NC) diets which were formulated to contain
0.50 or 0.12 % non-phytate phosphorus, respectively, with a total P of
0.77 or 0.39 %, respectively. Their respective calcium contents were 1.00
or 0.76 %. The test diets were formulated by the addition of monosodium
phosphate (MSP; analyzed to contain 22.4 % P) to the NC diet to supply
0.5, 1.0, or 1.5 g of P / kg diet while phytase was added to the NC diet
at 500 U or 1000 U / kg of diet at the expense of corn starch. Each
diet was randomly assigned to 8 cages of 4 birds each. Body weight gain
(BWG) showed both linear and quadratic increase (P < 0.05) with in-
creasing level of dietary P or phytase supplementation (450 to 656 or
603 g, respectively). Feed efficiency (g BWG / g feed intake) increased
linearly (P < 0.05) with increase in P or phytase supplementation and
quadratic effect to increasing level of phytase (P < 0.05) supplemen-
tation (0.699 to 0.793 or 0.758 g, respectively). Percent tibia and toe
ash increased linearly (P < 0.05) in response to supplemental P from
MSP or phytase supplementation (37.7 and 8 to 47.9 and 10.9 or 45.2
and 10, respectively). Phosphorus and nitrogen digestibility in the exc-
reta showed linear increase (P < 0.05) with increase in P and phytase
supplementation and quadratic response (P < 0.05) to phytase. Supple-
mental phytase-derived P release estimated by solving linear regression
equations of percent tibia or toe ash against P and phytase levels gave P
equivalency values of 0.96 g (tibia ash), or 1.01 g (toe ash) for 1,000 units
of this new phytase. The results of this study show that this phytase is
efficacious in hydrolysis of phytate P for bone mineralization and growth
of broiler chcicks.

Key Words: Chicks, Phosphorus, Phytase

181 Evaluation of yellow and red xanthophylls ex-
tracted from Tagetes erectus (Marigold flower) and Cap-
sicum sp (Red pepper paprika) as pigments for egg-yolks
compare with synthetic pigments. E. Santos-Bocanegraa,b, X.
Ospina-Osorioa,b, and E. Oviedo-Rondón*c, aBioVet Colombia, Santafé
de Bogotá D.C., Colombia, bUniversidad del Tolima, Ibagué, Tolima,
Colombia, cStephen F. Austin State University, Nacogdoches, TX.

The tendency to use organic products instead of chemical compounds
in feed includes the utilization of natural pigments. Two experiments
were accomplished with the objective of comparing the efficacy of xan-
thophylls or carotenoids at different concentrations to enhance the yellow
color of chicken egg yolk. Yellow and red xanthophylls extracted from
Tagetes erectus and Capsicum sp were evaluated in comparison with
the synthetic citranaxantin and ester of β-apo-8-carotenoic ethyl ester
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pigments. In each trial brown laying hens were placed in cages. After
seven days of feeding a sorghum-soybean diet without pigments, the yolk
eggs were classified with the Roche and BASF color spectrum scale fan,
or Minolta refractometer. No egg yolk resulted in a Roche scale value
higher than 7. In the first experiment, a total of 100 hens were later as-
signed to five different treatments consisting in the same basal diet with
addition of natural xanthophylls, and three concentrations of carotenoid
pigments. In the second experiment, 168 hens were randomly distributed
in a total of 10 treatments of synthetic pigments, natural xanthophylls
and semisynthetic carotenoids. In both experiments, after four weeks
of feeding experimental diets, the egg yolk colors were evaluated by the
same methodologies a total of 10 different times every other day or twice
a week. Results indicated that performance was not affected by any of
the treatments, but the egg yolk color changed significantly according to
the pigment used. Hens fed with Tagetes-Capsicum had 100% of yolk
eggs classified as color 11. Carotenoids gave a yolk color that varies from
13 (86%) to 14 (14%) in the higher concentration, and from 12 (5%) to
14 (43%) at the lowest concentration. Uniformity in the product could
be an important quality factor in egg market retention. Acceptability of
egg yolk colors can change from market to market, but values of color
between 11 and 13 are considered acceptable in most of South American
countries.

Key Words: Natural Pigments, Egg-Yolk Color, Xanthophylls and
Carotenoids

182 Preoxidant activity on phytase between copper
sulfate and tribasic copper chloride. Z. Liu*, M. M. Bryant, and
D. A. Roland, Sr., Auburn University.

Two experiments were conducted to study Cu sulfate (CuSO4 5H2O) and
tribasic Cu chloride (TBCC) (Cu2(OH)3Cl) as sources of supplemental
Cu for layers. In Experiment 1, 1560 W-36 first cycle (Phase I) hens
were randomly divided into 13 groups and fed a basal corn-soybean diet
or a basal diet supplemented with 0, 65, 130, 195, 260, 325, 390 ppm
Cu from either Cu sulfate or TBCC for 16 weeks. The common inter-
cept multiple linear regression over four Cu levels (65, 130, 195, and 260
ppm) indicated the bioavailability of TBCC relative to Cu sulfate was
134% based on egg weight, and the optimal Cu supplemental level was
195 ppm for TBCC and 260 ppm for Cu sulfate. Over the 16 weeks, there
were no Cu supplemental level effects (P ≥ 0.05) in layers based on feed
intake, egg production, egg mass, feed conversion and body weight, thus
the relative bioavailability and optimal Cu supplemental level was not
obtainable based on these performances. However, when average feed in-
takes during the last four experimental weeks were compared, they were
lower (P ≤ 0.01) for birds fed Cu sulfate than for birds fed TBCC and
basal diets, indicating that Cu sulfate began depressing bird performance
after being fed for 12 weeks, but it was not shown for TBCC at that time.
In Experiment 2, feed samples for both Cu sulfate and TBCC were taken
from the diets in Experiment 1 at concentrations of 0, 195, 390 ppm Cu.
Feed samples were stored at 40◦ C for up to 21 days and samples were
removed at 1-week intervals for analysis of phytase retention. The results
showed the phytase retention in diets with added TBCC was higher (P
≤ 0.10) than that in control diets or in diets with added Cu sulfate. The
results from these two experiments indicate that the bioavailability of
Cu in TBCC is greater than that of Cu in Cu sulfate, and suggest that
TBCC is more effective than Cu sulfate at reducing losses of phytase
activity during feed storage.

Key Words: Bioavailability, Copper, Layer

183 Effect of dietary supplements of 1,4-
diaminobutane (putrescine) on performance of broiler
chicks challenged with an acute dose of coccidia. F. A.
Santoyo*, T. K. Smith, and J. R. Barta, University of Guelph.

The mammalian polyamine, putrescine ( 1,4-diaminobutane, DAB ) has
been shown to play a regulatory role in organismal growth, cellular devel-
opment and division and anabolic processes including synthesis of DNA,
RNA and protein. In a previous study, growth parameters were not sig-
nificantly affected when a dose of 200,000 oocysts per ml per bird was
used. The objective of the present study was to determine the effect
on growth parameters of feeding broiler chicks diets supplemented with
1, 4-diaminobutane and challenged with coccidiosis using iEimeria ac-
ervulina/i with a dose of 1,000,000 oocysts per ml per bird. A total of
one hundred and twenty eight, day-old male broiler chickens were fed a
corn and soybean meal diet for 21 days. Experimental diets were for-
mulated by adding putrescine at 0.0, 0.15, 0.30 and 0.45%. Birds were

housed in four rooms with 8 pens each, with 4 birds/pen (4 diets with 4
pens each for a total of 32 birds/diet/room). On day 11, in each room,
16 birds (4 birds/diet) were inoculated with iEimeria acervulina/iGuelph
strain. At day 17, and at day 21, the end of the experiment, 8 birds per
diet were killed by cervical dislocation. Data were analyzed by ANCOVA
and ANOVA in a two way factorial design. Orthogonal polynomial con-
trasts were used. Increasing dietary putrescine supplementation linearly
decreased growth rate of unchallenged and challenged birds. Feed intake
was reduced in the challenge period. Average daily gain: feed intake ratio
decreased only for challenged birds in the challenge period. There was
no effect of infection or diet on lesion scores. There were decreasing pan-
creas and spleen weights with increasing dietary putrescine in challenge
birds. Liver weight decreased only in unchallenged birds. The infection
certainly did influence growth rate, and feed intake. Average daily gain:
feed intake decreased during the challenge period indicating that these
levels of putrescine supplementation were inadequate to overcome the
protozoal challenge.

Key Words: Putrescine, Broilers, Coccidiosis

184 Influence of added synthetic lysine in low pro-
tein diets with the methionine + cystine/lysine ratio main-
tained at 0.75. Z. Liu*, G. Wu, M. M. Bryant, and D. A. Roland,
Sr., Auburn University.

Two studies were conducted to determine the influence of adding syn-
thetic lysine in low protein diets. The purpose of Experiment 1 was
to determine the correct Met+Cys/Lys ratio in low protein diets. The
objective of Experiment 2 was to determine the influence of adding syn-
thetic lysine in low protein diets with the Met+Cys/Lys ratio maintained
at 0.75. In both experiments, there were eight replicates per treatment
with 15 W-36 first cycle (Phase II) hens per replicate. Experiment 1 had
four Met+Cys/Lys ratios from 0.75 to 0.90, and Experiment 2 was a 2
4 factorial trial with two protein levels (approximate 14.3% and 13.6%)
and four add synthetic lysine levels (0.000, 0.025, 0.050, and 0.075%).
The results of Experiment 1 showed no differences (P ≥ 0.05) in per-
formances among four Met+Cys/Lys ratios from 0.75 to 0.90, indicating
that a Met+Cys/Lys ratio of 0.75 was adequate. The results of Ex-
periment 2 showed that effect (P ≤ 0.05) of added synthetic lysine was
obtained for feed consumption, egg production, egg mass and egg weight
at 13.6% protein level, and effect (P ≤ 0.05) of added lysine was obtained
for feed conversion at 14.3% protein level, indicating that the quality of
low protein diets can be significantly improved by added lysine when the
Met+Cys/Lys ratio is maintained at 0.75.

Key Words: Layers, Lysine, Methionine

185 The effect of added Phytase on the content and
excretion of Ca, Mg, Cu and Zn in excreta of laying hens
fed two levels of available Phosphorus and crude protein.
S. Muji*a, M. Kamberia, R. Bakallia,b, G. Pestib, R. Kastratia, N.
Mestania, and X. Elezia, aUniversity of Prishtina, bUniversity of Geor-
gia.

Phytase [myo-inositol 1,2,3,5/4,6-hexakis (dihydrogen phosphate)] is a
polyanionic species that under appropriate conditions may complex with
several nutritionally important elements including minerals. In this study
two experiments were conducted to determine the effects of adding phy-
tase (Natuphos BASF) to corn-soybean laying hen diets for 8 weeks with
different crude protein (CP) and available phosphorus (AP) levels on Ca,
Mg, Cu and Zn in excreta. In the first experiment 144 Hisex Brown hens
were fed two levels of AP (0.12% and 0.46 %) and two levels of phy-
tase (0, and 600 FTU/kg), in the second experiment the same number
of hens were fed two levels of CP (14% and 17%) and two phytase lev-
els (0 and 600 FTU/kg). In both experiments there were no significant
effect of added phytase on the Ca level in the excreta. In experiment
2. supplemental phytase resulted in significantly lower levels of Mg in
excreta (3.54±0.19a, 2.48±0.14c, 3.13±0.03b, 2.75±0.07c % for hens fed
14% CP - phytase, 14% CP + phytase, 17% CP - phytase, and 17% CP
+ phytase, respectively). Supplemental phytase significantly decreased
the level of Mg in excreta expressed as a gram of Mg per kg of eggs
produced, in Experiment 1: (18.30±2.93a, 10.42±0.15b, 11.70±0.68b,
11.70±1.92b g Mg/ kg egg mass, for hens fed 0.12% AP - phytase, 0.12%
AP + phytase, 0.46% AP - phytase , and 0.46% AP + phytase, respec-
tively) and in Experiment 2. (21.43±1.59a, 12.47±0.76c, 16.76±0.38b
and 14.75±0.63bc g/kg egg mass, for hens fed 14% CP - phytase, 14% CP
+ phytase, 17% CP - phytase, and 17% CP + phytase, respectively). The
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most significant effect of added phytase observed in both experiments was
excreta Zn (387±15.92a, 338.54±8.90b, 402.08±8.33a, and 353.54±3.61b
in Experiment 1, and 438.96±5.66a, 369.17±21.81b, 434.38±8.49a and
374.58±10.53b mg Zn/kg of dry excreta in Experiment 2, respectively).
Similar results were observed in excreta Cu content in Experiment 1:
supplemental phytase insignificantly decreased the level of excreta Cu
in (38.11±0.74a, 28.64±1.31b, 37.7±0.78a and 29.19±1.28b mg/kg exc-
reta, respectively) while the excretion of Cu expressed in mg per kg of
egg mass was significantly effected in both experiments (45.99±4.73a,
19.79±1.82b, 25.74±0.72b, 21.84±1.27b mg/kg in Experiment 1., and
23.20±1.75a, 15.42±0.83b, 20.24±2.74ab, 15.04±0.68b mg Cu/kg egg
mass in Experiment 2, respectively). Results of these short experiments
indicates that adding 600 FTU to corn soybean meal based layer diets
containing 0.12% AP may decrease the excretion of Mg, Zn and Cu.
Feeding layers with diets containing 14% CP has effects on decreasing of
excretion of Mg, Zn and Cu in the excreta without any adverse effects
on performance of laying hens (data presented earlier).

Key Words: Phytase, Laying Hens, Excreta

186 Dietary formulation with poultry meal based on
a total amino acid versus a digestible amino acid basis. A.
B. Batal and B. S. Lumpkins*, University of Georgia, Department of
Poultry Science.

