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    S-M1    Glycerol as energetic substrate in hatching period of
broiler chicks.  G. Gaona*, C. López-Coello, R. Guinzberg-Perrusquia,
E. Avila-Gonzalez, and A. Díaz-Cruz, UNAM, National Autonomous
University of Mexico, Mexico City, Mexico.

This study determined the availability of glycerol as indicator of energy
status of broiler chicks during hatch, and the behavior of chicks sub-
jected to three fasting times with reference to production standards.
Chicks originating from 31 and 54 week-old Ross breeder flocks were
utilized. Samples of liver were taken from chicks during the following
time periods: pipping of eggshell, wet hatch, dry hatch, and 2.5, 12 and
24 hours post-hatch. Blood was also collected during each phase with
the exception of the pipping. The serum samples were used to measure
the concentration of glucose, cholesterol and triacilglycerides by COBAS
Mira Roche® Analyzer. Liver samples were used to evaluate the quan-
tity of free glycerol using the technique of O. Wieland.A total of 1260
chicks from each age of breeder flock were utilized for the study. Chicks
from each source flock were separated into groups of 140 birds per
treatment with 3 replications, and the fasting periods of 2.5, 12 and 24
hours post-hatch were evaluated. The growing period was continued
through 49 days of age. Study results revealed that chicks originating
from the younger source flock had a lower concentration of glycerol
when correlated with the relative weight of the liver and the quantity of
yolk. Serum glucose indicated that the energy reserves are at their low-
est levels before the first administration of feed.Serum cholesterol levels
were elevated due to the yolk absorption, and during hatch there was a
high percentage of cholesterol esters. For triacylglycerides and glucose,
there was a difference of p<0.05 between the chicks originating from the
two source groups of breeder hens. The production results (body weight,
consumption, feed conversion ratio) did not present a p<0.05 for any of
the fasting time periods. The administration of early feeding caused
benefits with respect to yolk absorption, weight of chicks at one-week
of age. Nevertheless, when performance was actually measured in this
study, improved performance due to early feeding was not detected.While
early feeding caused better utilization of yolk and nutrients, pre-place-
ment fasting did not negatively affect performance in this study.

Key Words: glycerol, hatching chicks, glucose

    S-M2    Expression of ghrelin receptor during follicular devel-
opment in the fasted broiler breeder hen.  M. Freeman* and A.
Davis, University of Georgia, Athens.

Ghrelin is a 28 amino acid polypeptide that was originally identified as
the endogenous ligand for the growth hormone secretagogue receptor
(GHSR). In mammalian species, ghrelin is produced predominantly in
the stomach and has strong growth hormone releasing activity but has
also been found to play a role in appetite stimulation and energy me-
tabolism. In the chicken, ghrelin mRNA is primarily produced in the
proventriculus and two forms of the GHSR have been characterized.
These two forms are generated by alternative splicing of the GHSR
transcript. In mammalian species, there is increasing evidence that ghrelin
plays a role in reproduction therefore, the mRNA expression of GHSR
was investigated in the developing preovulatory follicles of six broiler
breeder hens that had been fasted for 72 hours. Individual theca and
granulosa layers were isolated from the F1 to the F4 follicles, a pool of
small yellow follicles, and a pool of large white follicles. The isolated
theca and granulosa cells were combined from two birds each to create
three replicate samples for each follicle size. Total RNA was extracted
from each sample for two step real-time PCR analysis of GHSR. Taqman
minor groove binding probes and primers for detecting GHSR and
GAPDH (endogenous control) were designed using Primer Express (Ver-
sion 2.0, Applied Biosystems) based published sequences of these genes.
In addition, the assay created for GHSR measured the mRNA expres-
sion of both receptor variants. Expression of the ghrelin receptor was
detected in all theca and granulosa samples from each follicular size.
Overall expression of GHSR was significantly greater in the theca than
in the granulosa. The results suggest that circulating ghrelin levels may
influence follicular development in the hen.

Key Words: ghrelin receptor, broiler breeder hen, theca, granulosa
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    S-M3    Changes in broiler small intestinal electrophysiology
and permeability due to short-term feed withdrawal.  K.L. Thomp-
son*, K.L. Saddoris, J.S. Radcliffe, and T.J. Applegate, Purdue Univer-
sity, West Lafayette, IN.

In the poultry industry, pre-processing fasting periods up to 24 h are
commonly utilized by producers in an effort to reduce the amount of
ingesta within the gastrointestinal tract (GIT), a practice which reduces
the incidence of ruptured tracts and subsequent carcass contamination
at the processing plant. However, little is known regarding how such
feed withdrawal (FW) periods affect intestinal electrophysiology and
permeability to inert dextrans. Therefore, an experiment was conducted
to determine the effects of 0 and 24 h of FW on ileal electrophysiology
and permeability of broiler ileums. Male broilers (n=20) were raised in
floor pens to 39 d of age with ad libitum access to a standard industry
corn-soybean meal diet and water. At 39 d of age, feed was removed
from 4 birds 24 h prior to sampling (repeated at 40, 41, and 42 d of age,
for a total of 10 birds/FW period), and birds (n=4) on the control treat-
ment were not subjected to FW. Birds remained on litter with access to
water for the first 4 h and were then crated. At the conclusion of the FW
period, birds were euthanized and the distal ileal segments (2 replicates/
bird) were placed in Ussing chambers for measurement of initial short-
circuit current, transepithelial electrical resistance (TER), and intestinal
translocation of a 40,000 MW FITC-dextran and a 4,400 MW TMR-
dextran. Mucosal and serosal reservoirs were sampled for dextran trans-
location at 20 min intervals for 120 min. The 24 h FW birds demon-
strated lower initial current (13.17 and 6.41 ΜA/cm2 for 0 and 24 h FW,
respectively; P < 0.05) and TER (178.64 and 141.84 ohms•cm2 for 0
and 24 h FW, respectively; P < 0.05). Intestinal permeability to the
40,000 and 4,400 MW dextrans was greater in 0 h FW birds at all
sampling points from 0 to 120 min (40,000 MW dextran), and at 20, 40,
and 60 min (4,400 MW dextran) when compared with the FW birds.
The results indicate that FW reduces current and TER values, which
suggest reductions in intestinal viability and integrity. However, intesti-
nal permeability was reduced by FW, an occurrence which warrants
further investigation.

Key Words: broiler, feed withdrawal, intestine, permeability, ussing
chamber

    S-M4    The effect of in ovo injection of L-carnitine on hatch
rate and body weight of White Leghorns.  W. Zhai*1, S.L. Neuman2,
M.A. Latour1, and P.Y. Hester1, 1Purdue University, West Lafayette,
Indiana, 2Guidant Corporation, St. Paul, Minnesota.

A previous study conducted in our laboratory showed that the in ovo
injection of saline (0.85%) or carnitine (0.25, 0.50, 1.00, or 2.00 µmoles)
into fertile White Leghorn eggs at 18 d of incubation did not affect hatch
rate. The current study also examined the effects of carnitine injection
on hatch rates of White Leghorn eggs; however, in this experiment, eggs
were injected with a wider dosage range of carnitine. Prior to in ovo
injection of carnitine, 13 fertile eggs were injected with a purple dye to
verify that the injectable was placed in the amnion. When opened, 12
out of 13 embryos had dye within their amnions. All hatching eggs were
candled for fertility prior to injection. Shells of all fertile eggs were
sanitized with a bleach solution at the large end of the egg prior to
injection. With the exception of controls, fertile eggs (1,680) were in-
jected with 100 µL of sterilized saline (0.85%) or carnitine (0.05, 0.5, 5,
or 10 µmoles dissolved in saline) using a 3.81cm 21-g needle. Data were
analyzed using ANOVA. Hatch was unaffected by treatment (76% for

non-injected controls, 74% for saline injected eggs, 77, 77, 68, and 76%
for eggs injected with 0.05, 0.5, 5, or 10 µmoles of carnitine, respec-
tively, SEM = 3). Chick body weight was also unaffected by treatment
(39.5 g for non-injected controls, 39.6 g for saline injected eggs, 39.7,
39.8, 39.9, and 39.4 g for eggs injected with 0.05, 0.5, 5, or 10 µmoles of
carnitine, respectively, SEM = 0.2). It is concluded that the in ovo
injection of carnitine into fertile chicken eggs at 17 d of incubation did
not affect hatch rate and body weight. This study was supported by the
U. S. Poultry & Egg Association & Lonza, Inc.

Key Words: carnitine, hatch rate, in ovo injection

    S-M5    S-Tress and blood gases.  L. Hale-McWilliams*, G.T. Pharr,
S. Anderson, J.P. Thaxton, and S. Wongpichet, Mississippi State Uni-
versity, Mississippi State.

Experiments were conducted to evaluate the effects of adrenocorti-
cotropin (ACTH) on 43 to 46 d old male broilers with high and low
hematocrit levels. An initial evaluation separated the 40 broilers into
two groups based on hematocrit level. These groups were low hemat-
ocrit (19 to 22%) and high hematocrit (25 to 28%). Treatment was
delivered via mini-osmotic pumps that infused ACTH at 8 IU/kg BW/d
for 7 days at a rate of 1uL/h. Controls did not receive ACTH. A 2 x 2
factorial arrangement in a completely randomized design with ten repli-
cations per treatment was performed; measured effects were ACTH
treatment and hematocrit level. Blood was evaluated for pH, pCO2,
pO2, hematocrit, hemoglobin, electrolytes (Na+, K+, Ca+, Cl- and
HCO3-), and corticosterone (CS) levels. On d 43, i.e. immediately prior
to the start of ACTH treatment, birds differed significantly (P < 0.05) in
hematocrit, hemoglobin, pO2, and HCO3- levels. Carbon dioxide levels
were also approaching significance (P = 0.06). On d 46, i.e. after 4 d of
continuous infusion of ACTH, blood was taken and evaluated for the
same characteristics as d 43. Adrenocorticotropin hormone treated birds
had significantly increased (P < 0.05) hematocrit, hemoglobin, pCO2,
HCO3-, and corticosterone levels and decreased Cl- and Na+ levels
compared to control birds. High hematocrit grouped broilers had signifi-
cantly higher hematocrit, hemoglobin, pCO2, and HCO3- levels com-
pared to the low hematocrit group. Corticosterone levels were not sig-
nificantly different between low and high hematocrit birds. No ACTH x
hematocrit response interactions occurred. The relationship of meta-
bolic need for O2 in stressed birds is apparent.

Key Words: broiler, ACTH, stress, hematocrit, corticosterone

    S-M6    Yeast extract (Alphamune™) supplementation enhances
early gut development in turkey poults.  F. Solis de los Santos*1,
M.B. Farnell2, A.M. Donoghue3, G.R. Huff3, W.E. Huff3, N.C. Rath3,
and D.J. Donoghue1, 1University of Arkansas, Fayetteville, 2Texas A &
M University, College Station, 3USDA, ARS, Poultry Production and
Product Safety Research Unit, Fayetteville, Arkansas.

Alphamune™ is a yeast extract antibiotic alternative that has been
shown to stimulate the immune system and increase BW in pigs. The
influence of Alphamune™ on gastrointestinal tract (GIT) development
of turkey poults has not been reported. Two trials were conducted to
evaluate the effects of Alphamune™ on gut maturation of 1-wk-old
turkey poults. Twenty seven birds were collected per trial at seven days
of age. Birds were fed an untreated control diet, or the same diet supple-
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mented with 1 lb/ton or 2 lb/ton of Alphamune™ throughout the study
(n = 9 poults/group). A 2-cm section was collected from the mid-point
of the duodenum, upper ileum and lower ileum of each bird. Tissue
sections were fixed in 10% buffered formalin for 72 h and then stained
with hematoxylin and eosin. Twenty measurements of villus height,
villus base width, lamina propria thickness and crypt depth were taken
per section per poult. Villus surface area was calculated by multiplying
the length of the villus by the width of the villus base. Goblet cells/villus
was determined as the average number of goblet cells within the 10 best-
oriented villi from each section. Duodenum villus height and surface area
were higher (P<0.05) in the 2 lb/ton Alphamune treatment when com-
pared to poults fed a control diet in both trials. Duodenum lamina
propria thickness was greater (P<0.05) in the Alphamune™ supple-
mented diets compared to controls. The crypts were significantly deeper
in both Alphamune™ treatments when compared to controls in Trial 2.
The number of goblet cells/villus was also higher (P<0.05) in the
Alphamune™ treatments when compared to controls in both trials.
These data suggest that the addition of Alphamune™ may enhance the
development of the GIT and mucin production of young turkey poults.

Key Words: Alphamune™, gastrointestinal tract, turkeys, poults, yeast
extract

    S-M7    Egg weight, eggshell conductance and incubation tem-
perature effects on the intestinal maturation in commercial tur-
key poults.  S. Funderburk*1, V. Christensen1, G. Campbell2, M.
Wineland1, J. Grimes1, M. Mann1, R. Neely1, D. Ort1, and D. Rives2,
1North Carolina State University, Raleigh, 2Prestage Farms, Clinton,
North Carolina.

Egg shell conductance (G) and egg weight (W) affect poult livability.
These factors may be related to intestinal maturation of the poult. The
objectives of this study were to determine the effects of G, W and
incubator temperature on jejunum maltase (M) and alkaline phosphatase
(ALP) activities of commercial turkey poults. Using two trials, an equal
number of eggs from an induced molted flock (recycled eggs) and a first
cycle flock (new eggs) were weighed, numbered, set and incubated under
standard operating procedures in a commercial turkey hatchery. For
both trials an equal number of eggs were incubated under a high tempera-
ture profile (HT) and under a low temperature profile (LT). All eggs
were reweighed at 25d and G was calculated. The eggs were then sorted
into three groups: high, average, and low G. At hatch poults were pro-
cessed and marked according to G group and incubation profile. At days
1 and 3 (D1 and D3) posthatching intestinal samples of poults from
each G group and incubation profile were taken. An equal number of
poults from each experimental group was placed in battery brooders
and grown for 7d and BW and feed consumption were measured at D1,
D3, and D7. Data were analyzed using the GLM procedure of SAS. At
D1 there was a sex by G by temperature interaction among poults from
recycled eggs for total M. Poults from recycled eggs incubated under
HT demonstrated more M and ALP activity. Males showed more M
activity than the females at D1 and D3. Low G poults had less ALP than
the high and average G poults. At D1 and D3 among poults from new
eggs incubated at LT more M activity was seen. High G poults had more
M activity at D1. Incubation profile interacted with G to affect poult M
and ALP activity, and the effects differed between recycled and new
eggs. Thus, G and W may be tools that can be managed with incubator
temperatures to improve poult quality.

Key Words: incubation, poult, conductance, maltase

    S-M8    Turkey breeder hen age affects growth and systemic
and intestinal inflammatory responses in female poults raised to
market weight.  C.M. Schaefer*1, C.M. Corsiglia2, A. Mireles, Jr.2,
and E.A. Koutsos1, 1California Polytechnic State University, San Luis
Obispo, 2Foster Poultry Farms, Modesto, California.

This trial examined the effect of two turkey breeder hen ages (23 or 55
wk of age) on performance, intestinal histology and inflammatory im-
mune response of female turkey poults. Using a completely random-
ized design, female poults were separated by breeder flock age (n=8
floor pens/breeder flock age; n=26 poults/pen; 2.1 ft2/bird), fed identi-
cal commercial diets (9 phases), and grown to market weight (~11.4 kg/
bird). At young ages, poults from the older breeder flock tended to have
higher body weights (P<0.01 for d 7, P<0.09 for d 63). After approxi-
mately 63 d post-hatch, no difference in body weights were observed,
suggesting that poults from the younger breeder flock were eventually
able to compensate for initial reductions in performance. In addition to
growth measurements, on d 10, 24, and 65 post-hatch, poults were
vaccinated with lipopolysaccharide (LPS; 0.5 mg/kg BW i.a.) or not
vaccinated (Control) and intestinal histology and plasma haptoglobin
were assessed at 24 hours post-vaccination. In Control birds, intestinal
villus length was greater for poults from the older breeder flock (P<0.05),
as was crypt depth (P<0.05 for d 11 and 25). Plasma haptoglobin levels
did not change in 11-d old poults after LPS vaccination, but increased
with LPS at d 25 and 66 post-hatch (P<0.05 for each). At d 66 post-
hatch, poults from the younger flock had increased haptoglobin levels
post-LPS compared to those from the older breeder flock (P<0.05). In
general, LPS vaccination increased villus width in the jejunum and ileum
(P<0.05 for each), increased lamina propria width in the duodenum and
ileum (P<0.05 for each), and decreased ileum crypt depth (P<0.05).
Overall, poults from the older breeder flock had higher body weights in
the early stages of growth, had increased intestinal surface area, and
reduced inflammatory response to LPS (d 66 post-hatch). In general,
poults from the younger breeder flock compensated in terms of perfor-
mance, but differences in intestinal histology and inflammatory immune
responses persisted.

Key Words: turkey, breeder age, intestine, haptoglobin, inflammation

    S-M9    Pragmatic optimization of liver glycogen analysis meth-
odology for embryonic and early hatched chicks.  L. Bennett, R.
Keirs*, E. Peebles, and P. Gerard, Mississippi State University, Missis-
sippi.

Predetermined measured amounts of minced liver samples, collected in
6 mm diameter plastic straws from individual day-old chicks, were
deposited into 10 % chilled perchloric acid in less than one minute post
euthanasia. Liver glycogen content was stabilized immediately and re-
mained so for at least one week. The colorized standards for glycogen
determination utilized the phenol-sulfuric acid method which results in
the glycogen being hydrolyzed to glucose. The resultant standard curves
for glycogen (y = 0.0032x + 0.0515; R2 = 0.9865) and glucose (y =
0.0033x + 0.0178; R2 = 0.9779) were nearly identical. Color stability of
the same phenol-sulfuric acid standard at 0 and 24 h were nearly identi-
cal with closely similar slopes and intercepts. The lower detection lim-
its for the standards were at 5 ppm. Of the total glycogen recovered
from two tissue ultra-grinds, 95.24 ± 4.98 % was obtained on the first
grind. Mincing a frozen liver sample prior to ultra-grinding caused the
detection of slightly higher glycogen levels. Furthermore, glycogen lev-
els in samples from the same frozen liver that were minced, placed in 10
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% chilled perchloric acid, and refrigerated for one wk were slightly
higher than that of liver samples that remained un-minced and were
refrozen for the same period. This pragmatic approach for collecting
chick liver samples requires no specialized instruments, can be imple-
mented at the hatchery or farm level, and in adequate numbers for
statistical evaluation on an individual chick basis. Simple aliquot selec-
tion from each sample can be utilized for other tests, e.g. protein and fat
determination.

Key Words: broiler, chick, glycogen methodology, liver, minced

    S-M10    Comparison of radioimmunoassay and Enzyme-Linked
Immunoassay methods for determination of corticosterone con-
centration in poultry plasma.  S. Wongpichet1, J. Thaxton1, and S.
Collier*2, 1Mississippi State University, Mississippi State, 2USDA, ARS,
Poultry Research Unit, Mississippi State, Mississippi.

Corticosterone (CS) concentration in biological fluids was first reported
in the 1950’s and this method involved sulfuric acid-induced fluores-
cence. Quantification was accomplished using the phenylhydrazine re-
action. Several flurometric methods were developed to measure steroids
and these methods were used exclusively until the advent of competi-
tive protein- binding radioimmunoassay (RIA) methodology in the
1970’s. The first report of RIA measurement of CS in avian plasma was
in 1976. This RIA was validated for chicken plasma in 1980. All reports
of CS concentrations in avian plasma up until the present have involved
RIA. However, because of concerns of expense, meeting regulatory
mandates, and disposal of radioactive materials a non-radioactive method
for determination of biological entities has been developed. This tech-
nique is termed enzyme-linked immunoassay (EIA). In the present
study, CS concentration was determined from plasma samples taken
from broiler chickens using both RIA and EIA methods. Both methods
are sensitive indicators of CS concentration and showed similar linearity
patterns. Specifically, average CS concentration using RIA was 16.4 Â±
4.5 ng/mL and the average concentration in the samples using the EIA
procedure was 12.5 ± 5.5 ng/mL. The results of this study suggest that
RIA and EIA methods have equal accuracy and precision for determina-
tion of CS in chicken plasma.

Key Words: EIA, RIA, corticosterone, broiler

    S-M11    Effects of time specific F-strain Mycoplasma gallisepticum
inoculation overlays on pre-lay ts-11-strain Mycoplasma
gallisepticum inoculation on performance characteristics of com-
mercial laying hens.  A. Vance*2, E. Peebles1, S. Branton2, S.
Whitmarsh1, and P. Gerard1, 1Mississippi State University, Mississippi
State, 2USDA, ARS, Poultry Research Unit, Mississippi State, Missis-
sippi.

Previous studies have shown that 12 wk F-strain Mycoplasma
gallisepticum (FMG) inoculations have reduced egg production com-
pared to controls and 22 wk FMG inoculation treatments, and have also
delayed egg production compared to controls in commercial layers. Two
trials were conducted in this study to compare the effects of the follow-
ing inoculation treatments: sham inoculation at 10 wk, ts-11-strain of
Mycoplasma gallisepticum (ts11MG) at 10 wk of age, ts11MG at 10
wk overlaid by a subsequent FMG inoculation at 22 wk, and ts11MG
at 10 wk overlaid by a subsequent FMG inoculation at 45 wk. Param-
eters assessed in each trial between 23 and 57 wk of age were hen

mortality, BW, egg weight, egg production, eggshell breaking strength,
egg Haugh unit score, and incidences of blood, meat spots, and pim-
pling. Significant age main effects were noted for egg production be-
tween 45 and 58 wk and for hen BW between 24 and 43 wk of age. Age
by treatment interactions were noted for blood spot and pimpling inci-
dences, egg weight, and Haugh unit scores. Blood spot and pimpling
incidences were increased in eggs belonging to the ts11MG at 10 wk and
FMG at 45 wk group between 53 and 56 wk. The effects of inoculation
treatment on egg weight at 27, 37, and 38 wk were variable; however,
Haugh unit score was significantly reduced by the ts11MG at 10 wk
inoculation. Despite increases in blood spot and pimpling incidences
very late in production due to the overlay of the 45 wk FMG on the
ts11MG at 10 wk treatment, performance in layers was not adversely
affected by a pre-lay ts11MG inoculation or when in conjunction with
subsequent overlay inoculations of FMG during lay. It is, therefore,
suggested that the pre-lay inoculation of commercial layers with ts11MG
may reduce the negative impacts of a pre-lay FMG inoculation on
performance while providing protection against subsequent FMG in-
oculations.

Key Words: egg quality, inoculation, Mycoplasma gallisepticum, per-
formance, vaccine

    S-M12    Digestive and reproductive organ characteristics of com-
mercial egg laying hens inoculated with S6-Strain Mycoplasma
gallisepticum at either 10, 22, or 45 weeks of age.  E. Basenko1, E.
Peebles*1, S. Branton2, S. Whitmarsh1, and P. Gerard1, 1Mississippi
State University, Mississippi State, 2USDA, ARS, Poultry Research Unit,
Mississippi State, Mississippi.

Experimental inoculation of commercial laying hens with the S6-strain
of Mycoplasma gallisepticum (S6MG) at 20 wk of age, while being
maintained under controlled conditions in environmental isolation units,
has previously been shown to affect the lengths and weights of various
portions of the reproductive tract. Two trials were conducted in the
current study to compare the effects of S6MG inoculation prior to lay
at 10 wk of age, during onset of lay at 22 wk of age, and during lay at 45
wk of age on the digestive and reproductive organs of commercial layers
similarly housed and maintained under controlled conditions. In each
trial, liver weight, liver moisture and lipid concentration, incidence of
fatty liver hemorrhagic syndrome, ovary weight, ovarian mature follicle
numbers, weights and lengths of the oviduct and oviductal regions, and
weights and lengths of the small intestine and small intestinal regions
were examined at 60 wk of hen age. At 60 wk, liver lipid concentration
was depressed and isthmus weight, as a percentage of total oviduct
weight, was increased in birds that had been inoculated with S6MG at
45 wk. Alterations in liver lipid content and weight of the isthmal por-
tion of the oviduct may occur in response to S6MG inoculation during
the later stages of production in layers housed under controlled condi-
tions.

    S-M13    Effects of pre-lay 6/85-strain Mycoplasma gallisepticum
inoculation on performance characteristics of commercial laying
hens when given alone or in conjunction with F-strain Mycoplasma
gallisepticum inoculations during lay.  K. Viscione*1, E. Peebles1, S.
Branton2, A. Vance2, S. Whitmarsh1, and P. Gerard1, 1Mississippi State
University, Mississippi State, 2USDA, ARS, Poultry Research Unit, Mis-
sissippi State, Mississippi.
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When inoculated at 12 wk of age, the F-strain of Mycoplasma
gallisepticum (FMG) delays onset of lay and reduces total egg produc-
tion of commercial layers housed in isolation units under controlled
conditions. Also, compared to 22 wk FMG inoculations, 12 wk inocu-
lations reduce pre-peak and post-peak egg production and cause shifts
in egg size distribution in layers housed in a caged layer facility. Two
trials were conducted in this study, using layers housed in isolation
units under controlled conditions, to compare the effects of the follow-
ing inoculation treatments: sham inoculation at 10 wk of age, 6/85-strain
of Mycoplasma gallisepticum (6/85MG) at 10 wk of age, 6/85MG at 10
wk overlaid by a subsequent FMG inoculation at 22 wk, and 6/85MG
at 10 wk overlaid by a subsequent FMG inoculation at 45 wk. Param-
eters assessed in each trial between 20 and 54 wk were hen mortality,
BW, egg weight, egg production, and percentage yolk, albumen, and
shell weight. Significant age main effects were noted for egg weight and
production between 22 and 54 wk, and for percentage yolk weight
between 24 and 43 wk. Percentage yolk weight at 24 wk was lower than
that at 32 and 43 wk. However, no significant treatment main effects or
treatment by age interactions were found for any of the determined
parameters. Performance in layers was not adversely affected by a pre-
lay 6/85MG inoculation or when in conjunction with subsequent over-
lay inoculations of FMG during lay. It is, therefore, suggested that a
pre-lay inoculation of commercial layers with 6/85MG may provide a
useful alternative to an FMG inoculation.

Key Words: egg, egg production, inoculation, Mycoplasma gallisepticum,
performance

    S-M14    Effects of Eimeria acervulina on concurrent E. maxima
infections: relationship to field problems with Eimeria maxima. 
G. Mathis*, Southern Poultry Research, Inc., Athens, Georgia.

The three most commonly occurring species of Eimeria infecting chick-
ens are Eimeria acervulina, E. tenella, and E. maxima. Even though E.
maxima is very immunogenic, lesions are often observed in the field late
in a growout. A survey of 50 coccidial field isolates showed that 36 were
predominately E. acervulina, 4 E. maxima, and 10 E. tenella. All of the E.
maxima isolates came from farms where the broilers were over 28 days
old. Most of the E. acervulina isolates were from broilers that were 18 to
28 days old . The daily oocyst shedding pattern for a commercial coc-
cidial vaccine was examined in floorpen birds. Birds vaccinated for coc-
cidiosis at the hatchery were placed into pens on new pine shaving. The
shedding of E. acervulina type oocysts peaked around 18 days. A small
peak of E. maxima was observed around 28 days. A battery cage study
was conducted to examine whether E. acervulina could be interfering
with E. maxima development. Birds were challenged at 14 days of age
with E. acervulina and/ or E. maxima. The oocyst per bird challenge
levels were none (Trt. 1), E. acervulina 100,000 (Trt. 2), E. acervulina
100,000 plus E. maxima 5,000 (Trt. 3), E. acervulina 50,000 plus E.
maxima 5,000 (Trt. 4), E. acervulina 25,000 plus E. maxima 5,000 (Trt.

5), and E. maxima 5,000 (Trt. 6). Each treatment consisted of 3 replica-
tions in a complete randomized block design. E. maxima alone caused 21
% weight reduction and 2.75 lesion score. The 100,000 and 50,000 E.
acervulina oocyst level reduced E. maxima lesions to 1.33. The 25,000
E. acervulina oocyst level only slightly reduced E. maxima lesions to
2.25. The E. maxima did not interfere with any of the E. acervulina
infections. This study suggests that E. acervulina interferes with coloni-
zation or development of E. maxima. development. As birds become
more immune to E. acervulina then E. maxima has more of an opportu-
nity to develop.

Key Words: coccidiosis, E. maxima, E.acervulina, eimeria, chicken

    S-M15    A field trial using the Sperm Quality Analyzer (SQA
Vt) to prepare artificial insemination doses for turkeys based on
motile sperm cell number.  U. Shalit1, L. Rabinovitch1, and K.
Krueger*2, 1MES, Ltd., Caesarea, Illinois, 2Diamond K Research,
Marshville, North Carolina.

Most commercial turkey operations collect semen and dilute on a vol-
ume basis for artificial insemination (AI). The number of motile sperm
cells/AI are highly variable and often range from <100 to >600 million.
AI doses >200 million motile sperm are probably not biologically effec-
tive. The SQA Vt provides an accurate and rapid method of determining
total (TSC) and motile sperm concentration (MSC) for dosimetry pur-
poses. A field trial (2200 parent stock turkey hens and 154 toms) was
conducted to compare conventional volume (V) based AI with AI based
on a target number of motile (M) sperm. The test population was
randomly divided into two groups of approximately 1100 hens and
assigned to either V or M protocols. From one through four weeks of
egg production (acclimation), both groups were inseminated using the V
based protocol. All pools of semen were diluted 1:1 with a commercial
semen extender and analyzed for TSC and MSC using the SQA Vt. A
0.055 ml dose and weekly AI were used throughout the trial. All eggs
were incubated in a commercial hatchery and candled fertility (CF)
determined after seven days of incubation. During the acclimation pe-
riod, no difference in CF was observed between groups. From five
through 24 weeks of egg production, motile sperm cell number/AI was
accomplished in the M group by the addition of extender to achieve a
target MSC per AI. From five through 24 weeks of egg production, the
average number of motile sperm/AI was 217 and 140 million for the V
and M groups, respectively. No difference in CF or hatchability was
observed between the V and M AI protocols. Using the SQA Vt to
prepare AI doses based on motile sperm cell number was found to be
practical and improved male utilization by more than 20%. AI based on
motile cell numbers will reduce breeding costs and enhance the use of
superior sires and improve the genetic quality of the progeny produced.

Key Words: fertility, insemination, motility, sperm, turkey
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    S-M16    Commercial levels of SAA could be underestimated
for modern broiler strains.  L. Rubin, A.M.L. Ribeiro*, C.W. Canal,
A.M. Kessler, L.R. Kratz, and A.P. Santos, Universidade Federal do
Rio Grande do Sul, Porto Alegre, RS, Brazil.

Immunoregulatory actions have been suggested for a variety of nutri-
ents. However, reports of immunonutritional interactions in broilers fed
practical diets are limited to a few published experiments. Methionine is
the first limiting amino acid for poultry and because it has widespread
functions, beyond muscle accretion, it could play an important role in
challenged broilers. The present trial aimed to test if there is an optimum
level of digestible sulphur amino acids for immunological effects. The
immune stress included a strong vaccination program, in order to simu-
late field conditions. Three levels of digestible sulphur amino acids
(DSAA)– 0.72; 0.82; 0.92 from 1 to 21-d and 0.65; 0.75; 0.85% from 22
to 42d of age– based on HMTBA supplementation and two vaccination
schedules (VSA or VSB) were used. One-d-old Cobb male broilers,
submitted to VSA were vaccinated against infectious bronchitis, Marek′s
disease and Avian Pox. On the 14th day, this group was vaccinated
against Gumboro. The VSB was a positive control without vaccination.
Freund′s adjuvant was injected at 28 d of age, in a 0.5mL dose, intramus-
cularly, in all treatments. At 40d of age 0.1 mL of avian tuberculin was
injected in one wattle and 24 h later a qualitative analysis was done
measuring its diameter. It was assumed that HMTBA contained 88% of
methionine. The experiment was statistically analyzed as a 3×2 factorial
with 6 treatments and 6 replicates. No interactions between DSAA and
VS were observed. Birds receiving 0.92/0.85% DSAA had greater weight
gain (WG) at 42d. Poorest feed conversion was seen for 0.72/0.65%
DSAA diets. Vaccinated birds showed lower WG and feed intake until
21 days of age. At 28d of age, no more differences in performance were
observed between VS groups. No differences in wattle diameter were
seen across DSAA levels or VS. The results show that commercial levels
of SAA could be underestimated for modern broiler strains.

Key Words: 2-hydroxy-4-methylthio butanoic acid, immunological
stimulus, broilers

    S-M17    Methionine sources, sodium and potassium levels im-
pact broilers performance under Brazilian summer conditions. 
A.M.L. Ribeiro*, A.M. Kessler, T.H. Viola, I.C.M. Silva, L. Rubin, M.
Raber, and L.F. Lecknieski, Universidade Federal do Rio Grande do
Sul, Porto Alegre, RS, Brazil.

Considerable controversy exists concerning the relative efficacies of
DL-methionine (DLM) and 2-hydroxy-4-methyl thio butanoic acid
(HMTBA). The composition of the diet may influence their relative
efficacies. Sodium (Na) and potassium (K) play a major role in maitaining
acid-base balance in the body and could influence methionine (Met)
usage. Two experiments (EXP) were conducted to study three Na levels
(0.15;0.20;0.25/0.12;0.17;0.22% from 7 to 21 and 21 to 49 days) and
two Met sources (DLM and HMTBA) at 0.84/0.75% of digestible
TSAA (EXP1) and three K levels (0.9;1.0;1.1/0.8;0.9;1.0% from 8 to 21
days and 22 to 49d) and same Met sources and levels (EXP2), added
equimolar. In EXP1 vegetal diets (corn-soy) were used and in EXP2,
meat and bone meal was included in order to achieve lower levels of K.

Both EXPs were performed under Brazilian summer conditions. The
EXPs were analyzed as a 3x2 factorial, 6 treatments, 7 replicates. In
EXP1, no significant interactions between Met sources and Na levels
were found. A positive response for HMTBA, compared to DLM, was
found across Na levels for weight gain (WG) (P=0.05) and feed conver-
sion (FC) (P=0.02) at 49 days. Regarding Na, there was no response for
WG and feed intake (FI), but birds fed the higher levels had the best FC
(P=0.03). The idea that vegetable diets can lead to feathering problems,
because of lower cystine level in feed was not evidenced in this trial.
Also, Met sources did not influence feathering. In EXP2, K levels showed
a consistent interaction with Met sources for FI: the highest level of K
showed greater FI in HMTBA birds, but such effect was not seen when
DLM was used.The highest FI was not followed by greater WG. In the
starter period (7 to 21d), the lowest K level also resulted in better FC for
HMTBA birds. From 8 to 49 days, low and intermediate K levels
resulted in better FC (P=0,03) compared to higher K levels. No differ-
ences in litter humidity were observed among K levels. HMTBA used in
equimolar amount to DLM resulted in equal bird performance.

Key Words: methionine, 2-hydroxy-4-methylthio butanoic acid, broil-
ers, heat stress

    S-M18    Influence of phytase and glucanase of the ileal digest-
ible energy of corn and soybean meal independently.  M. Leslie*1,
E. Moran1, and M. Bedford2, 1Auburn University, Auburn, Alabama,
2Syngenta Animal Health, Beckhampton, United Kingdom.

Efficient use of exogenous enzymes requires accurate determination of
their influence on energy availability. A trial was performed to determine
the effect of a glucanase and phytase on the live performance and ileal
digestible energy (IDE) of corn and soybean meal (SBM). A 2x2x2
factorial use either 0 or 500 FTU phytase, 0 or 500 units glucanase
activity with diets composed entirely of either corn or SBM. Feedstuffs
were pelleted prior to the addition of the enzymes. Treatments were
imposed over three age ranges: 7 to 9 days of age representing an imma-
ture GIT (phase 1), 14 to 16 days representing a transitional GIT
(phase 2), and 21 to 23 days representing a developed GIT (phase 3).
Each treatment was represented by six replicates of 10 broilers at each
age. Contents of the duodenum and pancreas were also removed and
analyzed for amylase and trypsin activity in order to determine the
influence of practical levels of phytate on these enzymes. During phases
1 and 2, birds fed SBM alone had higher BW gain and lower feed intake
compared to those fed corn, resulting in a lower feed conversion. Phytase
improved feed intake of corn diets and feed conversion with SBM
during phase 2, while reducing feed intake in SBM diets during phase 1.
Glucanase reduce feed intake only in SBM diets during phase 3. Phytase
supplementation had no effect on IDE at any age regardless of feedstuff,
but improved DM digestibility only in corn during phase 3. Glucanase
supplementation improved IDE of both corn and SBM at all ages be-
tween 2.4 and 7.2%. Glucanase also improved DM digestibility of corn
by 3.1 to 4.7% during all phases, and SBM diets by 5.6% in SBM in
phase 2. There was no consistent effect of either enzyme on amylase or
trypsin activities of either pancreas or duodenal digesta to suggest that
practical levels of phytate do not inhibit enzyme activity. While phytase
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supplementation did not influence the available energy in corn or soy-
bean meal, the glucanase improved IDE in both feedstuffs.

Key Words: broilers, phytase, glucanase, ileal digestible energy, en-
zymes

    S-M19    Effect of xylanase or phytase alone or in combination
on the growth performance and nutrient digestibility of chicks. 
O.A. Olukosi*1, A.J. Cowieson2, and O. Adeola1, 1Purdue University,
West Lafayette, Indiana, 2Danisco Animal Nutrition, Wiltshire, United
Kingdom.

The effect of adding xylanase or Escherichia coli-derived phytase (ECP)
alone or in combination on growth performance and nutrient digestibil-
ity of chicks receiving corn-soybean based diet was investigated. Six
hundred day-old chicks were randomly allocated to 5 dietary treat-
ments. The treatments were: positive control with supplemental inor-
ganic P (PC), negative control (NC) with low levels of P and energy, NC
plus xylanase added at 650 U/kg, NC plus ECP added at 1,000 FTU/kg,
and NC plus xylanase added at 650 U/kg and ECP added at 1,000 FTU/
kg. Digestibility data for week 1 are presented. Low energy and P in the
NC depressed weight gain and feed:gain (P < 0.001). Xylanase alone did
not affect performance. Chicks fed diet supplemented with ECP had
higher body weight and weight gain (P < 0.001). Chicks receiving supple-
mental ECP and xylanase also had higher (P = 0.001) weight gain and
feed:gain than NC. The treatments had no effect on the DM and energy
digestibility. Phosphorus digestibility was higher in PC than the NC.
Xylanase alone increased P digestibility to a level similar to the PC (P <
0.001). Phytase alone further increased (P < 0.001) P digestibility to a
level higher than in the PC. Combination of xylanase and phytase in-
creased (P < 0.001) P digestibility above the PC but not as high as when
phytase alone was added to the diet. Phytase alone, or combined with
xylanase increased Ca digestibility (P < 0.001). In conclusion, combina-
tion of phytase and xylanase improved the performance of chicks, but it
is likely that the improvement comes from the effect of phytase. Ap-
parent total tract digestibility of P in one-week old chicks was improved
with the combination of phytase and xylanase. The P digestibility data
suggest an interaction of xylanase with phytase and a possibility that
the improvement seen when combination of xylanase and phytase are
added to the diet was from phytase.

Key Words: chicks, digestibility, growth performance, phytase, xylanase

    S-M20    Feeding of unground pearl millet to laying hens.  N.M.
Dale and A.R. Garcia*, University of Georgia, Athens.

Pearl millet has gained increased interest as an alternative feed ingredient
for poultry. While having approximately the same metabolizable energy
as yellow corn, pearl millet has a substantially higher level of protein
(11-12%), and a far higher level of lysine (0.38-0.41%). A major impedi-
ment to the use of pearl millet is that most feed mills do not have more
than one post-grinding storage bin. Previous studies with broilers indi-
cated that it is not necessary to grind millet prior to incorporation into
mixed feeds. Three studies were conducted to investigate whether
unground pearl millet is also a satisfactory feed ingredient for laying
hens. In the first study, 5, 10, 20, 30, or 40% whole millet was incorpo-
rated into practical laying hen rations. After a 7 day acclimation period,
for a period of 24 hours feed intake was measured and excreta quantita-
tively collected and screened under a light water spray for the presence
of whole millet. In all treatments, the disappearance of whole millet

exceeded 98%. In the second study, starch digestibility was determined
in diets containing 15% of either ground or whole millet. Digestibility of
starch was slightly, but significantly, improved when whole millet was
incorporated into the diet. This suggests that intact millet grains may
enhance gizzard function. A third study measured relative feed intake
over 4 weeks when 10% millet was incorporated into the feed in either
whole or ground form. After the first week acclimation period, no differ-
ences in feed intake were detected. While the number of hens used per
treatment (48) was limited, a consistent improvement was noted in egg
production in groups receiving whole as opposed to ground millet. It is
concluded that unground, whole millet is a satisfactory feed ingredient
for laying hens.

Key Words: pearl millet, starch, digestibility, whole grain

    S-M21    Evaluation of pearl millet in combination with flax-
seed in laying hen diets.  K. Amini* and C. Ruiz-Feria, McGill Uni-
versity, Ste-Anne-de-Bellevue, QC, Canada.