The digestibility of amino acids (AA) in poultry meal (PM) may vary
greatly due to different processing conditions. Two experiments were
conducted to evaluate the formulation of diets containing PM on a total
AA basis vs. a digestible AA basis compared to a corn-soybean meal
(SBM) diet. True digestibility of AA in the PM, corn, and SBM were
determined using the precision-feeding assay with cecectomized roosters.
In Experiment 1, chicks were fed diets with 0, 5, 10, or 15% PM formu-
lated to meet the total AA requirements recommended by NRC (1994)
or to meet the digestible AA requirements estimated by Baker (1997).
The starter, grower, and finisher diets were formulated to be isocaloric
and isonitrogenous and were fed from 0 to 42 days of age. Weight gain
and feed efficiency of chicks fed 10% or more PM on a total AA basis or a
digestible AA basis were less (P<0.05) than those of chicks fed the corn-
SBM diet. The inclusion of 10% PM depressed breast meat yield when
the diet was formulated on a total AA basis. However, when the diet was
formulated to meet the birds digestible AA requirements levels up to 10%
PM could be fed with no effect on breast meat yield. In Experiment 2,
one week old male chicks were fed diets containing increasing levels of
PM from 10 to 30% that were formulated to meet the total AA require-
ments, to be equivalent in digestible AA to the corn-SBM control, or to
meet the digestible AA requirements. Chicks fed 20 or 30% PM diets
formulated on a total AA basis had significantly lower (P<0.05) weight
gain and feed efficiency than chicks consuming the corn-SBM diet. For-
mulating diets containing 20% PM with equivalent AA digestible as the
corn-SBM yielded similar growth performance, but dietary levels of 30%
PM depressed performance even on a digestible basis. When diets were
formulated to meet the estimated digestible AA requirements levels over
10% PM depressed (P<0.05) performance. These results indicate that
formulation of diets containing PM on a digestible AA basis is superior
to formulation on a total AA basis and that at least 10% PM could be
fed to chicks if the diets are formulated on a digestible AA basis.

Key Words: Poultry Meal, Amino Acid Digestibility, Broiler Chicks

187 Comparing methionine sources using commer-
cial broiler diets in central Mexico. G. Zavala Jr.*a, M. L.
Locatellia, A. Cortezb, E. Avilab, and M. Foratc, aDegussa Mexico, S.
A. de C. V., Mexico City, bUniversidad Nacional Autonoma de Mexico,
Mexico City, cInstituto Internacional de Investigacion Animal, S.A. de
C.V., Queretaro, Mexico.

Methionine is the first limiting amino acid in commercial poultry diets
and is commonly supplemented as DL-methionine (DL-Met, 99%) or liq-
uid DL-methionine hydroxy analog-free acid (MHA-FA, containing 88%
of active substance). A recent literature survey in broilers resulted in an
average bio-effectiveness of about 65% on a weight/weight basis for liquid
MHA-FA relative to DL-Met. The bioefficacy of liquid MHA-FA can be
confirmed under field conditions by a quite simple approach: both me-
thionine sources are added to two batches of a practical diet, the dosage
of DL-Met being 65% of that of the supplemented MHA-FA. Two trials
conducted under local conditions with sorghum-soy diets in Mexico are
presented. In trial A at UNAM University, 414 male day-old Ross x Ross

308 broiler chicks were randomly assigned to 18 floor pens. Three treat-
ments consisting each of six pens with 23 birds per pen received either
the basal diet (1), the basal diet + 65 parts DL-Met (2) or the basal diet
+ 100 parts liquid MHA-FA (3). The diets were fed in three different
phases: starter (d 1-14), grower (d 15-28), and finisher (d 29-42). Final
body weights in treatments 1, 2, and 3 were 2.116, 2.491, and 2.440 kg,
respectively. Overall feed:gain was 1.960, 1.790, and 1.820. Trial B was
conducted at Queretaro with 1008 male Ross x Ross 308 broilers ran-
domly distributed to three treatments according to the design of trial A,
consisting each of seven pens with 48 birds per pen. The diets were fed
in three different phases: starter (d 1-21), grower (d 22-35), and finisher
(d 36-49). Final body weight in treatments 1, 2, and 3 was 3.017, 3.205,
and 3.148 kg, respectively. Overall feed conversion was 1.917, 1.815, and
1.852 for treatments 1 to 3, respectively. In each trial, there was a sig-
nificant performance response to the supplemented methionine sources
over the basal diet. No differences could be detected among the birds fed
either with DL-Met or MHA-FA at a 65:100 ratio.

Key Words: Amino Acids, Methionine, Broiler

188 A turkey model to study the effect of dietary
putrescine (1, 4-diaminobutane) on growth, intestinal tract
development and polyamine metabolism. S. R. Girdhar* and
T. K. Smith, University of Guelph.

Turkey poults often experience higher mortality and high levels of stress,
and this may be partly due to poor feeding behavior and inadequate
development of the intestinal tract. Four experiments were conducted,
therefore, to determine the potential for dietary putrescine to promote
whole body growth and development of the intestinal tract in poults.
In the first experiment, 160 day-old poults were fed starter diet supple-
mented with 0.0 (control), 0.2, 0.4 and 0.6% purified putrescine for 21
days. The feeding of 0.2% putrescine increased growth rate compared
to controls. In the second experiment, with a similar experimental de-
sign, 320 birds were utilized but there was no significant effect of diet
on growth rates. At 12 weeks of age it was observed that birds fed 0.4%
supplemental putrescine in the starter period were heavier than controls.
There was no effect of starter diets on the relative weights of duodenum,
jejunum + ileum or liver at the end of the three week period. In the
third experiment 400 day-old poults (200 males & 200 females) were fed
diets supplemented with 0.0 (control),0.1, 0.2, 0.3, and 0.4% purified pu-
trescine for 3 weeks. There was no significant effect of diet on growth,
however a curvilinear response (highest for 0.2%) was observed in the rel-
ative weight patterns of duodenum, jejunum + ileum and breast weights.
For the fourth experiment 160 day-old poults were fed starter diet sup-
plemented with 0.0 (control), 0.1, 0.2 and 0.3% purified putrescine for 24
days. At 14 days of age, half the birds were infected with approximately
42,000 sporulated oocysts. Ten birds per diet from each of the control
and infected groups were sampled on day 6 and day 10 post-infection.
The induced infection produced a significant depression in growth and
feed intake in the absence of mortality. The feeding of 0.3% supplemental
putrescine alleviated the growth depression and reduction in feed intake
caused by the infection and increased intestinal tissue putrescine con-
centration. It was concluded that supplementation of poult starter diets
with 0.2-0.4 % putrescine may result in increased growth and may be
beneficial in alleviating the growth depressing effects produced by low
level coccidial infections.

Key Words: Growth, Polyamine, Turkey

189 Comparison of 2-Hydroxy-4(methylthio) bu-
tanoic acid (HMB) and DL-methionine (DLM) bioefficacy
in broilers fed diets marginally deficient in total sulfur
amino acids (TSAA) under practical field conditions. G.
F. Yi*, M. Vázquez-Añón, T. Hampton, and C. D. Knight, Novus In-
ternational, Inc.

Two consecutive large-scale field trials were conducted at Mountain View
Research Farm (Fort Smith, AR) to evaluate the bioefficacy of an 88%
aqueous solution of HMB (Alimet feed supplement, Novus International,
Inc.) and 99% dry DLM (Degussa Hulls) in marginally TSAA deficient
commercial diets. A total of 63,600 straight-run 1-d-old Ross Hubbard
broilers were randomly allotted to 4 grow-out houses (13m 91m) per
study, with house 1 and 4 fed HMB and house 2 and 3 fed DLM diets
in trial 1, or house 1 and 4 fed DLM and house 2 and 3 fed HMB diets
in trial 2. Dietary HMB and DLM were supplemented on equimolar Met
activity basis to supply 95% (trial 1) or 97% (trial 2) of the dietary TSAA
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requirement, in which dietary Met supplementation and dietary TSAA
content were 0.05/0.89, 0.05/0.83, 0.06/0.76, and 0.03/0.71% (trial 1), or
0.09/0.92, 0.08/0.84, 0.09/0.79, and 0.05/0.73% (trial 2) for starter (d 1-
14), grower (d15-31), finisher 1(d32-38) and finisher 2 (d39-55) diets. At
d 55, final BW of all birds was obtained at a commercial slaughterhouse
and carcass trait measurements were taken from 55 male and 55 female
birds of each house. The combined data of trial 1 and trial 2 indicated
that there were no differences in final BW (3.27 vs. 3.30 kg, P < .34),
adjusted feed efficiency (2.09 vs. 2.09, P < .99), mortality (6.0% vs.
4.8%, P < .10), condemnation (1.13% vs. 0.99%, P < .46), breast yield
in males (17.1% vs. 17.4%, P < .47) and females (17.5% vs. 17.2%, P <

.07), and other carcass parameters (P > 0.05) between HMB and DLM
fed birds at d 55. In both trials, poor feed conversion and feathering
were observed compared to previous production records, indicating the
diets were deficient in TSAA. These results indicated that HMB had the
same equimolar bioefficacy compared to DLM in diets deficient in TSAA
under commercial grow-out conditions.

Key Words: 2-Hydroxy-4-(Methylthio)-Butanoic Acid, DL-Methionine,
Broilers

190 In vitro evaluation of feed-grade enzyme prod-
ucts at pH levels simulating various parts of the avian di-
gestive tract. T. Ao*, A. H. Cantor, and A. J. Pescatore, University
of Kentucky.

An in vitro study was performed to measure the activities of feed-grade
enzyme products at pH levels simulating various parts of the avian di-
gestive tract. Beta-glucanase, xylanase, amylase, α-galactosidase and
protease were assayed in triplicate at their optimum pH levels and at pH
levels of 3.0, 6.0, 6.5, 7.0 and 7.5, which were used to simulate pH lev-
els found in the gizzard, the diet, the crop, and the proximal and distal
parts of small intestine, respectively. The pH gradient was obtained by
dissolving the enzymes in different buffers, including 0.1M acetate, 0.05M
citrate, 0.1M phosphate and 0.1M HEPES. The activity of β-glucanase
was determined by measuring reducing sugars after a 10 min incubation
at 30C using β-glucan as a substrate. Xylanase activity was assayed
by measuring xylose after a 5 min hydrolysis of xylan substrate at 50C.
The activity of amylase was measured using a 30 min hydrolysis of sol-
uble starch at 30C. The assay of α-galactosidase was based on a 5 min
hydrolysis of p-nitrophenyl-α-D-galactoside at 40C followed by measure-
ment of liberated p-nitrophenol. The activity of protease was assayed by
measuring the quantity of solubilized casein in the filtrate after a 30 min
enzymatic hydrolysis of casein substrate at 37C. Beta-glucanase had high
activity at pH levels of 3.0, 6.0, 6.5 and 7.0. Xylanase had no enzyme
activity at pH 3.0, but had high activity at pH 6.0, 6.5 and 7.0. Amylase
had no or very low activity at pH 3.0, 7.0 and 7.5. It only had high
activity at pH levels of 6.0 and 6.5. Alpha-galactosidase had very low
activity at pH 3.0, 7.0 and 7.5. At pH 6.5, α-galactosidase had only 50%
of the activity obtained at its optimal pH (5.0). Protease had either no or
very low activity at all pH levels except for the lowest level (3.0). These
results suggest that the pH levels commonly found in the avian digestive
tract may be a limiting factor for maximum activity of the exogenous
enzymes such as amylase, α-galactosidase and protease.

Key Words: pH, Enzyme Activity, Alpha-Galactosidase

191 The effect of dietary protein and calcium on
the adquisition, 3D reconstruction, and interpretation of
femoral density in SCWL hens using X-ray micro-CT. M. A.
Martinez-Cummer* and S. Leeson, University of Guelph.

Axial X-ray micro-computed tomography (µ CT) is an established and
rapidly evolving technology of proven value to an array of disciplines
(Regsegger et al, 1996; Ketcham and Carlson, 2001; Pierret et al, 2002).
It is a novel technique for 3D imaging and quantifying cortical, trabec-
ular, and medullary bone density without destroying the specimen. The
objective of the present study was to evaluate the effect of dietary crude
protein and calcium level on long term egg production, eggshell quality
and skeletal integrity. This work used a total of 192 SCWL hens housed
in single cages. A factorial design with 3 levels of crude protein (14, 16
and 18%) and 2 levels of calcium (3.2 and 4%) were used. Both femora
were removed from 48 hens at 66 weeks of age and immediately fixed
in 10% formalin. A MS-8 GE MS

r

scanner was used to scan the speci-
mens. CT imagery (16 bit) was obtained with a spatial resolution of 18
µm. Medullary bone density, trabecular count, trabecular density was
obtained using the Microview

r

image software visualization and image
analysis software (General Electric Medical Systems)All data obtained

were statistically analyzed using the GLM model (SAS, V. 8.2). There
was a significant effect of diet on all bone density parameters (p<.001).
Overall production (p<.001), egg size (p<.001), and eggshell deforma-
tion (p<.0001). In conclusion, the imagery presented in this study is
analogous to data that would be obtained more tediously and laboriously
with serial sectioning and the technique does detect differences in skeletal
integrity associated with diet regime and production. The technique is
also advantageous because of its speed of acquisition and non-destructive
nature.

Key Words: Laying Hens, Micro-CT, Diet

192 Effect of age of broiler chicks on the nutrient
utilization of a corn-soybean meal diet . A. B. Batal*a and C.
M. Parsonsb, aUniversity of Georgia, Department of Poultry Science,
bUniversity of Illinois, Department of Animal Science.

Two experiments were conducted to determine the effect of age on nu-
trient utilization of a corn-soybean meal diet for broiler chicks. Chicks
were given ad libitum access to a corn-soybean meal diet (23% CP and
3,200 kcal TMEn/kg). In Experiment 1, excreta and contents at the ter-
minal ileum were collected at 4, 7, 14, and 21 days of age and nutrient
digestibility was determined using acid insoluble ash (Celite) as an in-
digestible marker. Metabolizable energy of the corn-soybean meal diet
increased (P<0.05) from 4 to 21 days of age based on ileal and excreta
collections. The MEn values were significantly higher (P<0.05) based on
excreta collections at the early ages but the difference was not observed
at 21 days of age. Starch digestion based on ileal contents increased from
84% at 4 days of age to 93% at 21 days, but when determined by excreta
collections the increase was not as large and only increased from 90 to
95% between 4 and 21 days of age. The change in digestibility of certain
oligosaccharides (sucrose, raffinose, stachyose, verbascose) with age was
also measured. Little to no change in sucrose digestibility with age was
observed based on either ileal or excreta collections. The digestibility of
raffinose, stachyose, and verbascose was highest at 4 days of age and gen-
erally decreased with increasing age. The determined digestibility values
of raffinose, stachyose, and verbascose were higher when based on excreta
versus ileal collections. Amino acid digestibility increased to 14 days of
age. For example, lysine digestibility increased from 81 and 89% at 4
days of age to 91 and 93% at 21 days of age for ileal and excreta col-
lections, respectively. In Experiment 2, excreta and ileal contents were
collected every day through 7 days of age. Metabolizable energy of the
diet was highest (3.4 kcal/g) at 1 day of age, decreased to the lowest (2.8
kcal/g) on day 5 and then gradually increased to 7 days of age. These
results indicate that the digestibility of nutrients change considerable
during the first 7 days of age and the digestibility of a corn-soybean meal
diet generally increases from 4 to 21 days of age.

Key Words: Age, Nutrient Utilization, Broiler Chicks

193 Performance of egg-type and broiler breeder
hens fed two levels of phosphorus with and without sodium
bicarbonate. L. F. Araujo*a, O. M. Junqueirab, D. E. Fariaa, and C.
S. S. Araujo*b, aUniversidade de Sao Paulo - Faculdade de Zootecnia
e Engenharia de Alimentos, bUniversidade Estadual Paulista - FCAVJ.

Two experiments were conducted using 80 commercial egg production
type hens and 80 broiler breeders which had been in production for
16 and 23 weeks, respectively. In experiment 1 the egg-type hens and
broi,ler breedrs were fed a standard corn-soybean meal diet for 15 days.
Blood samples were collected from both groups of hens immediately fol-
lowing oviposition and 21 hours post-oviposition. The values for plasma
phosphorus at oviposition from the egg-type hens and broiler breeders
were 4,67 and 4,04 mg/100 ml, respectively. Twenty one hours follow-
ing oviposition, the plasma phosphorus value for both groups was 6,00
mg/100 ml. At the end of the first experimment the two groups of hens
were randomly assigned to experimental diets in a 2 x 2 x 2 factorial
arrangement: strain, dietary total phosphorus levels – 0,40 and 0,55%
and levels of sodium bicarbonate – 0,00% and 1,50%. The level of 0.55%
dietary phosphorus resulted in a significant increase in egg productionn
and egg weight for broiler breeders. Feed intake and specific gravity were
not affected by dietary phosphorus level nor by the addition of 1,50%
sodium bicarbonate to the diet.

Key Words: Performance, Phosphorus, Sodium Bicarbonate
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194 Energy and lysine for broilers in the finishing
phase. O. M. Junqueira*a, L. F. Araujob, C. S. S. Araujoa, and D.
E. Fariab, aUNESP/FCAV - Jaboticabal/SP - Brazil, bUSP/FZEA -
Pirassununga/SP - Brazil.

One experiment was conducted to evaluate the performance and carcass
yield of broilers at 55 days of age fed diets with different levels of me-
tabolizable energy and lysine. Data from performance were weight gain,
feed intake, energy intake, lysine intake, caloric conversion and feed con-
version. For carcass, it was used data from output carcass, breast weight,
wings (wing and over wing), legs (thigh and drumstick), back, head +
neck, foot and abdominal fat. The experimental was a factorial 3x3,
involving 3 levels of metabolizable energy (3,200; 3,400 and 3,600 and
3 lysine levels (0.95%; 1.05% and 1.15%). It was not found interaction
between the two factors. Nevertheless, increasing the levels of metabo-
lizable energy resulted in improvement of weight gain (745g; 841 g and
910 g, respectively) and feed intake was found to be higher in broilers
receiving the diets with 3,200 and 3,600 kcal ME/kg. Overall perfor-
mance was not affected by the lysine levels did not affect performance.
The values for feed conversion was 2.69, 2.42, 2.14 from diets with 3,200;
3,400 and 3,600 kcal ME/kg, respectively. Carcass output and breast
were increased with the increment of energy and lysine in the diets.

Key Words: Broilers, Carcass Yield, Performance

195 Alternative approach to feeding antibiotics to
broiler chickens from 0 to 49 days of age. X. Sun*a, C. Wazlaka,
A. McElroya, C. Novaka, and T. Seftonb, aVirginia Tech, bAlltech, Inc.

Because of the pressure to reduce the antibiotics in animal feeds, a study
was conducted to evaluate the effects of a drug free feeding program on

broiler performance. A total of 2288 Cobb 500 chicks were assigned to
one of four dietary treatments with each replicated 13 times. Four diets
consisted of: 1) negative control, base diet without antibiotic or coccid-
iostat; 2) positive control, diet 1 + Lincomycin; 3) diet 1 + Lac XCL,
Acid Pak 4 Way, Veg pro, MTB 100, and Biomos; 4) diet 1 + Biomos and
Lac XCL. Chicks were vaccinated against coccidia on d 0 at the hatchery.
Four phases of feeding was used during the trial with changes occurring
at d 14, 28, and 35. Performance values measured were body weight and
gain, feed intake, yield and mortality, while feed conversion (FCR) was
calculated. Chicks were coccidia challenged at d 14 to evaluate the effect
of feeding programs. Final body weights of chicks on diet 2 (2.782 kg)
were greater (P < 0.05) compared to diet 1 (2.696 kg), while chicks on
diets 3 (2.726 kg) and 4 (2.756 kg) were similar to positive and negative
control. Overall, feed intake was similar across the treatments with the
exception of period 2 (15 to 28 days) when chicks consumed more (P <

0.05) of diets 2 and 3 compared to diet 1. Cumulative FCR at d 35 and
49 was improved (P < 0.05) when chicks consumed diets 2 and 4 com-
pared to diet 1. Overall, chicks consuming diet 1 had greater mortality
(P < 0.05; 12%) compared to diet 3 (4.6%) with most of the mortality
occurring from d 0 to 28. Mortality for chicks consuming diet 2 (7.6
%) and 4 (6.7 %) were numerically improved compared to the negative
control. There were no differences in lesion scores or in carcass yields at
d 42 (females) or d 49 (males). This study indicates that feeding chicks
without antibiotics will result in greater mortality and decreased perfor-
mance compared to using antibiotics. Biomos in combination with Lac
XCL may help to reduce some of the negative effects when using a drug
free feeding program.

Key Words: Antibiotic, Mortality, Bio-Mos
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196 Metastatic adenocarcinoma in the lungs of

older laying hens. M. Alfonso*a, L. Adochilesc, D. Carverb, V.
Hendricksona, and J. Barnesa, aPopulation Health and Pathobiology
Dpt., College of Veterinary Medicine, North Carolina State University,
4700 Hillsborough St., Raleigh, NC 27606, bPoultry Science Depart-
ment, College of Agriculture and Life Sciences, Box 7608, North Car-
olina State University, Raleigh, NC 27606, cVeterinary School, Lisandro
Alvarado Western University, Cabudare, Lara State, Venezuela.

Neoplasia of the reproductive tract of laying hens is a common finding,
especially after long production periods. They are usually adenocarci-
nomas located in the ovary and/or oviduct, which frequently spread by
direct implantation to sites in the abdominal cavity, e.g., intestine, pan-
creas, serosa, and mesentery. Less frequently, they may involve the liver,
kidneys, and/or lungs. In contrast to primary neoplasms of the lungs
of chickens, which have rarely been reported, metastatic tumors in the
lungs seem to be more common, although there is no information regard-
ing their incidence or prevalence. The origin of carcinomas metastatic
to the lungs is the ovary, oviduct, or liver. How the tumors metastasize
to the lungs has not been documented, but it is considered to be via the
vascular system (most likely lymphatics). Aerogenous spread would be
potentially possible if tumor implants invaded through an air sac wall.
The present report is on 276 White Leghorn laying hens between 2 and
4 years of age, which died during an ovarian cancer chemoprevention
trial. These hens met the criteria for this study of having tumors in
one or more organs when necropsied to determine the most probable
cause of death, and samples of ovary, oviduct, and lungs were taken for
histopathology. Tissues were fixed in 10% buffered formalin, embedded
in paraffin, sectioned, and stained with hematoxylin and eosin for mi-
croscopic examination. Adenocarcinomas in the ovary and/or oviduct
were confirmed in 272 (98.6%) of the 276 hens; tumors originating in
the liver, intestine, and/or pancreas accounted for the remaining 4 birds.
Eighty-two hens had metastatic tumors in the lungs (29.7%). Seventy-
seven of these hens (93.9%) had tumors in both the ovary and oviduct.
Four of the 82 hens had tumors in only the ovary or oviduct. One of
the hens did not have tumors in the reproductive tract, but did have
involvement of the pancreas and intestine. Multifocal white-grey nod-
ules of variable size and shape were occasionally seen in the surface and
parenchyma of the lungs, but in most of the affected hens, gross lesions
were not present. Metastatic adenocarcinomas were composed of acinar

structures lined by cuboidal cells containing round nuclei with condensed
chromatin and sparse eosinophilic cytoplasm. The number of tumors and
extent of involvement of the lung parenchyma varied from minimal to ex-
tensive. Tumor emboli were seen in the vessels supporting the concept
that vascular spread is the most common means by which the lung is
involved. The results of this study indicate that vascular spread of ade-
nocarcinoma is common in the chicken and spread of tumors to the lung
is more frequent than previously thought.

Key Words: Neoplastic Diseases, Avian Adenocarcinoma, Lung Metas-
tases

197 Field study with a commercial ELISA test to de-
tect clenbuterol in liver samples from chicken, swine, and
cattle. R. Merino* and J. Reyes, Departamento de Producción Animal:
aves, FMVZ, UNAM, México.

Clenbuterol is a β-agonist widely used in the therapy of respiratory dis-
tress in both human being and animals. Because of its strong anabolic
effect, is used for animal feeding in order to stimulate the muscle mass
and to reduce the fat deposition. In some areas around the world Clen-
buterol is illegally used for growth promotion in cattle. This study was
carried out in order to determine the presence of Clenbuterol in chicken,
swine and cattle liver samples for human consumption. Ninety samples
were collected in 15 public markets from different zones in Mexico City
(DF). From each market, there were obtained 6 liver samples (approxi-
mately 20 g each) per animal specie, they were identified by number and
origin, then they were processed and analyzed at the Department of An-
imal Production: poultry, Faculty of Veterinary Medicine and Zootech-
nics, UNAM. Five grams of sample were grinded and suspended in dis-
tilled water and 2M sodium acetate, in order to extract the clenbuterol
if present. The suspension was centrifuged and supernatant was tested
with a commercial ELISA for clenbuterol kit, manufactured for the qual-
itative detection of clenbuterol in horse urine and serum samples. Both,
negative and positive controls were used, as well as clenbuterol stan-
dards in concentrations of 0, 0.1, 0.2, 0.5, 1 and 2 ng/ ml to quantify the
molecule concentration in samples giving presumptively positive results.
The presence of clenbuterol was not detected in liver samples from ei-
ther chicken or swine. There were 43.3% positive results from the bovine
samples, the clenbuterol concentration in positive samples ranged from
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0.8 to 6.4 ng/ml with an average of 3.08 ng/ml. These results exclude
both poultry and swine from illegal use of clenbuterol. This ELISA test
could be recommended for the screening of clenbuterol in liver samples,
as well as the analysis of other type of samples. The confirmation of pre-

sumptively positive results by gas or liquid chromatography is strongly
recommended.

Key Words: Clenbuterol, Liver Samples, Broiler Chicken
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198 Use of dual-energy X-ray absorptiometry to

measure eggshell quality. P. Y. Hester*a, I. Gradera, M. A.
Schreiweisa, H. Mazzucoa,b, and M. E. Einsteina, aPurdue University,
bSponsored by Conselho Nacional de Desenvolvimento Cientifico e Tec-
nologico, Brazil.

We have shown that dual-energy X-ray absorptiometry accurately mea-
sures bone mineralization in live birds. The objective of the current
study was to determine if this same technology is effective in measuring
shell quality. Eggs (1 to 4 eggs/hen) were collected from White Leghorns
at 10-wk intervals from 55 to 125 wk of age with hens subjected to an
induced molt at 76 wk of age using a 10- day fast. The BW of in-
dividual hens was recorded at the same time as egg collection. After
obtaining the weight of the egg, the albumen and yolk were siphoned
from the egg with a syringe, the shell with intact membranes was rinsed
and dried, and shell weight was recorded. Percent shell was calculated.
The mineral density (g/cm2) and mineral content (g) of individual shells
were determined using a Norland pDEXA X-ray densitometer (Model
No. 476D014). Specifically, each eggshell was placed on a foam base and
scanned individually in 6 min using similar orientation for each egg. Af-
ter scanning, shell thickness at eight representative areas of each eggshell
was measured using a caliper (B. C. Ames, Co., Waltham, MA) and then
averaged. An analysis of covariance using BW as the covariate was used
to test for age effects for egg weight and shell traits. An ANOVA was
employed for % shell and BW. Correlation analysis was performed on
shell traits. Shell thickness, % shell, as well as mineral density and min-
eral content of the shell as determined through densitometry decreased
linearly (P < 0.0001) as the hens aged. The eggshell mineral density and
mineral content were positively correlated with % shell (r = 0.95 and
0.83, respectively P < 0.0001) and shell thickness (r = 0.75 and 0.69,
respectively, P < 0.0001). These results suggest that dual- energy X-ray
absorptiometry can be used to evaluate shell quality.