An experiment was carried out to evaluate Canadian Pearl Millet(PM)in
combination with flaxseed(FS) in laying hen diets. Six different diet
treatments were used for seven weeks, with 24 White Leghorns per
treatment (three birds per cage, eight cage replicates).Control diet (treat-
ment 1)was a Corn-Soybean meal diet. Treatments 2, 3, 4, 5 and 6
contained 2,4,8 and 12 percent of flaxseed respectively with decreasing
inclusion levels of Pearl Millet without any inclusion of corn. All con-
trol and experimental diets were formulated to be isocaloric and
isonitrogenous (2750 kcal AME/kg and 16% CP). Five eggs were ran-
domly collected from each group by the end of each week, and the egg-
related traits (average egg weight, shell weight,yolk weight, albumen
weight, shell thickness) were recorded. Body weight of the birds and
feed consumption were recorded weekly, and number of eggs and egg
mass produced were recorded on a daily basis. Yolk pigmentation was
scored using Roche color fan.The flock performance results including
number of eggs per bird per day, egg mass produced per bird per day,feed
conversion ratio and feed consumption per bird per day were calculated
using the data collected from flock. At the end of the experiment, all the
hens were euthanized to determine liver integrity.Data were analyzed
using one way analysis of variance (SigmaStat).Egg and flock perfor-
mance parameters were not statistically different among
treatments(P=0.05)except at week five,where birds fed treatment diet 6
produced eggs significantly smaller than hens fed diet treatment 2 and
3.Yolk pigmentation scores were consistently lowest for the PM and
PM+2%FS diets (1.60±0.24 and 1.80±0.20 respectively), but increased
with higher levels of FS (2.75±0.47 for PM+12%FS diet) although did
not reach control levels(6.00±0.01). No significant difference(P=0.05)
was observed between diets in regard to liver hemorrhage. Further re-
search is being conducted to evaluate fatty acid profiles of eggs pro-
duced using PM and low levels of FS.

Key Words: White Leghorns, pearl millet, flaxseed, flock performance,
liver hemorrhage

    S-M22    The effect of dietary source and concentration of cop-
per on growth, tissue concentrations and copper excretion in broil-
ers.  C.R. Schnek*, J.H. Skaggs, M.E. Persia, and W.W. Saylor, Univer-
sity of Delaware, Newark.

An experiment was conducted to determine the effect of Cu source and
concentration in a corn-SBM diet fed to straight-run broiler chicks from
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1-35d. Diet treatments were: 1) BAS: basal diet (no added Cu) 2) 25IN:
basal + 25 mg/kg inorganic Cu (CuSO4•5H2O) 3) 25OR: basal + 25 mg/
kg organic Cu (Bioplex™ Cu 10%) 4) 250IN: basal + 250 mg/kg inor-
ganic Cu; and5) 250OR: basal + 250 mg/kg organic Cu. Two hundred 1-
day-old chicks (Ross 308) were assigned to one of the five diets, 8 pens
of five chicks per diet until d 7 when numbers, were reduced to 4 birds/
pen,. On d 21, birds were moved to grower batteries; two replicate pens
per treatment were combined into one grower pen of 8 birds/pen until d
35. Performance data were collected on d 7, 21, and 35. On d 35 plasma,
liver, and duodenal mucosa were collected for mineral analysis. Excreta
were collected on d 8-21 and d 29-35 for total and water soluble mineral
analysis. Body weight gain for birds fed 250OR averaged 38% lower
(P<.05) at 21 and 35 d of age than that of birds fed the other diets. Liver
and mucosa Cu in 250OR birds increased 7-fold (P<.001) and plasma
Cu increased 1.5 fold (P<.01) above that of birds fed BAS or diets with
lower Cu additions. Birds fed 250IN had liver, mucosa and plasma
concentrations intermediate to, but not different from, those fed 250OR
and the other diets. At 21 d, total Cu in excreta from birds fed 250IN and
250OR was increased (P<.001) 6- and 10-fold, respectively, over that
of the other diets, while soluble Cu increased (P<.05) only 2.5-fold in
birds fed the 250-supplemented diets compared to the others, regard-
less of source. By 35 d, total excreta Cu from birds fed 250IN and
250OR was increased (P<.001) 25- and 37-fold, respectively, over that
of BAS. In this study high diet Cu fed as an OR form caused severe
growth depression not observed in those fed the same concentration as
an IN salt. While feed intake was reduced in birds fed 250OR, the
reduction did not account fully for the reduction in weight gain.

Key Words: broiler, copper, liver, mucosa, excreta

    S-M23    PrimaLac®, direct fed microbial supplement, decreases
energy expenditures in young broilers.  M. Chichlowski*, J. Croom,
M. Koci, G. Davis, and L. Daniel, North Carolina State University,
Raleigh.

A direct-fed microbial (DFM) is a live-microbial food supplement that
improves health and performance, in broilers and other animals, by
enhancing intestinal health. No studies have described their effects on
whole-animal and intestinal metabolism as expressed by O2 consump-
tion. This study investigated whole-body O2 consumption, intestinal
O2 consumption and intestinal mucosal cytokine production on broiler
chicks fed the DFM, PrimaLac®. One hundred and eight, 1 day-old
broiler chicks were randomly assigned to one of three experimental
diets: standard pullet diet (control;SPD); SPD+salinomycin (SPDS),
and SPD+ PrimaLac® (SPDP). Birds were housed in two separate rooms,
the SPD and SPDS treatments in one room and the SPDP in another.
Water and feed were provided ad libitum and body weights and feed
intakes recorded. Intact ileal and cecal samples were collected on days
19, 20, and 21 after whole-body oxygen measurements using indirect
calorimetry. O2 uptake of ileal tissue was measured using an in vitro O2
probe. Analysis of immune status of chicken broilers was measured by
the relative differences in mRNA of both pro- and anti-inflammatory
cytokines: IL-1beta, IL-6, and IL-10 using Real-Time RT-PCR. Ileal
tissue was sampled for examination by scanning electron microscopy
(SEM) and digesta samples from the jejunum, ileum and cecum were
frozen for subsequent bacterial fermentation product analyses. Broilers
exhibited a 6-16% decrease in whole-body energy expenditures (p<
0.05) and a 47-55% decrease (p<0.05) in ileal energy expenditures. RT-
PCR data demonstrated that this DFM consortium decreased both pro-
and anti-inflammatory cytokines within the ileum of day-19 post-hatch
broilers. Preliminary SEM indicate that bacterial components of

PrimaLac® colonize ileal crypts and the surfaces of ileal, villi goblet
cells. These data suggest the direct-fed microbial, PrimaLac®, increases
metabolic efficiency via changes in intestinal physiology and whole-
body metabolism.

Key Words: direct fed microbial, energetics, cytokines, broilers

    S-M24    Plant phenolics (lignin) and prebiotics (biomos) as al-
ternatives to antibiotics in poultry production.  B. Baurhoo*, C.A.
Ruiz-Feria, and L. Phillip, McGill University, Ste Anne de Bellevue, QB,
Canada.

Sub-therapeutic antibiotics in poultry feed are under scrutiny due to
potential development of antibiotic resistance of pathogenic bacteria in
humans. The objective of this experiment was to evaluate AlCell Lignin
and BioMos using antibiotic free feeds on flock health and productivity.
Growth performance, feed efficiency, gut and litter pH and gut develop-
ment were assessed.

800 day-old male Cobb 500 broilers were raised under a Completely
Randomised Design with 5 treatments replicated 4 times. A basal
isoenergetic (ME Starter =3150 KCal/kg and Grower = 3200 Kcal/kg)
and isoproteinic (CP Starter = 22.5% and Grower = 20.0%) diet was
used. Five dietary treatments (DT) were used: DT1: basal + antibiotic
(11 mg/kg virginiamycin); DT2: basal only; DT3: basal + 1.25% Lignin;
DT4: basal + 2.5% Lignin; and DT5: basal + 0.01% BioMos. Results
were analysed by one way ANOVA using Sigma Stat. Birds grown on
DT2 had higher BW at day 42 (3047.45±43.48 g; P<0.05) compared to
the other DT. However, BW was not statistically different among other
DT. At day 21, cumulative feed intake was not statistically different
(mean = 2415.67g) among DT. However, birds on DT 2 had higher FI
than others (5107.12±100.63 g P<0.05) at day 42. Feed Conversion
Ratio (mean = 1.66) was not statistically different among DT at day 42.
Similarly, tissue mass of duodenum (mean = 4.12g), jejunum (mean =
11.45g), ileum (mean = 12.19g) and caeca (mean = 4.18g) were not
different at day 42, as a measure of trophic effect due to DT. Digesta pH
in duodenum (mean = 6.25), jejunum (mean = 6.175), ileum (mean =
6.98) and caeca (mean = 6.77) were not different. Hence, indication of
putrifying bacteria suppression due to DT were comparable. No differ-
ence was found in litter pH among DT (mean = 8.0) at day 42. Further
research is being carried out determining microbial load (Lactobacilli,
Bifidobacteria, E.Coli and Salmonella) in caecal digesta, VFA levels in
jejunum digesta and histology of jejunum.

Under the research conditions, birds grown on antibiotic free DT had
comparable performance than birds grown on commercial diet with
antibiotic.

Key Words: Alcell Lignin, BioMos, antibiotics, prebiotics, gut

    S-M25    Growth performance and organ weights of broiler chick-
ens fed a yeast beta-glucan.  K. Budgell* and B. Rathgeber, Nova
Scotia Agricultural College, Truro, NS, Canada.

Growth promoting antibiotics have traditionally been included in broiler
chicken diets to improve broiler health and growth performance. Con-
cerns over the development of antibiotic resistant strains of bacteria
generated by animal agriculture have lead to development of numerous
alternatives to these feed ingredients. A yeast beta-glucan (YBG) prod-
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uct marketed as a potential replacement for antibiotics in broiler diets
has shown promise. The mode of action of this product has been sug-
gested to involve stimulation of the bird’s immune system. The objec-
tive of this study was to determine the impact of this YBG on immune
system components and evaluate it as a replacement for antibiotics.
Three trials were conducted with 912 day-old chicks for each trial.
Chicks were randomly assigned to 24 pens (38 birds /pen) and one of
three dietary treatments, which were no growth promotant (control),
YBG or virginiamycin. Starter YBG diets contained 40g/tonne YBG and
the grower and finisher diets contained 20g/tonne. The birds were fed
starter from 0 to 14 days (d), grower from 14 to 24 days and finisher
from 24 to 38 days. All birds were manually weighed on days 0, 14, 24,
and 38 and feed consumed was monitored throughout the study. At 14
and 38 days of age, 48 broilers (2/pen) were euthanized and the spleen
and bursa of Fabricius removed and weighed. Blood samples from 21
and 35 days of age were fixed to slides for differential staining. Organ
weights as a proportion of body weight and white blood cell counts
were not different between treatment groups. The feed efficiency for
each dietary treatments were not different throughout the rearing pe-
riod. Birds given antibiotics were larger (818g) than birds given YBG
(771g) and controls (752g) by day 24. However, by day 38 the birds
given YBG were no longer smaller (1987g) than the antibiotic group
(2009g ). The control birds had lower body weights (1934g; p > 0.05)
than the other two treatments at the end of the growth period. These
results indicate that this YBG is as effective in promoting growth of
broiler chickens as a commonly used antibiotic.

Key Words: broiler chickens, yeast beta-glucan, growth performance,
organ weights, antibiotic

    S-M26    The efficacy of Quantum phytase in a 40 week produc-
tion trial using White Leghorn laying hens fed corn-soybean meal
based diets.  A.L. Hughes*1, H.L. Classen1, and C.L. Wyatt2, 1Univer-
sity of Saskatchewan, Saskatoon, SK, Canada, 2Syngenta Animal Nutri-
tion, North Carolina.

Microbial phytase is now the prominent feed enzyme used in animal
diets but there is relatively little information on its use in laying hen
diets. In this experiment, Quantum phytase (Syngenta Animal Nutri-
tion) was evaluated for its efficacy in a 40 week laying hen production
trial. A total of 1,080 hens of two White Leghorn strains (540 Shaver
White, 540 Bovan) were fed mash corn-soybean meal based diets con-
taining 0.35% (positive control, PC), 0.25% (negative control, NC1) or
0.15% (NC2) available phosphorus. Phytase was added to NC1 and
NC2 diets at 200, 400 and 600 U/kg. Each dietary treatment x strain
subclass was replicated four times with five adjoining cages per repli-
cate (three hens per cage) in a randomized complete block design. Pro-
duction performance was measured from 21 to 61 wks of age. Only
minor differences in production characteristics were found between the
PC and NC1 treatments regardless of phytase addition, indicating that
0.25% AP resulted in P intake that was at or above the hen′s require-
ment. In contrast, egg production, feed to egg mass ratio, egg quality (%
soft shelled, % cracked and % broken eggs) and mortality were signifi-
cantly poorer for the NC2 hens in contrast to the PC treatment. Addi-
tion of phytase to the NC2 diet improved these production characteris-
tics to levels equal or better than the PC. These results indicate that
Quantum phytase is efficacious in corn-soybean diets fed to White
Leghorn laying hens and can be used to reduce or eliminate diet supple-
mentation with inorganic phosphorus.

Key Words: phytase, efficacy, laying hens, production performance,
phosphorus

    S-M27    The effect of dietary phosphorus level and phytase
supplementation on growth performance, bone breaking strength,
and phosphorus excretion in broilers.  S. Powell*, S. Johnston, L.
Gaston, and L. Southern, Louisiana State University Agricultural Cen-
ter, Baton Rouge.

The objective of this research was to determine the effects of feeding
different nonphytate P (nPP) levels with and without phytase (PHY)
supplementation on broiler growth performance, bone breaking strength
(BBS), and P excretion. An experiment with 4 trials was conducted with
Ross x Ross straight run broilers. For each trial, 1,960 broilers were
allotted on d 0 to 4 treatments with 7 pens per treatment and 70 broilers
per pen. The broilers were fed a 4 phase feeding program consisting of
starter (0 to 14 d), grower (14 to 32 d), finisher (32 to 41 d), and
withdrawal (41 to 50 d) periods. For each trial, the same pen was used
continuously for each treatment/replication combination, and the litter
was not removed between trials. Broilers were fed a control diet (0.43,
0.40, 0.36, or 0.32% nPP in the starter, grower, finisher, and withdrawal
phases, respectively), a low Ca and P (LCaP) diet with a 0.05 % reduc-
tion in nPP in each phase (Ca:P maintained), and these two diets supple-
mented with 600 PHY units/kg (nPP was reduced by 0.10% in diets
with PHY). Diet did not affect (P > 0.10) broiler growth performance in
the starter or withdrawal phases. Generally, both PHY addition and the
LCaP diet decreased some aspects of growth performance during the
grower and finisher phases. There was no main effect of PHY on BBS,
but BBS was decreased in the broilers fed the LCaP diet with PHY
addition (nPP x Phy, P < 0.01) in the grower phase, and BBS was
decreased in the finisher (P < 0.02) and withdrawal (P < 0.01) phases for
broilers fed the LCaP diet. Total P (TP), soluble P (SP), and reactive
soluble P (RSP) were decreased (P < 0.04) in litter of broilers fed the
LCaP diet. Total P was decreased (P < 0.01) in litter of broilers fed PHY,
but SP and RSP were not affected (P > 0.1) by PHY. These data indicate
that PHY supplementation at 600 FTU/kg reduces growth during some
phases, and that PHY reduces total P but not soluble P in litter.

Key Words: broiler, phytase, phosphorus, excrete

    S-M28    Evaluation of the efficacy of high levels of a microbial
6-phytase on broiler performance, bone ash, and litter phospho-
rus.  C. Walk*1, D. Ledoux1, J. Broomhead1, E. Guaiume1, and I. Kühn2,
1University of Missouri, Columbia, 2AB Enzymes GmbH, Darmstadt,
Germany.

An experiment was conducted to evaluate the efficacy of high levels of
microbial phytase on broiler performance, bone ash, and litter phospho-
rus. Seven hundred 1-day old male broilers were weighed, wing-banded,
and randomly assigned to dietary treatments in floor pens. Dietary
treatments for the first 3 weeks consisted of (1) positive control NRC
diet (0.45% npP and 1.00% Ca), (2) industry standard diet with 500
PPU/kg phytase (0.35% npP and 0.90% Ca), (3) negative control basal
diet (0.20% npP and 0.85% Ca), (4) 3 + 250 PPU/kg phytase, (5) 3 +
500 PPU/kg phytase, (6) 3 + 10,000 PPU/kg phytase, and (7) 3 +
20,000 PPU/kg phytase. From 4 to 6 weeks, the Ca and npP levels were
reduced by 0.1% in diets 1 and 2, and Ca was decreased by 0.05% in diet
3. Supplemental phytase levels were identical to the starter period.
Chicks fed diets 1 and 2 had similar (P > .05) growth performance,
whereas chicks fed diet 3 had lower (P < .05) feed intake (FI) and body
weight gain (BWG) compared with all other dietary treatments. FI,
BWG, and tibia ash increased (P < .05) with phytase supplementation
and birds fed the two highest levels of phytase (diets 6 and 7) had FI,
BWG, and tibia ash equivalent to the positive control and industry
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standard diets (diets 1 and 2, respectively). Litter P was significantly
lower (P < .05) for all treatments, compared to treatment 1. Birds fed
diets 3, 6, and 7 had significantly lower litter P (P < .05) compared to all
other diets, with diets 6 and 7 having a litter P of 0.73% and 0.74%,
respectively, compared to 1.56% for diet 1. Phytase addition to indus-
try standards led to the same growth performance as the positive con-
trol diet. Phytase was effective in improving phytate P utilization, and
this improvement occurred even at the lowest level (250 PPU/kg) of
supplemental phytase.

Key Words: phytase, broilers, floor pens, litter phosphorus

    S-M29    Effect of dietary non-phytate phosphorus concentra-
tion and phytase source on production traits of Hy-line W98 lay-
ing hens.  D.M. Karcher*1, C.L. Wyatt2, and T.J. Applegate1, 1Purdue
University, West Lafayette, Indiana, 2Syngenta Animal Nutrition Inc.,
Research Triangle Park, North Carolina.

An experiment evaluated the effect of dietary non-phytate phosphorus
(NPP) concentration and two phytase sources on production traits in
laying hens over a 44 wk period. The experiment was conducted with
W-98 Hy-line hens from 23 wk of age with two birds/cage (7802/hen).
Ten experimental diets were formulated using a corn-soy meal basal
with NPP concentrations of 0.16, 0.24, 0.32, and 0.40%. The 0.4%
NPP was the positive control (PC) diet, while the other NPP concentra-
tions consisted of a negative control (NC) without phytase, Quan-
tum™ Phytase (QP; 200 U/kg), or Natuphos™ Phytase (NP; 400 U/
kg). Each experimental diet was fed to 15 pens (average BW =1.55 kg/
bird). Birds were fed ad libitum from 23 to 43 wk of age and restricted to
100 g/bird (average BW = 1.74 kg) from 43 to 67 wk of age. Production
traits of egg weight (EW), specific gravity (SG), BW, percent shell (PS),
egg production (EP), and feed consumption (FC) were measured monthly.
At 67 wk of age, the left femur and tibia were collected from each bird
for determination of ash content. The EP of hens fed the PC was 7.15
and 18.17 %-unit greater than from hens fed the 0.16 % NPP NC at wk
43 and 63 wk of age, respectively (P = 0.05) resulting in 18 less eggs.
Dietary NPP and phytase did not affect SG, EW, and PS at 43 and 63 wk
of age. The tibia and femur ash weight and percent ash indicate the PC (P
= 0.05) was significantly different from 0.24 NC, 0.16 NC, and 0.16 QP
at 67 wk of age. No significant differences were noted for bone ash from
hens fed either phytase, but both phytases were different (P = 0.05)
from each NC. Within hens fed the NC diets, the tibia and femur ash
from hens fed 0.32% NPP were greater than those fed 0.16 % NPP but
not 0.24% NPP (P = 0.05). Therefore, the data strongly indicates the

concentration of NPP will affect EP and bone ash of laying hens over a
44 wk lay period with 0.16% NPP being less than birds fed the 0.40%
NPP diet. The response to phytase was similar, though QP inclusion
was lower.

Key Words: laying hen, phosphorus, phytase

    S-M30    Effects of thyroxine-based molting treatments on per-
formance of Bovan White Leghorn laying hens during a first molt
and to peak egg production.  P.D. Bass*1, D.M. Hooge2, and E.A.
Koutsos1, 1California Polytechnic State University, San Luis Obispo,
2Hooge Consulting Service, Eagle Mountain, Utah.

The effects of several thyroxine-based molting treatments were com-
pared to feed withdrawal (FWD) to induce a first molt in Bovan White
Leghorns. Hens were housed in a two-story environmentally controlled
commercial style facility. In a completely randomized design (n=15
hens/rep; 6 reps/treatment; 64 in2/bird), the FWD treatment was com-
pared to five alternative molting diets; birds were fed a basal diet (2750
kcal/kg; 11% CP) plus either 40 mg thyroxine/kg (HT), 20 mg thyroxine/
kg (LT), 40 mg thyroxine from thryoactive iodinated casein/kg (TIC), 40
mg TIC + 1000 mg Mg/kg (TIC+Mg), or 40 mg TIC +1.86 g Na-
salicylate/kg (TIC+Sal). Birds (except FWD) were offered 100 g feed/
b*day until egg production reached 0%. Then, all birds were offered 1st
(20 d) and 2nd post-molt (26 d) diets, and peaking diet. Egg production
reached 0% for all treatments, but the FWD treatment reached 0% egg
production more quickly than other treatments (P<0.01), and FWD
birds had significantly reduced body weights compared to all other
treatments (P<0.01). Body weight gains during the 1st post molt period
were greater for birds on FWD, such that body weights of FWD were
greater than all other treatments (P<0.01). Shell thickness of eggs laid
during the molt period tended to be affected by treatment (P=0.06) and
was greater for LT, TIC, TIC+Mg, and TIC+Sal vs. FWD (P<0.05 for
each). Also, during the molt period, iodine in eggs was reduced from
birds fed HT or LT compared to FWD birds (P<0.01). When hens
reached 50% production, egg weights tended to be affected by treatment
(P=0.10), and were greater for birds fed HT or TIC+Sal compared to
FWD (P<0.05 for each), whereas shell thickness was reduced in birds
fed TIC+Mg compared to FWD (P<0.01). Data demonstrate that thy-
roxine-based supplementation can be an effective substitute for conven-
tional feed withdrawal for molt induction in Bovan White Leghorns
without dramatic body weight losses.

Key Words: molt, thyroxine, laying hen, egg production
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    S-M31    An attempt at alleviating heat stress of broiler chicks
with dietary Sel-Plex, selemium and stocking density.  T. El-Sheikh*1

and N. Ahmad2, 1South Valley University, Sohag, Egypt, 2South Valley
University, Sohag, Egypt.

This study was conducted to determine the effects of vitamin E sele-
nium ( Na2-SeO3) and organic selenium (Sel-Plex) on performance of
broiler reared under chronic heat stress during summer season (30.0-
43.5°C). A total of 180 one-day-old broiler chicks were randomly as-
signed to three selenium treatments, and two stocking density with two
replicates of 15 birds each. The birds with a 3 x 2 factorial design
received vitamin E+Se, Sel-Plex and basal diet as control or two stocking
densities of 10 and 8 bird/m2. Body weights and feed conversions were
determined at hatch, 2, 4 and 6 weeks of age, and mortality was recorded
on a daily basis. Scores of feather tracts were scored subjectively on the
basis of feather size and skin surface covered at 21, 28, 35, and 42 d of
age. Birds receiving organic selenium in their diets had improved body
weight, feed conversion, livability and eviscerated weight compared to
Vit E+Se and control groups. Selenium supplementation increased feath-
ering, with organic selenium (selenised yeast) being superior to inor-
ganic selenium (sodium selenite). The Sel-Plex induced more rapid whole
body feathering. The influence of Sel-Plex was evident from 21 through
42 d of age. Feathering of broilers in the low stocking density was
slightly faster than the feathering of broilers in the high stocking density.
The levels of triiodothyronine (T3) and thyroxine (T4) were signifi-
cantly lowered with control group as compared to selenium treatments
groups. The plasma concentration of cortisol, glucose, cholesterol, total
protein and globulin was significantly higher with control group as
compared to selenium treatments group. Relative weight of adrenal
gland increased in control group. It also increased with high than low
density. From the results of the present study, it was concluded that
supplementation of vitamin E+Se or organic Se (Sel-Plex) provides the
greatest performance broiler chicks reared under heat stress and these
additives can be considered as a protective management practice in
broiler diets, reducing the negative effects of heat stress.

Key Words: broiler, Sel-Plex, feathering, heat stress, blood constitute

    S-M32    Effect of incorporating Availa-Z/M in broiler feeds raised
on three litter types: Broiler performance, litter condition and
footpad quality.  A. Nilipour*1, R. Fabrega1, C. Rosales1, E. Robles1,
C. Moran2, and R. Jaramillo2, 1Empresas Melo, S.A., Panama City, Rep
of Panama, 2University of Panama, Panama City, Rep of Panama.

In tropical climates, in open broiler houses with high humidity, leg
problems have become a major obstacle in marketing a bird having qual-
ity footpads. This not only affects the bird performance, but also re-
duces the wholesomeness of the product for premium sale. Another
factor affecting foot pad quality is the litter type. A study was con-
ducted at the Empresas Melo Experimental station where three types of
litter were used with or without the Availa-Z/M providing 40 ppm Zn
and 40 ppm Mn. A total of 1662 Ross X Ross female and male broilers
were sexed and randomly allocated into 36 pens of 47 chicks each.
Standard management practices applied and commercial feeds were used.
A factorial arrangement of treatments included three shaving types
[(coarse wood shavings (WS), polished wood (PWS) and rice hulls

(RH)] and two diets (with and without ZPM). Six replicates of 3 female
and 3 male pens with total of 282 birds each were used. The birds were
individually weighed on arrival and weekly for seven weeks. Feed con-
sumption per pen was weighed weekly and accumulative feed conver-
sions, percentage mortality and culls were calculated. The final body
weights, feed conversion and mortality were improved when ZPM was
used regardless of litter type. The highest body weights and lowest
conversion and mortality were obtained when WS used, while PWS had
the lowest body weight and highest conversion and mortality. The total
performance index was best when ZPM was used in any of the litter
types. Utilizing ZPM decreased the footpad lesions 22.5% across all
litter types. The broilers raised on PWS had the most improvement
when fed ZPM. It is concluded that raising broilers on different litter
types affects broiler footpad quality and when ZPM is incorporated
into the diet the severity and incidence of these lesions is decreased.

Key Words: zinc, manganese, Availa-Z/M, foodpad quality, litter

    S-M33    Performance of Japanese Quail (coturnix coturnix
japonica) under different climatic conditions.  M. Mady*1, A.
Hassanin1, H. Khalil1, and M. Gerken2, 1Suez Canal University, Ismailia,
Egypt, 2University of Goettingen, Goetingen, Germany.

The effect of different climatic conditions on body weight, weight gain,
feed intake, water consumption, egg production, rectal temperature,
hematocrit value and mortality rate were studied in Japanese quail.
Three experimental groups (winter conditions (control), long day-light
(lighted) and hot climate (heated) were used. A total of 195 quail chicks
(65/group, 40 females and 25 males) were used. Results showed that
significant differences in the most traits studied occurred among the
treatment groups. Winter conditions had a significantly lighter body
weight compared to the other groups between 6 and 14 weeks of age.
During this period, rectal temperature was significantly higher in winter
group compared to the other groups. Egg production was the lowest in
the control group compared to the other groups. Birds kept under high
environmental temperature had the lowest hematocrit value than the
other treatment groups. In general Egyptian winter conditions had ad-
versely influence on most traits studied in Japanese quail. It is assumed,
therefore, that during winter increased lighting period and ambient tem-
perature are important to increase productive and reproductive cycles
in Japanese quail by enhancing physiological responses.

Key Words: Japanese quail, heat stress, light period, egg production,
rectal temperature

    S-M34    Determination of nutrient mass balance in turkeys. 
S. Adedokun*1, W. Powers2, R. Angel3, A. Mitchell4, and T. Applegate1,
1Purdue University, West Lafayette, Indiana, 2Iowa State University,
Ames, 3University of Maryland, College Park, 4USDA, ARS, ANRI,
Beltsville, Maryland.

Apparent phosphorus (P) and nitrogen (N) retention and excretion
were determined for turkeys fed two diets at three ages via mass balance
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based on nutrient composition and weight of consumed feed, carcass
and litter. The two diets consisted of an industry diet (I) and a low P +
600 U phytase/kg (LP) diet. The non-phytin P concentration of the diet
was 0.70, 0.65, 0.60, 0.55, 0.45, or 0.40 % for I diets and 0.52, 0.42,
0.34, 0.30, 0.24, or 0.20 %, for LP diets from 0-3, 3-6, 6-9, 9-12, 12-15,
and 15-18 wk of age, respectively (12 replicates/diet, five birds/pen).
Birds from four pens per diet were weighed and killed at 12, 15, and 18
wk of age for nutrient retention (in whole carcasses) and excretion (in
litter) determinations. Diet did not affect BW or feed intake from 12 to
18 wk of age (18 wk BW = 16.04 kg). Mass of P excreted at 12, 15, and
18 wk of age was 37, 46, and 40 % more for birds fed the I diets when
compared to that of birds fed the LP diets. Phosphorus retained as
percentage of P consumed was greater at 12, 15, and 18 wk for birds fed
the LP diets (67.0, 63.8, and 53.8 %) than for birds fed the I diets (47.3,
44.0, and 32.8 %; P < 0.05). Difference between P excretion as calcu-
lated from litter compared with feed intake less carcass retention was
less than 5 % at 18 wk. The N retained averaged 90.7, 136.7, and 184.2
g/bird while N excreted averaged 377.6, 620.7, and 921.8 g/bird at 12, 15,
and 18 wk of age, respectively. Total excreta production at 18 wk was
not different between treatments and averaged 12.2 kg/bird. While there
were no differences in BW, N excretion (g) and DM excretion (kg), P
excretion (intake - carcass) was 201.3 g and 94.6 g, respectively for birds
fed the I and LP diets. Additionally, with an 18 wk average litter DM of
78.0 % the calculated N volatilization at 18 wk was 427 and 405 g/bird
for birds fed the I and LP diets, respectively (40 and 37 % of excreted
N).

Key Words: excretion, mass balance, nitrogen, phosphorus, turkey

    S-M35    Effect of diet on air emissions from laying hens of
different ages.  W. Wu*1, W. Powers1, R. Angel2, and T. Applegate3,
1Iowa State University, Ames, 2University of Maryland, College Park,
3Purdue University, West Lafayette, Indiana.

Manure from poultry feeding operations is associated with diminished
air quality. The objectives of the current study were to evaluate the
effectiveness of feeding a reduced emission diet (R) containing 6.9% of
a gypsum-zeolite mixture and slightly reduced CP to 21-, 38-, and 59-
wk old Hy-line W36 hens (trials 1, 2, and 3, respectively) on egg pro-
duction and emissions of NH3, H2S, NO, NO2, SO2, CO2, CH4 and
non-methane total hydrocarbon as compared to feeding a commercial
diet (C). At each age, 640 hens (BW = 1.36, 1.47, and 1.52 kg in trials 1,
2, and 3, respectively) were allocated randomly to eight environmental
chambers for a 3-wk period. On an analyzed basis, the C diet contained
18.0, 17.0, and 16.2% CP and 0.25, 0.20, and 0.20% S in trials 1, 2, and
3, respectively. The R diet contained 17.0, 15.5, and 15.6% CP and
0.99, 1.20, and 1.10% S in trials 1, 2, and 3, respectively. Diets were
formulated to contain similar Ca and P content. Gaseous concentrations
were monitored from each chamber in a sequential manner resulting in
10 to 11 daily observations per chamber. Average daily egg weight
(ADEW; 57.4 g), average daily egg production (ADEP; 82.5%), average
daily feed intake (ADFI; 92.6 g) and BW change (BWC; 24.3 g), across
ages, were unaffected by diet (P>0.05). Age affected ADEW (52.1, 58.9,
and 61.2 g), ADEP (86.7, 87.1, and 73.7%), ADFI (86.8, 96.2, and 94.6
g) and BWC (65.2, 17.3, and -9.7 g) in trials 1, 2, and 3, respectively
(P<0.01). Diet (P<0.01) and age (P<0.01) affected NH3 emissions. In
trials 1, 2, and 3, daily NH3 emissions from hens fed the R diets (185.5,
312.2, and 333.5 mg bird-1) were less than those of hens fed the C diet
(255.0, 560.5, and 616.3 mg bird-1). Daily emissions of H2S across trials

from hens fed the R diet were 4.08 mg bird-1 compared to 1.320 mg bird-

1 from hens fed the C diet (P<0.01). Diet (P<0.05) and age (P<0.05)
affected emissions of CO2 and CH4. A diet effect (P<0.01) NO emis-
sions and an age effect on SO2 emissions (P<0.01) was observed. No
diet or age effects (P>0.05) were observed for NO2 and non-methane
total hydrocarbons. Results demonstrate that diet and laying age influ-
ence air emissions.

Key Words: hens, air emissions, diet, ammonia, hydrogen sulfide

    S-M36    Impact of feeding program after light stimulation on
reproductive performance of broiler breeder hens.  L.C. Gibson*,
A.J. Davis, and J.L. Wilson, University of Georgia, Athens.

Using a skip-a-day (SAD) feeding program from 2 weeks (WK) through
5% egg production is a common industry management practice to in-
crease the uniformity of bird access to feed. To investigate the influence
of this practice on reproductive performance, pullets were fed on a SAD
basis during rearing and then divided into treatment groups at 21 WK of
age. A sample of pullets was weighed weekly from 2 through 38 WK of
age to ensure BW was maintained near breeder guidelines. All pullets
were weighed at 20 weeks of age, to ensure that lay pens were similar in
average body weight and body weight uniformity. At 21 weeks of age
pullets were moved into laying facilities and 15 of the 30 experimental
pens (35 hens and 4 roosters per pen) were changed to everyday feeding
(ED) while the remaining 15 pens continued on SAD feeding until 8%
egg production. At WK 26.5 all hens were placed on ED feeding. The
coefficient of variation of bird weight was not significantly different
between treatments at 26 WK and this relationship was maintained
through peak egg production. Hens that received ED feed began lay at an
earlier age (11 d), and through 38 WK of age ED fed hens laid signifi-
cantly greater number of total eggs and hatching eggs than SAD fed hens.
The results suggest that a SAD feeding program after light stimulation is
detrimental to follicular development and maturation.

Key Words: broiler breeder hens, skip-a-day feeding, everyday feeding,
egg production

    S-M37    Influence of feeding level and body weight on repro-
ductive performance, mortality and morbidity of slow feathering
broiler breeder hens.  A. Mendoza-Reilley*1, A.J. Davis1, G. Zavala1,
W.A. Dozier, III2, and J.L. Wilson1, 1The University of Georgia, Ath-
ens, 2USDA-ARS, Southcentral Poultry Research Center, Mississippi.

Body weight (BW) uniformity and feeding level of breeding flocks has a
profound effect on egg production. To determine if BW at sexual matu-
rity and feeding level in lay influences reproduction characteristics in
slow feathering broiler breeder hens, approximately 300, 12 WK old,
pullets were obtained from a commercial facility. Low (L), average (A)
or high (H) BW pullets were selected and transported to the experimen-
tal facility to complete the growth cycle. At 21 WK of age 288 pullets
were placed in individual cages. All birds were fed the same diet (15%
CP, 2920 kcal of ME/kg) but at a standard (STD) or STD plus con-
sumption rate (STD+). The STD+ females received 4-8% more feed
than the STD fed birds. Egg production, mortality, morbidity, and BW
data were summarized on a weekly basis. At 40 wk of age hens were
killed and reproductive measurements (ovary weight, oviduct weight,
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and follicular development accessed) were completed. The H BW hens
came into lay earlier and produced a greater number of total eggs and
hatching eggs; A BW hens were intermediate in performance while the L
BW weight hens had the lowest performance through 40 WK of age.
Feed amount did not effect egg production. Overall mortality through
40 WK was 2% and morbidity was 8%. These hens stopped eating or
severely reduced feed intake within 2-3 days of dying or becoming
prostrated. Although, the morbid hens recovered, only 20% of them
returned to a normal level of egg production. In a competitive environ-
ment, these morbid hens would likely not survive. Eighty percent of the
hens that died during the trial were in the STD+ feed treatment. No
differences were noted at 40 WK of age in ovary weight, oviduct weight
or follicular development. These data confirm the importance of grow-
ing uniform breeder flocks and preventing excessive weight gain to opti-
mize egg production.

Key Words: broiler breeder hen, body weight, feed amount, mortality,
morbidity

    S-M38    Effects of heavy or light body weight broiler breeder
hens on reproductive characteristics and hatchability.  A. Swaffar*,
R.K. Bramwell, and D.E. Yoho, The University of Arkansas, Fayetteville.

Commercial broiler breeder hens are fed primarily to initiate and then
maintain egg production. However, maintaining a previously determined
body weight standard is also considered important. Hens that are either
too heavy or underweight according to standards for that strain of breeder
are believed to be inferior as broiler breeders. A study was set up to
evaluate the effects of over or underweight breeder hens on reproductive
characteristics such as egg production and hatchability. Forty seven wk
old Cobb 500 broiler breeder hens were weighed and divided into three
groups of birds with 55 hens per weight group. Average body weights
for the three groups of birds were 7.60 lbs (L), 8.51 lbs (M), and 9.51 lbs
(H) at the initiation of this trial. Five broiler breeder males were housed
with each group of hens with the males rotated twice weekly between
the three pens of hens. Egg production, egg weight, fertility, hatchability
and complete embryo diagnosis was obtained from each of the pens of
hens for four consecutive weeks. At the conclusion of the four-week
period all males were removed from each pen of hens to determine
average duration of sperm penetration for each of the body weight
groups. Eggs produced per hen housed was greater for the M group of
hens during the treatment period while fertility was greater for the L
group as compared to the M and H groups (95.8, 91.8 and 92.8 %
respectively). While hatchability was also greater for the L group of
hens (81.6%) as compared to the M and H groups (75.5 and 79.0 %)
overall chicks produced per hen housed for the duration of the trial was
not significantly different between any of the three body weight groups.
While there were numerical differences resulting from the
embryodiagnosis, significant separation of the groups was not evident.
In summary, while underweight broiler breeder hens had better fertility
and hatchability, the lower egg production resulted in negligible effects
of body weight on the number of chicks produce from each treatment
group.

Key Words: broiler breeders, body weight, fertility, hatchability

    S-M39    Feeding broiler breeder hens into a second production
cycle following forced molting.  D.E. Yoho*1, R.K. Bramwell1, C.N.
Coon1, and C. Wiernusz2, 1The University of Arkansas, Fayetteville,
2Cobb-Vantress, Inc., Siloam Springs, Arkansas.

The production cycle of most commercial broiler breeder flocks typi-
cally ends at about 65 weeks of age. Occasionally circumstances present
themselves that utilizing a breeder flock for a second production cycle
becomes necessary. In this trial a broiler breeder flock was molted and
brought back into a second production cycle using either a patient or an
aggressive feeding approach. At 65 weeks of age, 4080 Cobb 500 broiler
breeder hens were obtained from a contract hen producer and randomly
divided into 48 pens with 85 birds per pen and housed at the University
of Arkansas Broiler Breeder Research farm. Feed was restricted and day
length reduced until the flock had lost 25% of their initial body weight at
housing, wherein the flock had achieved a complete cessation of their
previous laying cycle. Following the previously designated weight loss
all birds were fed an initial feed allotment of 17.5 lbs/100 hens per day.
A 2 x 2 x 2 factorial experiment was designed with either a patient or
more aggressive feeding approach. The three feeding programs imple-
mented were: a) fed either a skip-a-day (SD) or every day (ED) feed
until 5% production, b) weekly feed allotment increases of 1.25 (S) or
1.75 (F) lbs per 100 hens per day until 5% production, c) after 5%
production fed a diet to obtain a peak feed of either 440 (LE) or 460
(HE) kcal at 60% production. All birds were fed on the same breeder-
feeding program after they reached their apex in egg production. Each
treatment group fed on the more aggressive feeding program (ED, F, and
HE) laid more eggs per hen housed and those fed on the HE feed pro-
gram obtained an overall higher peak egg production. In summary, taking
a more aggressive approach when feeding broiler breeder hens into pro-
duction for a second lay cycle following a forced molt resulted in more
eggs produced per hen housed.

Key Words: broiler breeders, molting breeders

    S-M40    Effect of broiler breeder male feeding program around
photostimulation and during the production period on fertility
and progeny performance.  H. Romero-Sanchez*, P. Plumstead, and
J. Brake, North Carolina State University, Raleigh.

Two experiments were conducted to evaluate different feed allocation
programs around photostimulation and during the production period on
broiler breeder fertility and broiler performance. In Experiment 1, Ross
344 males were randomly assigned to three treatments (Slow, Medium,
or Fast) that varied in the rate of feed allocation from 16 to 26 wk of age.
These feed programs provided a gradual increase from 85 to 110 g/male/
d. Male feed allocation was also increased 5 g/d in at 55 wk of age after
fertility had declined. In Experiment 2, the interaction between the Slow
and Fast feeding programs in combination with two feeding programs
during the production period (Constant or Increasing) was evaluated
using a 2 X 2 factorial design. Birds were photostimulated at 21 wk of
age when they were moved into the production facility. All males were
weighed individually at 4, 8, 12, 16, 20, 24, 26, 28, 32, 40, 48, 56 and 64
wk of age. Furthermore, in Experiment 2, at 32 and 50 wk of age broilers
were hatched to evaluate the treatment effect on progeny performance.
Percentage fertility and embryo mortality was evaluated biweekly in
both experiments.