Key Words: Dual-Energy X-Ray Absorptiometry, Eggshell Mineral Den-
sity, Eggshell Mineral Content

199 Effect of maternal dietary chelated calcium on
turkey embryo cardiac physiology. V. L. Christensen*a, D. T.
Orta, J. L. Grimesa, and R. D. Rowlandb, aNorth Carolina State Uni-
versity, College of Agriculture & Life Sciences, Department of Poultry
Science, Raleigh, bChelated Minerals Corporation, Salt Lake City, UT.

Action potential of cardiac muscle exhibits sensitivity to calcium ions.
One of the most pronounced effects of solutions in which the calcium
concentration is reduced is an increase in heart rates (Mountcastle,
1974). Previous studies with dietary calcium source fed to turkey breeder
hens indicated that as embryonic survival diminished as hens aged and
chelated calcium improved embryo survival (Grimes et al., 2002). The
hypothesis was proposed that maternal chelated calcium affects embry-
onic cardiac health and survival. Nicholas turkey breeder hens were fed
identical turkey breeder diets with the exception of calcium source. One
diet contained 2.75% calcium from limestone flour (CON) whereas the
second diet contained 2.70% calcium from limestone flour fed and 0.05%
from a proteinated chelate of calcium (CCC). The diet was fed beginning
at photostimulation of the hens. Hens were inseminated at weekly inter-
vals with semen from sires of the same strain. Fertilized eggs were divided
randomly into two incubation temperature groups either at 37.5 or 38.3
C. Higher temperatures are known to increase embryonic heart rates. A
total of 25 weeks of egg production was observed for hatchability. At
weeks 10, 17 and 25, embryos were measured for heart rate, heart and
liver weights, heart, liver glycogen and lactate concentrations, and blood
creatine kinase and lactate dehydrogenase activities. Data were analyzed
as a 2 diet by 2 temperature by 3 ages of hen factorial and tested for all
possible interactions. Means determined to differ significantly were sepa-
rated by the least square means procedure. High temperatures increased
heart rates at 12, 16 and 24 d of incubation of embryos from hens fed

both diets. At 20 d, CCC interacted with incubation temperatures to de-
press embryonic heart rates compared to embryos from CON. The CCC
calcium increased heart rates at 24 d regardless of incubation tempera-
ture. The CCC prevented the enlargement of the heart noted in those
embryos incubated at High temperature. This was also evident in cardiac
glycogen and lactate concentrations as CCC improved cardiac glycogen
concentrations when exposed to the high incubation temperature and
prevented harmful cardiac lactate accumulation at high temperature that
was seen at CON. Creatine kinase activity increased in response to CCC
compared to CON, and lactate dehyrogenase activity was suppressed.
Improved cardiac physiology accompanied improved growth of poults to
3 d posthatching. Therefore, the data suggest that CCC fed to turkey
breeder hens may affect heart physiology of the progeny and improve
performance to 3 d of age.

Key Words: Calcium, Heart, Embryo

200 Differences in Protein Banding Patterns in Sev-
eral Tissues in Broiler Breeder Males With Low And High
Feed Efficiency. M. Iqbal*a, N. R. Pumforda, K. Lassitera, N.
Tinsleya, C. Ojano-Diraina, W. Bottjea, T. Wingb, and M. Cooperb,
aDepartment of Poultry Science, Center of Excellence for Poultry Sci-
ence, University of Arkansas, Fayetteville, bCobb-Vantress, Inc., Siloam
Spring, AR.

Higher expression of selected mitochondrial proteins have been hypoth-
esized to be a compensatory response either to the lower complex activ-
ities or increased protein oxidation observed in low feed efficiency (FE)
broiler breeders (Iqbal et al., 2003, Poult. Sci. In press). The objec-
tive of the current study was to determine the differences between low
and high feed efficiency (FE) on protein banding patterns in tissue ho-
mogenate obtained from muscle (breast and leg), liver, cardiac, duode-
num, blood cells and plasma. Homogenates were prepared and plasma
separated from blood cells in male broiler breeders with high and low FE
(n = 5-8 per group). The protein bands were separated using sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), stained
with Coomassie blue and scanned for intensity analysis using an Agfa
(Arcus II) scanner. The intensity of the protein bands was quantitated
using Scion softwareTM. The bands were compared to known molecular
weight markers (10 to 183 kDa). Several protein bands were different
between broilers with low and high feed efficiency in breast (3); leg (1);
liver (7); cardiac (6); blood cells and plasma (1 each); no differences in
banding pattern were observed in the duodenum, however. In conclu-
sion, the preliminary data provides further evidence that differences in
protein expression may be associated with the phenotypic expression of
feed efficiency. Supported in part by USDA grant no. 2001-03443.

Key Words: Feed Efficiency, Proteins, Broiler Breeders

201 Incubator temperature and oxygen concentra-
tion at the plateau stage affect intestinal maturation of
turkey embryos. V. L. Christensen*a, M. J. Winelanda, I. Yildirumb,
D. T. Orta, and K. M. Manna, aNorth Carolina State University, Col-
lege of Agriculture & Life Sciences, Raleigh, bThe University of Selcuk,
Agriculture Faculty, Department of Animal Science, Konya, Turkey.

The plateau stage in oxygen consumption of turkey embryos occurs at
25 and 26 d of incubation and embryo mortality is very prevalent at this
time (Rahn, 1981; Christensen et al., 2003). The environmental con-
ditions at the plateau stage create hypoxia, hypercapnia and alter em-
bryo metabolism (Rahn 1981; Dietz et al., 1998). Glycogen for anaerobic
metabolism is accumulated in vital tissues throughout the developmental
period to ensure embryonic survival during the plateau (Donaldson and
Christensen, 1992). Intestinal tissue requires large amounts of energy at
the plateau to facilitate maturation (Fan et al., 1997). The objective
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of the experiment was to define the temperature and oxygen concentra-
tions of the plateau stage that optimize intestinal maturation of turkey
embryos. Three experiments were conducted to test environmental con-
ditions during the plateau stage. In Experiment 1, turkey embryos at
the plateau stage were exposed to 36, 37, 38 or 39 C. In Experiment 2,
embryos at the plateau stage were exposed to 17, 19, 21 or 23% oxygen
concentrations, and in Experiment 3, the highest and lowest levels of
temperature and oxygen treatments were combined to determine if tem-
perature and oxygen interact to affect intestinal maturation. Elevating
temperature depressed intestinal weight but not length. The elevated
temperature also depressed intestinal maltase and alkaline phosphatase
activities indicating inhibited intestinal function. Increasing oxygen had
little effect on intestinal weight or length but hypoxia increased mal-
tase activity and decreased alkaline phosphatase activity in hatchlings.
When examined in a factorial arrangement of treatments, temperature
and oxygen displayed the same independent effects on intestinal growth
or function but no interaction was observed. Thus, incubator temper-
ature greater than 37 C and oxygen concentrations less than 19% in
incubators during the plateau stage delay intestinal maturation.

Key Words: Embryo, Intestine, Plateau Stage

202 Does supplementation of betaine affect the
plasma profile of transmethylation/transsulfuration-
associated amino acids in turkeys? J. C. Remus*a, S. L. Nollb,
E. E. M. Piersona, and M. Hrubya, aDanisco Animal Nutrition, St.
Louis, MO, bUniversity of Minnesota, St. Paul.

Homocysteine (Hcys), a demethylated metabolite of S-
adenosylmethionine, is the junction between transmethylation (TM)
and transsulfuration, so changes in plasma Hcys and related amino acids
may indicate shifts caused by dietary methyl group source or diet den-
sity. Approximately 120 turkeys, 10 toms/trt, were fasted for 2.5 hours
prior to blood sampling at 107 days of age for later plasma amino acid
analyses via HPLC. The 2 x 2 x 3 factorial studied use of 0 or 0.1%
betaine (Betafin S6; Bet) in diets containing 90, 100 or 110% NRC
dietary methionine (Dmet) and low (LD) or high (HD) amino acid den-
sities (lysine (lys) held constant; performance reported by Noll et al.,
2002, Poultry Sci 80(S1):56). Hcys went up with increasing Dmet. Bet
decreased Hcys with the response level increasing as Dmet increased.
Increases in Dmet elevated methionine (met) as did Bet addition, par-
ticularly at 100 or 110% Dmet. HD decreased met. Dmet increased
cystathionine (Ctn). Bet decreased Ctn but the rate of decline decreased
as Dmet increased. Serine (ser) and glycine (gly) decreased with Dmet.
Bet decreased gly but increased ser. A density x Bet interaction showed
a greater ser increase in HD+Bet than in LD+Bet. A density x Dmet
x Bet interaction for cysteine (cys) was characterized by the LD diet as
well as 90 and 100% Dmet levels having the greatest cys change with
Bet. Threonine (thr) increased more in LD+Bet than in HD+Bet. A
Dmet x Bet interaction for lys showed that the pattern of increase with
Bet was greater at 100 and 110% Dmet. Increasing Dmet decreased thr
and lys. HD elevated thr and lys but 110% Dmet+LD resulted in a
larger lys shift vs. 90 or 100%+LD diets. The increase in met and the
increasing rate of Hcys decline with Bet + increasing Dmet indicates
that Hcys methylation to met is occurring at normal Dmet levels and
also hints that TM capacity may be enhanced by greater availability of
Hcys and Bet.

Key Words: Betaine, Homocysteine, Methionine

203 Effects of feeding blends of grains naturally-
contaminated with fusarium mycotoxins on immune re-
sponses in avian species. S. R. Chowdhury*a, T. K. Smitha, H. J.
Boermansa, and A. E. Seftonb, aUniversity of Guelph, Guelph, Ontario,
Canada, bAlltech Inc., Nicholasville, KY.

There is a lack of information in the literature regarding the immunotoxi-
city of feeding grains naturally-contaminated with Fusarium mycotoxins
and their preventative treatments to avian species. Studies were con-
ducted with ducks and laying hens, therefore, to further characterize the
immunotoxicity of feeding grains naturally-contaminated with Fusarium
mycotoxins to these species and to explore preventative treatments. In
the first study, 464 day-old male White Pekin ducklings were fed corn
and wheat based starter, grower and finisher diets for 6 wks. The diets
included: (1) control (2) contaminated grains (3) contaminated grains
+ 0.2% polymeric glucomannan mycotoxin adsorbent (GMA, Mycosorb,
Alltech Inc, Nicholasville, KY). In the 2nd study, 144 laying hens were

fed diets which included: (1) control (2) contaminated grains (3) con-
taminated grains + 0.2% GMA for 12 wks. Cell-mediated and antibody-
mediated immunity to layers and ducks were measured during the feeding
period. The percentage of B and T cells, the ratio of CD4+ to CD8+
T cells, and heterophils : lymphocytes of laying hens were unaffected
by feeding the contaminated diets. The delayed-type hypersensitivity
(DTH) response to 1-chloro-2,4-dinitrobenzene (DNCB) and antibody
titers (IgG and IgM) specific to sheep red blood cells (SRBC) were also
not affected when layers were fed contaminated diets. Dietary inclusion
of contaminated grains resulted in a significant decrease of cutaneous
hypersensitivity to phytohemagglutinin-P in ducks. Supplementation of
GMA, however, prevented the effect. The DTH response to DNCB and
antibody titers (IgG and IgM) specific to SRBC were not affected when
ducks were fed contaminated diets. It was concluded that ducks were
susceptible to the immunotoxicity of Fusarium mycotoxins. Layer, how-
ever, appeared to be more resistant. Some indices of immunotoxicity
were prevented by GMA.

Key Words: Ducks, Layers, Fusarium Mycotoxins

204 The prebiotic effect of aspergillus meal on the
specific growth rate of probiotic lactobacilli. C. D. Sartor*a, G.
M. Navaa, J. L. Vicentea, R. L. Jarquina, V. Davilab, G. I. Telleza, and
B. M. Hargisa, aDepartment of Poultry Science, University of Arkansas,
Fayetteville, bC.E.I.E.P.A, FMVZ - UNAM, Mexico City, Mexico.

Recent research and development of synbiotic products has been increas-
ingly focused on functional benefits including resistance to gastrointesti-
nal bacterial infection, antibacterial activity, and improved immune sta-
tus in broiler chicks. Preliminary studies have shown that bacteria fed
by a preferential food substrate have a proliferative advantage over other
bacteria previously unexposed to prebiotics. Independent experiments
measuring the specific growth rate (SGR) of the target bacteria were
carried out for each of the beneficial Lactobacillus probiotic isolates as
well as the pathogenic bacterium Salmonella enteritidis (SE). For each
experiment, a basal medium and basal medium supplemented with 0.2%
(w/v) Aspergillus meal (AM) were inoculated with approximately 1X105

cfu/ml of the target bacteria. Two hundred microliters of each inoculated
media were transferred to microtiter plates and incubated for 10 hours
at 37 C. Each hour, the SGR of the respective bacterium was evaluated
through optical density using a bio-kinetic reader. The target bacteria
used to evaluate the prebiotic effects were Lactobacillus casei, Lacto-
bacillus cellobiosus, and SE for each experiment. For experiments 1
and 2, AM supplementation enhanced (P<0.001) the propagation of the
Lactobacillus spp. when compared to the non-AM fed controls. Interest-
ingly, in Experiment 3, AM supplemented SE propagation was shown to
be significantly reduced (P<0.001) when compared to the control without
AM. The prebiotic effect of the AM-fed bacteria was most pronounced
between the time period of 4-9 hours of incubation. These results indi-
cate that specific beneficial gastrointestinal microflora populations may
be stimulated while harmful antagonistic populations may be inhibited
by surrounding AM-fed competitors. By utilizing this technique, it is
possible that probiotic food substrates can be selected based on their
ability to contribute to enhanced in vivo bacterial growth as compared
to chemical and synthetic growth promoters.

Key Words: Probiotic, Prebiotic, Lactobacillus

205 Effect of heat stress on intestinal calcium uptake
and production parameters observed in three varieties of
laying hens. D. Franco*a,b, L. Robesona, and M. Becka, aUniversity
of Nebraska-Lincoln, bCentral University of Venezuela.