In Experiment 1, the males on the Slow feed program exhibited signifi-
cantly heavier BW at 40 wk and higher fertility after 46 wk of age.
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However, no significant differences were observed after feed was in-
creased in all treatments. In Experiment 2, late fertility was decreased
for males that received the Constant program during the production
period and this resulted in a lower progeny BW and poorer adjusted
feed conversion at 42 d of age. Males that received Fast feed increments
around photostimulation gained BW more rapidly and apparently re-
quired more feed to sustain their BW and maintain fertility. Increasing
male feed allocation subsequently during production improved fertility
and favorably impacted progeny performance.

Key Words: broiler breeders, feed program, fertility, broiler progeny

    S-M41    Similarities and differences between the sperm qual-
ity index and sperm mobility index of broiler breeder semen.  P.R.
Dumpala*, H M. Parker, and C.D. McDaniel, Mississippi State Univer-
sity, Mississippi State.

The sperm quality index (SQI) and sperm mobility index (SMI) both
predict sperm motility and fertility. However, recent research, in which
semen was diluted excessively (40 fold) for the SQI, failed to establish
a link between the SMI and SQI. Therefore, we compared the SMI with
the SQI of semen diluted only 10 fold. In the following four experi-
ments, the response of the SQI and SMI were examined when: 1.) motile
sperm and heat-inactivated, immotile sperm were incubated over time,
2.) motile sperm and immotile sperm were combined, 3.) live and dead
sperm lysed by freezing were combined, and 4.) sperm were rendered
immotile by the addition of Zn. For Experiment 1, the SQI for motile
samples increased during the first 5 min of incubation and then stabi-
lized, whereas the SQI for immotile semen remained at zero the entire
study. Surprisingly, the SMI of immotile semen, after 15 min of incuba-
tion, rapidly increased yielding SMI values higher than motile samples
after 30 min of incubation. The SMI of motile sperm steadily increased
over incubation. For Experiment 2, the SQI increased quadratically with
percentage of motile sperm, yet no relationship between the SMI and
percentage of motile sperm could be established. In Experiment 3, the
SQI also increased quadratically as viable sperm increased, whereas no
relationship between the SMI and sperm viability was found. In fact,
the SMI of semen that was nonviable was numerically higher than viable
samples. For Experiment 4, the SQI of semen exposed to Zn declined
linearly with incubation, while the SQI of semen stored in saline in-
creased over incubation. The SMI of semen exposed to Zn was lower
than that stored in saline. The SMI declined rapidly during the first 30-
45 min of incubation and then stabilized during the rest of the study for
both treatments. In conclusion, both the SQI and SMI of sperm de-
crease in response to Zn. However, it appears that immotile and dead
sperm are capable of increasing SMI values but not SQI values.

Key Words: sperm quality index, sperm mobility, sperm motility, sperm
viability

    S-M42    Effect of temperature and egg size during incubation
on broiler chick development and body weight.  N. Leksrisompong*,
H. Romero-Sanchez, P. Plumstead, and J. Brake, North Carolina State
University, Raleigh.

An experiment was conducted to study the effects of incubation tem-
perature and egg size on embryological development and chick BW.

Eggs were collected from a Ross 344 x Ross 308 parent flock, weighed,
and sorted into three groups with median egg sizes of Small (52.5g),
Average, (58.0g) and Large (63.5g). Egg temperatures and embryo devel-
opment were determined for 12 eggs of each egg size which were labeled
and set in the center of each of 8 replicate trays of 180 eggs located
within two Natureform NMC-1000 incubators. During the first 13 d of
incubation air temperature was maintained between 37.5 and 37.7 C
following which one incubator was assigned to a High (39.4 - 40.6 C)
and one incubator to a Normal (37.5 - 38.3 C) incubation temperature.
Relative humidity was maintained at 53% in both machines. Egg tem-
peratures were monitored with a Braun Thermoscan infrared thermom-
eter. At 19 d eggs were transferred to specially modified plastic hatching
baskets with identity of the 36 labeled eggs within each tray maintained
by placing these within individual pedigree hatching baskets. At 21 d of
incubation, chicks from each pedigree basket were removed individually
and necropsied to determine BW and organ development. High incuba-
tion temperature decreased chick BW and the relative heart weight at
hatch, while relative weights of the yolk sac, liver, gizzard, proventricu-
lus, and small intestines were not affected. Chick BW was proportional
to egg weight and Small eggs produced chicks with a smaller unabsorbed
yolk sac than Average and Large sized eggs while Average and Large
sized eggs produced chicks with proportionately smaller hearts and
gizzards. There was no obvious relationship between egg temperature
and egg size in our measurements to 19 d of incubation. However,
negative effects of high incubation temperature on chick BW at hatching
were greater for Large eggs than for Small eggs. These data suggest
elevated incubation temperature and larger egg size to be detrimental to
embryo development.

Key Words: incubation, egg sizes, temperature, broiler, organs

    S-M43    Effect of ventilation during incubation on broiler egg
temperature and embryonic development.  K. Brannan*, P. Plumstead,
H. Romero-Sanchez, N. Leksrisompong, and J. Brake, North Carolina
State University, Raleigh.

High egg temperatures have been shown to be detrimental to embryonic
development and effective ventilation in an incubator can be important
to remove excess heat produced by the developing embryo during the
last few days of incubation. Two experiments were conducted to evalu-
ate the effects of altered ventilation rate during the hatching period (17-
21 d) on egg temperature and subsequent embryological development.
1,710 Ross 344 x 508 broiler eggs were incubated to 17 d and then
transferred to 9 plastic hatching baskets. Airflow through select hatch-
ing baskets was modified using tape to close openings around the top
half or bottom half of the basket. The three treatments consisted of a
bottom (tape applied across the bottom half of the basket), top (tape
applied across the top half of the basket), and control group (a standard
basket with no tape applied). Three replicate baskets of 190 eggs were
assigned to each treatment at 17 d and egg temperatures monitored daily
to 21 d using a Braun Thermoscan infrared thermometer. Following
hatch, chicks were sexed and a sample of 7 male chicks in experiment 1
or 22 male chicks in experiment 2 were selected from each tray and killed
prior to measuring BW, body length, unabsorbed residual yolk, heart,
liver, proventriculus, gizzard, and small intestine weights. In experi-
ment 1, while BW between treatments was similar, chicks hatched from
the Top taped baskets had absorbed significantly more yolk versus the
other two treatment groups and also had increased percent heart and
liver. In experiment 2, treatment effects on BW and yolk appeared to be
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dependent on position effects within the incubator. However, the top
taped group again showed a significant increase in relative heart and liver
weights when compared to the bottom taped and control groups. These
data suggest altered air flow to modify the adverse effects of high egg
temperatures in these experiments.

Key Words: Ventilation, Egg temperature, Organs, Embryonic develop-
ment, Incubation

    S-M44    Intraflock dynamics of Salmonella contamination in
broilers throughout the production and processing continuum.  V.
Volkova*1, K.B.R C. Dazo1, R.H. Bailey1, J.A. Byrd2, and R.W. Wills1,
1Mississippi State University, Mississippi State, 2USDA, ARS, Food and
Feed Safety Research Unit, College Station, Texas.

The preliminary analysis reported here is part of an on-going project
undertaken to identify risk factors associated with Salmonella status of
broiler flocks at sequential segments of the production and processing
continuum. One of the risk factors considered is a flock’s Salmonella
contamination status as it changes from upon arrival from the hatchery
at a grow-out farm to the end of the carcasses processing. Flock’s Sal-
monella status was measured by different sample types at sequential
production segments: upon arrival from the hatchery at a grow-out farm
(30 transport tray pads (TP) and gastrointestinal track (GI) samples
from 30 chicks from the corresponding trays); one-week before pro-
cessing (whole carcass rinse (WC), ceca (CA) and crop (CP) samples
from each of 30 birds); upon arrival at the processing plant (WC, CA
and CP samples from each of 30 birds); prior to the chill tank (rinses
from 30 carcasses); and immediately after the chill tank (rinses from 30
carcasses). Presence of Salmonella was evaluated in 54 broiler flocks
from 27 farms. Logistic regression was used to model the relationships
between a flock’s Salmonella status at sequential production segments
as measured by different sample types. Preliminary analysis revealed
significant associations among several sample types at different seg-
ments providing insight into the dynamics of Salmonella contamination
of broilers throughout the production and processing continuum.

Key Words: Salmonella, Food safety, Epidemiology, Broilers, Poultry

    S-M45    Broiler performance as affected by phytase and chlo-
ride supplementation to reduced phosphorus broiler grower and
finisher diets.  P. Plumstead*1, R. Maguire2, H. Romero-Sanchez1, N.
Leksrisompong1, and J. Brake1, 1North Carolina State University, Ra-
leigh, 2North Carolina State University, Raleigh.

A study was conducted to evaluate effects of supplementing a thermo
stable bacterial derived phytase (QuantumTM) at two levels of dietary
chloride (Cl) in broiler grower and finisher diets with reduced available
phosphorus (AvP). Fourteen male and 14 female Ross 344 x 508 broiler
chicks were assigned to each of 72 floor pens. All birds received 906g of
a broiler starter feed (0.45% AvP) after which 12 dietary treatments
were applied in a randomized complete block design to each of six
replicate pens during the grower and finisher phases to 28, and 42 d of
age, respectively. A 3 x 2 x 2 factorial treatment structure was used with
3 AvP levels in the grower and finisher diets of High (0.35%, 0.35%),
Med (0.35%, 0.25%) or Low (0.25% and 0.25%) to which combina-
tions of two levels of Cl (0.34% and 0.56%) and two levels of added
phytase (0 and 600 FTU) were applied. The AvP level of phytase
amended diets was held constant by replacing 0.10% of the inorganic
phosphorus from dicalcium phosphate with 600 FTU of phytase, while
the Cl level of treatments was increased by adding 3.8g/kg of ammonium
chloride. All diets were pelleted with conditioning temperatures in ex-
cess of 80 0ºC. Independent of AvP level, phytase supplementation
significantly increased 42 d male and female BW by 25 and 30g, respec-
tively, and reduced 42 d mortality corrected feed conversion from 1.84
to 1.82 (P<0.05). AvP level had no effect on 42 d BW. Effects of AvP or
phytase on 42 d BW may have been further reduced by high heat stress
related mortality of faster growing birds from 35-42 d. This was sup-
ported by the mean BW of all mortality being 327g higher for the High
vs. Low AvP regimen and 387g higher for treatments receiving the phytase
amended diets. Elevated Cl level increased BW at 28 d but beneficial
effects were no longer evident at 42 d which was in part due to high late
mortality of this treatment.

Key Words: Poultry, Broiler, Phosphorus, Phytase, Ammonium Chlo-
ride
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    S-M46    Thyme as an antioxidant in broiler chicken meat.  A.M.
Raji* and F.O. Ajasin, Adewura Farms, Lagos and Federal College of
Animal Health and Produstion Technology, IAR&T, Ibadan, Nigeria.

Lipids in various foods undergo oxidative deterioration at all stages from
handling through processing, storage, distribution and utilization. Anti-
oxidants are capable of delaying or preventing the development of dete-
rioration reaction due to oxidation. Thymus vulgaris(thyme) oil and a
number of its constituent compounds have been shown to posses strong
antioxidative properties. Because of the concern being raised as to the
safety of synthetic compounds as conventional antioxidants; world-

wide interest from natural sources is growing. This study was carried
out to investigate the potential of dried leaves of Thymus vulgaris as an
antioxidant in refrigerated fresh broiler-chicken meat. 24 male broiler-
chickens averaging 2.9kg live weight were used. The muscle tissues of
each were separated, minced and mixed thoroughly, divided into 5 parts
and weighed. Thyme at 0, 0.5, 1.0, 1.5 or 2.0% w/w was added to each
portion in grounder and thoroughly mixed. One pack each of fresh meat
portions were frozen immediately. Extent of oxidation of the meat was
determined by quantification of malonaldehydes content using the
thiobarbituric acid (TBA) test. Encouraging results obtained indicate
that thyme is a natural antioxidant in muscle tissue. With increasing
inclusion level of thyme up to 2.0% evaluated, oxidation of fats and
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dependent on position effects within the incubator. However, the top
taped group again showed a significant increase in relative heart and liver
weights when compared to the bottom taped and control groups. These
data suggest altered air flow to modify the adverse effects of high egg
temperatures in these experiments.

Key Words: Ventilation, Egg temperature, Organs, Embryonic develop-
ment, Incubation

    S-M44    Intraflock dynamics of Salmonella contamination in
broilers throughout the production and processing continuum.  V.
Volkova*1, K.B.R C. Dazo1, R.H. Bailey1, J.A. Byrd2, and R.W. Wills1,
1Mississippi State University, Mississippi State, 2USDA, ARS, Food and
Feed Safety Research Unit, College Station, Texas.

The preliminary analysis reported here is part of an on-going project
undertaken to identify risk factors associated with Salmonella status of
broiler flocks at sequential segments of the production and processing
continuum. One of the risk factors considered is a flock’s Salmonella
contamination status as it changes from upon arrival from the hatchery
at a grow-out farm to the end of the carcasses processing. Flock’s Sal-
monella status was measured by different sample types at sequential
production segments: upon arrival from the hatchery at a grow-out farm
(30 transport tray pads (TP) and gastrointestinal track (GI) samples
from 30 chicks from the corresponding trays); one-week before pro-
cessing (whole carcass rinse (WC), ceca (CA) and crop (CP) samples
from each of 30 birds); upon arrival at the processing plant (WC, CA
and CP samples from each of 30 birds); prior to the chill tank (rinses
from 30 carcasses); and immediately after the chill tank (rinses from 30
carcasses). Presence of Salmonella was evaluated in 54 broiler flocks
from 27 farms. Logistic regression was used to model the relationships
between a flock’s Salmonella status at sequential production segments
as measured by different sample types. Preliminary analysis revealed
significant associations among several sample types at different seg-
ments providing insight into the dynamics of Salmonella contamination
of broilers throughout the production and processing continuum.

Key Words: Salmonella, Food safety, Epidemiology, Broilers, Poultry

    S-M45    Broiler performance as affected by phytase and chlo-
ride supplementation to reduced phosphorus broiler grower and
finisher diets.  P. Plumstead*1, R. Maguire2, H. Romero-Sanchez1, N.
Leksrisompong1, and J. Brake1, 1North Carolina State University, Ra-
leigh, 2North Carolina State University, Raleigh.

A study was conducted to evaluate effects of supplementing a thermo
stable bacterial derived phytase (QuantumTM) at two levels of dietary
chloride (Cl) in broiler grower and finisher diets with reduced available
phosphorus (AvP). Fourteen male and 14 female Ross 344 x 508 broiler
chicks were assigned to each of 72 floor pens. All birds received 906g of
a broiler starter feed (0.45% AvP) after which 12 dietary treatments
were applied in a randomized complete block design to each of six
replicate pens during the grower and finisher phases to 28, and 42 d of
age, respectively. A 3 x 2 x 2 factorial treatment structure was used with
3 AvP levels in the grower and finisher diets of High (0.35%, 0.35%),
Med (0.35%, 0.25%) or Low (0.25% and 0.25%) to which combina-
tions of two levels of Cl (0.34% and 0.56%) and two levels of added
phytase (0 and 600 FTU) were applied. The AvP level of phytase
amended diets was held constant by replacing 0.10% of the inorganic
phosphorus from dicalcium phosphate with 600 FTU of phytase, while
the Cl level of treatments was increased by adding 3.8g/kg of ammonium
chloride. All diets were pelleted with conditioning temperatures in ex-
cess of 80 0ºC. Independent of AvP level, phytase supplementation
significantly increased 42 d male and female BW by 25 and 30g, respec-
tively, and reduced 42 d mortality corrected feed conversion from 1.84
to 1.82 (P<0.05). AvP level had no effect on 42 d BW. Effects of AvP or
phytase on 42 d BW may have been further reduced by high heat stress
related mortality of faster growing birds from 35-42 d. This was sup-
ported by the mean BW of all mortality being 327g higher for the High
vs. Low AvP regimen and 387g higher for treatments receiving the phytase
amended diets. Elevated Cl level increased BW at 28 d but beneficial
effects were no longer evident at 42 d which was in part due to high late
mortality of this treatment.

Key Words: Poultry, Broiler, Phosphorus, Phytase, Ammonium Chlo-
ride
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    S-M46    Thyme as an antioxidant in broiler chicken meat.  A.M.
Raji* and F.O. Ajasin, Adewura Farms, Lagos and Federal College of
Animal Health and Produstion Technology, IAR&T, Ibadan, Nigeria.

Lipids in various foods undergo oxidative deterioration at all stages from
handling through processing, storage, distribution and utilization. Anti-
oxidants are capable of delaying or preventing the development of dete-
rioration reaction due to oxidation. Thymus vulgaris(thyme) oil and a
number of its constituent compounds have been shown to posses strong
antioxidative properties. Because of the concern being raised as to the
safety of synthetic compounds as conventional antioxidants; world-

wide interest from natural sources is growing. This study was carried
out to investigate the potential of dried leaves of Thymus vulgaris as an
antioxidant in refrigerated fresh broiler-chicken meat. 24 male broiler-
chickens averaging 2.9kg live weight were used. The muscle tissues of
each were separated, minced and mixed thoroughly, divided into 5 parts
and weighed. Thyme at 0, 0.5, 1.0, 1.5 or 2.0% w/w was added to each
portion in grounder and thoroughly mixed. One pack each of fresh meat
portions were frozen immediately. Extent of oxidation of the meat was
determined by quantification of malonaldehydes content using the
thiobarbituric acid (TBA) test. Encouraging results obtained indicate
that thyme is a natural antioxidant in muscle tissue. With increasing
inclusion level of thyme up to 2.0% evaluated, oxidation of fats and
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lipids decreased both in the refrigerated fresh broiler-chicken meat. More
investigations are suggested in validation of safe level of inclusion of
thyme.

Key Words: broiler-chicken meat, thyme, antioxidants

    S-M47    Egg quality measurements from White Leghorn hens
fed yeast beta-glucans.  N. McKillop* and B. Rathgeber, Nova Scotia
Agricultural College, Truro, NS, Canada.

The poultry industry suffers enormous economic loss from breakages
due to poor shell quality. As a hen ages it will have more difficulty
mobilizing calcium from the bone and is less able to produce calcium
carbonate. A deficiency in calcium will adversely affect the egg struc-
ture. In vitro studies conducted recently found that a partially purified
soluble beta-glucan was a potent inhibitor of bone resorption by the
inhibition of osteoclast activity. Therefore, these yeast beta-glucans
have the potential to slow bone loss which can allow for better utiliza-
tion of calcium. In this experiment 240, 18-week old White Leghorn
hens of the Babcock variety were randomly assigned to four different
diets supplemented with 0, 25, 50, 250 g/ton of refined yeast beta-
glucan. Beginning at 22 weeks of age, 8 eggs per unit were collected
every four weeks with the last collection at 50 weeks of age. Albumen
height, egg weight and specific gravity of the eggs were measured at each
collection. No treatments effects were observed on the albumen height
and egg weight measurements. However, the treatment supplemented
with 25g/ton was noted to have a higher specific gravity than the other
treatments from 22 to 50 weeks of age. Future studies will attempt to
identify potential structural changes that may influence shell quality
due to dietary inclusion of yeast beta-glucans.

Key Words: laying hen, beta-glucan, egg quality, specific gravity

    S-M48    Growth performance and postmortem pH decline of
broiler chickens fed blueberry by-products.  D. Spurgeon*1, J.
MacIsaac2, and B. Rathgeber1, 1Nova Scotia Agricultural College, Truro,
NS, Canada, 2Atlantic Poultry Research Institute, Truro, NS, Canada.

Blueberries are the richest natural source of anthocyanins and other
bioactive molecules which are known to have a wide array of health
benefits in humans. Broiler chickens often suffer from heart disease in
the form of ascites or sudden death syndrome, and may benefit from the
addition of dietary antioxidants. Additionally, poor meat quality associ-
ated with rapid post-mortem metabolism may be reduced with dietary
antioxidants. The objective of this study is to evaluate the usefulness of
blueberry reel-stock in broiler diets to improve broiler growth perfor-
mance and post-mortem metabolism. Day-old chicks (n=912) were ran-
domly assigned to 24 pens (38 birds /pen) and one of three dietary
treatments, which were supplemented with 0% (control), 1.5% and
3.0% freeze-dried blueberry reel stock. The birds were fed on the above
diets from 0 to 14 days (d), from then on all birds were given commercial
grower and finisher diets. The birds were reared under a continuous light
in effort to increase the incidence of ascites and sudden death syndrome.
All birds that died during the experiment were necropsied to identify
ascites-related mortalities. All birds were manually weighed on days 0,
14, 24, and 38. At 38 days of age, 48 broilers (2/pen) were custom
processed to obtain 15 minute post-mortem breast muscle samples.
Post-mortem metabolism was assessed using the iodoacetate pH method.
Results clearly demonstrated that there was no difference (p > 0.05)

among the three groups for rate of pH decline at 15 minutes post-
mortem. Analysis of the treatment effect on body weight indicated that
there was a difference (p < 0.05) among the three treatment groups in
terms of size. The control group were the largest birds (1925g) com-
pared to the 1.5% and 3.0% group, which were 1877g and 1856g, re-
spectively. Further research may be directed towards minimizing this
negative effect on growth in effort to evaluate the influence of the blue-
berry bioactive molecules on broiler health and product quality.

Key Words: broiler chicken, blueberry by-products, pH decline, growth
performance, heart disease

    S-M49    Monitoring skin color of broilers fed blueberry by-
products.  K. Isenor* and B. Rathgeber, Nova Scotia Agricultural Col-
lege, Truro, NS, Canada.

Dietary antioxidants may play a role in reducing the incidence of heart
related diseases such as ascites and sudden death syndrome in broiler
chickens. In human health blueberry consumption has been linked to a
reduction in certain diseases like cancer and heart disease. These ben-
efits are thought to be associated with the high anthocyanin content of
these berries which are known to have antioxidant properties. When
evaluating the effects of blueberries on broiler health, it must be remem-
bered that pigments present in the berries may also influence the color
of the processed carcass. The object of this study was to determine if
feeding broiler chickens a freeze dried blueberry by-product changes
skin color. For the duration of a 38 day trial, 912 day-old male broilers
were randomly assigned to 24 floor pens with 38 birds per pen. Each
pen received one of three diets containing various amounts of freeze
dried blueberry by-product for the first 14 days (0%, 1.5% and 3%).
The birds were subjected to 23 hours light per day to increase the
likelihood of cardiac disease. Light intensity began at 35 lux and then
was reduced to 5 lux, at the level of the bird, when they reached 4 days
of age. Skin color on the dorsal side of the both feet were measured in
duplicate on days 14 and 20 using a miniscan™ XE plus, portable
spectrophotometer. As the birds aged the L* and b* values increased
indicating the birds skin became lighter and more yellow. The a* value
also changed with age, but was reduced for older birds. The blueberry
treatments did not influence L* or b* values, however, the highest level
of blueberry inclusion reduced the a* value indicating that the skin of
these birds was less red in color. Additional studies will need to be
performed to determine if changes in skin color of this magnitude can be
detected by consumers.

Key Words: broiler, skin color, blueberry

    S-M50    Collagenase activity in the skin of broiler chickens
subjected to two lighting regimens and microwave toe-treatment. 
E. Fraser* and B. Rathgeber, Nova Scotia Agricultural College, Truro,
NS, Canada.

The integrity of broiler chicken skin can affect the number of bruises and
tears on the processed carcass. Management practices are available to
the poultry industry to reduce the incidence of carcass blemishes. Mi-
crowave toe-treatment reduces the incidence of scratches without the
negative impact on bird welfare that other methods of claw reduction
have caused. Selection of lighting regimen influences broiler skin damage
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and overall health of the bird. It has been found that birds raised on an
increasing photoperiod regimen have increased levels of Type I collagen
in their skin which provides strength and improves integrity. The objec-
tive of this study was to determine the effects of photoperiod, micro-
wave toe-treatment and sex on collagenase enzyme activity in broiler
skin. A 2x2x2 factorial was used to examine the effects of these variables
on activity of MMP-2 in broiler skin samples. The treatments in this
study were increasing photoperiod and microwave toe-treatment com-
pared to continuous lighting and untreated toes. Water-soluble proteins
were extracted from the skin of 38 day-old broiler chickens. Gelatin
zymography was used to measure the activity of plasma matrix
metalloproteinases (MMP-2) in these samples. Neither the toe-treat-
ment nor sex of the bird was found to have any influence on skin
collagenase activity. The quantity of MMP-2 in skin samples was found
to be different (p<0.05) between the two lighting treatments. The skin
samples from birds grown under increasing daylength had lower collage-
nase activity than samples from birds grown under continuous light.
Since this enzyme is involved in collagen breakdown during the process
of collagen turnover, these results support previous findings of an in-
creased level of Type I collagen in birds grown under an increasing
photoperiod. Therefore, management of photoperiod can be an impor-
tant factor for improving the integrity of broiler chicken skin.

Key Words: broiler chicken skin, lghting program, photoperiod, micro-
wave toe-treatment, collagenase activity

    S-M51    Phase-feeding in broilers: impact on breast fillet di-
mension, cook loss and tenderness.  V. Brewer*, P. Pillai, A. Saha, C.
Owens, J. Meullenet, and J. Emmet, University of Arkansas, Fayetteville.

Phase-feeding (PF) is a concept of feeding broiler chickens wherein the
dietary nutrient density is brought as close as possible to the require-
ment of the bird as age progresses, and has been effective in maintaining
growth while reducing production cost. An experiment was conducted
to study how PF (switching diets every other day and reducing dietary
levels of amino acids (AA), Ca and P in grower and finisher diets) would
impact breast fillet dimensions, cook loss and meat tenderness. Treat-
ments consisted of 1) diets formulated to meet NRC recommendations,
2) diets with phased levels of AA, Ca, and P, 3) diets with phased levels
of AA, and Ca and P reduced by 0.2%, 4) as diet 2 with AA reduced by
10%, 5) as diet 3 with AA reduced by 10%. Birds fed the NRC diet were
switched from a grower to finisher diet on d 43. Each PF treatment was
based on two diets formulated to either meet the requirement at 27 d
(high nutrient density) or 60 d (low nutrient density). Actual PF diets
resulted from blending the high and low nutrient diets in variable quan-
tities. Treatments were replicated in 8 pens with 20 birds per pen. Birds
were processed on d 60 or 61 (four replicate pens per d) and breast
fillets were harvested following 4-hour chilling. After measuring the
dimensions using a laser-guided machine, fillets were stored overnight,
cooked and sheared using a razor blade texture analyzer to determine
cook loss and tenderness. Reducing AA by 10% (diet 4) or Ca and P by
0.2% (diet 3) did not reduce (P > 0.05) breast fillet length, width, or
height, but reduction of AA, Ca and P in diet 5 reduced (P < 0.05) fillet
dimensions. Cook loss was lower (P < 0.05) in birds that received diet 5
compared to diets 1, 2 and 3. Shear force was higher (P < 0.05) for birds
fed diet 5 than birds fed the diet 1 (NRC). It appears that PF, along with
a reduction in both Ca and P, or a reduction in dietary AA density does
not adversely affect fillet dimensions, cook loss or tenderness in broil-

ers. Uniformity of fillets (as indicated by SD and CV) was similar
among treatments for each parameter.

Key Words: broilers, phase feeding, fillet dimension, cook loss, tender-
ness

    S-M52    The influence of crab meal on laying hen performance
and egg quality.  T. MacKinnon*1, J. MacIsaac2, and D. Anderson1,
1Nova Scotia Agricultural College, Truro, NS, Canada, 2Atlantic Poul-
try Research Institute, Truro, NS, Canada.

When investigating new alternative nutrient sources for laying diets
consideration must be given to the potential influence the feed ingredi-
ent may have on bird performance and product quality and consumer
acceptability. The present study was carried out to evaluate the effects
of feeding crab meal to laying hens on yolk color. Ninety-six single comb
white leghorn Babcock layers were randomly distributed into two ex-
perimental treatments with four replications at sixty-five weeks of age.
For 15 days all birds were given a wheat-based control diet to minimize
dietary pigment. Half the birds continued on this diet while the other
half were given the wheat-based diet with 8% crab meal. The two diets
were formulated to be isocaloric and isonitrogenous. Yolk color score
was monitored every fifteen days using a Hunter Lab Miniscan XE™on
eight eggs per experimental unit. After feeding the crab-meal diet for
thirty days the L* and b* color values decreased for yolks from crab
meal fed birds, whereas a* values increased compared to controls
(P<0.05). After 45 days on the crab meal diet the L* value was still
lower and a* higher. The addition of crab meal to the diet darkened the
yolk and increased redness. Crab meal may be used as an alternative feed
ingredient in layer diets however, the inclusion rate may need to be
modified to adjust pigmentation levels to the preference for the region
the eggs are marketed in.

Key Words: laying hen, crab meal, yolk pigmentation, color, bird per-
formance

    S-M53    Survey of Enterobacteriaceae contamination of nest run
egg carts in shell egg processing facilities.  J. Shaw*1, M. Musgrove2,
M. Sheppard3, and D. Jones2, 1University of Georgia, Athens, 2USDA,
ARS, Egg Safety and Qualtiy Research Unit, 3Claflin University.

Enterobacteriaceae are frequent contaminants of food and several mem-
bers of this bacterial family are human pathogens. High levels of Entero-
bacteriaceae in the processing plant environment can be an indication of
inadequate sanitation. This experiment was designed to determine if
nest run egg carts serve as reservoirs for Enterobacteriaceae. Eggs that
are produced by hens not housed in buildings connected to the process-
ing plant are referred to as nest run. Prior to processing, next run eggs are
transported to the plant on carts. Two plants in the Southeastern United
States were sampled. On each visit, five shelves on each of five carts
were sampled (n=50/visit). A 12 x 12 cm area on each shelf was swabbed
with a sterile gauze pad moistened with phosphate buffered saline and
transported on ice back to the laboratory. Enterobacteriaceae were enu-
merated using violet red bile glucose agar incubated at 37oC for 24 h.
Two randomly selected isolates from each positive sample were re-
cultured three times to assure clonality and were then identified bio-
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chemically. There was 100% prevalence for Enterobacteriaceae at plant
A with an average 4.0 log10 cfu/mL swab diluent. Plant B had 80%
prevalence for Enterobacteriaceae with an average 3.1 log10 cfu/mL
swab diluent. Of the 140 isolates analyzed, the most common genera
identified were Escherichia spp., Enterobacter spp., Klebsiella spp.,
Citrobacter spp., Hafnia spp., Kluyvera spp., Leclercia spp., and Sal-
monella spp. Pseudomonas spp. was the only non-Enterobacteriaceae
identified by our methods. This work demonstrates that nest run egg
carts serve as reservoirs for Enterobacteriaceae in the shell egg process-
ing environment.

    S-M54    Comparison of shell egg sanitizers and application
methods.  M. Musgrove*1, N. Cox2, J . Richardson2, D. Jones1, and J.
Northcutt3, 1USDA, ARS, Egg Safety and Quality Research Unit, 2USDA,
ARS, Poultry Microbiological Safety Research Unit, 3USDA, ARS, Poul-
try Processing Research Unit.

In compliance with Agricultural Marketing Service guidelines, shell eggs
marketed with the USDA shield must be washed and treated with a
sanitizer prior to entering the retail market. Experiments were con-
ducted to compare the antimicrobial effects of a periacetic acid solution
and a chlorine solution (200 ppm) applied to unwashed shell eggs.
Other treatments evaluated included distilled water and untreated con-
trols. Additionally, two application methods were evaluated for each
solution: hand spray and a mechanical atomizer which delivered the
solutions in a fog of micron-sized particles. After treatment application,
egg shells and membranes from individual eggs were crushed in 10 mL
phosphate buffered saline for one min. Aliquots from each crushed
sample were plated onto aerobic Plate Count Agar to enumerate aerobic
mesophilic microorganisms and onto Violet Red Bile Glucose agar to
enumerate Enterobacteriaceae. Ten eggs were sampled per treatment
for each of three repetitions (n = 210). From untreated controls (C),
distilled water-hand sprayed (WH), distilled water-machine applied
(WM), chorine-hand sprayed (CH), chlorine-machine applied (CM),
periacetic acid-hand sprayed (PH), and periacetic acid-machine applied
(PM), aerobic microorganisms were recovered at 1.7, 1.7, 2.2, 1.7, 1.5,
0.6, and 1.7 log10 cfu / mL sample, respectively. Aerobic prevalence for
these treatments was 100%, 93%, 100%, 93%, 97%, 50%, and 50%,
respectively. Enterobacteriaceae prevalence was 20% (C), 10% (WH),
53% (WM), 13% (CH), 10% (CM), 17% (PH), and 3% (PM). Periacetic
acid was more effective than distilled water or chlorine at reducing
aerobic prevalence when applied by either method. A greater reduction
in numbers was noted for this population when applied by hand spray.
Greatest reduction in Enterobacteriaceae prevalence was achieved when
the periacetic solution was dispensed as a fog using the mechanical
atomizer. Chlorine (200 ppm solution), the most commonly used sani-
tizer, was not effective in reducing either population.

    S-M55    Comparison of modern broilers with randombred
broiler strains. 1. What has happened to production efficiency
over 50 years?  V. Carney*1, M. Zuidhof1, B. Schneider1, R. Renema2,
and F. Robinson2, 1Alberta Agriculture, Food and Rural Development,
Edmonton, AB, Canada, 2University of Alberta, Edmonton, AB, Canada.

Through intense selection for growth rate, white meat yield and feed
conversion, astonishing progress has been made. The effects of selec-
tion on production efficiency was investigated with 264 mixed sex broil-

ers. Commercial broilers (Ross 308) and two randombred lines were
grown on modern commercial diets to 8 wk (1957: Athens-Canadian
randombred since 1957, and 1977: a male-line broiler from Agriculture
Canada, randombred since 1977). Four males and four females of each
strain were processed semi-weekly from 3 to 8 wk to study develop-
ment and production efficiency. Data were analyzed using the mixed
model procedure of SAS®. At all ages BW was significantly different
between strains. Eight-wk BW in modern strains were more than 2 and
4 times larger than the 1977 and 1957 strains, respectively (4200, 1809
and 905 g).

Roughly every 20 to 25 year period of selection resulted in a doubling of
the average daily gain. This increasing rate of gain can largely be attrib-
uted to increased feed intake and improved feed conversion efficiency.
At all ages, the Ross 308 had significantly higher average daily feed
intake than the other strains. Average daily feed intake of the 1957 and
1977 strains were not different up to 13 d of age, after which the 1977
strain was intermediate. Significant improvements in feed conversion
occurred during the 20 yr period from 1957 to 1977, with a reduction in
cumulative feed conversion ratio of 72 points. During the subsequent 30
yr cumulative feed conversion ratio improved by 22 points. The slower
rate of improvement from 1977 to 2005 may be due in part to changes
in selection programs. Selection programs became more complex by
including traits other than growth rate and feed conversion, thereby
reducing selection intensity on any one trait. Over the last 50 yr the
intended consequence of selection has been improved growth rate, feed
conversion and white meat yield. Heavy selection pressure for produc-
tion traits may have inadvertently resulted in unintended consequences
for allometric relationships and meat quality.

Key Words: body weight, feed conversion, broiler, selection, growth

    S-M56    Comparison of modern broilers with randombred
strains. 2. What has happened to yield dynamics over 50 years? 
M. Zuidhof*1, B. Schneider1, V. Carney1, R. Renema2, and F. Robinson2,
1Alberta Agriculture, Food and Rural Development, Edmonton, AB,
Canada, 2University of Alberta, Edmonton, AB, Canada.

Through intense selection for growth rate, white meat yield, and feed
conversion, astonishing progress has been made. Effects of selection on
yield dynamics were investigated with 264 mixed sex broilers. Commer-
cial broilers (Ross 308) and two randombred lines were grown to 8 wk
(1957: Athens-Canadian randombred since 1957, and 1977: a male-line
broiler obtained from Agriculture Canada, randombred since 1977). Four
males and four females of each strain were processed semi-weekly from
3 to 8 wk to study development using allometric yield curves. Follow-
ing 10 h of feed withdrawal, weights of viscera (whole gut, heart, liver,
and abdominal fatpad) and weights of commercially relevant parts (P.
major and P. minor, drums, thighs, and wings) were recorded. Coeffi-
cients were determined for Huxley’s allometric function y=axb, where y
is carcass part weight (g), x is live BW (g) at feed withdrawal, a is a scale
variable, and b is the allometric coefficient. In the special case where
b=1, growth of the part is directly proportional to the rest of the body.
If b>1, the carcass part grows at a rate greater than body as a whole;
conversely, if b<1 the carcass part grows more slowly. Because of high
nutritional demands, organs that supply nutrients are of interest. Heart
growth patterns have not changed dramatically. Similarly, gut growth
has not changed relative to BW though nutrient demands are much
higher due to increased relative early growth rate in modern broilers. A
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dramatic increase has occurred in the rate of liver growth, particularly in
males, though liver allometric coefficients have not progressed in a con-
sistent manner. Demand organs are of interest because of their economic
importance. Simplistically, increases in P. Major growth rates have traded
off with drum and wing yields. The allometric coefficient of the P.
Major has progressed from 1.14 to 1.17, to 1.74 in females, and 1.11 to
1.15 to 1.23 in males of the 1957, 1977, and Ross 308 strains, respec-
tively. Relatively, changes in allometry of the P. Minor have been trivial.

Key Words: yield, allometry, development, growth, white meat

    S-M57    Comparison of modern broilers with randombred
broiler strains. 3. What has happened to meat quality over 50
years?  B. Schneider*1, M. Zuidhof1, V. Carney1, R. Renema2, and F.
Robinson2, 1Alberta Agriculture, Food and Rural Development,
Edmonton, AB, Canada, 2University of Alberta, Edmonton, AB, Canada.

Through intense selection for growth rate, white meat yield and feed
conversion, astonishing progress has been made. Effects of selection on
meat quality was investigated with 264 mixed sex broilers. Commercial
broilers (Ross 308) and two randombred lines were grown to 8 wk
(1957: Athens-Canadian randombred since 1957, and 1977: a male-line
broiler from Agriculture Canada, randombred since 1977). Eight birds
from each strain were processed semi-weekly from 3 to 8 wk to study
development and meat quality. Birds were electrically stunned and slaugh-
tered following 10 h of feed withdrawal. Meat quality parameters: pH
and temperature at 0.25 h postmortem; color using the CIELAB (L*, a*,
b*) scale, drip and cooking losses (%) at 24 h postmortem, and tender-
ness were measured on the Pectoralis major. Data were analyzed in the
mixed model procedure of SAS ®. Significant age effects were observed
on all parameters except a*. Significant strain effects were observed on
all parameters except a* and b*. Significant interaction between age and
strain was observed for cooking loss and b*.

Ross 308 birds had higher 0.25 and 24 h pH than 1977 and 1957 strains,
which were not different (6.63, 6.41 and 6.40; 5.79, 5.74 and 5.76,
respectively). Temperature at 0.25 h was significantly different be-
tween strains and is likely affected by breast muscle size. Drip losses
(%) for each strain were significantly different (1957 = 1.83%, 1977 =
1.19% and Ross 308 = 0.79%). Cooking losses were lowest in the 1977
strain (21.08%) with no difference between the 1957 and Ross 308
strains (22.92% and 23.25%, respectively). Ross 308 breasts were lighter
than the 1957 and 1977 groups, which were not different (L* = 42.6,
41.2 and 41.8, respectively). Modern strains demonstrate a stronger
relationship between L* and 24 h pH than unselected strains. The
consequence of selection programs over the past 50 years has been
increased yield; however, literature suggests that the unintended conse-
quence has been decreased meat quality. In contrast, this study shows
that some meat quality factors like drip loss may improve with genetic
selection.

Key Words: meat quality, selection, pH, color, broiler

    S-M58    Effect of flock age and incubator capacity on hatchabil-
ity after cessation of turning of broiler hatching eggs.  J. Brake*1

and O. Elibol2, 1North Carolina State University, Raleigh, 2University
of Ankara, Ankara, Turkey.

Effect of flock age and incubator capacity on hatchability after cessation
of turning of broiler hatching eggs was studied in two experiments.
Experiment 1 investigated effect of cessation of turning at either 14 or
18 d of incubation. Hatching eggs from commercial Ross 344 male x
Ross 308 female broiler breeder flocks were collected at six different
ages ranging from 28 to 53 wk. Eggs were then stored for 2 d at 18C and
75% RH prior to setting and hatching under standard conditions. The
machines used were Petersime model 576 setters and model 192 hatcher.
Turning of eggs was stopped (trays parallel to floor) at either 14 or 18
d incubation. An incubation tray of 150 eggs constituted a replicate and
each flock age X turning treatment combination had 4 replicate trays for
a total of 48 trays.

There was a significant flock age X turning treatment interaction for
fertile hatchability that indicated stopping of turning at 14 d had a
beneficial effect on eggs hatchability from older flock in comparison to
younger flock eggs. Turning beyond 14 d increased the percentage late
dead in eggs from older flock.

In Experiment 2, Hatching eggs were produced from a 47-wk-old flock.
Two hatcheries located in the same geographical area with different
types of machines (small versus large) were utilized. The machines in
Hatchery A were Petersime model 576 setters and model 192 hatchers.
The machines in Hatchery B were Petersime model 168 setters and
model 168 hatchers. The capacity of model 576 and 168 setters were
57,600 and 16,800 eggs. Eggs collected on a single day were divided
randomly into two groups and sent to the two hatcheries. Eggs were
stored for 2 d before setting. Eggs were then divided into two incubation
treatments with turning stopped at either 14 or 18 d of incubation. An
incubation tray of 150 eggs constituted a replicate and the treatment
groups had a total of 32 or 16 replicate trays in Hatchery A or B. There
was a significant machine capacity X turning treatment interaction for
fertile hatchability that indicated that stopping of turning at 14 d had a
beneficial effect on hatchability of the larger capacity setter.

Key Words: flock age, hatchability

    S-M59    Deboning times, extended aging and marination: Im-
pact on poultry breast meat quality.  A. Saha*, A. Perumalla, J.
Meullenet, and C. Owens, University of Arkansas, Fayetteville.

Studies have shown that marinating broiler breast meat resulted in im-
proved tenderization and increased yield. It is often a practice in the
industry to marinate breast fillet even on the fifth day of deboning. If
processors could use this period of extended aging to their advantage, 2h
postmortem (PM) deboned breast fillets that are marinated could po-
tentially achieve a shear value comparable to 4h PM deboned fillets.
The interaction between deboning times and extended aging followed by
marination might play an important role in determining tenderness and
cooked yield of the product. An experiment was conducted to determine
the impact of deboning times, extended aging and marination on poultry
breast meat quality parameters. The treatments consisted of 2h or 4h
deboned breast fillet aged on ice for time periods of 0d, 1d, 3d and 6d
which were tumble-marinated at respective time periods. The fillets
were analyzed for pickup, drip loss, thaw loss, cook loss and tender-
ness. Marination pickup was not different (P < 0.05) among any of the
treatment groups, whereas drip loss and cook loss increased (P < 0.05)
through day 6. On the other hand, thaw loss decreased with aging,
compensating partially for the high drip loss. Shear values for marinated
breast fillets belonging to 2h deboning - 0 day marination and 2h deboning
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- 1 day marination groups were significantly (P < 0.05) higher than rest
of the treatments. But after three days of storage, the 2h deboned fillets
did not significantly differ (P > 0.05) from any of the treatment groups
that were deboned 4h PM. It may be assumed that extended aging and
marination led to a decrease in the shear values of early-deboned meat
making it equally tender as post rigor-deboned meat. Thus extended
aging and marination could significantly reduce the deboning time of the
broiler carcasses without adversely affecting the meat quality param-
eters.

Key Words: extended aging, tenderness, deboning time, marination,
poultry breast meat

    S-M60    Effectiveness of DBDMH (1,3-Dibromo-5,5-
Dimethylhydantoin) bromine chemistry in final immersion chiller
and post-chill wash system.  J.L. McNaughton* and M.S. Roberts,
Solution BioSciences, Inc., Salisbury, Maryland.

The poultry industry continues to need an improved & sustained reduc-
tion in post-chill Salmonella incidence (SAL), with multiple interven-
tions required. Management of Escherichia coli (EC), Aerobic Plate
Count (APC) & SAL incidence is essential in meeting future USDA
post-chill carcass bacteria criteria. Two trials were conducted to mea-
sure the effectiveness of bromine (Br2) broad-spectrum antimicrobial

applied in either final chiller or combined with post-chill, in controlling
poultry post-chill carcass EC, APC, & SAL bacteria, with the ultimate
goal of achieving <10% SAL, and improving shelf-life. In both trials,
poultry carcasses were spotted along the thigh, breast, & internal cavity
with approximately 103 each EC & SAL bacteria. After a 1-hr drying
period in which the bacteria were allowed to adhere to the poultry skin,
carcasses were treated internally & externally with a Br2 solution ap-
plied either final chiller for 15 min or combined with post-chill for
various contact times. All carcasses were rinsed using the recommended
whole bird rinse procedure. Rinses were plated & counted using stan-
dard microbiological techniques. Final chiller procedures were applied
on each carcass at either 0, 4, 8, or 12 ppm free or active Br2 addition
during immersion chilling (15 min chill), in Trial 1, were washed for
either 0, 5, 25, or 50 sec and, in Trial 2, for either 0, 15, 25, or 50 sec
(both trials used 80-82 ppm total Br2), and then dripped 10 sec before
rinsing. Results required to achieve <10% SAL standard and acceptable
bacteria counts (significance P<0.05): (1) At least 12 ppm final chiller
free Br2 levels with at least 15 sec contact time and (2) A combination of
both final chiller Br2, with <12 ppm free Br2, and post-chill wash in a
multiple intervention approach. Conclusion is that either final chiller
Br2 addition or a combination with post-chill wash will achieve the
desired SAL goal. EC, APC, and shelf-life (at least 4-day improvement
over control) followed a similar pattern.

Key Words: bromine, DBDMH, processing, Escherichia coli, Salmo-
nella
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    S-M61    Development of a predictable model for gangrenous
dermatitis in broilers.  S. Collett*, Y. Cho, J. Glisson, C. Hofacre, and
M. Lee, University of Georgia, Athens.

Although first reported in the sixties GD has, until recently been of
limited importance to the USA broiler industry. In a 2004 survey of US
poultry veterinarians, 70% of respondents ranked gangrenous dermati-
tis (GD) as one of the top three most serious current disease entities’
confirming that this is a re-emerging disease.

GD research is limited by the difficulty in predictably reproducing this
multifactorial disease under research conditions. In an initial screening
(18 treatments with 10 birds per treatment), field isolates and ATCC
reference strains of the two most frequently recovered etiological agents
(Clostridium perfringens type A and Clostridium septicum), in the veg-
etative form were administered by subcutaneous injection or full-thick-
ness skin scratch contamination. It was concluded that 0.5 ml of an
overnight brain heart infusion broth culture of Clostridium perfringens
type A (~1x108cfu/ml), in the vegetative form, administered by subcu-
taneous injection was the challenge method of choice.

To establish the repeatability and predictability of the GD induction
model dose response (0.5 ml 1x108-1x106 cfu/ml) studies and compari-
sons of broth (cells and toxin), washed cells alone and toxin alone were
tested repeatedly (6 consecutive experiments with 3 treatments and 50
birds per treatment).

This challenge model consistently induces gangrenous dermatitis le-
sions in 100% of the challenged birds.

Key Words: dermatitis, clostridium, model, chickens

    S-M62    Serological response and in vivo persistence of Myco-
plasma gallisepticum vaccine strain 6/85 in layers and broilers. 
J.D. Evans*, S.L. Leigh, S.D. Collier, and S.L. Branton, USDA/ARS
Poultry Research Unit, Mississippi State, Mississippi.

Commercially available attenuated strains of Mycoplasma gallisepticum
(MG) are commonly used within the layer industry to control MG-
induced mycoplasmosis. Strain 6/85 is a commonly utilized vaccine
strain which has been demonstrated to be safe due to reduced pathoge-
nicity and transmissibility. To further examine the protection afforded
by 6/85, the serological response to 6/85 vaccination and subsequent
persistence of the strain was monitored in 80 pullets and 64 broilers in
separate studies. The experimental subjects were housed in biological
isolation units (10 pullets/unit or 8 broilers/unit) and were divided among
4 treatment groups: (1) sham-inoculated control subjects; (2) subjects
vaccinated with 6/85 at the recommended dosage (1X); (3) subjects
vaccinated with 6/85 at 8.3X the recommended dosage; and (4) subjects
vaccinated with 6/85 at 15X the recommended dosage. Pullets were
vaccinated at 8 wks of age and broilers at 1 wk of age. The in vivo
persistence of 6/85 was determined via culturing swabs of the choanal
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- 1 day marination groups were significantly (P < 0.05) higher than rest
of the treatments. But after three days of storage, the 2h deboned fillets
did not significantly differ (P > 0.05) from any of the treatment groups
that were deboned 4h PM. It may be assumed that extended aging and
marination led to a decrease in the shear values of early-deboned meat
making it equally tender as post rigor-deboned meat. Thus extended
aging and marination could significantly reduce the deboning time of the
broiler carcasses without adversely affecting the meat quality param-
eters.

Key Words: extended aging, tenderness, deboning time, marination,
poultry breast meat

    S-M60    Effectiveness of DBDMH (1,3-Dibromo-5,5-
Dimethylhydantoin) bromine chemistry in final immersion chiller
and post-chill wash system.  J.L. McNaughton* and M.S. Roberts,
Solution BioSciences, Inc., Salisbury, Maryland.

The poultry industry continues to need an improved & sustained reduc-
tion in post-chill Salmonella incidence (SAL), with multiple interven-
tions required. Management of Escherichia coli (EC), Aerobic Plate
Count (APC) & SAL incidence is essential in meeting future USDA
post-chill carcass bacteria criteria. Two trials were conducted to mea-
sure the effectiveness of bromine (Br2) broad-spectrum antimicrobial

applied in either final chiller or combined with post-chill, in controlling
poultry post-chill carcass EC, APC, & SAL bacteria, with the ultimate
goal of achieving <10% SAL, and improving shelf-life. In both trials,
poultry carcasses were spotted along the thigh, breast, & internal cavity
with approximately 103 each EC & SAL bacteria. After a 1-hr drying
period in which the bacteria were allowed to adhere to the poultry skin,
carcasses were treated internally & externally with a Br2 solution ap-
plied either final chiller for 15 min or combined with post-chill for
various contact times. All carcasses were rinsed using the recommended
whole bird rinse procedure. Rinses were plated & counted using stan-
dard microbiological techniques. Final chiller procedures were applied
on each carcass at either 0, 4, 8, or 12 ppm free or active Br2 addition
during immersion chilling (15 min chill), in Trial 1, were washed for
either 0, 5, 25, or 50 sec and, in Trial 2, for either 0, 15, 25, or 50 sec
(both trials used 80-82 ppm total Br2), and then dripped 10 sec before
rinsing. Results required to achieve <10% SAL standard and acceptable
bacteria counts (significance P<0.05): (1) At least 12 ppm final chiller
free Br2 levels with at least 15 sec contact time and (2) A combination of
both final chiller Br2, with <12 ppm free Br2, and post-chill wash in a
multiple intervention approach. Conclusion is that either final chiller
Br2 addition or a combination with post-chill wash will achieve the
desired SAL goal. EC, APC, and shelf-life (at least 4-day improvement
over control) followed a similar pattern.

Key Words: bromine, DBDMH, processing, Escherichia coli, Salmo-
nella
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    S-M61    Development of a predictable model for gangrenous
dermatitis in broilers.  S. Collett*, Y. Cho, J. Glisson, C. Hofacre, and
M. Lee, University of Georgia, Athens.

Although first reported in the sixties GD has, until recently been of
limited importance to the USA broiler industry. In a 2004 survey of US
poultry veterinarians, 70% of respondents ranked gangrenous dermati-
tis (GD) as one of the top three most serious current disease entities’
confirming that this is a re-emerging disease.

GD research is limited by the difficulty in predictably reproducing this
multifactorial disease under research conditions. In an initial screening
(18 treatments with 10 birds per treatment), field isolates and ATCC
reference strains of the two most frequently recovered etiological agents
(Clostridium perfringens type A and Clostridium septicum), in the veg-
etative form were administered by subcutaneous injection or full-thick-
ness skin scratch contamination. It was concluded that 0.5 ml of an
overnight brain heart infusion broth culture of Clostridium perfringens
type A (~1x108cfu/ml), in the vegetative form, administered by subcu-
taneous injection was the challenge method of choice.

To establish the repeatability and predictability of the GD induction
model dose response (0.5 ml 1x108-1x106 cfu/ml) studies and compari-
sons of broth (cells and toxin), washed cells alone and toxin alone were
tested repeatedly (6 consecutive experiments with 3 treatments and 50
birds per treatment).

This challenge model consistently induces gangrenous dermatitis le-
sions in 100% of the challenged birds.

Key Words: dermatitis, clostridium, model, chickens

    S-M62    Serological response and in vivo persistence of Myco-
plasma gallisepticum vaccine strain 6/85 in layers and broilers. 
J.D. Evans*, S.L. Leigh, S.D. Collier, and S.L. Branton, USDA/ARS
Poultry Research Unit, Mississippi State, Mississippi.

Commercially available attenuated strains of Mycoplasma gallisepticum
(MG) are commonly used within the layer industry to control MG-
induced mycoplasmosis. Strain 6/85 is a commonly utilized vaccine
strain which has been demonstrated to be safe due to reduced pathoge-
nicity and transmissibility. To further examine the protection afforded
by 6/85, the serological response to 6/85 vaccination and subsequent
persistence of the strain was monitored in 80 pullets and 64 broilers in
separate studies. The experimental subjects were housed in biological
isolation units (10 pullets/unit or 8 broilers/unit) and were divided among
4 treatment groups: (1) sham-inoculated control subjects; (2) subjects
vaccinated with 6/85 at the recommended dosage (1X); (3) subjects
vaccinated with 6/85 at 8.3X the recommended dosage; and (4) subjects
vaccinated with 6/85 at 15X the recommended dosage. Pullets were
vaccinated at 8 wks of age and broilers at 1 wk of age. The in vivo
persistence of 6/85 was determined via culturing swabs of the choanal
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cleft and subsequent MG-specific PCR. Serological response was de-
termined via serum plate agglutination (SPA) and enzyme-linked
immunosorbent assay (ELISA). Sampling included weekly blood col-
lection beginning 3 wks post-vaccination for the duration of the study
and choanal cleft swabbings at study termination (pullets at 15 wks of
age: broilers at 8 wks of age). MG-specific PCR of the pullets demon-
strated 6/85 retention in 0%, 15%, 5%, and 15% in the control, 1X,
8.3X, and 15X treatment groups, respectively. Among broiler samples,
MG-specific PCR indicated 6/85 in 0%, 0%, 12.5%, and 18.8% of the
control, 1X, 8.3X, and 15X treatment groups, respectively. Associated
serological results of all experimental subjects will be reported.

Key Words: poultry, Mycoplasma gallisepticum, vaccine, mycoplasmosis

    S-M63    Necrotic enteritis association with eimeria acervulina
and E. maxima.  G. Mathis*1 and C. Hofacre2, 1Southern Poultry
Research, Inc., Athens, Georgia, 2University of Georgia, Athens.

Necrotic enteritis is a common poultry disease caused by Clostridium
perfringens. Reductions in feed efficiency, lower weight gain, and mor-
tality are associated with this disease. Clostridium perfringens can rap-
idly grow when disturbances in the intestinal microfloria or damage to
the intestinal mucosa occur. An example of damage to the intestinal
mucosa occurs with coccidiosis. Restrictions on in-feed anticoccidial
usage and increasing usage of live coccidial vaccines, increases the po-
tential for Necrotic Enteritis in commercial broiler chickens. The objec-
tive of this study was to examine association and experimental repro-
duction of Necrotic Enteritis (NE) in broiler chickens using Eimeria
acervulina, E. maxima, or a combination of the two. The study consisted
of rearing 10 male chickens per cage from day of hatch until 22 days of
age. The treatments were noninfected, E. acervulina (75,000 oocysts
per bird) challenged, E. maxima (10,000 oocysts per bird) challenged,
and a combination at the same dose levels of E. acervulina and E. maxima.
Each treatment was replicated 4 times. Birds were coccidia challenged at
14 days of age and Clostridium perfringens challenged at 19, 20, and 21
days of age. The performance parameters measured were feed conver-
sion, average live weight gain, NE mortality, coccidiosis lesion scores
(Day 20) and NE lesion scores (Day 22). Birds infected with E. maxima
alone were more significantly affected by NE than birds challenged with
the combination of species or E. acervulina alone. The least affected
birds were those inoculated with E. acervulina alone. This study showed
that both E. acervulina and E. maxima can cause enough intestinal dam-
age to allow Clostridium perfringens proliferation and NE development.
Even though NE developed with E. acervulina alone, the primary Eime-
ria species causing NE was E. maxima.

Key Words: E. acervulina, E. maxima, necrotic enteritis, clostridium
perfringens, coccidiosis

    S-M64    A reovirus challenge study comparing protection in
three commercial broiler flocks and an SPF broiler flock.  K.
Cookson*1 and J. Giambrone2, 1Fort Dodge Animal Health, Overland
Park, Kansas, 2Auburn University, Auburn.

Reovirus infections have received increasing attention over the past few
years. This study’s objective was to compare reovirus maternal anti-
body status to protection in several broiler flocks. Study Design: 20
broilers from three commercial flocks were bled at day of age. The
remaining chicks, including the SPF flock, were housed in Horsfal units

at 20 per isolator. At 3 days of age a set of birds were challenged
intratracheally (IT) with 4.0 logs10 (chick ID50) malabsorption strain
2408. At 10 days of age another set of birds were challenged by foot pad
inoculation (FP). A third set remained unchallenged. At 3 weeks of age
all birds were necropsied and examined for lesions consistent with re-
ovirus infection (i.e., bruised, swollen or ruptured hock tendons, con-
gested liver or spleen, proventriculitis). Results: By far the most com-
mon gross reovirus lesion involved the hock tendon. Day of age ELISA
profiles of each flock as well as gross lesion incidence are listed in the
table. Discussion: There was a strong correlation between reovirus
ELISA profile and incidence of lesions post challenge. Serology was not
performed to confirm the SPF flock was seronegative. However, this
flock did have the highest rate of lesions as well as significant weight
suppression (12% and 18%) after IT and FP challenge, respectively.
The broiler flocks had lower incidences of lesions and the differences
between them correlated well with the incidence of chicks with low
starting reovirus titers. This study shows that reovirus chick challenge
can potentially measure flock differences in protection levels. It also
shows the benefit of higher maternal antibodies when flocks are placed
in a high challenge environment.

Reovirus day of age ELISA profiles and gross lesion incidence post
challenge

Flock
profile Incidence lesions

Group Idexx ELISA birds in 0-2  of IT p.c. FP
 GMT %CV titer group challenge challenge

Flock A 4,940 38.6 0% 5% 16%
Flock B 3,582 32.8 15% 10% 25%
Flock C 3,285 50.5 33% 16% 32%
SPF D ND ND ND 60% 63%

ND = testing not performed

Key Words: reovirus, broilers, SPF, ELISA, protection

    S-M65    Transgenic plant expressed sigma C protein induced
immunity against avian reovirus.  H. Wu*1, K.-S. Gunn1, S.-R. Singh1,
N.-K. Singh2, R.-D. Locy2, and J.-J. Giambrone3, 1Alabama State Uni-
versity, Montgomery, 2Auburn University, Auburn, 3Auburn University,
Auburn.

Avian reoviruses (ARVs) can result in economic losses in the poultry
industry. Vaccines against ARVs may not provide full protection and
some may cause adverse reactions. The coding sequence for the sigma C
protein from strain S1133 of avian reovirus was expressed in a labora-
tory plant, Arabidopsis thaliana. Sigma C protein expression was dem-
onstrated by Western-blotting. The transgenic protein was evaluated
for its ability to protect specific-pathogen free (SPF) chickens against
challenge with the virulent S1133 strain. Serological and challenge data
showed the efficacy of the recombinant plant vaccine administered orally
at weekly intervals for 3 weeks. Transgenic plant expressed sigma C
protein induced antibody as determined by ELISA. Protection against
challenge induced by the plant expressed sigma C protein administrated
orally and subcutaneous was 70% and 90%, respectively. The commer-
cial vaccine (VaVac) provided 80% protection, whereas chickens primed
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with the commercial vaccine and boosted with plant-expressed sigma C
protein had 90% protection. Results were similar to our previous re-
search with infectious bursal disease virus, which showed that the
transgenic plant expressed protein can be an effective booster vaccine
for chickens primed with commercial live vaccines.

Key Words: avian reovirus, sigma C protein, plant vaccine, oral immu-
nization

    S-M66    Effect of avian adenovirus infection in broiler breeder
progenies infected with chicken anemia and infectious bursal dis-
ease viruses.  I. Alvarado*, P. Villegas, F. Perozo, and L. Purvis, Uni-
versity of Georgia, Athens.

A significant protection provided by maternal antibodies against avian
adenovirus serotypes 8 and 11, previously associated with the inclu-
sion body hepatitis and hydropericardium syndrome, was observed in
breeder progenies after challenge at 1 and 7 days of age. At two weeks of
age, in the presence of low maternal antibodies against avian adenovirus
(AAV), chicken anemia virus (CAV) and infectious bursal disease virus
(IBDV), birds from the same progenies were challenged with either the
FAV serotype 8, a field CAV strain and/or the IBDV Edgar strain. The
level of protection against clinical disease was evaluated in these prog-
enies.

Key Words: avian adenovirus, CAV, IBDV

    S-M67    Sequence comparison of ORF1, E3 and fiber genes
from different isolates of Turkey Hemorrhagic Enteritis Virus.  F.
Pierson*, N. Beach, X. Meng, N. Sriranganathan, R. Duncan, and C.
Larsen, Virginia-Maryland Regional College of Veterinary Medicine,
Virginia Tech, Blacksburg.

Turkey Hemorrhagic Enteritis Virus (THEV) is a Siadenovirus that
causes disease in turkey poults characterized by splenomegaly, depres-
sion, bloody diarrhea, and death. The purpose of this study is to deter-
mine which viral genes are involved in virulence. A previous study
comparing the full-length genome sequences of a virulent field isolate
and an avirulent vaccine strain revealed point mutations resulting in
putative amino acid changes in seven viral gene products. Further se-
quencing allowed narrowing of the focus from seven genes to three:
ORF1, E3, and fiber. ORF1 and E3 encode non-structural proteins that
have unknown function. The fiber is the structural protein responsible
for target cell adhesion. The ORF1, E3, and fiber genes were sequenced
in eleven different strains of THEV: four tissue culture vaccine strains,
four virulent field isolates, the VA avirulent strain (VAS), the VA Virulent
strain (VVS), and a pheasant vaccine strain. PCR primers amplifying
overlapping gene segments were designed based on the sequence of the
VAS. After amplification, both strands of each PCR product were se-
quenced. Although the data reveals a high level of homology (99.9%)
between all of the strains, there are several mutations found in each
strain. Virulent strains can be easily differentiated from the vaccine
strains based on common mutations in the ORF1 and E3 genes. The
virulent field isolates differed substantially from the VVS in all three
genes. It is difficult to predict which of the three candidate genes is
responsible for virulence, or if it is a combination of factors. The biologi-
cal mechanism responsible for intestinal lesion formation and mortality
is not known, though there is strong evidence that it is immune medi-
ated. Several mutations were found in the fiber knob, but none that
clearly differentiate the virulent strains from the vaccine strains. It is
possible that ORF1 and E3 are responsible for interference with host
cell cycle regulation much like E1A in mammalian adenoviruses. Future
studies will attempt to clarify the roles of ORF1 and E3 during infec-
tion.

Key Words: siadenovirus, hemorrhagic enteritis, turkey, virulence, se-
quence
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    S-M68    Limiting dietary amino acid response surface estimates
for growing broilers.  A.C. de Leon*1, A. Corzo1, W.B. Roush2, and
M.T. Kidd1, 1Mississippi State University, Mississippi State, 2USDA-
ARS, Mississippi State, Mississippi.

The aim of this study was to obtain a model to predict digestible Lys,
TSAA and Thr levels that optimized performance of broilers from 15 to
35 d of age. Ross x Ross 308 broilers (935) were allotted to 85 floor pens
at d 1. Birds were fed common diets to d 15. At d 15, dietary indepen-
dent variables were digestible Lys (X1; 0.95, 1.05 and 1.15%), digestible
TSAA (X2; 0.70, 0.77 and 0.84%) and digestible Thr (X3; 0.60, 0.66, and
0.72%), and were optimized using a 3-factor, 3-level Box-Behnken de-
sign. The design layout involved 12 design points of amino acid levels
equidistant around a center point. The center point was replicated 5
times creating 17 treatments (5 study replications). One corn and soy-
bean meal diet was used. Analyzed amino acid levels of corn and soy-
bean meal were utilized for linear programming formulation. Diets con-

tained 3,175 kcal ME/kg and were adequate or surplus in nutrients
except Lys, TSAA and Thr. Dependent variables were weight gain (Y1),
feed intake (Y2), feed:gain (Y3), carcass weight (Y4), carcass yield (Y5),
front half weight (Y6), front half yield (Y7), back half weight (Y8), back
half yield (Y9), abdominal fat weight (Y10), abdominal fat percentage
(Y11) and mortality (Y12). Quadratic (Y2, Y3, Y5, Y7, Y10 and Y11) and
cross product (Y6 and Y9) differences (P=0.05) were detected. Response
surface methodology predicted maximal response (%) levels of dietary
amino acids (X1, X2, X3) for: Y2, 1.13, 0.93 and 0.83, respectively; Y3,
1.07, 0.77 and 0.65, respectively; Y5, 1.01, 0.78 and 0.68, respectively;
Y7, 1.00, 0.78 and 0.67, respectively; Y10, 1.08, 0.79 and 0.66, respec-
tively; and Y11, 1.09, 0.78 and 0.66, respectively. Average recommenda-
tion of quadratic responses for digestible Lys, TSAA and Thr were 1.06,
0.81 and 0.69, % respectively. Cross-product digestible amino acid
interactions for Y6 and Y9 resulted in TSAA and Thr to Lys ratios of 0.72
and 0.67, and 0.75 and 0.66, respectively. Response surface digestible
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with the commercial vaccine and boosted with plant-expressed sigma C
protein had 90% protection. Results were similar to our previous re-
search with infectious bursal disease virus, which showed that the
transgenic plant expressed protein can be an effective booster vaccine
for chickens primed with commercial live vaccines.

Key Words: avian reovirus, sigma C protein, plant vaccine, oral immu-
nization

    S-M66    Effect of avian adenovirus infection in broiler breeder
progenies infected with chicken anemia and infectious bursal dis-
ease viruses.  I. Alvarado*, P. Villegas, F. Perozo, and L. Purvis, Uni-
versity of Georgia, Athens.

A significant protection provided by maternal antibodies against avian
adenovirus serotypes 8 and 11, previously associated with the inclu-
sion body hepatitis and hydropericardium syndrome, was observed in
breeder progenies after challenge at 1 and 7 days of age. At two weeks of
age, in the presence of low maternal antibodies against avian adenovirus
(AAV), chicken anemia virus (CAV) and infectious bursal disease virus
(IBDV), birds from the same progenies were challenged with either the
FAV serotype 8, a field CAV strain and/or the IBDV Edgar strain. The
level of protection against clinical disease was evaluated in these prog-
enies.

Key Words: avian adenovirus, CAV, IBDV

    S-M67    Sequence comparison of ORF1, E3 and fiber genes
from different isolates of Turkey Hemorrhagic Enteritis Virus.  F.
Pierson*, N. Beach, X. Meng, N. Sriranganathan, R. Duncan, and C.
Larsen, Virginia-Maryland Regional College of Veterinary Medicine,
Virginia Tech, Blacksburg.

Turkey Hemorrhagic Enteritis Virus (THEV) is a Siadenovirus that
causes disease in turkey poults characterized by splenomegaly, depres-
sion, bloody diarrhea, and death. The purpose of this study is to deter-
mine which viral genes are involved in virulence. A previous study
comparing the full-length genome sequences of a virulent field isolate
and an avirulent vaccine strain revealed point mutations resulting in
putative amino acid changes in seven viral gene products. Further se-
quencing allowed narrowing of the focus from seven genes to three:
ORF1, E3, and fiber. ORF1 and E3 encode non-structural proteins that
have unknown function. The fiber is the structural protein responsible
for target cell adhesion. The ORF1, E3, and fiber genes were sequenced
in eleven different strains of THEV: four tissue culture vaccine strains,
four virulent field isolates, the VA avirulent strain (VAS), the VA Virulent
strain (VVS), and a pheasant vaccine strain. PCR primers amplifying
overlapping gene segments were designed based on the sequence of the
VAS. After amplification, both strands of each PCR product were se-
quenced. Although the data reveals a high level of homology (99.9%)
between all of the strains, there are several mutations found in each
strain. Virulent strains can be easily differentiated from the vaccine
strains based on common mutations in the ORF1 and E3 genes. The
virulent field isolates differed substantially from the VVS in all three
genes. It is difficult to predict which of the three candidate genes is
responsible for virulence, or if it is a combination of factors. The biologi-
cal mechanism responsible for intestinal lesion formation and mortality
is not known, though there is strong evidence that it is immune medi-
ated. Several mutations were found in the fiber knob, but none that
clearly differentiate the virulent strains from the vaccine strains. It is
possible that ORF1 and E3 are responsible for interference with host
cell cycle regulation much like E1A in mammalian adenoviruses. Future
studies will attempt to clarify the roles of ORF1 and E3 during infec-
tion.

Key Words: siadenovirus, hemorrhagic enteritis, turkey, virulence, se-
quence
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    S-M68    Limiting dietary amino acid response surface estimates
for growing broilers.  A.C. de Leon*1, A. Corzo1, W.B. Roush2, and
M.T. Kidd1, 1Mississippi State University, Mississippi State, 2USDA-
ARS, Mississippi State, Mississippi.

The aim of this study was to obtain a model to predict digestible Lys,
TSAA and Thr levels that optimized performance of broilers from 15 to
35 d of age. Ross x Ross 308 broilers (935) were allotted to 85 floor pens
at d 1. Birds were fed common diets to d 15. At d 15, dietary indepen-
dent variables were digestible Lys (X1; 0.95, 1.05 and 1.15%), digestible
TSAA (X2; 0.70, 0.77 and 0.84%) and digestible Thr (X3; 0.60, 0.66, and
0.72%), and were optimized using a 3-factor, 3-level Box-Behnken de-
sign. The design layout involved 12 design points of amino acid levels
equidistant around a center point. The center point was replicated 5
times creating 17 treatments (5 study replications). One corn and soy-
bean meal diet was used. Analyzed amino acid levels of corn and soy-
bean meal were utilized for linear programming formulation. Diets con-

tained 3,175 kcal ME/kg and were adequate or surplus in nutrients
except Lys, TSAA and Thr. Dependent variables were weight gain (Y1),
feed intake (Y2), feed:gain (Y3), carcass weight (Y4), carcass yield (Y5),
front half weight (Y6), front half yield (Y7), back half weight (Y8), back
half yield (Y9), abdominal fat weight (Y10), abdominal fat percentage
(Y11) and mortality (Y12). Quadratic (Y2, Y3, Y5, Y7, Y10 and Y11) and
cross product (Y6 and Y9) differences (P=0.05) were detected. Response
surface methodology predicted maximal response (%) levels of dietary
amino acids (X1, X2, X3) for: Y2, 1.13, 0.93 and 0.83, respectively; Y3,
1.07, 0.77 and 0.65, respectively; Y5, 1.01, 0.78 and 0.68, respectively;
Y7, 1.00, 0.78 and 0.67, respectively; Y10, 1.08, 0.79 and 0.66, respec-
tively; and Y11, 1.09, 0.78 and 0.66, respectively. Average recommenda-
tion of quadratic responses for digestible Lys, TSAA and Thr were 1.06,
0.81 and 0.69, % respectively. Cross-product digestible amino acid
interactions for Y6 and Y9 resulted in TSAA and Thr to Lys ratios of 0.72
and 0.67, and 0.75 and 0.66, respectively. Response surface digestible
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amino acid predictions and cross product digestible amino acid interac-
tion ratios are in agreement with amino acid needs reported from dose
response and factorial design experiments.

Key Words: response surface, Box Behnken, Lys, Met, Thr

    S-M69    Effects of a reduction of dietary crude protein on per-
formance of commercial broilers.  E. Guaiume*1, J. Firman1, D.
Hoehler2, J. Usry3, D. Burnham3, and J. Parcell1, 1University of Mis-
souri, Columbia, 2Degussa Corporation, Kennesaw, Georgia ,
3Ajinomoto Heartland LLC, Chicago, Illinois.

A study was performed to determine if feeding reduced dietary crude
protein (CP) would affect performance in commercial broilers fed from
hatch to week 7. Fourteen hundred forty straight-run Cobb 500 broiler
chicks were randomly assigned to 4 treatments with 12 replicate pens
containing 30 birds each. Diets were formulated to be isocaloric and to
have the same minimum digestible amino acid levels. An industry stan-
dard diet served as the control (A) and the benchmark for performance.
The remainder of the treatments (B, C, and D) had CP reduced in 0.5%
increments with addition of crystalline amino acids to ensure that lysine,
methionine, and threonine levels remained constant. Birds were weighed
at 2, 4, 6, and 7 weeks of age for feed to gain calculation. At week 7, 4
birds per pen (48/trt) were sacrificed and had fat pad and carcass weighed,
and carcass and meat yield determined. In the starter phase, birds fed
diet D showed a slight decrease (P<.05) on feed intake (FI) and body
weight gain (BWG), whereas other treatments had no effect (P>.05) on
feed to gain (FDGN). For the grower phase, different levels of CP did
not (P>.05) affect FI. However, birds fed diet C had poorer (P<.05)
FDGN when compared to diet A and a further decrease was observed
when diet D was fed. In the finisher phase, treatments had no effect
(P>.05) on performance. Due to heat stress, extreme mortality was
observed from week 6 to 7 and performance data could not be analyzed,
although, final body weight of surviving birds was similar. At week 7,
treatments had no effect (P>.05) on abdominal fat pad, carcass and
breast meat yield. Overall, the result of this experiment suggest that a
decrease of CP in the magnitude used in this study did not affect perfor-
mance of broilers at 6 weeks of age and meat yield of surviving birds at
7 weeks of age.

Key Words: low crude protein, broilers, Cobb, performance, meat yield

    S-M70    Increasing essential amino acid level does not result
in compensatory growth following infection in broiler chickens. 
P. Sirimongkolkasem* and K. Klasing, University of California, Davis.

Two experiments were conducted to investigate the effect of essential
amino acid (EAA) levels on compensatory growth post infection in
broiler chickens. Infection was simulated by subcutaneous injection
with S typhimurium lipopolysaccharide (LPS) when chickens were 8 d
of age (d0 of experiment). In both experiments LPS injected and uninjected
birds were given 3 EAA levels resulting in a 2x3 factorial arrangement of
treatments. The proportion of EAA was kept in the ideal ratio relative
to lysine in all diets. Feed intake and BW were recorded on d0, 1, 4 and
7 for experiment 1 with the addition of d14 for experiment 2. In experi-
ment 1, LPS injected and uninjected birds were fed 80% NRC, 100%
NRC and 130% NRC EAA level diets. In experiment 2, 100% NRC,

120% NRC and 140% NRC EAA level were used to determine if higher
EAA levels or a longer period of recovery are necessary for complete
compensation to an LPS challenge. In both experiments, LPS injection
resulted in a decrease in average daily gain, feed intake and feed effi-
ciency (P <0.01) on d0–1. The decrease in feed intake due to LPS
injection persisted until day 4. In experiment 1, increasing EAA levels
resulted in significant improvements in live performance throughout the
experiment (d0–7). LPS injection resulted in a higher feed efficiency
only in chicks fed 80 and 100% EAA on d1–4. LPS injection resulted in
a decrease in average daily gain only in birds fed 130% EAA on d1–4.
LPS injection did not affect average daily gain on d4–7. In experiment 2,
no interaction between LPS injection and EAA levels was found in any
of the parameters measured. Throughout the experiment (d0–14), aver-
age daily gain and feed efficiency increased as EAA level increased from
100% to 120%. Further improvement was not observed when EAA
level was increased to 140% in any parameter measured. These results
indicate that LPS challenged birds did not respond to the highest level of
EAA better than controls. Thus dietary EAA level is not a factor limit-
ing compensatory growth following LPS challenge.

Key Words: broiler, essential amino acid, compensatory growth, lipo-
polysaccharide, Infection

    S-M71    The effect of source of vitamin E on growth perfor-
mance and vitamin E excretion in broilers.  D. Lauzon*1, S.
Johnston1, L. Southern1, Z. Xu1, and B. Cousins2, 1Louisiana State
University Agricultural Center, Baton Rouge, 2BASF Corporation,
Florham Park, New Jersey.

A total of 330 male Ross x Ross broilers were used in 2 experiments to
determine the effect of various sources of vitamin E on growth perfor-
mance and fecal vitamin E concentrations. Chicks were pretested from d
0 to 7 posthatching on a corn-soybean meal (C-SBM) diet without
vitamin E supplementation, and the experiments lasted from 7 to 19 d
posthatching. Each treatment was replicated with a minimum of 5 pens
of 5 chicks each. Initial and final BW were 155 and 684 g in Experiment
1 and 155 and 691 g in Experiment 2. In Experiment 1, the dietary
treatments were the C-SBM diet with varying levels (0, 30, 100, or 300
ppm) of supplemental vitamin E adsorbed to either verxite or to silica.
In Experiment 2, the dietary treatments were the 0 and 30 ppm vitamin
E adsorbed to verxite or to silica. Daily gain and feed intake and gain:feed
were not affected (P > 0.10) by vitamin E source in either trial. The
mean fecal vitamin E concentration at 7 d posthatching was 14.3 ppm
(DM basis). At both 100 and 300 ppm supplemental vitamin E, an
average of 94% and 44% of vitamin E intake from verxite and silica,
respectively, was excreted in the feces, but at 30 ppm vitamin E, 49 and
45% of vitamin E intake was excreted in the feces (vitamin E source, P
< 0.01; and source x level interaction, P < 0.08). In Experiment 2, 52 and
43% of vitamin E intake from verxite and silica was excreted in the feces
(source, P < 0.02). Based on the results of these experiments, verxite
should not be used as a carrier for vitamin E.

Key Words: broiler, vitamin E, verxite, silica, excrete

    S-M72    Cellular and humoral immune response in birds fed
different levels of Arginine and Vitamin E.  S. Abdukalykova* and
C. Ruiz-Feria, McGill University, St-Ane de Bellevue, QC, Canada.
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The objective of this experiment was to determine the combined effects
of vitamin E (VE) and Arginine(Arg) on humoral and cellular immunity
of broilers. One d-old chicks were used. Feed (22.5%CP, 3150 Kcal/kg
EM, and 1.2% Arg) and water were provided ad libitum. A 2x3 factorial
arrangement of treatments was used with 2 levels of Arg: normal (NARG)
and high Arg (HARG, 0.3% Arg in the drinking water); and 3 levels of
VE (40, 80, 400 IU/kg feed).The humoral immunity was measured as
antibody responses to an i.p. injection of sheep red blood cells (10%
SRBC) by agglutination assay in serum. Cell-mediated immune response
was assessed by cutaneous basophil hypersensitivity (difference in
foot-web skin thickness after and before injection, mm) to
phytohemagglutinin(PHA)-P at d 17 and PHA-M at d 40. At 4 d the
antibody titers (log2) to SRBC were higher in HARG (4±0.18) than in
NARG birds (3.22±0.18; P =0.01) and in VE-80 (4.66±0.22) than in
VE-40 and VE-400 birds (3.33 and 2.83 ±0.23, respectively; P <0.001).
At 8 and 16 d antibody titers against SRBC were not different between
HARG and NARG birds, but the VE-80 group maintained higher anti-
body titers (6.37 ±0.25) than VE-40 and VE-80 (4.75 and 4.87±0.25,
respectively; P < 0.001). After the first injection with PHA-P at 17-d
HARG showed a higher response (0.641 ±0.05) than NARG (0.463
±0.05) birds (P <0.018) whereas VE levels did not have a significant
effect. When the same birds were injected with PHA-M at d 40 Arg
levels did not have an effect whereas VE-400 had a lower response
(1.7±0.08) as compared with VE-40 and VE-80 (2.2 and 2.4 ±0.08,
respectively; P <0.001). However, when birds injected with PHA-M at
d 40 without previous PHA exposure HARG birds had a stronger re-
sponse (1.9±0.08) that NARG birds (1.5±0.07; P < 0.001) and VE-400
showed a lower response (1.5± 0.09) than VE-40 and VE-80 birds (1.7
and 1.9 ±0.09, respectively; P < 0.05).Our results indicate that high
levels of Arg and VE may have a complimentary effect on immune
response, with Arg accelerating the response and VE helping to maintain
antibody production.

Key Words: arginine, vitamin E, cell-mediated immune system, cutane-
ous basophil hypersensitivity, phytohemagglutinin

    S-M73    Growth performance of salmonella-challenged broil-
ers fed normal and high threonine (THR) diets supplemented
with egg immunoglobulins (IgY).  D. Bohorquez*, R. Plunske, E.
Oviedo-Rondon, and P. Ferket, North Carolina State University, Ra-
leigh.

The adverse effects of salmonella colonization on the growth perfor-
mance of broilers maybe reduced by dietary supplementation of THR
and/or IgY from hens hyperimmunized with salmonella antigens (CA-
MAS, Inc. Le Center, MN). Male Ross 308 broilers were randomly
assigned to 32 litter floor pens in a curtain-sided house, or 32 cages in a
total confinement house (25 birds/pen or cage). All the birds were orally
inoculated at 3 d of age with 106 cfu of a mixed culture of salmonella (S.
enterica subspp. enterica serotypes Tyhimurium, Heilderburg, New-
port, and Kentucky). All birds were assigned to 4 dietary treatments
consisting of a 2 X 2 factorial of 2 levels of THR (64% and 75% or
lysine) and two levels of liquid egg containing salmonella-specific IgY (0
and .54%). Body weights (BW), feed/gain (FCR), and % mortality rate
were determined at 14, 28, and 42 d. Birds raised in the litter house had
greater BW (2736 g vs 2668 g, p<.05) and lower FCR (1.841 vs 1.935,
p<.05) than those raised in the cage house; however, there was a signifi-

cant house X treatment effect on growth performance and mortality
rate. In the litter house, only dietary IgY increased BW by 4% at 14 d
(p<.05). Treatment effects were more evident in the cage house. There
was a significant THR X IgY effect on 14 d FCR. Among low THR
birds, IgY reduced 14 d FCR (1.517 vs 1.352, P<.010), whereas IgY had
a marginal effect among the high THR birds (1.470 vs 1.455). However,
IgY adversely affected 42 d BW (2697 g vs 2639 g) and FCR (1.890 vs
1.981), likely because of dietary moisture dilution effects. A highly
significant THR X IgY effect (p<.005) was observed on mortality rate
through to 42 d. IgY significantly reduced mortality rate of birds fed the
low THR diets (20.1% vs 9.21%), but not among birds fed the high
THR diets (8.13% vs 14.7%). Dietary supplementation of IgY during
the starter phase of salmonella-challenged broilers positively affected
growth performance and livability, but this effect was quenched by high
dietary THR inclusion.