In summer time, high environmental temperatures can be extremely haz-
ardous for laying hens, not only due to the highest mortality observed,
but also because of the reduction in the number and quality of the eggs
produced during this period. Hy-Line hens of the W-36, W-98, and
Brown varieties, have been selected for different production characteris-
tics. Although hens of all three types lay approximately the same number
of eggs/hen housed to 80 weeks, body size, feed intake, and age at 50 per-
cent production all vary. W-36 (white) hens are smaller, efficient, and
reach 50 percent production at 155 d. In contrast, Browns are larger,
heavily feathered, less efficient, and reach 50 percent production at 153
d. W-98 (white) hens are intermediate in size, reach 50 percent produc-
tion much earlier (140d), and begin to lay as early as 13 wk. Thirty-two
hens of each strain were randomly assigned to 8 pens and allowed to
acclimatize for 2wk at 22C. Then the birds were exposed to heat stress
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(HS) at 35C for two weeks, with 2 additional weeks at 22C to recover.
The data were analyzed using repeated measures in a factorial 3x3 with
Proc Mixed of SAS Institute Version 8.2 (2002) and a level of significance
of 0.05. Egg production, and feed intake data were colleted daily; while
egg weight, albumin weight, yolk weight, shell weight, Haugh units, and
specific gravity were collected weekly. Intestinal calcium uptake was ob-
tained before and during heat stress exposure. As expected the Brown
birds performed least well during subsequent HS (35C), with a higher
reduction in egg production, and a lower rate of intestinal calcium up-
take. Feed intake, egg weight, shell weight, and specific gravity were
reduced on all the birds during HS; however, the highest reduction in
egg weight was observed in the W-36 hens. Haugh unit measurements
showed a positive increment during the recovery phase in the W-36 and
the W-98 hens. Yolk weight was affected by a reduction in value during
the recovery phase for the W-36 and Brown hens. Based on these re-
sults, the Brown hens seem to have the lowest performance during heat
stress; they were followed by the W-36s and the W-98s, without differ-
ences between them. However, higher mortality rates were observed for
the Brown (16%), and the W-98 (8%) compared to the W36 (4%) dur-
ing the HS phase. The genetic improvement of heat stress observed in
the W-36 and W-98, may provide a low-cost solution to be considered
by the producer during summer time especially for survivability, instead
of costly management adjustments that sometimes are more difficult to
apply.

Key Words: Laying Hens, Heat Stress, Production Parameters

206 Novel approach to evaluate the intestinal mu-
cose function and integrity in avian species. V. Davila*a,
G. M. Navab, A. Diaza, A. Lopez-Munguiac, E. Avilaa, G. Tellezb,
J. L. Vicenteb, R. L. Jarquinb, C. D. Sartorb, and M. P. Castañedaa,
aCEIEPA-FMVZ, Universidad Nacional Autonoma de Mexico, Mexico ,
bDepartment of Poultry Science. University of Arkansas. Fayetteville,
cInstituto De Biotecnologia-UNAM.

It is well known that many substances can affect the intestinal villi devel-
opment. Enterocyte enzymatic activity and structure are two of the most
important features of the intestinal mucose physiology. Based on this
concept, the goal of the present study was to develop a novel approach to
evaluate the influence of dietary additives such as drugs, antioxidants, or
biotic products (prebiotics, probiotics, synbiotics) on villi absorption sur-
face (VAS), villi high (VH), intestinal brush border membranes (IBBM),
and enterocyte production of sucrase (ES) and maltase (EM) in the in-
testinal tract of broiler chickens. Arbor Acress chicks (1 day-old) were
fed for 15 days with a standard diet (CTL). Intestinal samples (n=10) at
7 days of age were taken and processed. VAS and VH were determined
by histological examination of the intestinal mucose epithelium, IBBM
were evaluated by isolating this structure and its concentration were de-
termined by measuring total protein by spectrophotmetric analysis. ES
and EM were determined by substrate degradation and quantified by
spectrophotometric changes. This novel procedure allows the detections
and determination of VAS (200µm), VH(30µm), IBBM (401 arbitrary
units), ES (390 arbitrary units), and EM (103 arbitrary units) param-
eters from intestinal samples of young chickens. Preliminary analysis
of intestinal samples obtained from broiler chickens showed significantly
changes between samples of chickens fed with CTL when compared to
samples taken from chicks fed with either a prebiotic supplemented diet
or an antibiotic growth promoter diet.

Key Words: Intestine, Enterocytes, Villi
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207 Light intensity and packaging film effects on

color stability of turkey bologna. A. G. Bouster, G. C. Skelley,
P. L. Dawson, and J. C. Acton, Clemson University.

Light intensities ranging from 65 to 360 ft-c were evaluated for effects on
surface color attributes of slices of turkey bologna vacuum-packaged in
films with oxygen transmission rates (OTRs) of 200 to 12,000 cc/m2/24h.
Surface color measures in the CIE L*a*b* and CIE L*C*h* color spaces
were determined at hourly intervals over a 3 h display period at 3 C.
Product redness (+a*), yellowness (b*), chroma (C*), and hue (h*) but
not lightness (L*) showed first order kinetic change with display time
and the rate constants increased (P<0.05) as light intensity increased.
In Arrhenius-type plots of rate constants versus the reciprocal of light
intensity no major slope differences in plots due to OTR of packaging
films were found. Plots did have a break in the slope at 290 ft-c of light
intensity suggesting that color fading mechanisms of the principal red-
ness measures, CIE a* and h*, likely follow different reaction pathways
above and below intensities of 290 ft-c.

Key Words: Turkey Bologna, Color, Light Intensity

208 Use of the MIDI Sherlock microbial identifica-
tion system to monitor the occurrence of campylobacter in
scald water and on prescalded and defeathered broiler car-
casses in commercial poultry processing. A. Hinton, Jr.*a, J.
A. Casona, M. E. Humeb, and K. D. Ingrama, aRussell Research Center,
bSouthern Plains Research Center.

The MIDI Sherlock Microbial Identification System (MIS) was used to
monitor the spread of Campylobacter spp. during commercial poultry
processing. Prescalded and defeathered broiler carcasses and scald wa-
ter samples from a multi-tank scalder were collected during 2 visits to
processing facility. Campylobacter on broiler carcasses and in scald wa-
ter samples were enumerated on selective bacteriological agar. The MIS
was used to confirm the identity of Campylobacter isolates based on the
fatty acid methyl ester (FAME) profile of the isolates, and the dendro-
gram program of the MIS was used to determine the degree of related-
ness between the isolates. Scalding and defeathering generally produced

a significant (P < 0.05) reduction in the number of Campylobacter recov-
ered from broiler carcasses. Additionally, significantly (P < 0.05) fewer
Campylobacter were recovered from the final tank of the multiple tank
scald system than from the first tank. Dendrograms of FAME profiles of
the isolates indicated poultry flocks may carry several different strains of
Campylobacter jejuni or Campylobacter coli into processing plants. Some
of the same Campylobacter strains were isolated from scald water samples
and from prescalded and picked carcasses collected on the same process-
ing day, but the same strains were not isolated from samples collected on
different processing days. Findings indicate that Campylobacter brought
into the processing facility by broiler flocks may be recovered from scald
water samples and carcasses that have undergone different processing
operations. However, Campylobacter apparently is unable to colonize
processing plant facilities; therefore, cross contamination between broil-
ers processed on different days is probably rare. Consequently, interven-
tion methods designed to reduce contamination of processed poultry by
Campylobacter should concentrate on decreasing the number of the bac-
teria that broilers carry into processing facilities and on decreasing the
number of the bacteria transmitted between processing operations.

Key Words: Campylobacter, MIDI Sherlock MIS, Poultry Processing

209 Changes in functional characteristics of shell
eggs during long-term storage. D. R. Jones*, Russell Research
Center, Poultry Processing and Meat Quality Research Unit, USDA-
ARS, Athens, GA.

The current study was undertaken to determine changes that occur in
the functional characteristics of commercial shell eggs during long-term
storage. Eggs were collected post-processing three times, on weekly in-
tervals, from an in-line shell egg processor. Analyses were conducted the
day after collection (wk 0) and weekly for an additional 10 wks. All
eggs were stored at 4C. Total solids for the albumen, yolk and whole egg
were determined. Functional properties of the albumen, yolk and whole
egg were examined via preparation of angel food cakes, mayonnaise and
sponge cakes, respectively. The L, a, b color scores were also determined
for both raw yolks and prepared mayonnaise. Albumen solids increased
slightly during storage (12.2 to 12.6%). Whole egg solids remained the
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same. Yolk solids decreased throughout storage (48.2% at 0 wk to 43.2%
at 10 wks). Angel food cake volume decreased during storage from a high
of 390.44 mL at 0 wks to 363.59 mL at 10 wks. Sponge cake volumes were
variable throughout testing with no clear trends appearing. Mayonnaise
was tested immediately after preparation (fresh) and after incubation at
50C for 7 d. In both cases, the average force required to compress the
sample 10 mm was decreased during the long-term storage of the eggs
(422.24 g at 0 wk to 264.41 g at 10 wks for fresh samples; 400.04 g at 0
wk to 267.02 g at 10 wks for stored samples). Significant differences were
detected for changes in L, a, b color scores, but the changes found during
the long-term storage were not of a magnitude great enough to be seen
by the human eye. Most parameters exhibited significant interactions
for replicate by storage time. These interactions show the variability
that exists between individual eggs and also the need to develop more
objective methods for determining shell egg functionality.

Key Words: Shell Egg, Functionality, Long-Term Storage

210 Airborne microorganisms during the commer-
cial production and processing of Japanese quail. J. K. North-
cutt*, M. T. Musgrove, and D. R. Jones, USDA Agricultural Research
Service, Russell Research Center.

Airborne microorganisms (total aerobic bacteria, molds/yeasts, Enter-
obacteriaceae and E. coli) were evaluated during the commercial pro-
duction and processing of Japanese quail using MicroBio MB2 air sam-
plers. Production-related sampling sites included the breeder and grow-
out houses along with the hatchery setter, hatcher, egg room, and chick
room. Processing-related sampling sites included the hanging/stunning
area, scalding/defeathering room, evisceration line, chiller exit, further
processing area and shipping room (total of 12 sampling sites). Sampling
site had a significant effect on the log counts for total aerobic bacteria,
molds/yeasts, and Enterobacteriaceae and E. coli (P < 0.0001). During
production, highest counts for total aerobic bacteria (8.1 log10 cfu/mL
air), molds/yeasts (3.6 log10 cfu/mL air), Enterobacteriaceae (2.3 log10

cfu/mL air) and E. coli (1.9 log10 cfu/mL air) occurred in the grow-out
house. Lowest production-related counts for total aerobic bacteria (3.5
log10 cfu/mL air), molds/yeasts (2.5 log10 cfu/mL air) and Enterobacte-
riaceae (2.0 log10 cfu/mL air) occurred in the chick room at the hatchery.
At the processing facility, highest counts for total aerobic bacteria (6.7
log10 cfu/mL air), molds/yeasts (2.4 log10 cfu/mL air), Enterobacteri-
aceae (1.5 log10 cfu/mL air) and E. coli (1.4 log10 cfu/mL air) occurred
in the two areas where quail are hung/stunned or scalded/defeathered.
E. coli was not found at any of the sampling sites in the hatchery (setter,
hatcher, egg room, chick room) or at the chiller exit, further processing
area and shipping room at the plant. Data gathered during this study
may be useful in identifying the sources and levels of airborne contami-
nates in commercial production and processing of quail so that effective
intervention practices may be established or strengthen.

Key Words: Airborne Bacteria, Quail Production, Quail Processing

211 A survey of common practices in commercial
turkey processing facilities and their effects on water use.
J. K. Northcutt* and D. R. Jones, USDA Agricultural Research Service,
Russell Research Center.

A survey of turkey processing facilities across the U.S. was conducted to
determine the relationship between common industry practices and water
use. Data from the surveys were categorized and the significance of rela-
tionships between the categories was determined using Chi-square. Ap-
proximately 85% of the respondents reported using city water (P < 0.05),
with 77% of the facilities reporting that they discharge to city sewers.
Ninety-two percent of the respondents reported operating their facility 5
d each week (P < 0.0001). The majority (46.1%) of the responses were
from the Northeast, followed by the Central (26.9%), Southeast (19.2%)
and West (7.7%). There was no relationship between region of the U.S.
and average water use to process a turkey (before or after HACCP),
amount of water recycled, or cost of water. Ninety-two percent of the
respondents reported that they use a coop/truck washing station, but
there was no relationship between use of a coop/truck washing station
and average water use (before or after HACCP) or amount of water re-
cycled. Water is recycled in 31% of the facilities that responded to the
survey (P < 0.0001), but there was no relationship between water re-
cycling and size of facility (birds per day). Data from this survey may

be used to identify common industry practices where water conservation
efforts could be applied.

Key Words: Turkey Processing, Water, HACCP

212 Baseline quality attributes of marinated broiler
fillets. B. G. Lyon*, D. P. Smith, and E. M. Savage, USDA-ARS-RRC.

Baseline quality attributes of fully aged broiler breast fillets marinated
(vacuum tumbled for 15 min) in a 6% NaCl solution containing either
2% phosphate (2P), 2% citric acid (2C), 2% acetic acid (2A), 1% C plus
1% P(1C), or 1% A plus 1% P (1A) were studied. Two controls were
used: 6% NaCl (6N) and water (0M) with no additives. Oven-cooked
samples (177◦C oven; 75◦C internal temperature) were evaluated by a
9-member trained descriptive analysis sensory panel who rated the in-
tensities of 26 different flavor and texture attributes using 15-point line
scales. Cooked yield and Warner-Bratzler shear values were obtained.
All sensory attributes were scored in the low intensity range (1.5 to 5.0).
Brothy, vinegary and residual particles were the only attributes rated
significantly different (P≤0.05) due to treatment. All marinades signif-
icantly reduced shear values from the 0M, but all values were very low
(1.93 to 2.64 kg). The 2P had the highest yield, significantly higher
than all other treatments. The lowest yields were from 1A, 2A, and 2C.
The results indicated that marination of fully aged broiler breast fillets
in sodium tripolyphosphate improved yield, but organic acids decreased
yield; changes in flavor notes were negligible for the acid and phosphate
treatments; and, acid and phosphate reduced already low shear values,
perhaps to undesirable levels of meat tenderness (mealy, mushy).