Key Words: broilers, Salmonella, growth performance, threonine, im-
munoglobulins

    S-M74    The effect of corticosterone-induced stress on amino
acid digestibility in broiler chickens.  W.S. Virden*1, C.D. Zumwalt1,
D. Hoehler2, M.S. Lilburn3, and M.T. Kidd1, 1Mississippi State Uni-
versity, Mississippi State, 2Degussa Corporation, Kennesaw, Georgia,
3Ohio State University, Columbus.

Broilers exposed to long term stressors must acclimate to the stress,
causing a hormonal cascade, eventually resulting in the release of corti-
costerone (CS). If CS levels remain elevated, several consequences can
occur, the most notable being the catabolism of skeletal protein through
CS-induced gluconeogenesis. Research has demonstrated that controlled
stress can be induced in broilers through administration of dietary CS. In
this research two experiments (Exp) were conducted to establish amino
acid (AA) digestibility coefficients (DC) for broilers given CS-induced
stress using the apparent ileal digestibility assay. For Exp 1, 192 Ross x
Ross 708 male broilers were placed into 16 floor pens (12 birds/pen).
For Exp 2, 120 Ross x Ross 308 male broilers were placed into 10 floor
pens (12 birds/pen). Pens contained nipple drinkers, pen feeders, and
soft-wood shavings. Both Exp were completely randomized designs
using pen as the experimental unit (Exp 1: 2 treatments, 8 replications;
Exp 2: 2 treatments, 5 replications). In both Exp, chicks were given a
common starter diet from d 1 to 20. From d 21 to 30, broilers were given
treatment 1: a control diet, or treatment 2: control + 15 mg of CS/kg of
diet dissolved in soybean oil. Both diets were based on corn (65.07 %)
and soybean meal (26.36 %), and contained an indigestible marker (chro-
mic oxide 0.3 %). Diets were formulated to contain 3175 kcal ME, 18.5
% CP, 0.79 % digestible TSAA, and 1.00 % digestible Lys. On d 30, the
ileal contents were removed from 3 birds/pen, pooled, dried, and ana-
lyzed for AA content. Amino acid DC were calculated using the follow-
ing equation: DC = 100 - (dietary marker % x ileal AA %) / (ileal marker
% x dietary AA %) x 100. Apparent ileal DC for Met, Cys, TSAA, Lys,
Thr, and Ile were 89.7, 66.8, 83.2, 85.1, 67.7, and 77.2%, respectively,
on average for the two Exp. Amino acid digestibility did not differ (P >
0.05) between treatments in either Exp. Based on this research, future
research should be directed at establishing DC for other nutrients in
stressed broilers, or the effect of different nutrients on the stress re-
sponse.

Key Words: stress, corticosterone, digestibility, amino acids, broilers
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    S-M75    The performance of layers fed Azolla (Azolla pinnata)
meal in diets.  O.A. Alalade*1, E.A. Iyayi1, and T.O. Alalade2, 1Uni-
versity of Ibadan, Ibadan, Oyo, Nigeria, 2Federal University of Tech-
nology, Akure, Ondo, Nigeria.

With the present trend of rising prices of animal feedstuffs all over the
world, recently, considerable attention has been placed on the applica-
tion of non-conventional feedstuffs to animal nutrition in developing
countries. Nutritional studies were carried out to evaluate the potential
of Azolla meal (AZM) as a feed resource in diets of layers. Particular
reference was given to egg production and quality; and nutrient reten-
tion. In a completely randomized design, Sixty 20 weeks old brown
Nera point of lay birds were assigned to each of 4 dietary treatments
with 5 replicates, each having 3 birds per replicate in a cage system.
Four isonitrogenous diets containing 0, 5, 10 and 15% AZM were for-
mulated from a basal diet containing 17.5% crude protein and 2522kcal/
kg ME. Adjusting the levels of soybean meal and wheat bran equalized
crude protein. Calcium and phosphorus levels increased while
metabolisable energy decreased with levels of AZM in diets. Results

showed significant (p < 0.05) improvements in eggshell thickness, shell
weight, yolk color and average weight of egg by 6.8, 5.1, 695.0 and 36.0
percent respectively as the level of AZM increased to 10%. These
improvements tend to decrease (except for yolk color and shell weight)
as the level increased to 15%. In addition, 48.1% and 50.0% reduction in
yolk and plasma total cholesterol respectively were achieved on 10%
AZM inclusion in diet. Feed intake was similar across the treatments
and was found to decrease with increasing levels of AZM in diets. Hen-
day productions (HDP)(p < 0.05) were 88.0%, 85.3%, 80.7% and
79.9% while average weight of egg were 52.9g, 53.5g, 54.8g and 53.8g (p
< 0.05) on 0, 5, 10 and 15% AZM in diets respectively. HDP was best
on control diet while cost per kg egg was lowest on 10% AZM. Egg
shape index decreased with increasing levels of AZM in diets. Coeffi-
cient of digestibility of nutrients did not differ significantly among treat-
ments. Evidently, AZM as an unconventional feed resource has a poten-
tial as a feedstuff for layers.

Key Words: Azolla meal, layers, egg quality, hen-day production, cho-
lesterol
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Room: B314
    S-M76    Daylength effects on production traits of modern broil-
ers.  K. Schwean-Lardner*1, H.L. Classen1, and B.I. Fancher2, 1Uni-
versity of Saskatchewan, Saskatoon, Canada, 2Aviagen, Inc., Hunts-
ville, Alabama.

It is of interest to understand the effect of daylength on modern broiler
chickens selected for increased growth, breast meat yield and improved
health. A Randomized Complete Block Design was used to study the
effect of daylength on production parameters of two strains (Ross x
Ross 308, Ross x Ross 708) of broilers. Two experiments each utilized
8 rooms and 4464 birds to provide 2 replications of 14L:10D, 17L:7D,
20L:4D and 23L:1D photoperiods initiated at 7d of age. Each sex and
genotype subclass was randomly assigned to 3 pens per room. Birds
were weighed at 0, 7, 31, and 38d of age, and feed consumption calcu-
lated for those time periods. Genotype and sex affected most produc-
tion characteristics but interactions between these characteristics and
lighting were minor. Therefore, only overall lighting effects are pre-
sented. Data are presented in order of 14L:10D, 17L:7D, 20L:4D and
23L:1D photoperiods. Daylength resulted in a quadratic effect on body
weight at 31 (1.640, 1.700, 1.731, and 1.712 kg) and 38 (2.195, 2.259,
2.293 and 2.254 kg) d of age. The relationship between daylength and
feed intake was also quadratic (7-31d: 2.265, 2.390, 2.490, 2.454 kg per
bird; 7-38d: 3.321, 3.477, 3.630, 3.565 kg respectively). As daylength
increased, feed:gain ratio increased to 20L: 4D but no differences were
noted between the 20L:4D and 23L:1D photoperiods (7-31d: 1.540,
1.559, 1.592, 1.587; 7-38d: 1.644, 1.665, 1.714, 1.713). Mortality in-
creased linearly with photoperiod length (7-31d: 2.58, 2.59, 3.10 and
3.58%; 7-38d: 3.46, 3.26, 4.77, 5.35%). Carcass and meat yield param-
eters were affected by daylength and of particular significance was a
linear increase in breast meat yield with increasing daylength (% of live
weight: 31d: 17.2, 17.6, 18.0 and 18.2; 38d: 18.6, 19.1, 19.5, and 20.0).
In conclusion, daylength affects production parameters, and the result-
ing relationships indicate that modeling may be useful in selecting an
optimal photoperiod length.

Key Words: broiler, photoperiod, performance, meat yield, lighting

    S-M77    The nitric oxide level in ceca of stressed broilers.  M.
Putsakum*1, Y. Vizzier-Thaxton1, J.P. Thaxton1, S. Anderson1, and H.
Olowanju2, 1Mississippi State University, Starkville, 2USDA/ARS, Mis-
sissippi State, Starkville.

This study determined the nitric oxide content of the ceca of stressed
broilers. Two hundred and forty day-old chicks were randomly assigned
to two groups of 120 birds. Each group was then assigned randomly to
floor pens. Birds received feed and water ad libitum. The temperature
range throughout the study was between 60 and 90F with 17 h of light
per day. One group of bird received physiological saline via a mini
osmotic pump implanted on the back between wings and the other
group had ACTH administered via a mini osmotic pump. The pumps
administered 8 IU ACTH/kg BW/day for 7 days. At the day before
pump insertion (day 0), day 4 and day 7 after pump insertion, two birds
per pen were euthanized and cecal pouches were collected. The cecal
contents were diluted and analyzed for nitric oxide as nitrite by using
Griess reagent. Nitric oxide was significantly decreased (P<.05) in
stressed birds (ACTH) when compared with non-stressed birds (saline)
both in day 4 and day 7 after pump insertion. Whereas nitric oxide in
stressed birds was not significantly different between day 4 and day 7
after pump insertion.

Key Words: nitric oxide, cecum, stress, broiler

    S-M78    Paw burns in broiler chickens are negatively affected
by high protein and all vegetable diets.  M. Nagaraj*, S.F. Bilgili,
J.B. Hess, and F. Biguzzi, Auburn University, Auburn, Alabama.

The incidence and severity of dermatitis that occur on the footpads of
broiler chickens is of great concern to the broiler industry, both from
product quality and animal welfare standpoints. A total of 1600 birds
were raised in floor pens on a 2x2x2 arrangement of protein level [PL;
high (HP) or low (LP)], protein source [PS; all vegetable (V) or vegetable
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    S-M75    The performance of layers fed Azolla (Azolla pinnata)
meal in diets.  O.A. Alalade*1, E.A. Iyayi1, and T.O. Alalade2, 1Uni-
versity of Ibadan, Ibadan, Oyo, Nigeria, 2Federal University of Tech-
nology, Akure, Ondo, Nigeria.

With the present trend of rising prices of animal feedstuffs all over the
world, recently, considerable attention has been placed on the applica-
tion of non-conventional feedstuffs to animal nutrition in developing
countries. Nutritional studies were carried out to evaluate the potential
of Azolla meal (AZM) as a feed resource in diets of layers. Particular
reference was given to egg production and quality; and nutrient reten-
tion. In a completely randomized design, Sixty 20 weeks old brown
Nera point of lay birds were assigned to each of 4 dietary treatments
with 5 replicates, each having 3 birds per replicate in a cage system.
Four isonitrogenous diets containing 0, 5, 10 and 15% AZM were for-
mulated from a basal diet containing 17.5% crude protein and 2522kcal/
kg ME. Adjusting the levels of soybean meal and wheat bran equalized
crude protein. Calcium and phosphorus levels increased while
metabolisable energy decreased with levels of AZM in diets. Results

showed significant (p < 0.05) improvements in eggshell thickness, shell
weight, yolk color and average weight of egg by 6.8, 5.1, 695.0 and 36.0
percent respectively as the level of AZM increased to 10%. These
improvements tend to decrease (except for yolk color and shell weight)
as the level increased to 15%. In addition, 48.1% and 50.0% reduction in
yolk and plasma total cholesterol respectively were achieved on 10%
AZM inclusion in diet. Feed intake was similar across the treatments
and was found to decrease with increasing levels of AZM in diets. Hen-
day productions (HDP)(p < 0.05) were 88.0%, 85.3%, 80.7% and
79.9% while average weight of egg were 52.9g, 53.5g, 54.8g and 53.8g (p
< 0.05) on 0, 5, 10 and 15% AZM in diets respectively. HDP was best
on control diet while cost per kg egg was lowest on 10% AZM. Egg
shape index decreased with increasing levels of AZM in diets. Coeffi-
cient of digestibility of nutrients did not differ significantly among treat-
ments. Evidently, AZM as an unconventional feed resource has a poten-
tial as a feedstuff for layers.

Key Words: Azolla meal, layers, egg quality, hen-day production, cho-
lesterol
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Environment & Management II

Room: B314
    S-M76    Daylength effects on production traits of modern broil-
ers.  K. Schwean-Lardner*1, H.L. Classen1, and B.I. Fancher2, 1Uni-
versity of Saskatchewan, Saskatoon, Canada, 2Aviagen, Inc., Hunts-
ville, Alabama.

It is of interest to understand the effect of daylength on modern broiler
chickens selected for increased growth, breast meat yield and improved
health. A Randomized Complete Block Design was used to study the
effect of daylength on production parameters of two strains (Ross x
Ross 308, Ross x Ross 708) of broilers. Two experiments each utilized
8 rooms and 4464 birds to provide 2 replications of 14L:10D, 17L:7D,
20L:4D and 23L:1D photoperiods initiated at 7d of age. Each sex and
genotype subclass was randomly assigned to 3 pens per room. Birds
were weighed at 0, 7, 31, and 38d of age, and feed consumption calcu-
lated for those time periods. Genotype and sex affected most produc-
tion characteristics but interactions between these characteristics and
lighting were minor. Therefore, only overall lighting effects are pre-
sented. Data are presented in order of 14L:10D, 17L:7D, 20L:4D and
23L:1D photoperiods. Daylength resulted in a quadratic effect on body
weight at 31 (1.640, 1.700, 1.731, and 1.712 kg) and 38 (2.195, 2.259,
2.293 and 2.254 kg) d of age. The relationship between daylength and
feed intake was also quadratic (7-31d: 2.265, 2.390, 2.490, 2.454 kg per
bird; 7-38d: 3.321, 3.477, 3.630, 3.565 kg respectively). As daylength
increased, feed:gain ratio increased to 20L: 4D but no differences were
noted between the 20L:4D and 23L:1D photoperiods (7-31d: 1.540,
1.559, 1.592, 1.587; 7-38d: 1.644, 1.665, 1.714, 1.713). Mortality in-
creased linearly with photoperiod length (7-31d: 2.58, 2.59, 3.10 and
3.58%; 7-38d: 3.46, 3.26, 4.77, 5.35%). Carcass and meat yield param-
eters were affected by daylength and of particular significance was a
linear increase in breast meat yield with increasing daylength (% of live
weight: 31d: 17.2, 17.6, 18.0 and 18.2; 38d: 18.6, 19.1, 19.5, and 20.0).
In conclusion, daylength affects production parameters, and the result-
ing relationships indicate that modeling may be useful in selecting an
optimal photoperiod length.

Key Words: broiler, photoperiod, performance, meat yield, lighting

    S-M77    The nitric oxide level in ceca of stressed broilers.  M.
Putsakum*1, Y. Vizzier-Thaxton1, J.P. Thaxton1, S. Anderson1, and H.
Olowanju2, 1Mississippi State University, Starkville, 2USDA/ARS, Mis-
sissippi State, Starkville.

This study determined the nitric oxide content of the ceca of stressed
broilers. Two hundred and forty day-old chicks were randomly assigned
to two groups of 120 birds. Each group was then assigned randomly to
floor pens. Birds received feed and water ad libitum. The temperature
range throughout the study was between 60 and 90F with 17 h of light
per day. One group of bird received physiological saline via a mini
osmotic pump implanted on the back between wings and the other
group had ACTH administered via a mini osmotic pump. The pumps
administered 8 IU ACTH/kg BW/day for 7 days. At the day before
pump insertion (day 0), day 4 and day 7 after pump insertion, two birds
per pen were euthanized and cecal pouches were collected. The cecal
contents were diluted and analyzed for nitric oxide as nitrite by using
Griess reagent. Nitric oxide was significantly decreased (P<.05) in
stressed birds (ACTH) when compared with non-stressed birds (saline)
both in day 4 and day 7 after pump insertion. Whereas nitric oxide in
stressed birds was not significantly different between day 4 and day 7
after pump insertion.

Key Words: nitric oxide, cecum, stress, broiler

    S-M78    Paw burns in broiler chickens are negatively affected
by high protein and all vegetable diets.  M. Nagaraj*, S.F. Bilgili,
J.B. Hess, and F. Biguzzi, Auburn University, Auburn, Alabama.

The incidence and severity of dermatitis that occur on the footpads of
broiler chickens is of great concern to the broiler industry, both from
product quality and animal welfare standpoints. A total of 1600 birds
were raised in floor pens on a 2x2x2 arrangement of protein level [PL;
high (HP) or low (LP)], protein source [PS; all vegetable (V) or vegetable
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plus animal (V+A)], and sex [S; male (M) and female (F)] using a four
stage feeding program (50 birds per pen; 4 pens of M and F per treat-
ment). Body weight (BW), feed conversion (FC) and mortality was
measured on Days 14, 28, 42 and 53. The feet were scored on all birds
on Days 28, 42, and 53 and the severity was recorded as: none (no
ulcerating lesion), mild (lesions of <1.5 cm), and severe (lesions of
>1.5cm). A sub-sample of birds (10 birds per pen) was processed on
Day 53 to evaluate carcass yields.

No differences (P>0.05) were detected in mortality between the treat-
ments throughout the course of the study. A significant PL*PS interac-
tion at 42 d of age indicated best BW and lowest FC for birds reared on
HP and V diets. At 53 d of age, BW was significant for PS (V>V+A) and
S (M>F). Chilled carcass yields did not differ between the treatments.
However, birds reared on V diets showed lower abdominal fat levels
(2.28%) compared to those reared on V+A (2.57%). As expected, F had
higher abdominal fat yields than M. Paw burns were significantly af-
fected (P<0.05) by protein level, protein source and sex. Incidence and
severity of paw burns increased with age. At 28 d of age lesions were
mild in severity and varied significantly in incidence by PS (30% for V
vs. 41% for V+A). At 53 d of age, a significant PL*PS interaction was
detected for severe lesions, where birds reared on LP and V+A diets
showed the lowest incidence compared to other treatments. Incidence
of paw burns was higher for M (62%) than F (55%). Severe lesions
increased two-fold by PL (20% for HP vs. 10% for LP) and by S (21%
for M vs. 10% for F) and tripled by PS (23% for V vs. 8% for V+A)
treatments. Feeding programs should be recognized as a significant con-
tributor to paw burns in poultry.

Key Words: broiler, paw quality, paw burns, high protein diets, veg-
etable diets

    S-M79    Evaluation of a perinatal nutritional supplement on
broiler performance.  S. Henderson*, J. Vicente, C. Pixley, G. Tellez,
and B. Hargis, University of Arkansas, Fayetteville.

Chicks are commonly held for up to 72 hours from the time of actual
hatch to placement under commercial industry practices. Delaying ac-
cess to feed and water has been documented to increase susceptibility to
disease pathogens and weight loss, leading to poor starting flocks with
reduced weight gains. Our objective was to evaluate the effect of a
commercially available perinatal nutritional supplement (EarlyBird, IVS/
Wynco) on broiler performance when feeding was delayed for 24-h.
Three experiments were conducted to compare the use of EarlyBird
(EB) to no supplementation (NS) in chick boxes when holding chicks
for 24-h. Broilers were obtained from a commercial hatchery, neck tagged,
individually weighed, and randomly placed in boxes of 100 chicks. In all
experiments, treated chicks received 2 g/chick of EB. Following 24-h
holding, at room temperature and ambient light, the chicks were indi-
vidually weighed and placed into pens of 30 chicks/pen and weighed at
7-d of age. In the first experiment, treatment with EB was compared to
NS. After 24-h holding, chicks treated with EB lost 3.42 g/chick (p<0.05)
less than NS group. At 7-d of age EB-treated chicks gained 7.43g more
than NS. In exp. 2, treatments were; no holding period (NH), EB in
chick box, NS, EB in chick box + top dress (TD) feed with EB or TD
only. Following the holding period, the EB chicks lost 1.48 g/chick
(p<0.05) less than NS. At day 7, EB+ TD group gained (p<0.05) 7.57g
or 8.59g more than the EB in chick box only and NS, respectively.
Treatment groups in exp. 3 were identical to exp. 2. EB group lost 1.99g

as compared to the NS which lost 3.98g (p<0.05) after the 24-hr holding
period. At 7 days, EB+TD groups averaged 9.27g heavier than NS
(p<0.05). The results indicate that the dependence of chicks on residual
yolk sac during the first few days post hatch limits the genetic potential
of growth of modern broilers. Therefore, it is apparent that early feeding
can not only impact the general well being of the chick but also can have
significant effects on early growth.

Key Words: perinatal nutrition, chick supplement, holding, perfor-
mance

    S-M80    Evaluation of nipple drinkers and the Lott System for
determining appropriate water flow for broilers.  J.M. Cornelison*,
A.G. Hancock, A.G. Williams, L.B. Davis, and S.E. Watkins, University
of Arkansas, Fayetteville.

Two trials were conducted to evaluate broiler performance using differ-
ent drinker systems managed according to manufacturers operating pro-
cedures and to determine if the Lott flow formula is an appropriate
method for all drinker types. Seven drinkers were evaluated during the
two trials. These include: VAL-CO®, Ziggity® Max3, CHORE-TIME®

RELIA-FLOW™, Plasson® Nipple Drinker Line, Cumberland® Nipple
Drinking System, Roxell SparkNipple® and Roxell SparkCup®. Each
of these lines were compared to a Val-Roaster drinker which was main-
tained according to Lott flow recommendations. For both trials the
average body weight, feed consumption, and livability were determined
on Days 7, 21, 35, 42. In trial one water usage was also calculated. In
both trials, static flow was measured on each drinker type to serve as a
comparison between the different drinkers. In trial two a 250 gram litter
sample was collected on Days 1 and 42 to determine litter moisture. No
statistical differences were observed for body weight or feed conversion
among the various drinker systems at any age. However, significant
statistical differences were observed for litter moisture across treat-
ments. There were no significant correlations between drinker static
flow and broiler performance. However, drinker management proved to
be vital for maximum broiler performance.

Key Words: nipple drinker, static flow, Lott flow, drinker management,
broiler performance

    S-M81    Effect of five different nipple drinker systems on broiler
performance.  R.M. Hulet*, T.L. Cravener, and E.F. Wheeler, The
Pennsylvania State University, University Park.

Nipple drinkers have been credited with reduction of litter moisture and
ammonia levels in the broiler house and subsequent improvement of
broiler health. Currently, many different drinkers with varying levels of
water flow are available. Two trials, Spring (SP) and Summer (SU), were
conducted with nipple drinkers with different flow rates. Five different
drinkers (A, B, C, D, and E) were tested for flow rate and randomly
assigned to 48 pens with 9 (system B and C) and 10 (system A, D, and
E) replicate pens for drinker systems. Three nipples per three-foot line
were placed into each pen with 36 Cobb 500 chicks (0.07 m2/bird).
Birds were reared to 42 days of age with feed intake (FI), body weight
(BW), and feed conversion (FC) recorded for every feed change and at
completion of the project. Weekly twenty-four hour FI and water use
(WU) data were collected for each pen. The five nipple systems used
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were: Choretime, Lubing, Plasson, Val, and Ziggety. Higher average
maximum temperatures for the SU (32 C) versus the SP (28 C) trial,
made the trials significantly different (SD) and therefore were analyzed
separately. While no SD were found in BW (kg) during the SP trial,
drinker D significantly reduced 42d BW (2.32) in comparison to the A
(2.44), B (2.42), C (2.41), and E (2.44) systems. No SD in overall FC or
percent mortality were found between treatments for either the SP or
SU trial. During the SP and SU trials, no SD in twenty-four hour FI was
found between drinker systems for weeks 1, 3 and 4. During week 2 for
the SP trial, nipple system B and D had less FI than nipple system A.
During week 5 for the SU trial, nipple system D had less FI than A, B,
and E. Twenty-hour WU was less for birds on system D for weeks 2, 3,
and 4 in both SP and SU trials, and also in week 5 for the SU trial, than
for birds on system A, B, C, and E. Broiler growth and performance was
not related to measured flow rate of the drinkers for SP and SU trials.

Key Words: nipple drinker, flow rate, broiler, growth, water use

    S-M82    Effect of antioxidants (Vitamin C, Vitamin E, and Se-
lenium) and feeding programs during the production period on
broiler breeder fertility and hatchability.  J. Brake*, H. Romero-
Sanchez, P. Plumstead, N. Leksrisompong, and M. Wineland, North
Carolina State University, Raleigh.

Two experiments were conducted to evaluate an antioxidant additive
package and two sources of selenium on broiler breeder fertility and
hatchability. From 0 to 21 wk all broiler breeders received the same
starter and growing diets in a blackout rearing facility. Birds were
photostimulated at 21 wk of age when they were moved into the pro-
duction facility. At 21 wk birds were placed in 12 pens which were
randomly assigned to either a High or Normal antioxidant content diet,
in Experiment 1. In Experiment 2, a 2x2 factorial design evaluated the
interaction between males with the largest comb (LC) and smallest
comb (SC) height with either organic selenium (selenomethionine
(SeMe)) or inorganic selenium (sodium selenite (NaSe)), in a 16 pens
facility. All males were weighed individually at 4, 8, 12, 16, 20, 24, 26,
28, 32, 40, 48, 56, and 64 wk of age. Percentage fertility and embryo
mortality were evaluated on either a weekly or biweekly basis.

In Experiment 1, the High antioxidant level significantly increased fertil-
ity on an overall basis. After 38 wk of age, there was a dramatic decrease
in fertility that was less pronounced for the High antioxidant group.
However, after the male feed allocation was increased at 54 wk of age

the differences due to antioxidant level tended to disappear. In Experi-
ment 2, the LC group showed a consistently higher BW. The LC males
receiving NaSe exhibited a significantly lower fertility during early pro-
duction that was related to a significantly heavier BW, suggesting that
early maturing males (LC) were slightly underfed after photostimulation
and that SeMe had a â•œnutrient sparingâ•• effect that allowed them
to maintain high fertility even when they did not gain BW in a consistent
manner. However, during the late production period NaSe elicited better
fertility and hatchability.

Key Words: antioxidant, selenium, broiler breeder, feed program, en-
ergy requirement

    S-M83    The behavior of laying hens on an alfalfa crumble
molt diet.  C. Dunkley*1, J. McReynolds3, K. Dunkley1, W. Kim1, T.
Friend2, L. Kubena3, D. Nisbet3, and S. Ricke1, 1Texas A&M Univer-
sity, College Station, 2Texas A&M University, College Station, 3USDA,
ARS, Food and Feed Safety Research Unit, College Station, Texas.

The induction of molt by way of feed deprivation has been continually
frowned upon by animal welfare advocates on grounds that it is cruel
and inhumane. With this in mind we conducted a study to evaluate the
behavior of laying hens on an alfalfa molt diet (ALC) during a 9 day molt
and compared them to the behavior of full- fed (FF) and feed withdrawal
(FW) hens. We allowed the hens to acclimate in the houses in two- tier
battery cages for two weeks after which they were administered the diet
or removed the feed in the case of the FW hens. The hens were kept in
three individual rooms so that their behavior would not be influenced by
the other treatments. The rooms were fitted with cameras which were
connected to a Digital Multiplexer Recorder. The hens were evaluated
for a number of behaviors including; non-nutritive pecking, feeder, drink,
walk, preening, head-movement, aggression, standing and sitting. From
day 7 through 9, the ALC hens spent significantly (P≤ 0.05) less time
performing non-nutritive activity than the FW hens, the time spent was
not different significantly from the FF hens. The ALC hens spent 50.59%
of their time in nonnutritive activity while the FW hens spent 73.22%
of their time involved in the activity. No aggression was observed in the
ALC and FF treatments. The ALC hens spent an equivalent amount of
time preening as the FW hens (16.71 and 16.4% respectively on day 7).
The FW hens began shedding feathers on day 8 of the molt while the
ALC hens initiated shedding on day 10.

Key Words: molting, welfare, behavior, laying hens

Monday, January 23
Processing & Products II

Room: B315
    S-M84    Psychrotrophic bacteria and yeasts on broiler carcasses
washed with electrolyzed oxidizing water or chlorinated water
using an inside-outside bird washer.  A. Hinton Jr*, J. Northcutt, D.
Smith, M. Musgrove, and K. Ingram, Russell Research Center, Athens,
Georgia.

Research was conducted to determine the effect of acidic, electrolyzed
oxidizing (EO) water and chlorinated water on the populations of
psychrotrophic bacteria and yeasts on processed broiler carcasses. Car-
casses were sprayed for 5 sec at 80 psi with tap water, chlorinated

water, or EO water in an inside-outside bird washer (IOBW). Washed
carcasses were then stored at 4°C for 0, 3, 7, or 14 d, and the microbial
flora of the carcasses was sampled using the whole-carcass-rinse (WCR)
procedure. Populations of psychrotrophic bacteria and yeasts in the
carcass rinsates were enumerated on microbiological agar media. Results
indicated that immediately after spraying the carcasses, significantly
fewer psychrotrophs and yeasts were recovered from carcasses sprayed
with chlorinated water or EO water than from carcasses sprayed with
tap water and that significantly fewer yeasts were recovered from car-
casses sprayed with EO water than from carcasses sprayed with chlo-
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were: Choretime, Lubing, Plasson, Val, and Ziggety. Higher average
maximum temperatures for the SU (32 C) versus the SP (28 C) trial,
made the trials significantly different (SD) and therefore were analyzed
separately. While no SD were found in BW (kg) during the SP trial,
drinker D significantly reduced 42d BW (2.32) in comparison to the A
(2.44), B (2.42), C (2.41), and E (2.44) systems. No SD in overall FC or
percent mortality were found between treatments for either the SP or
SU trial. During the SP and SU trials, no SD in twenty-four hour FI was
found between drinker systems for weeks 1, 3 and 4. During week 2 for
the SP trial, nipple system B and D had less FI than nipple system A.
During week 5 for the SU trial, nipple system D had less FI than A, B,
and E. Twenty-hour WU was less for birds on system D for weeks 2, 3,
and 4 in both SP and SU trials, and also in week 5 for the SU trial, than
for birds on system A, B, C, and E. Broiler growth and performance was
not related to measured flow rate of the drinkers for SP and SU trials.

Key Words: nipple drinker, flow rate, broiler, growth, water use

    S-M82    Effect of antioxidants (Vitamin C, Vitamin E, and Se-
lenium) and feeding programs during the production period on
broiler breeder fertility and hatchability.  J. Brake*, H. Romero-
Sanchez, P. Plumstead, N. Leksrisompong, and M. Wineland, North
Carolina State University, Raleigh.

Two experiments were conducted to evaluate an antioxidant additive
package and two sources of selenium on broiler breeder fertility and
hatchability. From 0 to 21 wk all broiler breeders received the same
starter and growing diets in a blackout rearing facility. Birds were
photostimulated at 21 wk of age when they were moved into the pro-
duction facility. At 21 wk birds were placed in 12 pens which were
randomly assigned to either a High or Normal antioxidant content diet,
in Experiment 1. In Experiment 2, a 2x2 factorial design evaluated the
interaction between males with the largest comb (LC) and smallest
comb (SC) height with either organic selenium (selenomethionine
(SeMe)) or inorganic selenium (sodium selenite (NaSe)), in a 16 pens
facility. All males were weighed individually at 4, 8, 12, 16, 20, 24, 26,
28, 32, 40, 48, 56, and 64 wk of age. Percentage fertility and embryo
mortality were evaluated on either a weekly or biweekly basis.

In Experiment 1, the High antioxidant level significantly increased fertil-
ity on an overall basis. After 38 wk of age, there was a dramatic decrease
in fertility that was less pronounced for the High antioxidant group.
However, after the male feed allocation was increased at 54 wk of age

the differences due to antioxidant level tended to disappear. In Experi-
ment 2, the LC group showed a consistently higher BW. The LC males
receiving NaSe exhibited a significantly lower fertility during early pro-
duction that was related to a significantly heavier BW, suggesting that
early maturing males (LC) were slightly underfed after photostimulation
and that SeMe had a â•œnutrient sparingâ•• effect that allowed them
to maintain high fertility even when they did not gain BW in a consistent
manner. However, during the late production period NaSe elicited better
fertility and hatchability.

Key Words: antioxidant, selenium, broiler breeder, feed program, en-
ergy requirement

    S-M83    The behavior of laying hens on an alfalfa crumble
molt diet.  C. Dunkley*1, J. McReynolds3, K. Dunkley1, W. Kim1, T.
Friend2, L. Kubena3, D. Nisbet3, and S. Ricke1, 1Texas A&M Univer-
sity, College Station, 2Texas A&M University, College Station, 3USDA,
ARS, Food and Feed Safety Research Unit, College Station, Texas.

The induction of molt by way of feed deprivation has been continually
frowned upon by animal welfare advocates on grounds that it is cruel
and inhumane. With this in mind we conducted a study to evaluate the
behavior of laying hens on an alfalfa molt diet (ALC) during a 9 day molt
and compared them to the behavior of full- fed (FF) and feed withdrawal
(FW) hens. We allowed the hens to acclimate in the houses in two- tier
battery cages for two weeks after which they were administered the diet
or removed the feed in the case of the FW hens. The hens were kept in
three individual rooms so that their behavior would not be influenced by
the other treatments. The rooms were fitted with cameras which were
connected to a Digital Multiplexer Recorder. The hens were evaluated
for a number of behaviors including; non-nutritive pecking, feeder, drink,
walk, preening, head-movement, aggression, standing and sitting. From
day 7 through 9, the ALC hens spent significantly (P≤ 0.05) less time
performing non-nutritive activity than the FW hens, the time spent was
not different significantly from the FF hens. The ALC hens spent 50.59%
of their time in nonnutritive activity while the FW hens spent 73.22%
of their time involved in the activity. No aggression was observed in the
ALC and FF treatments. The ALC hens spent an equivalent amount of
time preening as the FW hens (16.71 and 16.4% respectively on day 7).
The FW hens began shedding feathers on day 8 of the molt while the
ALC hens initiated shedding on day 10.

Key Words: molting, welfare, behavior, laying hens

Monday, January 23
Processing & Products II

Room: B315
    S-M84    Psychrotrophic bacteria and yeasts on broiler carcasses
washed with electrolyzed oxidizing water or chlorinated water
using an inside-outside bird washer.  A. Hinton Jr*, J. Northcutt, D.
Smith, M. Musgrove, and K. Ingram, Russell Research Center, Athens,
Georgia.

Research was conducted to determine the effect of acidic, electrolyzed
oxidizing (EO) water and chlorinated water on the populations of
psychrotrophic bacteria and yeasts on processed broiler carcasses. Car-
casses were sprayed for 5 sec at 80 psi with tap water, chlorinated

water, or EO water in an inside-outside bird washer (IOBW). Washed
carcasses were then stored at 4°C for 0, 3, 7, or 14 d, and the microbial
flora of the carcasses was sampled using the whole-carcass-rinse (WCR)
procedure. Populations of psychrotrophic bacteria and yeasts in the
carcass rinsates were enumerated on microbiological agar media. Results
indicated that immediately after spraying the carcasses, significantly
fewer psychrotrophs and yeasts were recovered from carcasses sprayed
with chlorinated water or EO water than from carcasses sprayed with
tap water and that significantly fewer yeasts were recovered from car-
casses sprayed with EO water than from carcasses sprayed with chlo-
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rinated water. Populations of psychrotrophic bacteria and yeasts in-
creased on all carcasses during refrigerated storage, but after 14 d of
storage significantly fewer psychrotrophic bacteria and yeasts were
recovered from carcasses sprayed with chlorinated water than from
carcasses sprayed with tap water. Moreover, significantly fewer of
these microorganisms were recovered from carcasses sprayed with EO
water than from carcasses sprayed chlorinated water. Psychrotrophic
bacterial isolates included Pseudomonas spp. and enteric bacteria while
yeasts isolates included Candida spp. and Trishosporon beigelii. Find-
ings from the present study indicate that EO water can effectively be
used with IOBWs to decrease the population of spoilage bacteria and
yeasts on processed broiler carcasses.

Key Words: spoilage microflora, broiler carcasses, electrolyzed water,
chlorinated water, inside-outside bird washer

    S-M85    Organic acids placed in the cloaca to reduce
Campylobacter contamination of broiler skin during defeathering. 
M.E. Berrang*, D.P. Smith, and A. Hinton Jr., USDA, ARS, Athens,
Georgia.

Campylobacter numbers on broiler carcasses can increase dramatically
during defeathering due to leakage of contaminated intestinal contents in
the feather picking machine. Food grade organic acids have been shown
to be effective in killing pathogenic and spoilage bacteria associated with
poultry processing. Placement of organic acids into the cloaca prior to
defeathering was tested to determine if numbers of Campylobacter that
escape and contaminate broiler breast skin during automated feather
removal could be decreased. Twelve mL of one molar acetic acid, lactic
acid or proprionic acid was placed into the cloaca of broiler carcasses
before scald; water was used for control carcasses. Campylobacter num-
bers on breast skin were measured by sponge sampling after scald (be-
fore defeathering) and again after defeathering. Regardless of acid,
Campylobacter numbers on the breast skin of treated carcasses increased
from an average of log 0.39 to an average of log 2.28 due to feather
picking. However, this was significantly less than that observed in
water treated controls which increased from log 0.53 to log 4.01 before
and after defeathering, respectively. Placement of food grade organic
acids in the cloaca of broiler carcasses may be useful as a means to
reduce the impact of automated defeathering on the microbiological
quality of carcasses during processing.

Key Words: broiler, Campylobacter, defeathering

    S-M86    Detection of Salmonella from naturally contaminated
chicken carcass rinse samples using the automated BAX PCR
system.  J.S. Bailey*1, M.E. Berrang1, and J.M. Cox2, 1USDA-ARS-
BEAR, Russell Research Center, Athens, Georgia, 2The University of
New South Wales, Sydney NSW, Australia.

The automated BAX system, a technology based on the polymerase
chain reaction (PCR) was compared to the standard USDA cultural
method for detection of Salmonella in chicken carcass rinse samples.
After overnight enrichment at 37°C of 30mL of rinse with 30mL buff-
ered peptone water (BPW), a 50ï•L aliquot was taken into the BAX
system, and processed according to manufacturer’s instructions. BPW
enrichment (0.5mL and 0.1mL respectively) was enriched selectively

overnight at 42°C in Rappaport-Vassiliadis medium and Hajna™
tetrathionate broth, then each streaked for isolation to brilliant green
sulfa agar and modified lysine iron agar. Presumptive isolates were con-
firmed using biochemical tests and latex agglutination. Of the 360 broiler
carcass rinses tested, from 16 commercial processing plants, the BAX
yielded 213 positive results while conventional enrichment and plating
detected the bacterium in only 193 samples. Based on comparison of
paired data, the BAX yielded 181 true positive, 135 true negative, 32
false positive and 12 false negative results. The false-negative results are
definitive as salmonellae were isolated by culture. The false-positive
results are much harder to interpret. No salmonellae were isolated from
the same enrichment used in the BAX analysis, even though that BPW
enrichment was further enriched in two different selective broths, and
they were plated to different agar media. This suggests that the BAX
false positives are indeed false-positives. However, the sensitivity of
the PCR may be sufficient to yield a positive result even though the
numbers of salmonellae present may not be detected by culture, or
salmonellae present in the BPW enrichment may have been lost during
selective enrichment. Thus, at least some of these BAX-positive results
may represent true positives, with culture yielding false-negative re-
sults. Despite the differences in results, there was 94% agreement based
on paired positive data between BAX and culture, indicating BAX is
suitable as a rapid method for the detection of Salmonella in chicken
carcass rinses.

Key Words: Salmonella, BAX, carcass rinse, broiler

    S-M87    Microarray gene expression of breast muscle from
chickens fed low crude protein diets.  C. Ashwell*1, E. Oviedo-
Rondón1, S. Clemente-Hernández2, and F. Salvador2, 1North Carolina
State University, Raleigh, 2Universidad Autónoma de Chihuahua, Chi-
huahua, México.

Crude protein (CP) levels have been shown to affect live performance
and Pectoralis major development in multiphase dietary regimes. Spe-
cific genes including insulin-like growth factor I (IGF-I) and myostatin
have been associated with muscle development. Low CP diets (LCPd)
can support average performance when supplemented with synthetic
amino acids (AA). This project focused on evaluating the expression of
genes, previously associated with muscle development, in broilers fed
diets formulated with varying CP levels, but including all essential AA at
constant or under minimum recommended levels for ileal digestible ideal
protein, by supplementation of synthetic lysine, methionine, threo-
nine, tyrosine, arginine, isoleucine, valine, and glycine. Cobb-500 chick-
ens were placed under simulated commercial conditions, and fed diets
that had either standard commercial CP level (StCP) or reductions of up
to 3 percentage points in each dietary phase. Combinations of StCP or
LCPd were offered in each one of the 4 dietary phases, for a final
factorial set of 16 feeding treatments at 42 d. Tissue samples were
collected and frozen at 36 d of age for further analysis. Breast muscle
samples from the fixed-StCP and fixed-LCPd treatment groups were
subjected to microarray analysis in order to identify differences in gene
expression. This analysis indicated significant effects on the expression
of genes in several classes including, energy metabolism, differentiation,
growth, and apoptosis. These differences in gene expression in the
fixed-LCPd treatment group in relation to the fixed-StCP group, may, in
part, explain the variation in performance associated with dietary CP
levels.

Key Words: gene expression, microarrays, low protein diets, broilers
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    S-M88    Impact of zinc and copper propionate supplementation
on broiler growth performance and white meat yield.  V. Sewalt*1,
F. Valdez1, and K. Christensen2, 1Kemin Industries, Inc., Des Moines,
Iowa, 2OK Farms, Fort Chaffee, Arkansas.