Key Words: Broiler Fillets, Sensory, Marination

213 Improved utilization of broiler dark meat
through chemical modifications: Dry matter yield. M.
Betti*b and D. L. Fletchera, aUniversity of Georgia, bUniversity of
Bologna.

Over the past 25 years, emphasis has been placed on improved distri-
bution and marketing of further processed breast meat products. This
has resulted in excess supplies and depressed returns for dark meat. The
major problems with broiler dark meat are color, higher fat content, and
stability. One approach to increasing the utilization of dark meat is to
extract the pigments and fat to increase its use in further processed meat
products. Technologies, such as surimi processing, have not been shown
to be economically viable. The purpose of this project was to examine
the use of high pH extraction, from 8 to 12, and low pH precipitation,
from 3.8 to 5.2 on dry yield of broiler leg meat. Meat was finely chopped
with added water and extracted by adjusting the pH in 0.5 increments
between 8.0 and 12.0 with 2 N NaOH. Following extraction, the pH was
adjusted in 0.2 increments between 3.8 and 5.2 with 2 N HCl to precipi-
tate the protein which was then centrifuged and recovered to determine
dry matter yield. The experiment was replicated using 3 independent
batches of meat (N = 216). Dry yield, as a percentage of raw meat dry
matter, increased with both extraction pH and precipitation pH. Dry
matter yields in excess of 70 % were obtained at the highest extraction
pHs above 10.5, however, there was a clear evidence of protein denatu-
ration which previous reports have indicated could result in potentially
dangerous by-products. At extraction pH values between 9 and 10.5 and
precipitation at pHs closest to the isoelectric point (pH 4.4 and above)
resulted in dry matter yields above 60 %. Based on the wholesale prices,
chemical extraction could result in the economical use of dark meat in a
wider array of poultry products.

Key Words: Dark Meat Ytilization, Dark Meat Extraction, Protein Ex-
traction

214 Low levels of bacteria found on rubber picker
fingers during processing. J. W. Arnold* and D. H. Boothe, USDA-
ARS, Russell Research Center.

For many years, the use of rubber fingers on mechanical pickers to remove
feathers from broilers after scalding was considered a major contributor
to bacterial cross-contamination. In previous work, bacterial attachment
to picker-finger rubber was significantly less than attachment to stainless
steel and other surface materials. In fact, new picker-finger rubber in-
hibited bacterial contamination. In this study, rubber picker fingers that
had been in use in commercial processing equipment were tested with
natural bacterial populations. Picker fingers were removed from various
locations within an inline picker, bagged, and stored on ice for transport
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to the laboratory. The locations included front, center, and back to the
right and left of the processing line. Three-rib sections cut from the mid-
dle of each finger were individually placed into 10 mL of tryptic soy broth.
Serial dilutions for plate counts of colony forming units were performed
after incubation at 37 C for one hour and vortexing. Three trials from
each of three processing plants indicated that bacterial counts were much
lower than expected, 30 to 104 per finger. Scanning electron microscopy
confirmed the levels of surface bacteria. Fingers incubated for 72 to 96
hours and those exposed to bacterial cultures significantly increased and
harbored bacterial levels to 105 and above. In one trial bacteria from
the picker fingers were isolated and identified, but no pathogens were
found. This indicates that picker fingers may not be a major source for
pathogen cross contamination of carcasses. The minimal chemical control
to completely eliminate bacterial contamination can now be determined.
The results will impact the recommended schedule for replacing picker
fingers.

Key Words: Rubber Picker Finger, Bacteria, Poultry Processing

215 Heat inactivation of Listeria monocytogenes in
high solids liquid egg products. A. M. Tyner*, J. L. LeMieux,
X. Li, S. A. Hale, and B. W. Sheldon, North Carolina State University,
Department of Poultry Science.

The foodborne organism Listeria monocytogenes is a major concern in
ready-to-eat and refrigerated foods due to the risk of cross-contamination
during processing and ability to grow at refrigeration temperatures. The
objective of this study was to determine the heat resistance (D- and Z-
values) of Listeria monocytogenes in high solids liquid egg products. A
cocktail of four strains of Listeria monocytogenes (three poultry iso-
lates and one clinical isolate) was inoculated into two high solids liquid
egg products; product A (pH 5.09, Aw 0.76) and product B (pH 5.29,
Aw 0.82). Each of the inoculated egg products was dispensed (0.06-ml,
no head space) into individual sterile glass capillary tubes using a sy-
ringe fitted with a 100-mm blunt needle. The heat-sealed tubes were
submerged into a preheated circulating water bath at four selected tem-
perature of 64, 66, 68 and 70 C. At 6 to 8 evenly time intervals, tubes
were removed and immersed for 5 min in an ice water slurry. Surviving
organisms were spiral plated onto brain heart infusion agar plates and
incubated for 24-48 h at 37 C. Listeria monocytogenes was more heat
sensitive in the lower solids product B. For product A, the D-values were
0.46, 0.41, 0.20 and 0.16 min, respectively, for process temperatures 64,
66, 68 and 70 C. For product B, the D-values were 0.36, 0.21, 0.11 and
0.08 min, respectively. The derived Z-values were 10.4 and 8.6 C for

products A and B, respectively. As anticipated, the higher solids content
egg product (A) required higher process temperatures or longer heating
times to inactivate Listeria monocytogenes. The capillary tube method
proved to be suitable with this type of product for generating linear sur-
vivor curves without tailing effects. The results of this study involving
Listeria monocytogenes provide preliminary heat inactivation data for
use in developing pasteurization processes.

Key Words: Listeria Monocytogenes, Heat Inactivation, High Solid Egg
Products

216 Comparison of air and immersion chilling on
meat quality and shelf life of broiler breast fillets. C. Z. Al-
varado, C. D. Carroll*, H. M. Buses, K. D. Paske, and L. D. Thompson,
Texas Tech University.

A total of 90 fillets from air-chilled carcasses and 90 fillets from
immersion-chilled carcasses were obtained from processor to determine
differences in meat quality, sensory and shelf-life. At 24 hr postmortem,
the fillets were vacuum tumbled (25 mmHg, 30 min, 4 C) in two repli-
cations per treatment with a 20% solution (wt/wt) yielding 0.70% NaCl
and 0.45% STP in the final product. One third of the fillets in each
replication were packaged in trays covered with plastic wrap and stored
in retail cases to simulate retail shelf-life conditions. The remaining fil-
lets were stored at 4 C for 24 hours until analysis for retention, cook
loss, consumer evaluation, and objective tenderness. The immersion-
chilled fillets had a significantly lower pH (5.56) and were lighter (54.73)
when compared to the air chilled fillets (5.64, 50.13, respectively). The
air-chilled fillets had significantly higher marinade pick up (15.51%) than
the immersion-chilled (14.07%) fillets. However, there were no significant
differences in cook loss percentage in either treatment (20.03%). Shear
value was significantly higher in the immersion-chilled fillets (4.14 kg/g)
indicating less tender meat than the air-chilled (3.62 kg/g). In the con-
sumer analyses, the air-chilled fillets were significantly different from the
immersion-chilled fillets. Of the respondents that noted differences, 19%
indicated differences in texture and 9.67% indicated taste differences.
The air-chilled treatment had significantly lower APC on post-packaging
days 0, 3, and 9 when compared to the immersion treatment. Also, co-
liforms were significantly lower in the air-chilled treatment through day
6. Therefore, air chilling carcasses may improve color, marination yield,
tenderness, and increase the shelf life of retail packaged broiler breast
fillets.

Key Words: Air Chilling, Meat Quality, Shelf-Life
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217 Molecular typing of avian mycoplasma species

M. gallisepticum and M. synoviae by amplified fragment
length polymorphism. Y. Hong*, V. Leiting, M. Garcia, and S.
H Kleven, aDepartment of Avian Medicine, the University of Georgia.

Each year avian mycoplasmosis causes great economic losses to the poul-
try industry. In this study, amplified fragment length polymorphism
(AFLP) was applied to typing the most common avian mycoplasma
species, M. gallisepticum (MG) and M. synoviae (MS) associated with
different outbreaks in the United States. Two restriction endonucleases
Bgl II and Mfe I were used to digest the genomic DNA and the frag-
ments were subsequently ligated to the corresponding adaptors in the
AFLP procedure. Thirty field strains of MG and 26 field strains of MS
were analyzed by AFLP. Phylogenic analysis on AFLP profiles clearly
separated the two mycoplasma species into distinct groups in the dendro-
gram. Strains from different outbreaks could also be differentiated from
each other. To determine reproducibility of the assay, AFLP analysis
was run in triplicate for each sample. AFLP profiles were highly repro-
ducible and consistent. DNA sequence analysis on target genes mgc2 for
MG and vlhA for MS was also performed for those strains and the result
was compared to the AFLP procedure. Overall, AFLP analysis proved
to be a fast and accurate way for typing avian mycoplasma species.

Key Words: AFLP, Typing, Avian Mycoplasma

218 Detection of Avian Influenza virus in tracheal
swab samples using a commercial antigen capture test. A.
Rojas*, C. Rosario, and R. Merino, Departamento de Produccion Ani-
mal: aves, FMVZ, UNAM.

Avian influenza is a very important disease of poultry. To diagnose it
as soon as possible is a critical factor in order to take the proper mea-
sures in the flock. Virus isolation is the gold test, however is a little
time consuming; molecular biology tests (e.g. PCR) are quick but ex-
pensive. The objective of this study was to use an antigen capture test
(Now Flu A

r

) to detect AIV in tracheal swab samples from chickens
challenged via the nostrils with a low pathogenicity AIV (H5N2). Three
weeks old broiler chickens were used in three groups of 5 challenged and
one unchallenged chicken (contact chicken). Each group was challenged
with A=102, B=103 or C=104 ID50/0.1 ml. Two chickens were used as
negative group (D). Tracheal swab samples were taken at 1, 3, 5 and
7 days post challenge (PC). Each swab was placed individually in 1 ml
sterile PBS and frozen at -20◦C until used. Both, virus isolation (VI) in
9 days old chicken embryos and antigen capture (AC) tests were carried
out at the same time. Only a few birds from group A showed very light
respiratory signs at 3 days PC. Samples from D group were always nega-
tive. Samples from days one and seven PC gave negative results in both
tests. At day 3 PC, AC test was positive in 6/6 samples from A and B
groups, and 4/6 in C group; VI was positive in 4/6 and 2/6 samples from
groups A and B respectively, samples from C group were all negative.
At 5 day PC, AC test gave positive results in 5/6, 4/6 and 3/6 samples
from groups A, B and C respectively; all these samples were negative in
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VI test. These results suggest that the Antigen Capture test was more
sensitive than virus isolation. This could be due to the fact that virus
were no longer viable at the time testing, meanwhile the Now Flu A

r

test detects both live and killed antigens. These results indicate that AC
test can be used for quick screening for AIV when respiratory signs are
seen in chickens.

Key Words: Avian Influenza Virus, Antigen Capture Test, Virus Isolation

219 Evaluation of four vaccination programs against
velogenic Newcastle disease. A. Rojas*a, L. Etcharrenb, R.
Merinoa, and T. Fehervaria, aDepartamento de Produccion Animal:
aves, FMVZ, UNAM, Mexico, bCEVA Santé Animale, France.

Before renewing or modifying any vaccination program against Newcas-
tle disease it is necessary to perform potency-challenge tests, in order to
get the best protection for the flock. Four vaccination programs against
Newcastle disease were evaluated in this study. One day old commer-
cial broiler chickens were raised in isolated units and randomly grouped
in 5 floor pens and vaccinated at 10 days old: W (n=28) vaccinated
simultaneously SC with an inactivated hyper concentrated lentogenic
strain and the live PHY.LMV.42 non pathogenic strain via eye drop;
G (n=28) vaccinated with La Sota strain via eye drop; R (n=27) vacci-
nated simultaneously SC with 0.1 ml of an inactivated lentogenic strain
and the same live vaccine used in W group; B (n=30) vaccinated only
with the live vaccine used in W; the C (n=25) was not vaccinated. At
35 days of age, 20 chickens from each group were challenged IM with
107.5 ID50/0.2 ml velogenic viscerotropic Chimalhuacan strain of New-
castle Disease virus. These challenged birds worked as shedders to the
remaining chickens (horizontally infected -hi-) in each floor pen. ELISA
antibodies (Synbiotics

r

) titers were measured at vaccination day and 35
and 50 days of age. Total mortality from challenge day to 50 days old
was recorded too. At challenge date, ELISA titers were statistically lower
(P<0.01) for both the C (91b) and B (1458b) groups, than those from
W (8210a), R (11840a) and G (10629a) groups. At 50 days old, there
were statistical differences (P<0.05) in ELISA titers among groups: hi-B
(26358a), hi-R (24273ab), R (24015ab), hi-G (23427abc), B (22613bc),
G (21187cd), W (19855d) and hi-W (16797e). Mortality was 100% in C
and ih-C groups, there was a significant mortality reduction (P<0.05) in
all vaccinated groups. There was no mortality in groups W, hi-W, hi-G
and hi-R. Mortality was 5% in group G, 10% in groups R and B, and
20% in group hi-B. All vaccination programs were effective protecting
birds against velogenic viscerotropic Newcastle disease, the best one was
the simultaneous application of the inactivated hyper concentrated strain
with the live not pathogenic strain.

Key Words: Newcastle Disease, Vaccination, Velogenic Challenge

220 Efficacy of Sal CURBr

brand ASF liquid antimi-
crobial against various pathogens utilizing an in vitro assay.
M.L. Burke*, J.K. Murphy, D.J. Sanders, and V.J.H. Sewalt, Kemin
Americas, Inc.

Sal CURB
r

brand ASF liquid antimicrobial (SC ASF) is a formaldehyde-
based product that is used to maintain feeds and feed ingredients
Salmonella-negative. Its efficacy against other pathogens of importance
to the agriculture and food industries has only been minimally explored.
The purpose of this experiment was to evaluate the efficacy and de-
termine minimum inhibitory concentration (MIC) of SC ASF against
Salmonella typhimurium ATCC 14028, Escherichia coli ATCC 25404,
Listeria monocytogenes ATCC 15315, Staphylococcus aureus ATCC
25923, Bacillus cereus ATCC 10876 and Bordetella avium ATCC 35086.
Each strain was inoculated at concentrations of approximately 101, 103,
105 and 107 CFU/ml, and subsequently treated with SC ASF at levels
that would be representative of 1.5, 0.5, 0.25, 0.05, 0.005 kg/MT on feed.
A series of in vitro assays, in 96-well microtiter plates, were conducted.
One microtiter plate per bacterium was used. Four wells per organism
concentration per treatment level were included on each plate. A posi-
tive control, negative control and a blank were included on each plate.
The plates were incubated at 37C and read periodically over a 21hr time
period. An Optimax plate reader was used to measure the optical den-
sity at 405 nm (OD405). The OD405 of the four well replicates were
averaged and the change in OD405 (∆OD405) over time was analyzed.
All bacterial strains showed sensitivity to SC ASF at levels greater than
0.05kg/MT. Statistical analysis of the end point data suggests that the
MIC of SC ASF against these select pathogens is between 0.05 and 0.25

kg/MT. Further studies are required to confirm the efficacy in feed. Re-
sults of this study indicate the potential for Sal CURB

r

brand ASF liquid
antimicrobial as an effective preventative agent against not only S. ty-
phimurium, but also E. coli, L. monocytogenes, S. aureus, B. cereus
and B. avium.

Key Words: Sal CURB ASF, Formaldehyde, Pathogen Reduction

221 Using a Qualicon RiboPrinterr to characterize
disease causing Escherichia coli. K. S. Macklin*, J. B. Mitchell,
and R. A. Norton, Auburn University.

Escherichia coli is a serious problem within the broiler industry that
also has a history of causing illness in humans. Identifying relationships
between E. coli from different origins is useful in trying to identify poten-
tially virulent strains. One method for identifying relationships between
E. coli from different sources is by means of ribosomal RNA. In this study
a Qualicons RiboPrinter

r

microbial characterization system was utilized
in performing an epidemiological study of avian colibacillosis origin E.
coli. Ninety-seven unique strains of E. coli had been run in this ma-
chine. After analysis in the machine there were 24 resulting ribogroups.
Interestingly the majority of the isolates fell into two ribogroups, with
one ribogroup containing 35 of the 97 strains and the other with 20 of
the 97. These two ribogroups account for 57% of all the strains and 74%
of all the cellulitis origin strains. From this work it can be seen that ri-
bosomal RNA is an effective tool for performing epidemiological studies.
Additionally it is shown that the majority of colibacillosis cases may fall
into two distinct ribogroups.

Key Words: E. Coli, Qualicon RiboPrinter, Colibacillosis

222 Evaluation of different broth cultures for E. coli
O157:H7 detection with the Revealr device. G. Gaona*, R.
Merino, and C. Rosario, Departamento de Producción Animal: aves,
FMVZ, UNAM, México.

There is an increasing concern about E. coli O157:H7 identification in
products for human consumption. Several tests have been developed to
identify this bacterium as soon as possible. Among them, the Reveal

r

system is an antigen capture based system which uses a specific patented
culture medium. The study objective was to test several common cul-
ture media to identify E. coli O157:H7 using the Reveal

r

device. Five
ml in 6 assay tubes with each of the following culture broths were used:
phosphate tryptose (PT), triptose (T), dextrose triptone (DT), tripticase
soy (TS), selenite (S), tetrathionate (Te), lactose (L), nutrient (N), and
brain-heart infusion (BHI). Each tube was inoculated with 1, 10, 100,
1,000 or 10,000 E. coli O157:H7 colony forming units (CFU). In order
to simulate a mixed culture, each tube received 10 ul from a culture of
chicken skin containing 4 x 108 CFU/ml of unidentified bacteria, previ-
ously tested to confirm no cross reaction with the device. The remaining
one was left un-inoculated. All tubes were incubated 8 hours at 43◦C,
after inactivation by heat, 5 drops from each broth, including those un-
inoculated broths, were tested with one device. The DT, S, N and Te
broths were all negative, independently of the E. coli O157:H7 CFU in-
oculated. PT, T and BHI gave positive results only when 100 CFU or
more were inoculated to the broth before the incubation period. Finally,
TS and L broths were positive only when 1000 CFU or more were inocu-
lated. None of the media gave positive results when they were inoculated
with 1 or 10 CFU of E. coli O157:H7. These results show that at least
5 broth culture media could be used with the Reveal

r

device in order to
detect E. coli O157:H7, may be incubating longer tan 8 hours, as it is
stated in the product that it can detect as low as 1 CFU in the samples.
Longer incubation periods, e.g. 24 hours, are recommended to be tested,
even with the selective media (Se and Te), in order to know if they could
be as useful as or even better than general media.

Key Words: E. Coli O157:H7, Reveal Device, Culture Broths

223 Development of a competitive exclusion product
for poultry meeting the regulatory requirements for regis-
tration in the EU. R. Beltranb, V. Klosea, M. Mohnla, R. Plaila,
and G. Schatzmayrb, aInstitute for Agrobiotechnology, Tulln, bBiomin
IAN.

Competitive exclusion (CE) is a promising method to protect chicks
from infections with pathogenic bacteria. In particular the CE concept
is able to increase the colonisation resistance of day old chicks against
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Salmonella, one of the main important bacterial contaminant transmit-
ted by poultry. Commercially produced poultry lack the natural contact
between chicks and mother hens, thus providing them the natural infec-
tion stress and triggering of their immune system. As a consequence day
old chicks are more susceptible to pathogen colonisation. The animal
production in the EU faces a very difficult situation, due to the fore-
seeable total ban of antibiotic growth promoters and the understandable
consumer objections to their intensive use. Production of feed additives
affords the opportunity to face occurring demands and changed regu-
lations as prior relevance to implement new strategies and innovative
concepts. There is a demand to react for both economic and social rea-
sons. Poultry industry must be provided with alternatives to antibiotics
to ensure competition for European producers. Consumer health has to
be considered providing safe food of reliable and high quality. Main
impact of the project:
· Substitution of antibiotics as growth promoters in animal production
· Improvement of health in animal farming
· Decreased occurrence of antibiotic resistant micro-organisms
· Sound production processes based on natural resources
· Safe and reliable food for consumers
The outstanding structure of this CRAFT project allows to follow the
technological steps from the naturally derived source to the refined prod-
uct. It covers at the same time all relevant scientific fields according to
the partners scope.
· Microbiological aspects and design of the competitive exclusion product.
· Formulation and application of the product.
· Registration and regulatory aspects.
· Development of molecular biological test systems for quality control,
feeding trials, control of hygienic parameters.
· Application aspects in feeding trials and large field trials.
· General Improvement of animal well-being, consumer confidence, mar-
ket developments.
· Improvement of Hygienic concepts regarding “farm to fork” principles.
· Information- and training concepts

Key Words: Competitive Exclusion, Poultry, Avian Disease

224 Molecular characterization of infectious bursal
disease virus in Pakistan. A. Zahoor*a, I. Hussaina, Q. Khanb, A.
Haqb, and K. Mansoora, aDepartment of Vet. Microbiology, University
of Agriculture Faisalabad, Pakistan, bNational Institute for Biotechnol-
ogy and Genetic Engineering (NIBGE) Faisalabad, Pakistan.

Eleven infectious bursal disease virus (IBDV) strains were characterized
by the reverse transcriptase-polymerase chain reaction/ restriction frag-
ment length polymorphism (RT-PCR/ RFLP) assay and compared with
the Bursine plus (Vaccine). A primer pair that amplified a 743-bp frag-
ment was used. The RFLP profiles of the RT-PCR products were deter-
mined with three restriction enzymes i.e. MvaI, MboI and SspI. The SspI
enzyme was used as a virulence marker to differentiate the very virulent
strains from the classical and variant strains. Three strains i.e. IH2,
VMb1 and Pk03, were found positive for SspI indicating that they are
vvIBDV strains. RFLP profile of IH1 and NK74 were found similar to
Bursine plus and placed into molecular group of classic strains. UAF02,
IH3 and AZ79 IBDV strains were found negative for MvaI indicating
that they are antigenic variants. QMK1 and AH71 IBDV strains were
having a very much distinct pattern of RFLP so they were placed into
a new molecular group. The results of the present study indicated that
there exists a great genetic variability among field strains of IBDV in
commercially reared chicken flocks in Pakistan as compared to vaccine
strains.

Key Words: IBDV, PCR, RFLP

225 Molecular detection of infectious bursal disease
virus by polymerase chain reaction in Pakistan. A. Zahoor*a,
I. Hussaina, Q. Khanb, A. Haqb, and A. Jamilc, aDepartment of Vet.
Microbiology, University of Agriculture Faisalabad, Pakistan, bNational
Institute for Biotechnology and Genetic Engineering (NIBGE) Faisal-
abad, Pakistan, cDepartment of Chemistry University of Agriculture
Faisalabad, Pakistan.

The polymerase chain reaction technique was used for the detection of in-
fectious bursal disease virus (IBDV) in infected bursae, first time in Pak-
istan. Viral RNA was extracted using the Proteinase K based method.
Reverse transcription was carried out using the RevertAid first strand
cDNA synthesis kit (MBI, Fermentas) according to the manufacturer’s

instructions; it was followed by the PCR to amplify the VP2 hyperrvari-
able gene of IBDV genome. After 30 cycles of PCR, a single band of
the PCR product (DNA) of the expected size in positive samples was
visualized on 1.5 % agarose gel stained with ethidium bromide. Out of
66 bursa samples subjected to the molecular detection, 32 were found
positive (48.48%). Results indicated that PCR is a highly sensitive and
specific method for the detection of IBDV.

Key Words: IBDV, RT-PCR

226 Identification of infectious bronchitis virus by
RT-PCR from FTA filter paper. H. Moscoso*, E. O. Raybon, S.
G. Thayer, and C. L. Hofacre, Dept Avian Medicine, School of Veteri-
nary Medicine, The University of Georgia.

Infectious Bronchitis Virus (IBV) causes significant economical loss to
the avian industry worldwide, therefore its detection is a priority step to
manage and control the disease. Collection and transport of infectious
agents through the mail especially from foreign countries to reference lab-
oratories in the USA often requires chemical inactivation of the specimens
and compliances with strict federal and civil regulations. We have inves-
tigated the use of FTA paper to circumvect those requirements without
affecting the specificity or sensitivity of the diagnosis. Allantoic fluids
containing IBV were spotted on FTA cards and stored at various temper-
atures for different periods of time before analysing by RT-PCR/RFLP.
IBV spotted on FTA for 1-5 days were unable to grow in chicken embryos
indicating an effective inactivation upon contact with the filter. However,
IBV RNA extracted from the filter was detected by RT-PCR indicating a
degree of stability which may be time and temperature sensitive. Molec-
ular analysis by RFLP was possible in those samples showing medium to
strong amplicon intensity and correlated 100% with those performed by
standard diagnostic RT-PCR test. These results support the use of FTA
filter paper as a collection, inactivation and transport media for infec-
tious agents in a less expensive format than the current method. Results
will be reported on the appropriate temperature and lengh of shipping.

Key Words: FTA Filter Paper, RT-PCR, IBV

227 Quantitative real-time RT-PCR analysis of
Newcastle Disease Virus shed in chickens. B. Telg*, J.
Thurk, and J. El-Attrache, Texas A&M University College of Veteri-
nary Medicine Department of Veterinary Pathobiology.

Trachea and fecal viral shed was evaluated via quantitative real-time
RT-PCR for Newcastle Disease (ND) challenged birds with varying post-
vaccination times as well as for ND challenged birds that received a vary-
ing number of vaccinations. All birds were challenged with a La Sota
strain of Newcastle Disease Virus (NDV) at 109.2 EID50/ml. Trachea,
fecal, and blood samples were collected three days post-challenge from all
birds. Different viral RNA extraction techniques were evaluated to en-
hance quantitative real-time RT-PCR detection. Quantification of NDV
viral RNA per sample from each challenged bird was then performed.
Serological analysis of the NDV challenged birds with varying post vac-
cination times revealed undetectable levels of antibodies to NDV in all
but two 1-week of age birds. Therefore, NDV viral RNA was detected in
20/25 (80%) of the tracheal swab samples indicating the presence of chal-
lenge virus replication. However, only 3/25 (12%) of the fecal samples
had detectable levels of NDV viral RNA. For the birds with varying num-
ber of vaccinations, all vaccinated birds exhibited the presence of NDV
antibodies while all non-vaccinated birds were negative. As a result,
only the non-vaccinated positive challenge control birds had detectable
levels of NDV in trachea and fecal samples indicating absence of NDV
challenge virus replication by quantitative real-time RT-PCR in all vacci-
nated birds. No significant difference was observed in viral concentration
between groups with varying post-vaccination times.

Key Words: Newcastle Disease, Quantitative Real-Time RT-PCR, Viral
Shed
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228 The efficacy of simultaneous vaccination against
Marek’s disease by parentheral injection of SB 1 and neb-
ulization of FC 126 viruses. H. Mazijaa, Z. Miskovicb, H. Garayb,
E. Prukner-Radovcica, and Z. Gottsteina, aVeterinary Faculty Univer-
sity of Zagreb, Zagreb, Croatia, bPosavina Koka, Orasje, Bosnia and
Herzegovina.