A broiler research trial was conducted at a commercial research facility.
Four houses were filled with 15,600 day-old broiler chicks each, each
house receiving one of the following treatments: 1) Control corn/soy
diet, 2) Control + 40 ppm Zn from a zinc amino acid complex (Availa®

zinc, ZinPro), 3) Control + 40 ppm Zn from zinc propionate
(KemTRACE™ Zn, Kemin Industries) and 4) Control + 40 ppm zinc
propionate + 10 ppm Cu from copper propionate (KemTRACE™ Cu,
Kemin Industries). Animals were sampled weekly in four random groups
of 100 birds of which individual weights were recorded. In parallel, the
whole-house experiment was mirrored simultaneously with a pen ex-
periment, in which each of the four treatments were assigned to 8 tem-
porary pens, with 2 pens/treatment allotted to each house in a random-
ized complete block design (n=8). In both experiments, zinc propionate
improved weight gain over the control (P<.01) throughout the feeding
trial, without affecting FCR. The improved weight gain with zinc propi-
onate resulted in higher final live weight at the processing plant and
improved carcass characteristics including a 0.5% increase in white (breast
+ tenders) meat yield over the control. No improvements over the
control could be observed with supplemented zinc amino acid complex.
Contrasting the two Zn sources resulted in better growth and yield
advantage for zinc propionate over zinc amino acid complex (P<.01),
which is likely due to a difference in bioavailability. Performance of
birds appeared to benefit most from zinc propionate supplementation
in early production phases (through 17 days, P<.01), but that advantage
was maintained through finishing. Cu added to Zn appeared to benefit
growth in late grower and finisher phases.

Key Words: organic zinc, zinc propionate, broiler performance, growth,
yield

    S-M89    The effect of a combination of xylanase, amylase, pro-
tease and phytase on the performance of broiler chickens.  A.
Cowieson*1, O. Adeola2, and D. Singh3, 1Danisco Animal Nutrition,
Wiltshire, United Kingdom, 2Purdue University, West Lafayette, Indi-
ana, 3Poultry Research and Development Centre, Queensland, Austra-
lia.

A total of 2,208 broiler chicks were used in two growth experiments (8
treatments and 12 replicate pens in each experiment) to assess the
effects of xylanase, amylase, protease and phytase in corn-based diets.
A positive control diet was formulated containing adequate nutrient
concentrations. In addition, a negative control diet was formulated to
contain approximately 150 kcal/kg, 0.13%, 0.12% and 1 to 2% less ME,
P, Ca and amino acids respectively than the positive control and two
further negative control diets that contained 40 or 80 kcal/kg more ME
respectively than negative control 1. A further four dietary treatments
were made by supplementing each of the four negative control diets
with a combination of xylanase, amylase, protease and phytase, result-
ing in eight dietary treatments in a four by two factorial arrangement.
The scale of the removal of energy, P, Ca and amino acids from the
positive control diet was determined using least square models based on
in vivo data for both the xylanase/amylase/protease cocktail and for
phytase and it was predicted that performance of birds fed on negative

control 1 would be returned to that of those fed the positive control. In
both experiments there was a significantly poorer performance between
birds fed negative control 1 and those fed on the positive control. The
poorer weight gain and feed conversion ratio could be attributed in part
to a reduced (P < 0.05) intake of digestible energy, P, N and amino acids
associated with birds fed the negative control diet. Supplementation of
the negative control diets with the enzyme combination returned per-
formance to that of the positive control in both experiments. These data
indicate that exogenous xylanase, amylase, protease and phytase can be
used successfully in a strategically-formulated low nutrient density diet
to maintain performance to that of birds fed on a nutritionally adequate
diet.

    S-M90    Evaluation of the effect of a new probiotic product on
broiler performance and cecal microflora composition and meta-
bolic activities.  K. Mountzouris*, H. Beneas, P. Tsirtsikos, E. Kalamara,
and K. Fegeros, Agricultural University of Athens, Athens, Greece.

The increasing resistance of microbes to antibiotics, worldwide, has
resulted to a high demand for alternative products to antibiotics used in
animal nutrition as growth promoters.

The aim of this work was to investigate the efficacy of a new multi-
strain probiotic product (Biomin®PoultryStar, Biomin GmbH) in broiler
nutrition. The product comprised two Lactobacillus strains, one
Bifidobacterium strain, one Enterococcus and one Pediococcus strain.
Four hundred, one day old, male Cobb broilers were allocated in 4
experimental treatments for 6 weeks. The experimental treatments were:
C (corn-soybean basal diet), PFW (basal diet contained 1g/kg probiotic
+ probiotic administered in water for the first 4 weeks), PF (basal diet
contained 1g/kg probiotic) and A (basal diet contained 2.5 mg avilamycin/
kg). Each treatment had five replicates of 20 broilers.

Overall, body weight treatment A (2314 g) was significantly higher
(P=0.05) than treatments C (2216 g) and PF (2198 g) but did not differ
from treatment PFW (2276 g). There were no differences regarding
overall feed consumption between treatments. Overall feed conversion
ratio in treatment A (1.73) was significantly better (P=0.05) than treat-
ment C (1.81). Treatments PFW (1.77) and PF (1.79) were not different
from A.

The cecal microflora of probiotic treatments PFW and PF had signifi-
cantly higher (P=0.05) concentrations of bacteria belonging to
Bifidobacterium spp, Lactobacillus spp and Gram positive cocci respec-
tively, compared to treatments C and A. In addition, probiotic treat-
ments PFW and PF had numerically higher VFA concentrations and
significantly higher specific activities of Α-galactosidase and Β-galac-
tosidase compared to C and A.

In general, the examined probiotic product administered in feed and
water (PFW) displayed a growth promoting effect similar to Avilamycin
(A). In addition it modulated the composition and to an extent the
activities of the cecal microflora in both treatments that was adminis-
tered.

Key Words: probiotics, cecal microflora, broiler chicken, microbial en-
zymes
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    S-M91    The use of a defined probiotic product (Biomin®

Poultrystar) and organic acids to control salmonella enteritidis in
broiler chickens.  A. Berchieri1, E. Sterzo1, J. Paiva1, C. Luckstadt3,
and R. Beltran*2, 1Faculty of Agricultural and Veterinarian Science,
Jaboticabal, Brazil, 2Biomin USA, San Antonio, Texas, 3Biomin
Deutschland GMBH, Germany.

Background: Contaminated poultry meat and eggs from Salmonella sp.
continues to be a major concern for consumers. As a result finding ways
to reduce or prevent Salmonella contamination at all stages of the sup-
ply chain has been a major focus for many research organizations world-
wide. Producing a low pH (acidic) environment in the gut has been
known to promote an adverse effect on the growth of pathogenic bacte-
ria in the gut. By supplementing the diet with probiotics or acids these
strategies have also shown to promote growth.

Objective: To test the efficacy of a defined probiotic product, an acidi-
fier as well as the combination to control Salmonella enteritidis (SE) in
broiler chickens.

Design and Setting: 5 groups, 18 birds per group were weighed, ran-
domly allocated and reared in cages at isolation units. The groups con-
sisted of the following:

A: ACIDIFIER (3 kg / t of feed)
B: ACIDIFIER (3 kg / t of feed) + Biomin® PoultryStar (20 g/1000
birds)
C: Biomin® PoultryStar (20 g/1000 birds)
D: NEG CONTROL
E: POS CONTROL (0.1 ml SE culture containing 1.0 x 106 CFU /ml)

All broiler chickens were kept on dry litter and water and feed was given
ad libitum. The recommended manufactured dose of the probiotic was
20g/1000 heads (via drinking water) for the first three days and the
acidifier was mixed into the diet at 3 kGS per ton of feed. Seventy-two
hours after oral application of tested products the chicks were chal-
lenged with SE, orally inoculated with 0.1 ml of SE per bird, which
contained 1x106 CFU/ml. At days 3, 5, 7, and day 10, three birds were
sacrificed from each group to measure for cecal colonization of Salmo-
nella enteritidis.

Results: Birds that received the probiotic alone as well as the group that
received the combination of the probiotic and the acidifier differed sig-
nificantly then the control group.

Conclusions: Our findings suggest that by combining the use of an
acidifier and Biomin® PoultryStar in the diet, the risk of Salmonella sp.
infection in broilers could potentially be reduced and could help safe-
guard the health of consumers.

Key Words: Salmonella enteritidis, probiotic, organic acids, nutrtion

Tuesday, January 24
SCAD (Avian Diseases) II

Room: B312
    S-T92    Evidence for immunodeficiency affecting outcome of
avian infectious bronchitis virus infection.  H. Toro*1, V. van Santen1,
and F. Hoerr1,2, 1Auburn University, Auburn, 2Alabama State Veteri-
nary Diagnostic Laboratory, Auburn.

This study was aimed at understanding the causes for the failure of
adequate protection against infectious bronchitis virus (IBV) in vacci-
nated chickens. We investigated genetic, phenotypic, and pathogenicity
characteristics of two locally obtained IBV isolates (98/4614 and 00/
7149), which exhibited Ark-type restriction fragment length polymor-
phism. In addition we evaluated the effects of viral immunodeficiency
on IBV outcome of infection. The S-1 gene sequence analysis confirmed
that both IBV isolates were similar to Ark serotype strains at both the
nucleotide and amino acid levels. Heterologous neutralization indices
obtained from cross neutralization tests between IBV field isolates and
the reference ArkDPI reference strain reached values similar to homolo-
gous reactions, demonstrating a high antigenic relatedness between them
and with the ArkDPI vaccine strain. The inoculation of isolates 98/4614
or 00/7149 into SPF chickens caused mild respiratory signs. The histo-
pathological findings in the trachea and larynx were consistent with the
clinical signs, with birds showing mild hyperplasia and lymphocytic
infiltration in the mucosa. Assessment of the influence of immunodefi-
ciency was performed using chicken anemia virus (CAV) and infectious
bursal disease virus (IBDV) in SPF chicks. One group was infected with
CAV and IBDV at day 7 of age and subsequently inoculated with IBV
isolate 98/4614 at day 15 of age. Another group was inoculated at day

15 with IBV 98/4614 only. Tracheal and nasal rales lasted longer in the
immunodeficient group. Samples of trachea showed higher IBV genome
concentrations in the immunodeficient chickens. In lachrymal fluid IBV
genomes were detected until day 28 after IBV inoculation while in
immunocompetent birds IBV genomes were no longer detectable after
day 14 post IBV inoculation. The local specific IgA response in lachry-
mal fluid was earlier and higher in immunocompetent chicks. These
experimental results corroborate epidemiological evidence indicating that
immunosuppression is most likely playing a role in the outcome of IBV
infection in the field.

Key Words: infectious bronchitis, immunosuppression, chickens

    S-T93    The decay of maternal antibody to infectious bursa d
Virus in cockerel chick.  F.O Ajasin*1, A.M Raji1, and C.O Aiki-
Raji2, 1Federal College of Animal Health and Produstion Technology,
IAR&T, Moor Plantation, Ibadan, Nigeria, 2University of Ibadan, Ibadan,
Nigeria.

Infectious bursa disease (IBD), was first reported in Nigeria in 1973,
also known as Gumboro disease is a viral infection that causes lym-
phoid degeneration of the bursa of fabricius and subsequent suppres-
sion of the humoral immune response of immature birds causing sub-
stantial economic loses. The major method of prevention is by vaccina-
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    S-M91    The use of a defined probiotic product (Biomin®

Poultrystar) and organic acids to control salmonella enteritidis in
broiler chickens.  A. Berchieri1, E. Sterzo1, J. Paiva1, C. Luckstadt3,
and R. Beltran*2, 1Faculty of Agricultural and Veterinarian Science,
Jaboticabal, Brazil, 2Biomin USA, San Antonio, Texas, 3Biomin
Deutschland GMBH, Germany.

Background: Contaminated poultry meat and eggs from Salmonella sp.
continues to be a major concern for consumers. As a result finding ways
to reduce or prevent Salmonella contamination at all stages of the sup-
ply chain has been a major focus for many research organizations world-
wide. Producing a low pH (acidic) environment in the gut has been
known to promote an adverse effect on the growth of pathogenic bacte-
ria in the gut. By supplementing the diet with probiotics or acids these
strategies have also shown to promote growth.

Objective: To test the efficacy of a defined probiotic product, an acidi-
fier as well as the combination to control Salmonella enteritidis (SE) in
broiler chickens.

Design and Setting: 5 groups, 18 birds per group were weighed, ran-
domly allocated and reared in cages at isolation units. The groups con-
sisted of the following:

A: ACIDIFIER (3 kg / t of feed)
B: ACIDIFIER (3 kg / t of feed) + Biomin® PoultryStar (20 g/1000
birds)
C: Biomin® PoultryStar (20 g/1000 birds)
D: NEG CONTROL
E: POS CONTROL (0.1 ml SE culture containing 1.0 x 106 CFU /ml)

All broiler chickens were kept on dry litter and water and feed was given
ad libitum. The recommended manufactured dose of the probiotic was
20g/1000 heads (via drinking water) for the first three days and the
acidifier was mixed into the diet at 3 kGS per ton of feed. Seventy-two
hours after oral application of tested products the chicks were chal-
lenged with SE, orally inoculated with 0.1 ml of SE per bird, which
contained 1x106 CFU/ml. At days 3, 5, 7, and day 10, three birds were
sacrificed from each group to measure for cecal colonization of Salmo-
nella enteritidis.

Results: Birds that received the probiotic alone as well as the group that
received the combination of the probiotic and the acidifier differed sig-
nificantly then the control group.

Conclusions: Our findings suggest that by combining the use of an
acidifier and Biomin® PoultryStar in the diet, the risk of Salmonella sp.
infection in broilers could potentially be reduced and could help safe-
guard the health of consumers.

Key Words: Salmonella enteritidis, probiotic, organic acids, nutrtion

Tuesday, January 24
SCAD (Avian Diseases) II

Room: B312
    S-T92    Evidence for immunodeficiency affecting outcome of
avian infectious bronchitis virus infection.  H. Toro*1, V. van Santen1,
and F. Hoerr1,2, 1Auburn University, Auburn, 2Alabama State Veteri-
nary Diagnostic Laboratory, Auburn.

This study was aimed at understanding the causes for the failure of
adequate protection against infectious bronchitis virus (IBV) in vacci-
nated chickens. We investigated genetic, phenotypic, and pathogenicity
characteristics of two locally obtained IBV isolates (98/4614 and 00/
7149), which exhibited Ark-type restriction fragment length polymor-
phism. In addition we evaluated the effects of viral immunodeficiency
on IBV outcome of infection. The S-1 gene sequence analysis confirmed
that both IBV isolates were similar to Ark serotype strains at both the
nucleotide and amino acid levels. Heterologous neutralization indices
obtained from cross neutralization tests between IBV field isolates and
the reference ArkDPI reference strain reached values similar to homolo-
gous reactions, demonstrating a high antigenic relatedness between them
and with the ArkDPI vaccine strain. The inoculation of isolates 98/4614
or 00/7149 into SPF chickens caused mild respiratory signs. The histo-
pathological findings in the trachea and larynx were consistent with the
clinical signs, with birds showing mild hyperplasia and lymphocytic
infiltration in the mucosa. Assessment of the influence of immunodefi-
ciency was performed using chicken anemia virus (CAV) and infectious
bursal disease virus (IBDV) in SPF chicks. One group was infected with
CAV and IBDV at day 7 of age and subsequently inoculated with IBV
isolate 98/4614 at day 15 of age. Another group was inoculated at day

15 with IBV 98/4614 only. Tracheal and nasal rales lasted longer in the
immunodeficient group. Samples of trachea showed higher IBV genome
concentrations in the immunodeficient chickens. In lachrymal fluid IBV
genomes were detected until day 28 after IBV inoculation while in
immunocompetent birds IBV genomes were no longer detectable after
day 14 post IBV inoculation. The local specific IgA response in lachry-
mal fluid was earlier and higher in immunocompetent chicks. These
experimental results corroborate epidemiological evidence indicating that
immunosuppression is most likely playing a role in the outcome of IBV
infection in the field.

Key Words: infectious bronchitis, immunosuppression, chickens

    S-T93    The decay of maternal antibody to infectious bursa d
Virus in cockerel chick.  F.O Ajasin*1, A.M Raji1, and C.O Aiki-
Raji2, 1Federal College of Animal Health and Produstion Technology,
IAR&T, Moor Plantation, Ibadan, Nigeria, 2University of Ibadan, Ibadan,
Nigeria.

Infectious bursa disease (IBD), was first reported in Nigeria in 1973,
also known as Gumboro disease is a viral infection that causes lym-
phoid degeneration of the bursa of fabricius and subsequent suppres-
sion of the humoral immune response of immature birds causing sub-
stantial economic loses. The major method of prevention is by vaccina-
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tion. However, outbreak of IBD virus infections have been reported in
vaccinated flocks. An investigation into the decay of material antibody
to infections Bursa disease virus was conducted on total of 500 day old
cockerel chicks to determine the time required for maternal antibodies to
infectious bursa disease (IBD) to decay. The chicks were only vacci-
nated against Newcastle disease at day old with B1 and Lasota strain at
22 day old. The sera samples were collected between April and July
2005, Jugular vein-puncture at 2, 7, 15 and 30 days of age bled each
chick. A total of 250 blood samples were collected for each period and
10 were randomly selected for the test. The blood samples collected
were poured into a bottle and allowed to settle down for 4-5 hours. The
separated sera were decanted into Eppendorf tube, placed inside the
fridge and stored at -20o C deep freezer until tested. The agar gel pre-
cipitation test was used as described by Cullen and Wyth (1975) on
individual sera. Bursa was removed from chicken that died of infectious
bursa virus (IBDV) and homogenized in normal saline. The homogenate
was then used as the virus antigen. 1 gram of agar (agar rose) was
weighed, 99m/s of deionized water was added to it. 0.01 gram sodium
oxide was added to prevent mycotic growth. It was boiled for 35 min-
utes to melt the agar. 6mls of the agar was dispensed into 5cm diameter
Petri dishes and allowed to solidify. The results indicate that maternal
antibody waned in the test cockerel chicks from day 15; although by
day 22 only 20% of the chicks showed some evidence of maternal
antibody. Vaccination could be advised from 15th day after hatching.

Key Words: cockerel chicks, maternal antibody, infectious bursa dis-
ease virus

    S-T94    Production of a polypeptide representing the
hypervariable region of infectious bursal disease virus VP2 and
the whole VP2 in Pichia pastoris.  M. Hamoud* and P. Villegas,
University of Georgia, Athens.

Genomic material for IBDV was extracted from formalin fixed paraffin
embedded tissue yields fragmented dsRNA. An extracted fragment rep-
resenting the hypervariable region was cloned and transformed into
Pichia pastoris to produce a polypeptide of that region. The whole VP2
gene of IBDV was also expressed in Pichia pastoris for production of
the complete protein. Production of VP2 and its partial protein was
done to investigate the role of the hydrophilic peak peptides in the cell
mediated immune response to IBDV and to develop recombinant vac-
cines for different IBDV strains.

Key Words: IBDV, Pichia pastoris, recombinant protein, chicken, VP2

    S-T95    Very virulent infectious bursal disease in Columbia,
South America.  J. Giambrone*1 and D. Jackwood2, 1Auburn Univer-
sity, Auburn, 2Ohio State University, Wooster.

Broiler chickens from the largest integrator in Columbia experienced
severe morbidity and mortality from 20 to 30 days of age. The condition
affected other nearby broiler and layer companies in the area around
Barranquilla. Affected birds were listless, their feathers were roughened
up, and they were stunted and had urate or bloody diarrhea. From 25 to
75% of the birds had clinical signs and mortality typically peaked near
50%. On post-mortem exam, affected chickens had focal to confluent

muscular hemorrhages, and the bursae of Fabricius were enlarged, edema-
tous, and/or hemorrhagic. Some birds had hemorrhages in the glands of
the proventriculus and in the kidneys. Microscopic examination showed
lesions suggestive of very virulent infectious bursal disease (vvIBD).
This conditioned occurred in flocks that received from 2 to 3 intermedi-
ate IBD vaccines during the first 3 weeks of age. Bursae were placed in
phenol and chloroform and were sent to the laboratory of Dr. Jackwood
at OSU. RNA was extracted from the tissues and subjected to RT and
PCR. Sequencing done directly from the amplified cDNA fragments
revealed a high degree of complementarety with very virulent IBD virus
isolates from Europe, Venezuela, and Brazil. Management and IBD
vaccination changes reduced the incidence and severity of vvIBDV.

Key Words: vvIBDV, Columbia, poultry

    S-T96    Comparison of FTA® paper and Phenol for storage, ex-
traction and molecular characterization of infectious Bursal dis-
ease virus.  L. Purvis*, P. Villegas, and F. Perozo, University of Geor-
gia, Athens.

Sample collection and retrieval of nucleic acids is an important part in
characterizing Infectious Bursal Disease Virus (IBDV) samples. The
recently introduced FTA card inactivates viruses, and maintains the
nucleic acid, making it a great asset to use for IBDV sample transporta-
tion. The use of phenol as an inactivation method has been widely used
for many years to import and ship samples safely internationally. This
sampling method for IBDV was compared to samples collected on the
FTA card. RT-PCR and nucleotide sequences were performed using
standard methods and analyzed to determine the differences between
the collection methods. The FTA card proved to be an adequate and
useful tool in sample collection for IBDV and could eliminate phenol
usage for inactivation and storage of viruses shipped internationally.

Key Words: IBDV, FTA

    S-T97    Sequence analysis of the complete proviral genome of
reticuloendotheliosis virus APC strain.  T. Barbosa*, G. Zavala, S.
Cheng, and P. Villegas, University of Georgia, Athens.

Reticuloendotheliosis (RE) is an oncogenic and immunosuppressive
disease in poultry. RE virus (REV) can be a contaminant of vaccines
being inserted on large genome virus like MDV and Fowlpox. Attwater’s
Prairie Chicken (APC) is an endangered species, in part due to enzootic
REV infection. Our laboratory has several isolates from APC showing
or not tumors. Full length sequence analysis of REV may help to iden-
tify regions involved in pathogenesis. In this study we have used an
oncogenic isolate designated APC-566. The DNA provirus integrated in
DF-1 cells and/or tumor cells was used as template for sequencing. PCR
reactions were performed using proofreading DNA polymerase and
sequencing by the dideoxy chain termination method. Nucleotide se-
quences were aligned with previously published sequences followed by
phylogenetic analysis. The gag and pol genes were highly conserved.
The ENV gene, first thought to be highly variable as in other avian
retroviruses, was very similar to available REV sequences. The LTR
gene had significant differences among the virus strains analyzed. These
differences consisted primarily of deletion and insertions or even short
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repeat regions. The role of those changes on LTR in REV pathogenicity
is under study. This is the first American clinical REV isolate to be fully
sequenced.

Key Words: reticuloendotheliosis virus, REV, sequence, proviral DNA,
genomic analysis

    S-T98    Molecular characterization of chicken and turkey
astroviruses.  M. Pantin-Jackwood* and E. Spackman, Southeast Poultry
Research Laboratory, ARS, USDA.

This study investigated the genetic diversity of astroviruses circulating
in poultry. Intestinal samples collected from commercial turkey and
broiler flocks from different regions of the United States during 2005
were examined for the presence of Astroviruses by RT-PCR. Astroviruses
were found in samples collected from flocks with enteritis and stunting
as well as from healthy flocks. Phylogenetic analysis performed by
partial sequence analysis of the polymerase gene (ORF-1b) indicates
the presence of four clearly different astroviruses circulating in poultry:
Turkey Astrovirus 1 (TAstV-1), Turkey Astrovirus 2 (TAstV-2), Avian
Nephritis Virus (ANV) and a newly identified Chicken Astrovirus
(CAstV). Nucleotide identity between these groups was between 52
and 60%. A high level of genetic variation was also observed among the
isolates in each group. Turkey astroviruses (TAstV-1 and TAst-2) and
ANV were detected in turkeys, TAstV-2 being by far the most fre-
quently detected. Avian nephritis virus and CAstV were both detected
in broiler chickens, with some regional distributions observed. In con-
clusion, we found four genetically distinct avian astroviruses which are
widespread in turkeys and broilers. Since the viruses were detected
from sick and healthy flocks, the significance of their presence needs to
be further investigated.

Key Words: astrovirus, chicken, turkey, sequence

    S-T99    Laboratory evaluation of commercial disinfectants on
the survivability of H7N2 avian influenza and Newcastle disease
virus.  E. Benson*, R. Alphin, B. Ladman, G. Malone, and M. Lombardi,
University of Delaware, Newark.

Current methods of avian influenza (AI) control in poultry require
euthanasia of flocks known or suspected to be infected. Environmental
concerns have made disposal of AIV infected carcasses a major issue in
many poultry-producing areas. Having a rapid, practical, cost-effective
and biosecure means of inactivating AIV within the facility, litter, car-
casses and on support equipment, is essential in containing disease
outbreaks. The decontamination of poultry houses and equipment will
be evaluated in a four-phase process.

The objective of phase one of the study (the portion presented herein)
was to test the efficacy of five commercially available disinfectants on
low pathology avian influenza (LPAI) and Newcastle disease virus
(NDV). The viruses were tested on four materials typically found in
poultry houses (glass, plastic, wood, and galvanized steel). The samples
were separated and inoculated individually with A/chicken/MD/MINH
MA/03(H7N2) and LaSota strain of NDV virus and allowed to dry at
room temperature. Separate samples were exposed to liquid applied
Virkon S, foam applied Virkon S, foam applied DF200, liquid applied
BioSentry 904 and fog applied Virocid. Solution containing the decon-
taminated virus was then collected and inoculated into 10-11 day-old

SPF embryos that were incubated and candled daily for five days. The
embryos were refrigerated and fluid was tested for hemagglutination
activity (HA). HA and positive control activity were used to indicate
successful disinfection. Most disinfectants had similar neutralization
activity with the viral agents tested on both glass and plastic. Differ-
ences in neutralization activity were observed on both wood and metal
surfaces, both of which are typically found in poultry houses. The
results will be used to select the agents for the second phase, which will
include disinfecting colony houses.

Key Words: avian influenza, disinfectant, decontamination, Newcastle
disease, H7N2

    S-T100    Evaluation of the use of fire fighting foam for large
scale emergency euthanasia of floor reared meat type birds.  M.
Dawson*1, E. Benson1, R. Alphin1, G. Malone1, G. Van Wicklen1, and
I. Estevez2, 1University of Delaware, Newark, 2University of Mary-
land, College Park.

Preliminary studies have shown that fire fighting foam enriched with
carbon dioxide (CO2) is an effective means of euthanasia for floor raised
broilers. Subsequent trials were conducted where the fire fighting foam
procedure was tested side by side against the poly euthanasia tent
procedure used in recent avian influenza outbreaks (Delmarva, 2004).
The results from the comparative trials suggest that the fire fighting
foam procedure requires equal or less time from application to cessation
of movement than the poly tent method.

In the portion of the project presented, two trials were conducted. In
the first trial, the humaneness of both the foaming and poly tent eutha-
nasia procedures were compared. Birds were instrumented with electro-
cardiogram (ECG) and accelerometers to measure cardiac activity and
the movements that the birds experienced during the euthanasia pro-
cess. Data collected during the two euthanasia procedures will be used
to quantitatively determine stress levels and duration of the stress levels
that the birds may experience. To insure that the fire fighting foam
procedure was not drowning birds, post-mortem analysis on the experi-
mental birds was conducted to evaluate cause of death and possible
drowning. No evidence of drowning was discovered in the tested birds.

In the second trial we simulated field type conditions. One thousand
and two hundred birds were divided into six pens and were euthanized
using the foam and poly tent procedures (three replications of each
procedure). One bird per each pen was instrumented with ECG and
accelerometers as for trial one above. Blood samples were drawn from
ten birds per test for pre-test and post-test steroid analysis.

Key Words: broiler, euthanasia, avian influenza, poly tent, foam

    S-T101    National training program on euthanasia and disposal
procedures for catastrophic poultry disease events.  G. Malone*1

and N. Tablante2, 1University of Delaware, Georgetown, 2University of
Maryland, College Park.

Rapid response to an emergency disease situation such as Avian Influ-
enza (AI) is critical in the control and eradication of an outbreak. A
comprehensive training program is being offered to prepare responders
on the options for euthanasia and disposal of infected meat-type poul-
try flocks. The half-day comprehensive training program covers human
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health considerations when responding to an AI outbreak and the op-
tions for euthanasia and carcass disposal of infected breeder, broiler and
turkey flocks. Material, equipment and labor needs; and detailed step-
by-step procedures on how to implement each option is discussed.
Much of the instructional information and pictorials used in this train-
ing were obtained from lessons-learned from actual AI events. A total of
16 sessions in 14 different poultry producing states have been con-
ducted to date. Participants include 50% poultry industry personnel
(poultry company health, production and environmental managers) 40%
agencies (department of agriculture, USDA, and emergency manage-
ment) and 10% university service and cooperative extension staff. Re-
sponse to this training has been highly favorable and very timely. Based
on pre- and post-training questionnaires, participants identified eutha-
nasia procedures and the in-depth instructions on in-house composting
for carcass disposal and virus containment as being the most helpful.
However, to become confident in implementing these procedures there
may be a need for additional simulation and hands-on training. These
free-of-charge training sessions will continue into 2006 or until such
time that all segments of the poultry industry in the USA have been
trained.

Key Words: poultry, avian influenza, catastrophic disease, mass eutha-
nasia, mass disposal

    S-T102    An optical interferometer for detection of avian influ-
enza virus.  J. Xu1, D. Suarez2, and D. Gottfried*1, 1Georgia Tech
Research Institute, Atlanta, 2Southeast Poultry Research Lab, Athens.

There exists a need for a rapid and sensitive penside diagnostic test to
identify poultry flocks infected with avian influenza virus (AIV). The
availability of a simple and economical diagnostic test for on-site analy-
sis would greatly aid in the control of avian influenza at the outset and
during an outbreak. An interferometric waveguide biosensor developed
at Georgia Tech provides rapid, sensitive, and cost-effective detection
of biomolecular interactions. A surface-sensitive evanescent field, propa-
gating through the planar waveguide, is used to measure a refractive
index change caused by molecular binding events on the waveguide
surface. Biorecognition elements, such as antibodies, aptamers, and
nucleic acids, are covalently bound to the thiol-modified waveguide
using a bifunctional crosslinker. This biosensor has been used for direct
detection of proteins, oligonucleotides, viruses, and bacteria. Near real-
time measurement can be achieved without the need for rinsing, incuba-
tion, or reporter labeling. Recent results will be presented on the devel-
opment of a biosensor assay for AIV. Using monoclonal and polyclonal
antibodies against the H7 hemagglutinin (HA) antigen, both direct and
sandwich immunoassays were tested. Analytical sensitivity of less than
0.1 HA units/ml was obtained. This biosensor was found to be more
sensitive than a commercially available influenza
immunochromatographic assay by at least 2 orders of magnitude and
possesses HA antigen specificity.

Key Words: biosensor, avian influenza, immunoassay, hemagglutinin,
optical waveguide

    S-T103    A replication-defective adenovirus vaccine carrying the
H5 gene of avian influenza virus induced high antibody levels
after in ovo delivery.  H. Toro*1, D. Tang2, K. van Kampen2, D.
Suarez3, and P. Gao2, 1Auburn University, Auburn, 2Vaxin, Birming-

ham, Alabama, 3Southeast Poultry Research Laboratory, Athens, Geor-
gia.

A novel replication-defective human adenovirus serotype 5 vector al-
lowing introduction of expression cassettes for a variety of antigens,
including the hemagglutinin (HA) gene of influenza virus, was tested in
chickens. In previous work we demonstrated that chickens inoculated
by different routes (intramuscularly, intranasally, and in ovo) with this
vector carrying the H1 or the H3 gene of human influenza strains A/PR/
8/34 or A/Panama/2007/99 developed hemagglutination inhibition (HI)
antibody titers against these strains. In this study we developed a new
construct containing the H5 gene of avian influenza. Recombinant vec-
tor AdH5 (1.5 x 108 pfu/ml) was applied in ovo at days 10 or 18 of
incubation into fertile eggs. Hatched chicks of each group were further
divided into two groups: Half of the birds were boosted via the nasal
route with the same dose at day 15 of age and the remaining birds were
not further inoculated. Sera obtained at day 29 from birds vaccinated in
ovo at day 10 showed HI titers varying between 2 and 7 log2 with a
median of 4 log2. Chicken vaccinated at day 10 and boosted at day 15
showed HI titers varying between 2 and 9 log2 with a median of 6 log2.
Chickens vaccinated at day 18 showed titers varying between 2 and 9
log2 with a median of 5 log2. Chickens vaccinated at day 18 and boosted
at day 15 showed values between 2 and 8 log2 with a median of 6 log2.
These results demonstrate that chickens successfully respond to this
adenovirus recombinant vaccine when delivered by the in ovo route.

Key Words: avian influenza, recombinant vaccine, adenovirus, chicken

    S-T104    S-Pecificity of an avian influenza (AI) North America
Lineage Neuraminidase-2 (N2) based ELISA and its application
for differentiating vaccinated from infected animals (DIVA).  M.
Garcia*1, E. Winkelmann2, M. Jackwood1, A. Das3, and D. Suarez3,
1The University of Georgia, Athens, 2Federal University of Santa Maria,
Rio Grande do Sur, Brazil, 3Southeast Poultry Research Laboratory,
ARS, USDA, Athens.

The control of avian influenza in poultry gains unprecedented impor-
tance under the increasing thread of an avian “flu” pandemic. Eradica-
tion and control of highly pathogenic AI viruses in poultry has been
commonly achieved by culling large populations of birds in the affected
regions. Vaccination against AI has also been utilized as a control strat-
egy to protect remaining poultry populations after a highly pathogenic
outbreak, and to control the spread of low pathogenic AI viruses in
poultry. As part of a vaccination control strategy the differentiation of
infected and vaccinated animals (DIVA) is essential. One of the DIVA
strategies that have been developed uses inactivated vaccine containing
the same hemagglutinin (HA) subtype as the challenge virus with a
different neuraminidase (NA) subtype. The success of the NA-DIVA
strategy relies in the specificity of the serological assay to detect NA
specific antibodies induced by exposure to the challenge virus.

The objective of this study was to evaluate the specificity of a
baculovirus expressed N2 protein from a North America lineage virus
for future use on a NA-DIVA strategy. The recombinant N2 antigen
reactivity was tested against two anti-sera panels from birds inoculated
with live and inactivated N1 to N9 virus subtypes. In addition, serum
samples collected from birds infected with recent North American N2
viruses were tested by indirect immunofluorescence and N2 ELISA.
The application of the N2 ELISA in a NA-DIVA vaccination control
strategy will be discussed.

Key Words: avian influenza, neuraminidase, ELISA, DIVA
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    S-T105    Performance characteristics of broiler-chicken fed dif-
ferent energy rations with or without honey water.  A.M Raji* and
F.O Ajasin, Federal College of Animal Health and Produstion Technol-
ogy, Ibadan, Nigeria.

Feed accounts for about 85% of the cost of production of poultry in
Nigeria. Energy and protein sources are the most expensive among con-
ventional ingredient as a result; the use of low cost agro-industrial waste
or crop residue in producing poultry feed is necessitated. Honey water
is a by-product of honey obtained from the trace of honey remaining in
honeycomb after the extraction of honey produced by bees. Bee keep-
ing is now becoming popular as a source of income and boosting crop
production due to the high pollinating ability of bees. Three experimen-
tal diets A (high energy diet), B (low energy diet) and C (normal energy
diet) were used for the experiment. Diet A and B were formulated while,
diet C was a commercial feed and served as the control diet. Birds on
diets A1 and B1 were given honey water while those on diets A2 , B2,
and C were serve with water only. Feed and water were supplied ad-
libitum. A total of one thousand (1000) ANAK broiler birds were used
for the investigation. Generally, broilers on high energy diets consumed
more feed than those on low energy diet. Honey water supplementation
depressed weight gain in high energy diet but enhance weight gain in low
energy diet. This could possibly be due to the fact that the honey-water
contains a number of enzymes and other substances needed in breaking
down the unavailable polysaccharide for the use of the broiler as addi-
tional energy. It was also observed that the diets supplemented with
honey-water had the metabolizable energy content increased by about
10%. The extra energy may have come from the breakdown of non-
starch polysaccharide.
Low energy diet supplemented with honey water had the best feed
conversion ratio because it consumed less feed to gain a kilogram of
weight compared to other diets.

Key Words: broiler chicken, high energy ration, low energy ration

    S-T106    Reduction of the effects of the Ochratoxin A in broil-
ers chickens, with the incorporation of an adsorbent of mycotox-
ins.  J.A. Fierro-Huesca*, J.C. Medina-Bravo, and C. Carrera-Hernandez,
NUTEK S.A. de C.V., Tehuacan, Puebla, Mexico.

We studied the efficacy of an organoaluminosilicate (ZEOTEK, ZTK)
to alleviate the toxic effects of ochratoxin A (OA) in broilers from 1 to 49
days of age. A total of 60 broilers were distributed into four treatments
with three replicates of 5 birds each: T1, control; T2, 0.2 % of ZTK; T3,
1200 ppb of OA; T4, 0.2 % of ZTK + 1200 ppb of OA. The parameters
evaluated were feed intake, weight gain; feed conversion; relative weights
of the liver, kidneys, spleen and bursa. A small fraction of these organs
was taken and placed in formol solution, for the histological studies.
Serum levels of uric acid, creatinine, cholesterol, g-glutamiltransferase
(GGT), albumin, total protein and urea, were determined on a clinical
chemistry analyzer (Reflotron). OA in the negatively affected diet, rela-
tive body weight. In addition, the relative weights of the kidney, the
activity of the GGT and uric acid increased (p < 0.05), in comparison
with the birds of the other treatments. All the other parameters evalu-

ated only showed a numerical difference, but no significant differences.
Histological findings observed in birds fed with OA contaminated diets
were hypertrophy of renal proximal tubular epithelial cells, focus of
infiltrated lymphocytes in the interstitial, accumulation of eosinophilic
amorphous substances in the tubular lumina, with thickening of the
glomerular basement membrane. The OA to the concentration of 1,200
ppb in the diet affected the performance of broilers. The
organoaluminosilicate ZTK was capable to reduce the detrimental ef-
fects of this toxin. The addition of ZTK did not negatively affect neither
parameters.

Key Words: broilers, organoaluminosilicate, ochratoxin A, mycotoxins,
ZEOTEK

    S-T107    Laying hen strain differences in calcium and phos-
phorus needs.  S. Scheideler*, M. Jalal, and T. Weber, University of
Nebraska, Lincoln.

A laying hen trial was conducted with a 2 x 2 x 2 factorial arrangement of
2 levels dietary phosphorus (P), 2 levels dietary calcium (Ca) in 2
strains SCWL hens (Hyline W-36 and Hyline W-98). Dietary P and Ca
levels changed as the hen aged: Pre-Lay (18-20 wks), Peak (21-40 wks),
Peak+ (41-50 wks), Post-Peak (51-60 wks) and End of Lay (61-70
wks). Table 1 shows the levels of Ca and P given the 2 strains of hens
during this trial. Each diet was fed to 8 replicate cages with 6 hens/cage.
Results of this trial show that strain significantly affected feed intake
(FI) and egg size with the W-98 consistently producing larger eggs.
Dietary Ca and P had no effect on FI but Ca II did support greater egg wt
during the trial. Dietary Ca had no effect on % egg production (EP),
while the lower level of P increased EP during end of lay. A significant
interaction effect of Ca and strain occurred during the end of lay such
that the W-98 hens had greater EP on the high Ca diet. Egg specific
gravity ESG was significantly improved with higher Ca intakes during
the Peak+ and Post Peak periods (this effect was most pronounced in
the W-98 strain). Lower P intake improved (ESG) during the Peak+
period (this effect was pronounced in the W-36 strain). In summary, the
W-98 hens produced more eggs with better shell quality on the high Ca
diets while the W-36 hens performed equally well on either Ca diet.
Lower levels of P improved shell quality mostly in the W-36 strain.
Strain differences do exist for Ca and P feeding programs. No negative
interactions occurred between the levels of Ca and P fed during this trial.

Table 1. Dietary Calcium and Phosphorus Treatments by Age

Treatment Pre-Lay Peak Peak+ Post-Peak End of Lay

Calcium I 3.25% 3.65 g/d 3.75 g/d 3.85 g/d 3.95 g/d
Calcium II 3.60% 4.10 g/d 4.25 g/d 4.40 g/d 4.55 g/d
Phos. I 0.45% 420 mg/d 380 mg/d 340 mg/d 300 mg/d
Phos. II 0.50% 500 mg/d 450 mg/d 400 mg/d 350 mg/d

Key Words: strain, calcium, phosphorus
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    S-T108    Graded levels of an E. coli phytase expressed in yeast
increase phosphorus bioavailability and retention in chicks.  N.
Augspurger* and D. Webel, JBS United, Inc., Sheridan, Indiana.