Objectives: Efficacy of combined vaccination against Marek’s disease by
patentheral injection of MDV SB 1 and nebulization of HVT FC 126 was
compared to single parentheral application of mentioned vaccine strains.
Material and methods: Eleven flocks of commercial laying hens with ap-
proximate number of 6000 per flock were vaccinated as newly hatched
intramuscularly with SB1 vaccine against Marek’s disease with a recom-
mended dose. Immediately after that HVT FC 126 vaccine was given
by mean of ultrasonic nebulization (Mazija and Stimac, 1995). General
health condition and mortality rate was compared with twenty-nine flocks
of laying hens, which received parentheraly MDV SB 1 or HVT FC 126
respectively.
Results and discussion: All mentioned flocks were grown in highly con-
taminated area, with history of high incidence of Marek’s disease in the
same or neighboring farms. Since single vaccination with SB1 or HVT
is not sufficient enough to protect chickens against very virulent Marek’s
disease virus strains (Geerligs et all, 1999) the necessity of combined
vaccination as well as application via different routes emerged. The com-
bination of MDV SB1 and HVT FC 126 vaccines was superior to compar-
ative group. During period of 18 weeks the mortality rate in MDV SB1 +
HVT FC 126 vaccinated group was 3.0 % while in MDV SB1 vaccinated
group reached 8.7 %.
References:
Geerligs, H.J., M.W. Weststrate, T.L. Pertile, J. Rodenberg, M. Kumar,
S. Chu (1999): Efficacy of a combination vaccine containing MDV CVI
988 strain and HVT against challenge with very virulent MDV. Acta
Virologica 43, 198-200.
Mazija, H., T. Stimac (1995): P950425A Ultrasonic atomizer for vacci-
nation against Marek’s and other poultry diseases. Croatian Intellectual
Property Gazette 6, 877, 1995.

Key Words: Marek’s Disease, Nebulization, Parentheral Application

229 Evaluation and characterization of a colibacil-
losis outbreak in a Texas chicken flock. S. R. Petermann*a,
E. A. M. Trona, R. E. Wooleyb, J. El-Attrachec, and P. S. Gibbsa,
aDepartment of Veterinary and Microbiological Sciences, College of
Agriculture, Food Systems, and Natural Resources, North Dakota
State University, Fargo, bDepartment of Medical Microbiology and
Parasitology, College of Veterinary Medicine, University of Georgia,
Athens, cDepartment of Veterinary Pathobiology, College of Veterinary
Medicine, Texas A&M University, College Station.

Colibacillosis is a devastating disease leading to significant economic loss
for the poultry industry. In this study, the outbreak strain (043392),
an E. coli isolated from the liver of a chicken with colibacillosis, was
compared to E. coli isolated from fecal samples recovered from diseased
and apparently healthy chickens from the same flock. Isolates were ex-
amined for the presence of genes encoding certain putative virulence
determinants (LT, STb, Sta, Stx-1, Stx-2, Cnf-1, Cnf-2, Intimin, Iss,
Tsh, and K1) as well as genes found associated with the Yersinia High
Pathogenicity Island (irp1 and irp2). Furthermore, isolates were inves-
tigated for potential insertions at the selC tRNA gene, a site associated
with pathogenicity islands in several bacterial species. In addition, the
isolates were characterized as to serogroup, production of colicins, abil-
ity to resist complement, and antimicrobial susceptibility. Finally, select
isolates were screened for virulence in vivo using the Embryo Lethality
Assay (ELA) described by Gibbs et al (2003). Strain 044392, an O78
serogroup, was positive by PCR for irp1 and irp2 as well as the gene
encoding Iss. It did not contain an insertion at the selC tRNA site. Ad-
ditionally, the isolate produced Colicin V, demonstrated 100% mortality
in the ELA, resisted the action of complement, and displayed resistance
to two of the 12 antimicrobials tested. Interestingly, an O78 with similar
characteristics was isolated from the feces of a diseased bird. It is tempt-
ing to speculate that the birds harbor this pathogen in their intestinal
flora which may increase susceptibility to colibacillosis.

Key Words: E. Coli, Colibacillosis, Embryo Lethality Assay

230 A chicken embryo chorioallantoic membrane in-
oculation model for avian colibacillosis. P. Gibbs*a, E. Trona,
S. Petermanna, J. Ihlea, and R. Wooleyb, aDepartement of Veteri-
nary and Microbiological Sciences, College of Agriculture, Food Sys-
tems, and Natural Resources, North Dakota State University, Fargo,
bDepartment of Medical Microbiology and Parasitology, College of Vet-
erinary Medicine, University of Georgia, Athens.

Colibacillosis in poultry costs the poultry industry millions of dollars an-
nually. Challenge models for avian colibacillosis are needed for research
in treatment and prevention of this disease. Results from the Embryo
Lethality Assay (ELA) (using approximately 100 colony forming units
(CFUs) in the allantoic inoculation route of 12-day-old embryos) has been
shown to correlate well with results in the intravenous chicken challenge
model (Gibbs and Wooley, 2003). This study was designed to explore the
possibility that a chorioallantoic membrane (CAM) inoculation of chicken
embryos could determine the ability of avian Escherichia coli isolates to
pass through the CAM in order to cause death in the embryos. Several
experiments were repeated using both high numbers (10,000 CFUs) or
low numbers (100 CFUs) each of the same twenty avian E. coli isolates
used in a prior study (Gibbs et al, 2003). The results indicate that most
of the isolates that killed significant numbers of embryos in the ELA and
IV challenge models also were able to kill in the CAM challenge model.
All isolates were able to cross the CAM and colonize the allantoic cavity.
Additionally, the isolates that did not kill in the ELA or the IV challenge
models did kill significantly more embryos in the CAM challenge model
when using 10,000 CFUs, but not when using 100 CFUs. This could,
perhaps, be due to the high numbers of CFUs inoculated.

Key Words: Colibacillosis Challenge Model, Avian Escherichia Coli, Em-
bryo Lethality Assay

231 In vitro evaluation of a commercial probiotic for
poultry. C. Rosario*a, R. Merinoa, and J. Cabrialesb, aDepartamento
de Producción Animal: aves, FMVZ, UNAM, México, bBoehringer In-
gelheim Vetmedica, Jalisco, México.

The beneficial effects of lactic acid bacteria on human health have been
proposed since 1908. In animal production, probiotics have been used
with good results. There is a commercial competitive exclusion (CE)
product for poultry in freeze-dried bacterial formulation, which provides
the target animal with a normal intestinal micro flora similar to that from
a healthy adult bird. The product has a regenerative agent to protect
the freeze-dried bacteria from water impurities such as chlorine, and to
enhance their recovery. The objective of the present paper was to evalu-
ate the in vitro activity of this CE product against the avian pathogens
Salmonella enteritidis, Escherichia coli serotype O1 and Staphylococ-
cus aureus. The probiotic was prepared under manufacturers directions,
with the exception that the regeneration agent was not used. One ml of
the product was inoculated into 30 ml of brain heart infusion and incu-
bated under anaerobic condition for 24 hrs at 37 ◦C. The supernatant
was spin and then filtered. Two ml from this supernatant were added
into 3 tubes containing 7 ml brain heart infusion. Then, 1 ml from a
culture containing 103 CFU/ml of either S. enteritidis, E. coli and S.
aureus were added to its corresponding tube. A positive control (tubes
without the probiotic supernatant) was included for each bacterium. At
0, 1, 2, 3, 4, 5 and 6 hours post inoculation, 100 ul were sampled to
evaluate the effect of the supernatant on the pathogens growth. The su-
pernatant from the EC product had an inhibitory effect on the growth of
all bacteria compared with the positive control. With S. enteritidis the
growth reduction was almost 2 logs (3.7 and 6.3 log10), with E. coli the
difference was higher (3.5 and 8.2 log10). S. aureus showed the smallest
difference (2.5 and 3.4 log10). These results show that the EC product
has a positive effect on the reduction of three important pathogens for the
poultry industry, and could be a good alternative in the field to reduce
economic looses caused for these pathogens. A field trial is recommended
to corroborate these findings.

Key Words: Competitive Exclusion, Broiler Chickens, S. Enteritidis

232 Colicins production in escherichia coli strains
isolated from chicks with yolk sac infection and poultry
carcasses. N. Valois and C. Rosario*, Departamento de Produccion
Animal: Aves, FMVZ, UNAM, Mexico.

In the continual battle for survival in nutrient-limited environments,
Gram-negative bacteria such as Escherichia coli frequently release po-
tent toxins that can selectively eliminate competing bacterial strains,
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prominent among these toxins are colicins. Colicin V has been found
basically in virulent strains, which has been isolated from extraintesti-
nal infections in both, animals and humans. Col V plasmid codified for
other virulent factors, for this reason strains, which acquired this plas-
mid, become more virulent. The objective for this paper was to compare
the colicin production in E. coli strains isolated from yolk sac infection
cases (SY) and strains isolated from gut and skin (SGS) form poultry car-
casses. Seventy-six strains isolated from cases of yolk sac infection and
70 strains isolated from intestine (49) and skin (21) of poultry carcasses
were test for colicin production. Forth phenotypes can be distinguished
with the technique: 1) No production of colicins, 2) Production of Col V,
3) Production of Col V and other colicins and 4) Production of colicins
different from Col V. The highest rate of no colicin production was seen
in SGS (50%) compared with SY strains (34.2%). 11.4% of SGS and
14.5% of SY produce Col V; 22.9% of SGS and 34.2% of SY produce Col
V and other colicins and, 15.7% and 17.1% produce other colicins respec-
tively. These results show that E. coli which cause yolk sac infection are
not avirulent, as it was previously believed and they could carry other
genes which could enhance their virulence.

Key Words: Colicin, Escherichia Coli, Virulence

233 Evaluation of a probiotic in the prevention of
salmonella enteritidis colonization and invation to internal
organs in day old broilers. E. Fite*a, R. Merinob, and C. Rosariob,
aTexas A & M University, College Station, bDepartamento de Pro-
ducción Animal: aves, FMVZ, UNAM, México.

For nearly a century, Professor Elie Metchnikoffs belief that the friendly
microbes present in fermented foods could contribute to human health
and well-being has been upheld by microbiologists. However, it is only
in the last two decades that the role of these gut-colonizing friendly bac-
teria in facilitating the proper functioning of physiological systems has
been fully appreciated. There is commercially available a competitive
exclusion (CE) product for poultry in freeze-dried bacterial formulation,
which provides the target animal with a normal intestinal microflora sim-
ilar to a healthy adult bird. The objective of the present study was to
evaluate the effect of one EC product on ceca colonization and invasion
to liver-spleen by S. enteritidis (SE) in young chicks. One hundred and
thirty one-day-old chicks were randomly distributed in 3 groups, the ex-
perimental group received immediately 250 ul of EC product orally; none
of the positive and negative control groups received the probiotic. Thir-
teen days later birds from both positive control and experimental groups
were challenged with SE (108 CFU/ml) by the oral route. All birds were
killed forty-eight hours post-inoculation and bacteriological cultures were
performed from the ceca and liver-spleen in accordance to US National
Poultry improvement Plan (NPIP). At the end of the experimental pe-
riod a reduction (P<0.05) in SE organ invasion in experimental chicks

(11.2% compared with 19.35% in positive control) was seen. No statisti-
cally significant differences were found in SE recovery from ceca (P>0.05)
between groups (35.4% for both of them). S. enteritidis was not recov-
ered from negative control group. These data suggest that this probiotic
can be used to reduce S. enteritidis invasion to internal organs in young
birds.

Key Words: Probiotic, S. Enteritidis, Broiler Chickens

234 Serotyping of E. coli isolated in skin and gut
from chicken carcasses in a public market in Mexico City.
E. Fite*a, R. Merinob, C. Eslavac, A. Navarroc, and C. Rosariob, aTexas
A & M University, College Station, bDepartamento de Producción An-
imal: aves, FMVZ, UNAM, México, cDepartamento de Salud Pblica,
Facultad de Medicina, UNAM, México.

Some Escherichia coli serotypes are enterohaemorrhagic (EHEC), most
of them do not ferment sorbitol after twenty-four hours of incubation
and only the motile strains from serotype O157 are associated with vero-
toxin production. It has been found in pork, beef, lamb and poultry from
northern United States and Canada. E. coli O157 is a growing concern
among poultry producers throughout Mexico because of the countrys
enormous dependence on poultry as a primary protein source. Presently
O157 has not been diagnosed in Mexico, but because of the outbreaks
near the United States-Mexican border, the need for in depth research
and a greater knowledge of O157 is evident. The first purpose of the
present study was to confirm the absence of E. coli O157:H7 in poul-
try from the Mexico City area, and to analyze the predominant E. coli
serotypes in poultry samples. Ten samples from broiler skin and 10 gut
samples were obtained from a local market in Mexico City. All samples
were seed onto MacConkey-Sorbitol agar, MacConkey-Lactose agar, and
Blood agar and then incubated 18 hours at 37 C. Five sorbitol negative
colonies were extracted per each initial sample. When sorbitol negative
colonies were not present, lactose positive samples were taken. Biochem-
ical testing, and serotyping of E. coli were performed. Seventy from the
100 chose E. coli colonies were identified, 49 from gut and 21 from skin.
None O157:H7 was found. There were 28 O groups found among the
strains, the most common were O25 (10), OR (10), O? (7); in the other
hand, 10 different H antigens were detected and the most common were
H? (24), NM (23) and H4 (12). The most frequent serotype was O25:H4.
Serotypes from skin and gut were different, except O3 and O25. Results
suggest that skin contamination do not comes from gut and support the
previous studies which show that E. coli O157:H7 is not present in Mex-
ico, even though, it could be important to make a wide survey in beef,
pork and poultry facilities to look out for this pathogen.

Key Words: E. Coli Serotyping, O157:H7, Poultry Carcasses
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