Two trials were done to determine the effect of increasing levels of an E.
coli phytase expressed in yeast (OptiPhos™, JBS United, Inc.) on
phosphorus bioavailability and retention in young chicks fed corn-soy-
bean meal deficient diets. Each trial utilized male chicks (New Hamp-
shire × Columbian) from d 8 to d 21 posthatch. Trial 1 used four pens of
four chicks and Trial 2 used six pens of six chicks. Standard curves were
constructed in each trial by supplementing graded levels of inorganic P
(iP) from KH2PO4 (Trial 1) or monocalcium phosphate (Trial 2) to a P-
deficient basal diet containing 0.75% Ca. Trial 1 compared the effects of
three graded levels of phytase (250, 500, 750 FTU/kg) on weight gain,
bone ash, and P-releasing efficacy. Weight gain and bone ash (% and mg)
responded linearly (P < 0.01) to supplemental iP, while the responses
to dietary phytase were quadratic (P < 0.01) . Estimates of P-releasing
efficacy (%) were 0.10, 0.13, and 0.15% for 250, 500, and 750 FTU/kg
phytase, respectively. Trial 2 investigated the effect of graded levels of
phytase (250, 500, and 1,000 FTU/kg) on P bioavailability and reten-
tion. The basal diet was supplemented with 1.5% Celite as a source of
acid-insoluble ash. All excreta was collected and pooled by pen between
d 15 and d 18 on paper-lined trays below each pen to calculate P
retention. Weight gain, gain/feed ratio, and bone ash responses increased
linearly (P < 0.01) with increasing supplemental iP. Growth perfor-
mance was greater (P < 0.01) in diets supplemented with 500 and 1,000
FTU/kg phytase compared to 250 FTU/kg, but bone ash increased (P <
0.01) in response to phytase in a dose-dependent manner. Apparent P
retention (%) increased (P < 0.01) in a dose-dependent manner from
36.4% in the basal diet to 84.4% in the diet containing 1,000 FTU/kg
phytase. Phosphorus excretion was reduced (P < 0.01) 68% with the
addition of 1,000 FTU/kg phytase. Phosphorus release estimates (%)
were 0.12, 0.19, and 0.24% for 250, 500, and 1,000 FTU/kg, respec-
tively, based on bone ash (mg), compared to 0.08, 0.13, and 0.19%,
respectively, based on apparent P retention.

Key Words: chickens, phytase, E. coli, phosphorus, retention

    S-T109    The effects of Quantum phytase on egg production
and shell traits in Hyline W36 hens.  M.S. Lilburn*1 and C. Wyatt2,
1Ohio State University/OARDC, Wooster, 2Syngenta Animal Nutrition,
Research Triangle Park, North Carolina.

Hyline W36 pullets were fed corn-soy-midds diets containing step-
down levels of available P (AvP) during the rearing and laying periods
(Rearing: Pos Con 0.45, 0.35, 0.30; Neg Con 0.25, 0.20, 0.15; Layer:
Pos Con 0.30, 0.15; Neg Con 0.15, 0.12). Three additional treatments
were created by supplementing the Neg Con with one of three levels of
QuantumTM phytase (200, 500, 1250 units/kg). Pullets were reared in
accordance with the Hyline Management guide and had ad libitum ac-
cess to feed and water. Hens were photostimulated at 18 wk and housed
two per cage. There were four cages per feeder (block) and 17 blocks per
diet. Each feeder was allocated 772 gm of feed per day (96 g per hen).
Hen-day egg production (% HD) was calculated over ten, 28-day pro-
duction periods and the data was analyzed within period by the GLM
procedure of SAS. The main effects tested were diet, block (rep) and the
interaction of diet by block. During Periods 7 and 10, eggs were col-
lected on two consecutive days for egg weight and shell weight determi-
nation. There were no significant differences in %HD among treatments
during the first 7 production periods. The mean %HD was > 90% for all

treatments from periods 2 thru 5 with a peak of > 94% in all treatments
in period 3. There was no significant block or block by diet interaction
within any period. During periods 9 and 10, dietary AvP was further
reduced and this contributed to a significant % HD drop in the Neg Con
compared with the mean of all other treatments (Period 9: Neg Con 68.7
vs 81.1 % HD; Period 10: Neg Con 55.1 vs 79.1 % HD). At the end of
period 7, egg wt in the Neg Con (60.0 g) was significantly lower than the
Pos Con (61.1 g) but was not significantly different than the 200 (60.5
g) or 500 (60.8 g) Quantum phytase treatments. There were no signifi-
cant diet effects on shell wt. During Period 10, however, egg wt (58.2 g)
and shell wt (4.94 g) were significantly lower in the Neg Con compared
with all other diets and as little as 200 u Quantum phytase was suffi-
cient to increase both egg wt (62.2 g) and shell wt (5.37 g) back to the
level of the Pos Con (61.2 g; 5.27 g, respectively).

Key Words: layers, bacterial phytase, pPhosphorus

    S-T110    Effect on dietary TME and sialic acid excretion in young
turkeys previously fed diets containing phytase.  V. Pirgozliev*1, T.
Acamovic1, and M.R. Bedford2, 1Scottish Agriculturale College,
Edinburgh, Scotland, 2Syngenta Animal Nutrition Inc., Wiltshire, En-
gland.

Dietary constituents interact with the epithelial tissue of the gastrointes-
tinal tract (GIT) and with the microflora therein causing variation in the
excretion of endogenous material which may influence the health and
wellbeing of poultry. Enzyme supplementation may improve perfor-
mance, microbial profiles and may reduce endogenous losses, improving
the health of the GIT of poultry. A precision feeding experiment was
conducted with young turkeys, which were previously fed diets con-
taining phytase, to study the effects on dietary true metabolisable en-
ergy (TME), mineral metabolisability and endogenous losses. Sixty-
four female BUT 9 turkeys, weighing approximately 2.5 kg and previ-
ously fed with four experimental diets (control (C) based on a maize/
soy diet, C + 250 international units phytase (FTU), C +500 FTU, C
+2500 FTU) were used. Thirty-two birds (8 from each of the enzyme
treatments) were precision-fed a standard withdrawal diet while the
remainder received glucose. Birds from each of the previous treatments
were replicated eight times in a randomised block design. The TME was
significantly higher (P<0.05) and sialic acid excretion was lower (P<0.05)
for turkeys that had been previously fed the diet supplemented with
250 FTU. Interestingly, and in line with our hypothesis, there was a
negative, linear relationship between sialic acid excreted (P=0.001;
R2=0.28) and TME. The results of this study are in accord with previ-
ous research (Pirgozliev et al, 2005) and support the hypothesis that
moderate phytase supplementation may improve gut health, reduce
endogenous losses from the birds and improve nutrient utilisation by
turkeys fed diets without supplemental enzymes.

Key Words: phytase, nutritional history, turkeys, TME

    S-T111    Phytic acid effect on endogenous ΑΑΑΑΑ-amylase activity
and starch degradation.  M. Faurschou Isaksen*, Danisco Innova-
tions, Brabrand, Denmark.

Previously conducted research has indicated that feeds with higher lev-
els of phytic acid have a negative effect on animal and bird performance.
A direct effect of phytic acid on starch degradation could be one of the
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reasons potentially responsible for the performance reduction even in
digestible P sufficient feeds. The importance of phytic acid, through its
effect on calcium (Ca++), has been evaluated in vitro on starch degrada-
tion in the past. Ca++ is a co-factor for Α-amylase and therefore essen-
tial for its activity. The majority of previous experiments have used
milled cereal grains, where other components are present and can inter-
fere with the interactions between phytic acid, starch, Ca++ and Α-
amylase. This makes the results and chemical processes involved diffi-
cult to interpret. Research was conducted with purified components in
an attempt to establish more clearly the interactions between phytic
acid, Ca++ and Α-amylase. In addition, the effects of Ca++ and phytase
(Phyzyme®XP) on starch degradation were investigated. Pure maize or
wheat starch was incubated with pancreatic Α-amylase under increasing
concentrations of phytic acid. Both the activity of Α-amylase and the
degradation of starch were almost halved at the highest tested concen-
tration of phytic acid (16mM phytic acid) compared to a control with
no added phytic acid. To explore further interactions between phytic
acid and Ca++ and/or phytase, additional experiments were conducted
with a constant concentration of phytic acid and increasing concentra-
tions of Ca++. In contrast to several published studies, it was found that
the negative effect of phytic acid on starch degradation was counter-
acted by the addition of Ca++. Furthermore, the negative effect of phytic
acid on starch degradation was reduced with the addition of phytase.

The results of this research indicate that the negative effect of phytic
acid on a-amylase′s ability to degrade starch is primarily, if not totally,
due to phytic acid′s ability to complex-bind Ca++, thereby reducing the
activity of Α-amylase. Phytase, by degrading phytic acid, can reduce
the complex binding ability of phytic acid to improve starch digestibil-
ity.

Key Words: phytic acid, starch, Α-amylase, calcium

    S-T112    Dietary phosphorus quality of over processed soybean
meal fed to growing chicks.  M.E. Persia*1, J.A. Eaton1, P.L.
Utterback2, C.M. Parsons2, and W.W. Saylor1, 1University of Dela-
ware, Newark, 2University of Illinois, Urbana.

Experiments were conducted to determine the effects of over-heating
soybean meal (SBM) on P quality and utilization in growing chicks.
Commercial SBM was divided into two aliquots; the first was auto-
claved at 121 C for 40 minutes to simulate over-processing (OPSBM),
while the second was maintained as a control (CSBM). In both experi-
ments, diets were formulated on a digestible amino acid basis utilizing
synthetic amino acids to account for differences in amino acid digestibil-
ity due to heat processing. In the first experiment, cornstarch/dextrose/
CSBM diets were formulated to contain 0.20, 0.25, 0.30 and 0.35%
nonphytate P (nPP) and a cornstarch/dextrose/OPSBM diet was for-
mulated to contain 0.275% nPP. The five experimental diets were fed to
six replicate groups of four male Ross 708 chicks from 8 to 22 d.
Standard curve analysis of the OPSBM diet indicated nPP estimates of
0.328% and 0.324% for weight gain and tibia ash, respectively. This
represents improvements of 0.053% nPP and 0.049% nPP above for-
mulated dietary values for weight gain and tibia ash, respectively. The
second experiment was set up utilizing a 2 by 2 factorial design with
OPSBM and CSBM and phytase addition (0 or 600 U/kg) as the fac-
tors. Experimental diets were formulated to contain 0.25% nPP and
were fed to six replicate groups of four male Ross 708 chicks from 8 to
22 d. Weight gain and tibia ash weight were increased by over-process-

ing (53 g and 0.50 g) and phytase addition (59 g and 0.42 g), representing
8.7 and 25.6% increases with over-processing and 12.0 and 21.8% in-
creases due to phytase addition. There were no interactions between
processing level and phytase addition, indicating additive responses
between the two factors. Heating SBM beyond typical processing con-
ditions resulted in increased P utilization in young chicks during two 14-
d experiments.

Key Words: heat processing, soybean meal, nonphytate phosphorus,
chick, phytase

    S-T113    Comparison of two phytases pelleted at two tempera-
tures on broiler performance and carcass yield.  T. Parr*, C. Wyatt,
and M. Bedford, Syngenta Animal Nutrition, Research Triangle Park,
North Carolina.

A 42-day trial was conducted to compare the performance and carcass
yield of broilers fed a thermo-tolerant, non-coated Pichia-derived phytase
(NCP: Quantum™) versus a coated, fungal phytase (CFP) pelleted at
80 and 86C. Corn/soybean meal/meat-bone meal diets were formulated
based on US commercial dietary nutrient averages and fed to 12 repli-
cate pens (17 male broilers/pen) for each diet. A three-phase feeding
regime was used consisting of a positive control (PC) diet with 0.42,
0.35, and 0.33% available phosphorus (AP); 0.95, 0.80, and 0.76%
calcium (Ca); 1.25, 1.05 and 0.95% total lysine (TLys), and 3060, 3150
and 3197 kcal/kg ME, respectively. In the negative control (NC) diets,
AP (0.13%), Ca (0.085%), ME (45 kcal/kg) and TLys (0.03%) were
decreased for each phase, respectively. Each phytase was added at 0,
200 (500U/kg) and 300 (750U/kg) g/mt to the NC diet, and all diets were
pelleted, resulting in a total of 12 treatments. At days 17 and 42, birds
fed the NC diet had lower (P<0.05) body weights (BW) and feed intake
(FI) compared to the PC-fed birds, independent of pellet temp. There
was an interaction between pelleting temperature and phytase for bird
performance. In 80C pellets, addition of both levels of NCP resulted in
improved (P<0.05) BW, FI and FCR equivalent to the PC level at days
17 and 42, whereas neither level of CFP restored bird performance to
the same level. At 86C, NCP showed an improvement in performance
over CFP, although neither phytase returned performance to PC-fed 17
and 42 d birds. Hot carcass weights (HCW) (g) were heavier (P<0.05)
for birds fed NCP diets pelleted at 80C than birds fed either NC or CFP
diets, and were equivalent to the PC birds (P>0.05). Diets pelleted at
86C resulted in improved HCW for phytase-fed birds although neither
phytase source was capable of restoring HCW equivalent to PC-fed
birds. This study suggested that the addition of an inherent thermo-
tolerant, non-coated phytase was more effective in restoring perfor-
mance and carcass yield than a coated fungal phytase.

Key Words: broiler, phytase, pelleting, performance, carcass yield

    S-T114    The effects of laying hen strain and feeding high lev-
els of choline chloride on egg trimethylamine content.  H.
Classen*1, J. Fulton2, P. Settar2, S. Saxena2, and N. O’Sullivan2, 1Uni-
versity of Saskatchewan, Saskatoon, SK, Canada, 2Hy-Line Interna-
tional, Dallas Center, Iowa.

Feeding some brown egg strains of laying hens high levels of canola meal
can result in trimethylamine (TMA) inclusion in eggs and fishy egg
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tainting. Hens that produce fishy egg tainting lack the ability to oxidize
TMA so that it can be excreted in urine and this inability has been
associated with the flavin-containing mono-oxygenase isoform FMO3
on chromosome 8. Because of its genetic basis, it was of interest to
establish variation in TMA incorporation into eggs of three pure strains
of laying hens (1 – n = 193; 2 – n = 178; 3 – n = 192). An egg was
collected from each hen while fed a standard corn-soybean meal diet and
additional eggs were collected after the hens were fed the same diet
supplemented with 6000 mg choline/kg to measure TMA content by
two methods, chemical analysis and a sniff test. The latter utilized
humans to differentiate between the presence or absence of a fishy odor.
Strains produced eggs with low but significantly different yolk TMA
levels before feeding high levels of choline with 1.88, 1.72 and 1.27 µ
TMA per g yolk for strains 1, 2 and 3, respectively. After choline
feeding, strain 3 had higher levels of yolk TMA than strains 1 and 2
(17.76 vs 3.45 and 3.35 µ TMA per g yolk). Differences in yolk TMA
content for hens before and after treatment were calculated and values
less than 4 µ TMA per g yolk were classified as non-tainters. The
incidence of egg tainting was different among brown egg strains with
strain 1, 2 and 3 hens having 0.0, 6.7 and 93.8% of hens producing
tainted eggs, respectively. The correlation between the recorded odor
and TMA levels was not consistent for all lines, probably due to over-
loading of nasal odor receptors. Brown shelled strains differ in egg
tainting and even in strains with low overall levels, a low incidence of egg
tainting could reduce consumer acceptance if hens are fed high levels of
canola meal or choline.

Key Words: canola, sinapine, fishy egg taint, trimethylamine, strain

    S-T115    Live performance, carcass yield, and skeletal integ-
rity of broilers fed corn-soybean meal diets with supplemental
phytase.  J.S. Sands*1, M. Hruby1, and E.T. Moran Jr.2, 1Danisco
Animal Nutrition, Wiltshire, United Kingdom, 2Auburn University, Au-
burn, Alabama.

An experiment was conducted to assess the efficacy of Phyzyme® XP
phytase at several levels for alleviating growth depression and lower
carcass yields caused by reduced skeletal integrity in broiler males fed
sub-optimal nutrient levels. A total of 1000 Ross X Ross 308 male
chicks were randomized into 63 pens (15 birds/ pen). Starter and grower
feeds each involved 7 dietary treatments with corn and soybean meal as
the primary ingredients. Treatment 1 consisted of a positive control
(PC); treatments 1, 2, and 3 were negative controls (NC) progressively
reduced in nutrients according to Phycheck™, a phytase nutrient matrix
calculator; treatments 5, 6, and 7 consisted of NC 1, 2, and 3 supple-
mented with phytase at 250, 500 and 750 FTU/ kg of feed, respectively.
Birds had continuous access to feed and water and were provided con-
tinuous lighting. Feed intake and weight gain were measured. Following
the feeding phase, broilers were slaughter and 3 carcasses representative
of each pen were used for evaluation of yield. Structural integrity and
ash content of the femur was measured. Data were subjected to ANOVA
using the GLM of SAS for a RBCD with significance at P < 0.05.
Treatments were separated using Tukeys multiple comparison test.

Decreased nutrient levels in the NC reduced performance compared to
the PC (avg. BWG 2.3 vs. 2.6 kg). Adding phytase improved perfor-
mance (avg. BWG 2.5 kg). Weight and yield of carcasses of broilers
receiving the NC was less than observed with the PC (avg. 64.7 vs 65.8
% yield) and was improved by added phytase (avg. 65.6 % yield).
Femur strength decreased with the NC as did ash content compared to
the PC (avg. 19 vs 28.3 kg breaking load), and was improved by adding

phytase to the NC (avg. 25.4 kg). Generally, decreasing nutrient levels
below requirement for broilers impaired performance, carcass yield, and
reduced skeletal integrity. Progressive additions of phytase generally
led to increasing improvements in all respects, supporting the commer-
cial efficacy of the phytase and validating the recommendation of
Phycheck™.

Key Words: broilers, phytase, performance, carcass yield, skeletal in-
tegrity

    S-T116    Effectiveness of a novel broadspectrum mycotoxin
sequestrant.  V. Sewalt*, M. Burke, B. Vennekens, S. Van Dyck, and A.
Lamptey, Kemin Industries, Des Moines, Iowa.

A novel method to activate mycotoxin binding efficiency of aluminosili-
cate clays was developed and performance of a zeolite clay enhanced by
this method evaluated in a two-stage in vitro assay. The assay utilized
takes into account both the initial adsorption that occurs at low pH in
the stomach and any desorption that occurs at neutral pH in the small
intestine. The enhanced zeolite clay exhibited superior binding perfor-
mance against a broad array of mycotoxins with binding efficiencies of
aflatoxins B1, B2 and G2 of 90% or greater at an application rate as low
as 1 kg/ton. Binding of zearalenone and ochratoxin A at an efficiency of
75% is achieved at a moderate application rate of 3 kg/ton. Most strik-
ingly, the enhanced zeolite applied at 5 kg/ton binds T2-toxin at high
efficiency, which is unequalled by other products also tested in this
assay. The superior in vitro binding efficiency of this novel mycotoxin
sequestrant is likely to translate to significant in vivo benefits in poultry
production.

Key Words: mycotoxins, zeolite, T-2 toxin, zearalenone, ochratoxin

    S-T117    Fumaric acid improves feed utilization in broiler di-
ets void of antibiotic growth promoters.  F. Yan* and P. Waldroup,
University of Arkansas, Fayetteville.

Producers are concerned about the loss of antibiotic growth promoters
(AGP) in poultry diets. Organic acids are often proposed as a potential
replacement for AGP. A study was conducted to examine use of fumaric
acid in broiler feeds. Diets were formulated for starter (0-14 d), grower
(14-35 d), and finisher (35-42 d) periods using nutrient levels typical of
the top five producers in the U.S. poultry industry. Diets were based
primarily upon corn and soybean meal with 5% ProPak used in all diets
as a typical source of animal protein. Diets were fortified with vitamin
and mineral supplements obtained from commercial integrators. One
diet (negative control) did not contain any antibiotic growth promoters.
A second diet (positive control) contained 50 g/ton BMD from 0-35 d of
age and 15 g/ton virginiamycin from 35 to 42 d of age. Three additional
diets contained fumaric acid at 0.125, 0.25, and 0.50%. Each of the
treatments was assigned to six replicate pens of 60 male chicks (Cobb
500). Chicks were placed on previously used softwood shavings litter
over concrete floors. The antibiotic program had no significant effect
(P<0.05) effect on body weight, feed conversion, feed intake, or mortal-
ity. Fumaric acid at 0.50% improved feed conversion at 35 d (P = 0.08)
and 42 d (P= 0.04) compared to that of birds fed the negative control
diet. This is in agreement with previous reports from our laboratory.

Key Words: fumaric acid, antibiotics, broilers, feed utilization
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    S-T118    Effects and counteraction of Ochratoxin A and
deoxynivalenol in broiler chickens.  V. Starkl*1 and H. Sarandan2,
1Biomin GmbH, Herzogenburg, Austria, 2Faculty of Veterinary Medi-
cine, Timisoara, Romania.

The public health concerns related to both acute and chronic effects of
mycotoxins in animals have prompted more than 100 countries to es-
tablish regulatory limits for some of the well-known mycotoxins. In the
current trial the effects of Ochratoxin A (OTA) and Deoxynivalenol
(DON) on growing broiler chickens were evaluated.

OTA is considered as being highly nephrotoxic, immunosuppressive
and carcinogenic. Intoxication with DON is characterized by vomiting,
feed refusal, diarrhea, necrosis and lesions in various tissues. A trial was
performed to evaluate the effects of OTA and DON contamination on
performance and health status of broiler chickens during 42 days of trial
period. Additionally the detoxifying capacity of a product based on
biotransformation of OTA and DON (Mycofix®Plus) was tested. Five
different treatments were performed using a total of 270 day-old chick-
ens including a positive and a negative control (500ppb OTA, 1000ppb
DON), two treatment groups with two different inclusion rates of the
product to counteract the mycotoxin challenge (Mycofix®Plus 0,5kg/t
and 1kg/t, respectively, + 500ppb OTA, 1000ppb DON) and finally
one group with 1kg/t Mycofix®Plus to evaluate effects based on the
sole product.

Performance parameters were determined on a weekly basis. At the end
of the trial, blood samples were taken for hematological, biochemical
and immunological analysis. Subsequently, those chickens were slaugh-
tered and liver, kidney and crops histopathologically analyzed. Liver,
kidney and bile were qualitatively analyzed on OTA and DON residues.

The negative impact on broiler performance was completely overcome
by 1kg/t Mycofix®Plus. Mycotoxins were not detected neither in liver
nor in kidneys. Severe renal and hepatic lesions were detected in the
mycotoxin groups. The severity of the lesions was reduced in direct
proportion to the inclusion rate of the product in the diet. Contact
necrosis of the crop was almost annihilated by using the product. The
intoxication with OTA and DON severely affected natural humoral
immunity and phagocytosis which was both counteracted using
Mycofix®Plus.

Key Words: ochratoxin A, deoxynivalenol, biotransformation, broiler,
mycotoxin

    S-T119    Examination of broiler performance as affected by roller
mill-ground corn addition to incomplete-pelleted feed.  W. Dozier*1,
K. Behnke2, M. Kidd3, and S. Branton1, 1USDA/ARS Poultry Research
Unit, Mississippi State, Mississippi, 2Kansas State University, Manhat-
tan, 3Mississippi State University, Mississippi State.

This study examined the effects of adding increased amounts of rolled
corn to pelleted feed (containing an–incomplete corn content) on pelleting
parameters and growth performance of male broilers. Sixteen hundred
Ross x Cobb d–old male chicks were randomly distributed to 32 floor
pens (50 birds /pen; 0.08 m/2 bird) and reared in a common environment
until 17 d. Four dietary treatments were employed from 18 to 41 d of
age: 1) control – no added corn, 2) 15% added rolled corn to pelleted
feed, 3) 25% added rolled corn to pelleted feed, and 4) 35% added rolled
corn to pelleted feed. The final diets were identical in ingredient compo-
sition. The corn used in the pelleted feed was ground through a hammer
mill (800 microns), whereas corn added post–pellet was ground through
a roller mill (1,500 microns).

The addition of ground corn post-pellet increased (P=0.05) pelleting
production rate by 4.7% compared with the control group. This did not
include the amount of ground corn added post-pellet, thus added corn
would have accentuated these differences in total production rate. From
18 to 29 d of age, including rolled corn at 25% post-pellet did not alter
growth performance, but at 35%, growth rate (988 vs. 1,014 g) and feed
conversion (1.51 vs. 1.49) were adversely affected (P=0.05) compared
with the control group. These differences were not apparent from 30 to
41 and 1 to 41 d of age. Because final broiler performance was not
affected by adding corn post–pellet, the potential savings to an inte-
grated feed mill can be substantial by reducing electrical cost to a feed
mill and improving over production rate. If 28% rolled corn was added,
the electrical cost and production rate would be improved by 36 and
27%, respectively. These improvements collectively would translate to
a savings of $10,800/wk for a feed mill producing 10,000 tons/wk.
These data indicate that adding ground corn up to 35% post–pellet can
improve feed production rate without adversely affecting broiler per-
formance.

Key Words: broiler, corn, feed processing
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    S-T120    Estimating weight of broilers through digital imag-
ing.  J.L. Purswell*, W.B. Roush, W.A. Dozier, III, and S.L. Branton,
USDA-ARS Poultry Research Unit, Mississippi State, Mississippi.

Monitoring growth is important in assessing flock performance during
growout. Weighing birds within a flock can be labor intensive; therefore,
a non-contact method of weighing is desirable. The objective of this
study was to determine if projected area of the bird is a viable method to
estimate BW. One hundred Ross x Ross 708 chicks were placed into
four environmental chambers at 1 d of age. Thirty five male birds were
labeled with leg bands and weighed at 1, 3, 5, and 7 wks of age. A digital
still camera was suspended on two tripods 86 cm above the floor and
used to acquire images of each bird directly after weighing. The birds

were individually placed on a matte-black backdrop for photography,
and no attempts to correct posture or position were made. The height of
the camera remained constant throughout the growing cycle to maintain
the same image scale such that total image area would remain constant,
and projected area could be directly compared. Images were edited to
isolate the two-dimensional projection of the bird and stored as 8-bit
binary images; projected pixel area was determined via histogram analy-
sis.

Regression analysis was performed on BW using various combination
of linear, logarithmic, and power transformations. Correlations between
BW and projected area were observed (R2 = 0.92), regardless of posture
or orientation and transform type. A natural log transform of both BW
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    S-T118    Effects and counteraction of Ochratoxin A and
deoxynivalenol in broiler chickens.  V. Starkl*1 and H. Sarandan2,
1Biomin GmbH, Herzogenburg, Austria, 2Faculty of Veterinary Medi-
cine, Timisoara, Romania.

The public health concerns related to both acute and chronic effects of
mycotoxins in animals have prompted more than 100 countries to es-
tablish regulatory limits for some of the well-known mycotoxins. In the
current trial the effects of Ochratoxin A (OTA) and Deoxynivalenol
(DON) on growing broiler chickens were evaluated.

OTA is considered as being highly nephrotoxic, immunosuppressive
and carcinogenic. Intoxication with DON is characterized by vomiting,
feed refusal, diarrhea, necrosis and lesions in various tissues. A trial was
performed to evaluate the effects of OTA and DON contamination on
performance and health status of broiler chickens during 42 days of trial
period. Additionally the detoxifying capacity of a product based on
biotransformation of OTA and DON (Mycofix®Plus) was tested. Five
different treatments were performed using a total of 270 day-old chick-
ens including a positive and a negative control (500ppb OTA, 1000ppb
DON), two treatment groups with two different inclusion rates of the
product to counteract the mycotoxin challenge (Mycofix®Plus 0,5kg/t
and 1kg/t, respectively, + 500ppb OTA, 1000ppb DON) and finally
one group with 1kg/t Mycofix®Plus to evaluate effects based on the
sole product.

Performance parameters were determined on a weekly basis. At the end
of the trial, blood samples were taken for hematological, biochemical
and immunological analysis. Subsequently, those chickens were slaugh-
tered and liver, kidney and crops histopathologically analyzed. Liver,
kidney and bile were qualitatively analyzed on OTA and DON residues.

The negative impact on broiler performance was completely overcome
by 1kg/t Mycofix®Plus. Mycotoxins were not detected neither in liver
nor in kidneys. Severe renal and hepatic lesions were detected in the
mycotoxin groups. The severity of the lesions was reduced in direct
proportion to the inclusion rate of the product in the diet. Contact
necrosis of the crop was almost annihilated by using the product. The
intoxication with OTA and DON severely affected natural humoral
immunity and phagocytosis which was both counteracted using
Mycofix®Plus.

Key Words: ochratoxin A, deoxynivalenol, biotransformation, broiler,
mycotoxin

    S-T119    Examination of broiler performance as affected by roller
mill-ground corn addition to incomplete-pelleted feed.  W. Dozier*1,
K. Behnke2, M. Kidd3, and S. Branton1, 1USDA/ARS Poultry Research
Unit, Mississippi State, Mississippi, 2Kansas State University, Manhat-
tan, 3Mississippi State University, Mississippi State.

This study examined the effects of adding increased amounts of rolled
corn to pelleted feed (containing an–incomplete corn content) on pelleting
parameters and growth performance of male broilers. Sixteen hundred
Ross x Cobb d–old male chicks were randomly distributed to 32 floor
pens (50 birds /pen; 0.08 m/2 bird) and reared in a common environment
until 17 d. Four dietary treatments were employed from 18 to 41 d of
age: 1) control – no added corn, 2) 15% added rolled corn to pelleted
feed, 3) 25% added rolled corn to pelleted feed, and 4) 35% added rolled
corn to pelleted feed. The final diets were identical in ingredient compo-
sition. The corn used in the pelleted feed was ground through a hammer
mill (800 microns), whereas corn added post–pellet was ground through
a roller mill (1,500 microns).

The addition of ground corn post-pellet increased (P=0.05) pelleting
production rate by 4.7% compared with the control group. This did not
include the amount of ground corn added post-pellet, thus added corn
would have accentuated these differences in total production rate. From
18 to 29 d of age, including rolled corn at 25% post-pellet did not alter
growth performance, but at 35%, growth rate (988 vs. 1,014 g) and feed
conversion (1.51 vs. 1.49) were adversely affected (P=0.05) compared
with the control group. These differences were not apparent from 30 to
41 and 1 to 41 d of age. Because final broiler performance was not
affected by adding corn post–pellet, the potential savings to an inte-
grated feed mill can be substantial by reducing electrical cost to a feed
mill and improving over production rate. If 28% rolled corn was added,
the electrical cost and production rate would be improved by 36 and
27%, respectively. These improvements collectively would translate to
a savings of $10,800/wk for a feed mill producing 10,000 tons/wk.
These data indicate that adding ground corn up to 35% post–pellet can
improve feed production rate without adversely affecting broiler per-
formance.

Key Words: broiler, corn, feed processing
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    S-T120    Estimating weight of broilers through digital imag-
ing.  J.L. Purswell*, W.B. Roush, W.A. Dozier, III, and S.L. Branton,
USDA-ARS Poultry Research Unit, Mississippi State, Mississippi.

Monitoring growth is important in assessing flock performance during
growout. Weighing birds within a flock can be labor intensive; therefore,
a non-contact method of weighing is desirable. The objective of this
study was to determine if projected area of the bird is a viable method to
estimate BW. One hundred Ross x Ross 708 chicks were placed into
four environmental chambers at 1 d of age. Thirty five male birds were
labeled with leg bands and weighed at 1, 3, 5, and 7 wks of age. A digital
still camera was suspended on two tripods 86 cm above the floor and
used to acquire images of each bird directly after weighing. The birds

were individually placed on a matte-black backdrop for photography,
and no attempts to correct posture or position were made. The height of
the camera remained constant throughout the growing cycle to maintain
the same image scale such that total image area would remain constant,
and projected area could be directly compared. Images were edited to
isolate the two-dimensional projection of the bird and stored as 8-bit
binary images; projected pixel area was determined via histogram analy-
sis.

Regression analysis was performed on BW using various combination
of linear, logarithmic, and power transformations. Correlations between
BW and projected area were observed (R2 = 0.92), regardless of posture
or orientation and transform type. A natural log transform of both BW
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and projected area provided the best fit (R2 = 0.98), yielding the follow-
ing relationship: BW = e[-18.109 + 1.388×ln(area)]. Eight birds from a sepa-
rate ongoing trial were weighed and photographed for use as a validation
set and the predicted BW was compared to actual BW using a paired t-
test. Mean predicted BW was not significantly different from actual
BW (P = 0.36). Results of this research suggest that estimating broiler
weight through digital imaging may provide a non-contact method for
assessing performance during growout.

Key Words: body weight, weight measurement, imaging

    S-T121    Hand vs. mechanical catching and loading of broilers. 
Y. Vizzier-Thaxton*1, J.P. Thaxton1, K. Christensen2, P. White3, R.
Stuckey3, S. Wongpichet1, N.A. Cox4, L.J. Richardson4, S. Anderson1,
M. Putskum1, and V.J. Radhakrishnan1, 1Mississippi State University,
Mississippi State, 2O.K. Farms, Inc., Fort Smith, Arkansas ,
3TechnoCatch, Inc., Koscuisco, Mississippi, 4USDA/ARS/R. Russell Re-
search Center, Athens, Georgia.

Mechanical catching was originally designed to address labor supply
problems. As a result of early studies on damage at the processing plant,
mechanical catching was quickly designated as a more humane method
of handling. Assessment at the plant contains confounding variables
that occur after catching and tends to be subjective. Efforts to use more
objective measurements have been done in laboratory type settings
with mixed results. In an effort to determine if there are significant
differences in bird quality as a result of catching method using objective
measurements, two separate trials were conducted using commercial
straight-run broilers. A tunnel ventilated house was divided into equal
units and each unit housed 13,700 birds. All management practices met
industry accepted standards. On d 54, the birds in one unit were caught
manually by an experienced catching crew. The birds in the other unit
were caught by a mechanical catcher operated by experienced person-
nel. Birds in both units were placed in standard cages. Immediately
before catching, 12 females and 12 males were caught at random. Then
one cage in each unit was designated to be used for experimental pur-
poses. Immediately after the birds were placed in the holding cage, they
were placed along one wall and 12 females and 12 males were selected at
random for microbiological monitoring. After a 2 h holding period, an-
other 12 females and 12 males were selected at random for microbiologi-
cal assessment. The microbiological condition of the birds did not vary
significantly. Management data indicate that the birds from each section
of the house were as close to the same possible.

Key Words: catching, broilers, microbiology

    S-T122    Physiology of catching and loading broilers.  J.P.
Thaxton*1, Y. Vizzier-Thaxton1, K. Christensen2, P. White3, R. Stuckey3,
S. Wongpichet1, S. Anderson1, M. Putskum1, V.J. Radhakrishnan1, and
M.W. Schilling1, 1Mississippi State University, Mississippi State, 2O.K.
Foods, Inc., Fort Smith, Arkansas, 3TechnoCatch, Inc, Koscuisco, Mis-
sissippi, 4USDA/ARS, Poultry Research Unit, Mississippi State, Missis-
sippi.

Two separate trials were conducted using commercial straight-run broil-
ers. A tunnel ventilated house was divided into equal units and each unit
housed 13,700 birds. All management practices met industry accepted

standards. On d 54, the birds in one unit were caught manually by an
experienced catching crew. The birds in the other unit were caught by a
mechanical catcher operated by experienced personnel. Birds in both
units were placed in standard cages. Immediately before catching, 12
females and 12 males were caught at random. Then one cage in each unit
was designated to be used for experimental purposes. Immediately after
the birds were placed in the holding cage, they were placed along one
wall and 12 females and 12 males were selected at random for physi-
ological monitoring. Additionally, after a 2 h holding period, another 12
females and 12 males were selected at random for physiological moni-
toring. The following parameters were determined on each bird at each
of the three bleeding times: body temperature, plasma glucose, choles-
terol and corticosterone, blood pO2, pCO2, hemoglobin, hematocrit,
pH, sodium, potassium, calcium, bicarbonate, chlorine, and anion bal-
ance. Physiological responses of manually and mechanically caught birds
differed little, with the exception that mechanically caught birds exhib-
ited higher peak corticosterone levels immediately after and at 2 h after
catching than birds caught and loaded by the manual technique. Both
catching techniques resulted in metabolic acidosis as indicated by a
decrease in blood pH concomitant with increased anion balance, in-
creased bicarbonate levels, and decreased blood pO2 levels. It would
appear that elevated corticosterone should favor gluconeogenically in-
duced resistance to metabolic acidosis.

Key Words: catching, broilers, corticosterone, stress, welfare

    S-T123    The effects of broiler catching method on breast meat
quality.  M.W. Schilling*1, V. Radhakrishnan1, Y. Vizzier-Thaxton2, K.
Christensen3, and J.P. Thaxton2, 1Mississippi State University, Missis-
sippi State, 2Mississippi State University, Mississippi State, 3OK Foods,
Inc., Fort Smith, Arkansas.

A randomized complete block design with two trials (n=24) was uti-
lized to evaluate the effects of hand and machine catching on broiler
breast meat quality. A tunnel ventilated house was divided into two
equal units with 13,700 birds in each unit. At 54 days of age, birds
(n=24) were randomly selected and caught manually from one unit. In
the other unit, birds (n=24) were caught using a mechanical catcher
operated by trained personnel. The birds were slaughtered and breast
pH was evaluated at 15 min postmortem. Carcasses were then cooled
and breasts were then deboned at 4 hr postmortem and evaluated for
pH. The breasts from each bird were evaluated for pH decline, ultimate
pH, color, drip loss, brine absorbtion, cook loss, shear force, and ex-
pressible moisture. Each treatment was also evaluated for percentage
pale meat, percentage pale soft and exudative (PSE) meat, and percent-
age meat that was not tender. The hand catching treatment had a slightly
higher incidence of pale meat, lower (p<0.05) water-holding capacity,
and a lower (p<0.05) ultimate pH than the breasts from the machine
catching treatment. The machine catching treatment had a higher (p<0.05)
mean shear force value than the hand catching treatment and also had an
increased incidence of breast meat that was not tender. Data reveals that
mechanical catching does not negatively affect breast meat quality in
comparison to hand catching and may slightly improve quality through
a slower pH decline and increased water-holding capacity.

Key Words: hand catching, machine catching, broiler breast, meat qual-
ity, pH
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    S-T124    Growth and foliar N status of plant exposed to atmo-
spheric NH3.  A. Adrizal*1, P. Patterson1, M. Hulet1, and R. Bates2,
1Penn State University, State College, 2Penn State University, State Col-
lege.

Two chamber studies were conducted to evaluate the growth and leaf N
status of plant species exposed to continuous NH3 for 12 (Exp 1) or 6
wk (Exp 2). Studies were to evaluate plant species that could be used to
trap NH3 discharged from poultry houses. Plants (240) of 4 species
(cedar, locust, poplar, and grass) and another 168 plants (spruce, arbor-
vitae, poplar, and willow) were used in Exp 1 and 2, respectively. All the
plants were transplanted into polyethylene pots and grown in 4 cham-
bers. Plants placed in two of four chambers received continuous anhy-
drous NH3 at 4 to 5 ppm (Exp 1) or 5 to 7 ppm (Exp 2) while plants in
the other chambers received no NH3. Exp 1 results showed that locust
was the fastest growing species, supported by its total biomass, root,
and root DM weights. There was a trend for all plants exposed to NH3
to have greater leaf DM than their non-exposed counterparts at 6 (43.0
vs. 30.8%; P=0.09) and 12 wk (47.9 vs. 36.6%; P=0.07), and signifi-
cantly greater (P=0.05) leaf N at 6 (6.44 vs. 3.67%) and 12 wk (7.05 vs.
3.51%) when exposed to NH3. An increase in leaf N due to NH3 expo-
sure was also noted in Exp 2 (4.99 vs. 2.83%; P=0.05), but with no
indication of species interaction. Numerically greater leaf DM due to
NH3 exposure was consistently measured in poplar at both periods
(Exp 1). Poplar, as well as locust and grass, deposited 1.5 to 2 fold
greater N in their leaves than cedar tissues as a result of NH3 exposure
compared to non-exposed plants. Foliar N content (g 100 g-1 fresh
foliage wt) after NH3 exposure at 6 and 12 wk were 1.25 and 1.34 for
locust, 2.47 and 6.09 for poplar, and 0.45 and 0.87 for grass. However,
only locust likely benefited from ambient NH3 as indicated by its con-
sistent leaf color quality and lower damage score, compared with other
species that were adversely affected by atmospheric NH3.

Key Words: plant growth, leaf N, color and damage scores, atmospheric
NH3

    S-T125    Dietary modification to reduce manure ammonia emis-
sion, phosphorus excretion, and potassium excretion.  C. Hale*,
EcoCal Products LLC, Brownstown, Indiana.

Ammonia emitted from manure adversely affects poultry health and
productivity.

From a global perspective, ammonia emissions play a key role in acid
rain formation. Ammonia is also a causative factor in watershed degrada-
tion through eutrophication, primarily through wet/dry deposition of
dissolved gaseous or fine particulate materials. Phosphorus entering the
watershed also causes eutrophication.

Poultry manure contains phosphorus and ammonia. When poultry ma-
nure is used as a fertilizer, albeit an imbalanced one from an N:P ratio
perspective, ammonia and phosphorus can enter the watershed via run-
off, with detrimental results.

Feed strategies to reduce the levels of ammonia (NH3) emitted from, and
phosphorus excreted in laying hen manure have been studied, with some
success. Feeding urease/uricase-inhibiting materials, yucca extracts, and
acidogenic compounds have been tested, and have achieved moderate
ammonia emission reductions. Reduction of excess fed nitrogen by feed
formulation based on amino acid requirements rather than crude protein
has met with some success, but there are limitations to the implementa-

tion of this method. Feeding zeolites to reduce manure ammonia emis-
sions has also been tested, but with conflicting results. Feeding phytase
has been shown to reduce phosphorus excretion.

Feeding a combination of acidogenic materials to force protonation of
manure ammonia to the less volatile compound ammonium (NH4

+) and
clinoptilolite zeolite to act as an ammonium scavenging compound sig-
nificantly reduce ammonia emissions from poultry manure. The
clinoptilolite zeolite effectively sequesters and retains ammonium.
Changes in the amounts and types of acidogens fed, as well as the
amount of clinoptilolite zeolite in the diet, can affect the level of ammo-
nia emission reduction noted.

Additionally, inclusion of clinoptilolite zeolite in the diet causes re-
duced excretion of phosphorus and potassium.

The reduction of phosphorus and potassium excretion, along with in-
creased nitrogen retention in manure (in the form of sequestered ammo-
nium) have beneficial effects on the N:P:K ratio of manure used as a
fertilizer.

    S-T126    Plant foliar N and temperature on commercial poul-
try farms in Pennsylvania.  P. Patterson1, A. Adrizal*1, M. Hulet1, R.
Bates2, C. Myers3, G. Martin4, R. Shockey5, and M. van der Grinten6,
1Penn State University, University Park, 2Penn State University, Uni-
versity Park, 3Berks Co. Coop. Ext., University Park, Pennsylvania,
4Lancaster Co. Coop. Ext., University Park, Pennsylvania, 5USDA Na-
tional Resources Conservation Service, Harrisburg, Pennsylvania,
6USDA-NRCS-Big Flats Plant Materials Center, Corning, New York.

Trees have been planted for many years in agriculture for wind breaks
and for shade. A new, but largely untested benefit may be as a visual
screen for combating neighbor issues, as a barrier for flies, and as a filter
for fan emissions including gases. This field study was aimed at evaluat-
ing the potential of trees planted around commercial poultry sites to
trap NH3, the gas of greatest environmental concern to the poultry
industry. Four plant species (spruce, poplar, and two willows) were
planted at 8 commercial farms from 2003 to 2004. Trees were planted in
front of the fans and along buildings. Temperature (T) was monitored as
a tree stressor with data loggers in front of the fans and at control
distances away from the buildings in 2005 for 4 seasons. Foliage samples
from poplar and spruce were taken in August from a turkey and 2 layer
farms for DM and N analysis. The two layer farms had poplar plantings
and all three farms had spruce for foliage analysis. These data were
subjected to a nested model while the T data were analyzed descrip-
tively. The results showed that farm had no effect on poplar leaf DM
(41.3 vs. 50.7%) but spruce DM at the turkey farm was less than layer
1 or layer 2 (P=0.05). In contrast, planting location affected poplar leaf
DM with higher DM in front of the fans compared with controls (55.4
vs. 36.5%; P=0.01), but had no effect on spruce tissues. Foliar N levels
in both species were not affected by farm type. However, those planted
in front of the fans appeared to have greater N levels than controls (4.3
vs. 2.8%-poplar and 3.07 vs. 1.87%-spruce; P=0.01) indicating a capac-
ity for tree foliage to trap NH3. Summer T were similar in front of the
fans and at a control distance away from the fans at all 3 farms (25.45 vs.
25.54C-turkey, 25.80 vs. 25.32C-layer 1, and 25.50 vs. 25.90C-layer 2)
suggesting no greater T stress associated with fan proximity.

Key Words: commercial poultry farms, temperature, trees, foliar N
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    S-T127    Ammonia volatilization from broiler litter and cake
via laboratory acid trap system.  D.M. Miles*1, P.R. Owens2, D E.
Rowe1, and P.A. Moore, Jr.3, 1USDA-ARS Waste Management and
Forage Research Unit, Mississippi, 2Purdue University, West Layfayette,
Indiana, 3USDA-ARS Poultry Production and Product Safety Research
Unit, Fayetteville, Arkansas.

Litter pH, temperature and moisture are recognized as the primary
parameters influencing the mechanisms of ammonia evolution from broiler
litter. Aerobic microbial activities converting nitrogen (N) compounds in
the feces to gaseous ammonia usually amplify with increases in any of
the above parameters. The objective of this study was to compare
differences in ammonia volatilization between cake and litter (43% vs.
29% moisture) to assess the effects of management practices that break
up the cake, leaving it in the house for the subsequent growout. Litter
and intact cake samples were collected from the center of a commercial
broiler house after a 42 d old flock was sold and the bedding was tilled.
The litter had been used for 13 previous flocks. Preliminary tests using
litter from earlier flocks indicated excellent repeatability for ammonia
volatilization in the laboratory acid trap system with (1) litter only and
(2) comparing litter, 21% moisture, to pad samples (the built up com-
pacted litter underneath the friable layer, 30% moisture). In the present
study using a randomized complete block design, twenty-four 50g litter
samples and an equal number of 50g single-piece cake samples were
placed in 1000 ml containers with inlet air supplied at 90 ml/min. The
exhaust air and volatilized ammonia were trapped in boric acid which
was titrated daily with HCl to determine N lost. Cumulative N losses
from cake after the 21 d incubation averaged 5.22 g N/kg whereas litter
averaged 1.7 g N/kg. All samples experienced moisture loss during incu-
bation; final moisture content for litter and cake were 13% and 24.5%,
respectively. During the layout between flocks, some drying of the
broken up cake and litter would be expected. Litter and cake pH were
similar (8.6 vs. 8.64) before incubation. At the test completion, the final
litter pH was 8.26; the cake pH was 8.43. The interaction of pH and
moisture loss has not yet been quantified. These results suggest that the
break up of cake causing the exposure of high moisture surfaces exacer-
bates ammonia evolution from the litter bedding and that cake from
reused litter should be removed between flocks.

Key Words: ammonia, broiler, cake, litter, management

    S-T128    EU promoted research for replacement of antibiotic
growth promoters in the poultry industry.  G. Schatzmayr*1, S.
Nitsch1, M. Mohnl1, A. Klimitsch1, V. Klose2, and R. Plail2, 1Biomin
GmbH, Herzogenburg, Austria, 2University of Natural Resources and
Applied Life Science, Tulln, Austria.

Livestock industry in Europe is facing the problem that antibiotic growth
promoters (AGPs) are forbidden since 1st of January 2006. Therefore
multinational research projects on finding alternatives to AGPs are funded
by the European Union. One of the projects, which was conducted with
5 industrial and 3 research partners aimed at the development of a
defined multi-species competitive exclusion product for poultry. Nu-
merous bacteria were isolated out of the intestinal tract of healthy chicken.
A polyphasic approach was used to characterize those isolates. Subse-
quently the isolates were selected according to their ability to inhibit
Salmonella, E. coli, C. perfringens and Campylobacter. Further selec-
tion criteria were adhesion capability to mucosal cell lines, pH-reduc-
tion, formation of different organic acids and immunological activity (in
vitro phagocytic activity of cell line 3D4/21 and production of NO by

macrophages). Based on these results a product consisting of 5 isolates
belonging to the genera Enterococcus, Pediococcus, Lactobacillus and
Bifidobacterium has been designed. This product (Biomin®PoultryStar)
was tested in a feeding trial. 400 mixed sex Ross 308 broiler chicken
were randomly allocated to 2 groups with 4 replications each. The
control group received a standard diet, the test group received addition-
ally the probiotic product added to drinking water on days 1, 2, 3, 7, 8,
9 and 14, 15, 16 (= changing starter - grower). At the end of the trial live
weight of all broiler chicks exceeded the expected weights. Birds receiv-
ing Biomin®PoultryStar in drinking water performed better and were
able to increase their average body weight as well as weight gain about
3.1%. The difference in final live weight was statistically significant
(P<0.05). Birds in the test group consumed 117 g more feed totally and
showed a slightly improved feed conversion. Mortality was slightly
improved in the probiotic group (1% control vs. 0.5%). Overall fatten-
ing efficiency of broiler chicks supplied with Biomin®PoultryStar in
drinking water was clearly improved (285 vs. 298).

Key Words: competitive exclusion, probiotic, Salmonella, European
Union, alternative to antibiotic growth promoters

    S-T129    Addressing safety and efficacy of composted broiler
litter for vegetable production.  W. Evans*1,3 and Y. Vizzier-
Thaxton1,2, 1Mississippi State University, Mississippi State, 2Missis-
sippi State University, Mississippi State, 3Truck Crops Branch, Crystal
Springs, Mississippi.

Five rates from of broiler litter (CBL) were tested for fertilizer value and
microbial safety in vegetable fields in central Mississippi in 2005. The
CBL was applied and blended into the top 15 cm of soil prior to trans-
planting vegetable plants into each plot. Both the collard and tomato
studies were arranged as randomized complete block designs with four
replications in ground not previously fertilized with CBL in recent
years. CBL was tested for nutrient concentration and microbial concen-
tration (Campylobacter and Salmonella) prior to use. Soil samples from
each plot were tested for available nutrients prior to applying CBL and
at the end of the growing season for each crop. Shoot fresh weight and
dry weight of both tomato and collard were monitored during the grow-
ing season. Concentrations and levels of several plant essential nutri-
ents, arsenic, copper, and microbial pathogens were determined from
samples taken at middle fruit harvest in tomato and final harvest in
collards. CBL application rate correlated well with crop growth and
yield for both tomato and collards. As in our previous year of study, lab
analysis did not find any significant levels of bacterial concentration on
the leaves of collards or on tomato fruit at final and middle harvest,
respectively.

Key Words: broiler litter, compost, contamination, metals

    S-T130    Litter beetle counts in broiler houses treated with
several insecticides.  J.B. Hess*, K.S. Macklin, and B.A. McCrea,
Auburn University, Auburn, Alabama.

Litter beetles (Alphitobious diaperinus) remain an important poultry
production pest on several fronts. They have been shown to damage
poultry houses and harbor both food safety and avian pathogens. Litter
beetles have been linked with the distribution of viral, bacterial and
protozoan organisms, as well as parasitic worms. This trial examined
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beetle counts in commercial broiler houses treated with 1 of 2 insecticide
trt, applied dry or wet. Three levels of dry (4, 5 and 6 oz/100 sqft) and
one level of liquid application of an organophosphate (Rabon) and
cyfluthrin (Tempo) dry (1% dust) and wet (20% Wettable powder)
were compared to an untreated control house across one growout. Six
pvc pipes (1" x 10" long) were filled with a rolled up piece of chick
paper. They were placed in each house for a 3 day period during brood-
ing, at 3 wk of age and prior to marketing the birds. The tubes were
placed in plastic bags and refrigerated for 24 hr prior to counting larval
and adult litter beetles. Adult and larval counts were transformed to
log10(x+1) to allow statistical analysis of data with substantial varia-
tion between tubes.

All treatments reduced larval and adult litter beetles in relation to the
untreated control house. The organophosphate did not reduce adult
beetle numbers as quickly as cyfluthrin, but showed good control by the
3rd week. As expected, the 5 and 6 oz/100 sqft application rates of the
organophosphate reduced beetle numbers, while the 4 oz level did not
control beetles as well. Products applied dry showed better control than
those applied as a liquid, with larvae levels increasing as the flock aged
in the liquid trt. The products tested controlled litter beetles at sug-
gested application rates, with dry applications showing better control
than liquid applications.

    S-T131    Response of broilers receiving a coccidial vaccination
versus dietary salinomycin when reared on fresh and used litter:
8 week live performance, carcass characteristics, and breast meat
yield.  E. Moran*, M. Leslie, and N. Joseph, Auburn University, Au-
burn, Alabama.

Coccidial vaccination prior to placement for live production is known to
impair early performance of broilers. Repercussion when the mucosa
also confronts an increased microbial challenge with used litter was
examined. Ross X 308 males were obtained from a commercial hatchery
where vaccinations for Marek’s disease, New Castle disease, and infec-
tious bronchitis were given. One half of the chicks were exposed to an
atomized coccidial vaccine (Coccivac-B, Sterwin Laboratories) prior to
placement in pens having either fresh pine shavings or used liter that had
not been top-dressed. Remaining chicks received dietary salinomycin
(0.05% Bio-Cox 60, Roche Vitamins) from 0 to 6 weeks of age as a
means to coccidia. Common corn-soybean meal feeds without supple-
mental antimicrobials during 0-3, 3-6, and 6-8 weeks of age were con-
tinuously accessible together with lighting. Treatments were factorially
arranged using 8 replicate pens (4.18 sq.m) with each having 35 birds.
All responses to method of coccidial protection were independent of
whether the litter was either used or fresh. Vaccination had an adverse
effect on live weight gain and feed conversion that were apparent through
each phase of production to 8 weeks of age; however, used litter only
impaired early performance but this disadvantage remained through to
completion. Vaccination led to reductions in carcass abdominal fat and
yields of fillets and tenders, however, no significant differences (P>.05)
were apparent when birds had been reared on either fresh or used litter.
Incidence of defects associated with carcasses and their totals as Per-
centage grade A were similar among treatments. Although extensive early
exposure to coccidia by vaccination and direct placement on used litter
both impaired broiler performance, each did so in an independent and
additive manner.

Key Words: breast meat yield, broiler chicken, carcass quality, coccidial
vaccination, litter

    S-T132    Effect of pressurization on aerosol application of F
strain Mycoplasma gallisepticum.  S. Branton*, J. Evans, S. Leigh, W.
Dozier, W. Roush, S. Collier, J. Purswell, and H. Olanrewaju, USDA/
ARS Poultry Research Unit, Mississippi State, Mississippi.

A limited survey of the table egg industry showed that application
pressures used for the aerosol administration of live F strain Myco-
plasma gallisepticum (FMG) vaccine were virtually unknown. How-
ever, when pressures were determined, those pressures ranged from 35
to 70 psi. Using the CPJ self-propelled, constant speed vaccinator
equipped with a pressure selectable pump, results of this in vitro study
showed that use of 40 psi versus 60 psi (as indicated by the pressure
gauge) for the administration of live FMG vaccine yielded denser and
more uniform spray patterns together with higher colony counts. Fur-
ther, no difference in colony density or spray pattern was observed at
pressure gauge indications of 35, 40 or 45 psi.

Key Words: poultry, egg production, layer

    S-T133    Presence of Campylobacter in day-of-hatch broiler
chicks from commercial hatcheries.  J.A. Byrd*1, R.H. Bailey2,
R.W. Wills2, and D.J. Nisbet1, 1USDA-ARS-Food and Feed Safety Re-
search Unit, College Station, Texas, 2Mississippi State University, Mis-
sissippi State.

Previous published research has identified Campylobacter as one of the
leading causes of foodborne illness. Poultry and poultry products have
been identified as a major source of Campylobacter in human infections.
Although many risk factors have been identified that contribute to
Campylobacter levels, precise identification of the most effective sites
for intervention has not been established. Epidemiological studies have
identified Campylobacter in the broiler breeder’s reproductive tract and
fertile eggs allow for possible contamination of day-of-hatch chicks.
Numerous studies have shown that day-of-hatch broilers were found be
Campylobacter negative using conventional culture methods. The pur-
pose of the present study was to demonstrate the prevalence of
Campylobacter found in day-of-hatch broilers using a peptone water
pre-enrichment followed by conventional Campylobacter culture meth-
ods. Using this pre-enrichment method and conventional trayliner cul-
ture methods, the isolation distribution of Campylobacter from eight
commercial broiler hatcheries (n=2000) was evaluated. A total of 15
trayliners were positive from three different hatcheries. Of 2000 chick
paperpad trayliners sampled, 0.75% were positive for Campylobacter.
These data support previous findings indicating the potential for
Campylobacter to be spread by vertical transmission. This study repre-
sents the first indication that Campylobacter has been found on the
trayliners from commercial broiler hatcheries.

Key Words: Campylobacter, hatchery, trayliner, broiler, method

    S-T134    Presence of antibiotic resistant salmonella among
broiler house environmental samples.  J.A. deGraft-Hanson*, West
Virginia University, Morgantown.

335 Salmonella isolates from 333 broiler house environmental samples
were tested against 12 antimicrobials for susceptibility or resistance.
Cultures were obtained from chick pads, chick feces, water lines and
cups, feeders and hoppers, litter, insects, mud, standing water, wild bird
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feces, boot, wall, fan. and drag swabs, and animal feces. 90% of the
isolates were made up of S. typhimurium, S. hadar, S. typhimurium var.
copenhagen, S. senftenberg, S. heidelberg, S. litchfield, and S. newport.
129 (38.51%) of the isolates were sensitive to all antimicrobials tested,
with 206 (61.49%) being resistant to one or more of the antimicrobials.
17.01% were resistant simultaneously to streptomycin and tetracy-
cline, with 2.39% and 12.24% resistant to streptomycin and tetracy-
cline respectively. 12.54% of the isolates were resistant simultaneously
to ampicillin and ceftiofur. 8.06% were resistant to ampicillin alone.

None of the isolates were resistant to ceftiofur alone. Serotypes with
high levels of resistance among isolates were S. hadar (93.55%), S.
heidelberg (85.71%), S. typhimurium var. copenhagen (68.33%), S.
senftenberg (55.55%) and S. typhimurium (43.86%). None of 5 isolates
each of S. litchfield and S. newport were resistant to any of the 12
antimicrobials. None of the isolates were resistant to neomycin, nalid-
ixic acid, ciprofloxacin, enrofloxacin or ofloxacin.

Key Words: Salmonella, broiler house, antibiotic resistance, environ-
mental samples

Tuesday, January 24
Nutrition IV

Room: B315
    S-T135    Comparison of total and digestible amino acid formu-
lation and methionine sources for two replacement pullets strains. 
D. Faria*, L. Rombola, M. Rizzo, A. Santos, and H. Souza, Universidade
de Satilde Sao Paulo, Satilde Sao Paulo, Brasil.

The objective of this study was to evaluate the effects of different feed
formulation criteria and methionine (Met) sources on performance of
two replacement pullets strains. A total of three hundred eighty-four
birds were randomly assigned in a 2x2x2 factorial arrangement with
main effects of bird strain (Hy-Line W36 and Hy-Line Brown), Met
source (2 Hydroxy-4-(methylthio) Butanoic acid; HMTBA, 88% or
DL Met, 99%) and feed formulation criterion (total or digestible amino
acids) resulting in eight treatments with six replicates of eight birds each.
The experimental diets were formulated using corn, soybean meal, wheat
(4.5 to 5.0%), meat and bone meal (4.5 to 5.0%), and poultry viscera
meal (4.5 to 5.0%) to contain 20.50% CP, 2,917 kcal ME/kg, 0.45%
total Met and 0.37 digestible Met for starter phase, and 15.90% CP,
3,050 kcal ME/kg, 0.42% total Met and 0.37% digestible Met for grower
phase. The chemical compositions of the ingredients and its digestible
amino acids coefficients were previously obtained by analyses. The
characteristics evaluated during starter (1-6 wk) and grower (11-16 wk)
phases were intakes of feed (FI), Met (MI), lysine (LI), crude protein
(CPI), and energy (EI), body weight (BW), weight gain (WG), and feed
conversion (FC). As expected, Hy-Line Brown showed higher FI, MI,
LI, CPI, EI, BW and WG than Hy-Line W36 pullets. The sources of
Met and feed formulation criteria did not influence the performance
characteristics, and the birds fed diets formulated based on total amino
acids concept showed increased (P<.01) amino acids intake, ranging
from 10.58% to 13.53% and from 10.81% to 22.35% for Met and Lys,
respectively. It was concluded the Hy-Line W36 and Hy-Line Brown
replacement pullets showed satisfactory performance irrespective of
feed formulation criterion and Met source.

Key Words: amino acid, grower, ingredient, replacement pullet, starter

    S-T136    Arginine:Lysine ratios in diets formulated based on
total and digestible amino acids containing two sources of me-
thionine for laying hens in the summer.  D. Faria*, L. Rombola, M.
Rizzo, A. Santos, and H. Souza, Universidade de Satilde Sao Paulo,
Satilde Sao Paulo, Brasil.

The experiment was conducted to evaluate the influence of different
Arginine:Lysine (Arg:Lys) ratios, feed formulation criteria, and methionine
(Met) sources on performance and egg quality of layers from 25 to 41
weeks of age in the summer (average of 30 o C). A total of two hundred
eighty-eight Hy-Line W36 layers were randomly assigned in a 2x3x2
factorial arrangement with main effects of feed formulation criterion
(total or digestible amino acids), Arg:Lys ratio (0.9:1, 1:1, and 1.1:1),
and Met source (2 Hydroxy-4-(methylthio) Butanoic acid; HMTBA,
88% or DL Met, 99%) resulting in twelve treatments with six replicates
of four birds each. The experimental diets were isonitrogenous (18%
CP) and isocaloric (2,850 kcal ME), and formulated using corn, corn
gluten meal, soybean meal, and wheat to contain 0.88%, 0.47%, 0.19%
or 0.78%, 0.42% and 0.17% of Lys, Met and Trp for total or digestible
amino acids, respectively. Several characteristics of performance (feed
intake, egg production, egg weight, egg mass, feed conversion, and body
weight), egg internal quality (Haugh unit and percentages of albumen
and yolk), and egg external quality (specific gravity, shell percent, and
shell thickness) were evaluated. The results showed no influence of feed
formulation criteria and Met sources on performance characteristics.
However, there was a positive linear response (P<.01, P<.05 and P<.05,
respectively) of Arg:Lys ratio on feed intake (Y = 0.069X + 81.243), egg
weight (Y = 0.07X + 48.35), and egg mass (Y = 0.0955X + 39.51). Egg
quality characteristics were not influenced by the factors studied. It was
concluded that increasing the Arg:Lys ratio can be beneficial for young
laying hens under hot climate conditions.

Key Words: egg quality, hot climate, performance, pPoultry

    S-T137    Impact of feed ingredients and dietary protein level
on microbial activity in the digestive tract of broilers.  D. Hoehler*1,
A.J.M. Jansman2, C.M.F. Wagenaars2, and A. Lemme1, 1Degussa Cor-
poration, Kennesaw, Georgia, 2Wageningen UR, Animal Sciences Group,
Lelystad, The Netherlands.

Chicken diets have been supplemented with growth-promoting antibi-
otics for years. There are, however, increasing concerns regarding the
use of those substances. Microbial activity and composition of microf-
lora in the gastro-intestinal tract, intestinal health and mucosal function
in broilers might be influenced by the choice of ingredients as well as by
nutrient levels. Two experiments with male d old Ross 308 broilers
following a 2 x 2 x 2 design were conducted using the experimental
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feces, boot, wall, fan. and drag swabs, and animal feces. 90% of the
isolates were made up of S. typhimurium, S. hadar, S. typhimurium var.
copenhagen, S. senftenberg, S. heidelberg, S. litchfield, and S. newport.
129 (38.51%) of the isolates were sensitive to all antimicrobials tested,
with 206 (61.49%) being resistant to one or more of the antimicrobials.
17.01% were resistant simultaneously to streptomycin and tetracy-
cline, with 2.39% and 12.24% resistant to streptomycin and tetracy-
cline respectively. 12.54% of the isolates were resistant simultaneously
to ampicillin and ceftiofur. 8.06% were resistant to ampicillin alone.

None of the isolates were resistant to ceftiofur alone. Serotypes with
high levels of resistance among isolates were S. hadar (93.55%), S.
heidelberg (85.71%), S. typhimurium var. copenhagen (68.33%), S.
senftenberg (55.55%) and S. typhimurium (43.86%). None of 5 isolates
each of S. litchfield and S. newport were resistant to any of the 12
antimicrobials. None of the isolates were resistant to neomycin, nalid-
ixic acid, ciprofloxacin, enrofloxacin or ofloxacin.

Key Words: Salmonella, broiler house, antibiotic resistance, environ-
mental samples

Tuesday, January 24
Nutrition IV

Room: B315
    S-T135    Comparison of total and digestible amino acid formu-
lation and methionine sources for two replacement pullets strains. 
D. Faria*, L. Rombola, M. Rizzo, A. Santos, and H. Souza, Universidade
de Satilde Sao Paulo, Satilde Sao Paulo, Brasil.

The objective of this study was to evaluate the effects of different feed
formulation criteria and methionine (Met) sources on performance of
two replacement pullets strains. A total of three hundred eighty-four
birds were randomly assigned in a 2x2x2 factorial arrangement with
main effects of bird strain (Hy-Line W36 and Hy-Line Brown), Met
source (2 Hydroxy-4-(methylthio) Butanoic acid; HMTBA, 88% or
DL Met, 99%) and feed formulation criterion (total or digestible amino
acids) resulting in eight treatments with six replicates of eight birds each.
The experimental diets were formulated using corn, soybean meal, wheat
(4.5 to 5.0%), meat and bone meal (4.5 to 5.0%), and poultry viscera
meal (4.5 to 5.0%) to contain 20.50% CP, 2,917 kcal ME/kg, 0.45%
total Met and 0.37 digestible Met for starter phase, and 15.90% CP,
3,050 kcal ME/kg, 0.42% total Met and 0.37% digestible Met for grower
phase. The chemical compositions of the ingredients and its digestible
amino acids coefficients were previously obtained by analyses. The
characteristics evaluated during starter (1-6 wk) and grower (11-16 wk)
phases were intakes of feed (FI), Met (MI), lysine (LI), crude protein
(CPI), and energy (EI), body weight (BW), weight gain (WG), and feed
conversion (FC). As expected, Hy-Line Brown showed higher FI, MI,
LI, CPI, EI, BW and WG than Hy-Line W36 pullets. The sources of
Met and feed formulation criteria did not influence the performance
characteristics, and the birds fed diets formulated based on total amino
acids concept showed increased (P<.01) amino acids intake, ranging
from 10.58% to 13.53% and from 10.81% to 22.35% for Met and Lys,
respectively. It was concluded the Hy-Line W36 and Hy-Line Brown
replacement pullets showed satisfactory performance irrespective of
feed formulation criterion and Met source.

Key Words: amino acid, grower, ingredient, replacement pullet, starter

    S-T136    Arginine:Lysine ratios in diets formulated based on
total and digestible amino acids containing two sources of me-
thionine for laying hens in the summer.  D. Faria*, L. Rombola, M.
Rizzo, A. Santos, and H. Souza, Universidade de Satilde Sao Paulo,
Satilde Sao Paulo, Brasil.

The experiment was conducted to evaluate the influence of different
Arginine:Lysine (Arg:Lys) ratios, feed formulation criteria, and methionine
(Met) sources on performance and egg quality of layers from 25 to 41
weeks of age in the summer (average of 30 o C). A total of two hundred
eighty-eight Hy-Line W36 layers were randomly assigned in a 2x3x2
factorial arrangement with main effects of feed formulation criterion
(total or digestible amino acids), Arg:Lys ratio (0.9:1, 1:1, and 1.1:1),
and Met source (2 Hydroxy-4-(methylthio) Butanoic acid; HMTBA,
88% or DL Met, 99%) resulting in twelve treatments with six replicates
of four birds each. The experimental diets were isonitrogenous (18%
CP) and isocaloric (2,850 kcal ME), and formulated using corn, corn
gluten meal, soybean meal, and wheat to contain 0.88%, 0.47%, 0.19%
or 0.78%, 0.42% and 0.17% of Lys, Met and Trp for total or digestible
amino acids, respectively. Several characteristics of performance (feed
intake, egg production, egg weight, egg mass, feed conversion, and body
weight), egg internal quality (Haugh unit and percentages of albumen
and yolk), and egg external quality (specific gravity, shell percent, and
shell thickness) were evaluated. The results showed no influence of feed
formulation criteria and Met sources on performance characteristics.
However, there was a positive linear response (P<.01, P<.05 and P<.05,
respectively) of Arg:Lys ratio on feed intake (Y = 0.069X + 81.243), egg
weight (Y = 0.07X + 48.35), and egg mass (Y = 0.0955X + 39.51). Egg
quality characteristics were not influenced by the factors studied. It was
concluded that increasing the Arg:Lys ratio can be beneficial for young
laying hens under hot climate conditions.

Key Words: egg quality, hot climate, performance, pPoultry

    S-T137    Impact of feed ingredients and dietary protein level
on microbial activity in the digestive tract of broilers.  D. Hoehler*1,
A.J.M. Jansman2, C.M.F. Wagenaars2, and A. Lemme1, 1Degussa Cor-
poration, Kennesaw, Georgia, 2Wageningen UR, Animal Sciences Group,
Lelystad, The Netherlands.

Chicken diets have been supplemented with growth-promoting antibi-
otics for years. There are, however, increasing concerns regarding the
use of those substances. Microbial activity and composition of microf-
lora in the gastro-intestinal tract, intestinal health and mucosal function
in broilers might be influenced by the choice of ingredients as well as by
nutrient levels. Two experiments with male d old Ross 308 broilers
following a 2 x 2 x 2 design were conducted using the experimental
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factors dietary protein level (19% or 25% in the starter diets and 18% or
24% in the grower diets), fish meal inclusion, and carbohydrate source
(corn, wheat). Exp 1 was conducted to investigate the effects on perfor-
mance and microbial activity in the digestive tract; Exp 2 was performed
to examine the dietary effects under conditions of a combined challenge
with E. acervulina and C. perfringens. In Exp 1, 1024 chicks were as-
signed to 64 floor pens resulting in 8 replicates per treatment with 16
birds per pen. At d 28 four birds per pen were selected to obtain digesta
from the terminal ileum and the caeca. The remaining birds were fed until
d 35. In Exp 2, 1408 chicks were distributed to 64 floor pens. Each
treatment comprised 8 replicates with 22 birds per pen until d 35. Birds
receiving the wheat based diets showed a higher feed intake than those
fed corn based diets. Inclusion of fishmeal resulted in an improved
performance at a high dietary protein level but not at low dietary pro-
tein. Both high dietary protein and fish meal addition resulted in an
increased digesta ammonia content indicating a higher microbial break-
down of protein. Choice of cereals had no consistent effect on ammonia
concentrations. Data suggest that microbial activity in the digestive
tract can be manipulated by dietary means. Treatments did not affect
the response towards a combined challenge with E. acervulina and C.
perfringens. Other factors, such as hygiene or stress might have a much
larger impact on the development of these diseases.

Key Words: broiler, protein level, microbial activity, intestinal health

    S-T138    Growth performance and meat yield responses of Ross
x Ross 708 broilers provided diets varying in amino acid density
from 36 to 59 d of age.  W. Dozier*1, M. Kidd2, A. Corzo2, J. Ander-
son3, and S. Branton1, 1USDA/ARS Poultry Research Unit, Mississippi
State, Mississippi, 2Mississippi State University, Mississippi State, 3Mis-
sissippi State University, Mississippi State.

This study examined growth responses and meat yield of broilers pro-
vided diets varying in amino acid density from 36 to 59 d of age. Two
identical trials were conducted. In each trial, sixteen hundred and sixty-
four Ross x Ross 708 chicks were randomly distributed into 32 floor
pens (26 males and 26 females; 0.08 m2 /bird) at one-d of age. All birds
were fed common – high amino acid density diets to 35 d of age. Broilers
were provided diets characterized as being high (H), moderate (M), or
low (L) in amino acid density from 36 to 47 and 48 to 59 d of age. The
diets were formulated to contain: H (19.8%, CP, 0.83%, TSAA, and
1.05%, Lys), M (18.2%, CP, 0.80%, TSAA, and 0.95%, Lys) , and L
(16.7%, CP, 0.75%, TSAA, and 0.85%, Lys) from 36 to 47 d and H
(18.0%, CP, 0.78%, TSAA, and 1.00%, Lys), M (17.3%, CP, 0.75%,
TSAA, and 0.91%, Lys) , and L (16.0%, CP, 0.70%, TSAA, and 0.82%,
Lys) from 48 to 59 d. Dietary treatments were HHHH, HHHM, HHHL,
HHMM, HHML, and HHLL from 36 to 59 d of age.

Feeding the HHHH schedule improved (P=0.05) feed conversion by 3,
3, 4, 4, and 7 points compared with the HHHM, HHMM, HHHL,
HHML, and HHLL, respectively. Dietary amino acid density did not
affect growth rate, feed consumption, and the incidence of mortality.
Decreasing amino acid density to HHLL feeding schedule increased
(P=0.05) abdominal fat yield compared with HHHH and HHHM di-
etary schedules and reduced (P=0.05) total breast meat yield compared
with HHHH, HHHM, HHMM, and HHML dietary schedules, respec-
tively. As amino density decreased to the HHHM, HHMM, and HHML
feeding schedules, breast meat yield of broilers was similar to birds fed
the HHHH feeding schedule. Total breast meat yield was increased

(P=0.05) by 0.4, 0.4, 0.6, and 0.7% points as amino acid density was
increased from HHLL to HHML, HHMM, HHHM, and HHHH feed-
ing schedules, respectively. These results indicate that feeding low amino
acid density diets to broilers from 2.0 to 3.9 kg adversely affects feed
conversion and total white meat yield.

Key Words: amino acid, broiler, lysine, nutrient density

    S-T139    Growth performance and meat yield responses of Ross
x Ross 708 broilers provided diets varying in energy and amino
acid density from 42 to 56 days of age.  W. Dozier*1, A. Corzo2, M.
Kidd2, J. Anderson3, and S. Branton1, 1USDA/ARS Poultry Research
Unit, Mississippi State, Mississippi, 2Mississippi State University, Mis-
sissippi State, 3Mississippi State University, Mississippi State.

This study examined growth performance and meat yield responses of
broilers fed diets varying in dietary AME and CP/amino acid (CP/AA)
concentrations during 42 to 56 d of age. Nineteen hundred and twenty
Ross x Ross 708 broilers were randomly allotted to 32 floor pens (30
males and 30 females; 0.09 birds/m2) at 42 d of age. Initial BW was
equalized among the treatments (2,430±3 g). A 2 x 2 (Dietary AME and
CP/AA) factorial treatment structure was employed. The main effect of
dietary AME consisted of diets formulated to contain 3,220 and 3,310
kcal AME/kg. The main effect of CP/AA represented high (18.0% CP,
0.98%, Lys, and 0.83%, TSAA) and moderate (16.2% CP, 0.88%, Lys,
and 0.75%, TSAA) CP/AA concentrations.

From 42 to 56 d of age, broilers fed diets formulated to 3,310 kcal ME/
kg had improved (P=0.04) BW gain, feed consumption, and feed con-
version (2.20 vs. 2.34) over birds provided diets to 3,220 kcal AME/kg.
Increasing dietary CP/AA density from moderate to high concentrations
reduced (P=0.009) feed consumption and feed conversion (2.30 vs.
2.23). Decreasing dietary AME increased (P=0.03) carcass yield and the
converse occurred by increasing dietary CP/AA density (P=0.02). Broil-
ers provided diets formulated to 3,220 kcal AME/kg with high CP/AA
density optimized carcass yield leading to a dietary AME x CP/AA
interaction (P=0.02). As dietary AME increased from 3,220 to 3,310
kcal AME/kg, abdominal fat weight and its proportion to the carcass
increased (P=0.03). Increasing dietary CP/AA density from moderate to
high increased (P=0.02) the amounts of total breast meat weight and
yield (22.6 vs. 23.2%). These results indicated that broilers fed diets
formulated to high CP/AA from 42 to 56 d increased total breast meat
yield by 0.6% compared with birds fed diets containing moderate di-
etary CP/AA density. Furthermore, formulating diets to higher AME
concentrations than currently being used in commercial practice is ben-
eficial to improve feed conversion, but the cost of supplemental fat
must be considered.

Key Words: AME, amino acid, broiler, lysine, nutrient density

    S-T140    The impact of methionine supply on the early devel-
opment of broiler chicks.  R.L. Payne*1, A. Lemme1, D. Jamroz2, and
T. Wertelecki2, 1Degussa Corporation, Kennesaw, Georgia, 2Agricul-
tural University, Wroclaw, Poland.

Early nutrition of broilers is well-known to play a crucial role in their
overall performance. Therefore, an experiment was conducted to inves-

Poult. Sci. 85 (Suppl. 1)



189ABSTRACTS OF PAPERS

tigate the effects of dietary Met supplementation on yolk sac protein
resorption and growth performance of broilers from 0 to 14 d of age.
Within 5 hours post-hatching, 390 Hubbard Hi-Y broiler chicks were
equally allotted to 5 treatments, and each treatment was replicated 6
times with 13 chicks per replicate. The treatments were a basal diet
deficient in Met+Cys (0.67%) or the basal plus 4 graded levels of total
Met+Cys (0.70, 0.74, 0.79, and 0.85%) via DL-Met. The basal diet was
formulated to provide 2,915 kcal of ME, and 1.17% Lys per kg of diet,
and all other nutrients met or exceeded the NRC recommendations
(1994). Baseline yolk sac composition and length and weight of the
intestinal tract were established using 30 broilers on d 0. All chicks were
weighed on d 1, 3, 5, 7, 10, and 14, and then 2 chicks per replicate were
randomly selected for determining changes in the intestine and the yolk
sac. On d 1 and 3, there were no differences (P > 0.05) in growth rate
among treatments, but from d 5 through d 14, body weight was in-
creased (P < 0.05) as broilers were fed increasing levels of Met+Cys.
There were no differences (P > 0.05) in feed intake on d 5, but on d 7, 10,
and 14, feed intake increased with increasing levels of Met+Cys. The
relative length and weight of the small intestine increased regardless of
diet from d 0 to 3 and d 0 to 7, respectively. From d 0 to 5, weight,
protein, and Met content in protein of the yolk sac decreased regardless
of diet, but levels of other amino acids, such as Lys, did not change. The
results of this experiment suggest that Met has a significant role in
growth within the first few days after hatch, and that this role can have
lingering effects on overall performance if optimum dietary Met levels
are not provided in the starter feed.

Key Words: broiler, early nutrition, intestine, methionine, yolk sac

    S-T141    The effects of dietary energy and amino acid profiles
on broiler performance.  R.L. Payne*1, A. Lemme1, C. Kemp2, M.
Kenny2, and C. Fisher2, 1Degussa Corporation, Kennesaw, Georgia,
2Aviagen Ltd., Newbridge, Scotland.

In many parts of the world, oils as dietary energy sources are often
limited, which makes it difficult to formulate diets to contain recom-
mended ME levels. The objective of this experiment was to determine if
balanced amino acids (AA) should be adjusted based on the ME level of
the diet. A total of 4,320 Ross 308 male broilers were equally allotted to
12 dietary treatments, and each treatment was replicated 4 times with
90 broilers each. The treatments were 4 levels of AA (70, 80, 90, and
100%) and 3 levels of ME (90, 95, and 100%) based on Aviagen recom-
mendations (2002). The broilers were fed in three growth phases: starter
(d 1 to 10), grower (d 11 to 32), and finisher (d 33 to 46), and the diets
were provided as crumbles (starter) or pellets (grower and finisher). The
100% AA/100% ME starter, grower, and finisher diets were formulated
to provide 1.27, 1.08, and 0.88% digestible Lys, 0.94, 0.82, and 0.69%
digestible Met+Cys, and 3,010, 3,175, and 3,225 kcal of ME per kg of
diet. The 90% ME diets were formulated to contain no oil source, and
the lower AA diets were formulated by reducing the AA level by 10, 20,
or 30% respectively. All other nutrients met or exceeded the Aviagen
(2002) recommendations. Body weight was improved (P < 0.05) in a
non-linear fashion as AA levels increased regardless of ME level. Feed
intake increased (P < 0.01) as dietary AA increased within ME level, and
feed intake of broilers fed 90 or 95% ME was increased (P < 0.01)
relative to those fed 100% ME. Feed efficiency, breast meat yield, and
abdominal fat pad were not affected (P > 0.05) by AA or ME levels.
Data suggest that reducing dietary energy increased feed intake which
thus resulted in increased amino acid intake reflected immediately in

body weight gain. Moreover, responses indicate, that dietary amino
acid levels should not be reduced to the same extent as energy.

Key Words: amino acid, breast, broiler, energy, growth

    S-T142    Near Infra-red Reflectance spectroscopy for predic-
tion of amino acids leads to cost savings in diet formulation.  J.
Goodson*1, J. Fontaine2, B. Schirmer2, and A. Jaeger2, 1Degussa Cor-
poration, Kennesaw, Georgia, 2Degussa AG, Hanau, Germany.

NIRS calibrations used to predict amino acid levels in feed ingredients
can be used to allow poultry feed formulators to reduce safety margins
in formulation programs. Reduction of these safety margins for amino
acids allows the production of feeds which meet animal requirements
for protein and amino acids without supplying excessive levels. These
calibrations also enable formulators to take advantage of alternative feed
ingredients when traditional ingredients become high priced compared
to other sources of nutrients. Currently calibrations are available to
predict DM, CP, Met, Cys, Met+Cys, Lys, Thr, Trp, Arg, Ile, Leu, Val,
His and Phe. Ingredients including barley, corn, corn gluten meal, distill-
ers dried grains with solubles, feather meal, fish meal, lupine, meat meal,
meat and bone meal, peas, poultry meal, canola meal, rice bran and hulls,
sorghum, soybean meal, full fat soybeans, sunflower meal, tritcale and
rye, wheat, wheat bran and middlings have calibrations. These calibra-
tions are being used to assess seasonal variation and regional variation in
nutrients provided by these ingredients. A large data base of new crop
soybean meal samples (n=81) collected in the fall of 2004 show that
there are important variations in CP as well as many important amino
acid levels. A similar data set for new crop corn (n=123) demonstrates
amino acid variation also. Application of this technology to soybean
meal and corn enables formulators to use very precise amino acids
values. Several example formulations have been prepared showing that
savings can range up to $19.00 per ton in a broiler starter feed when
precise data on amino acid levels in corn and soybean meal are available.
These savings represent the extremes, since in this case the highest and
lowest levels of Met and Lys found in the corn and soybean meal
sample set, were used. Under practical conditions in which the safety
margin in formulation is adjusted it is reasonable to expect $1 to $2 per
ton savings.

Key Words: NIRS, amino acid, formulation, variation, near infra-red

    S-T143    Potential of phase feeding in broiler chickens.  D.
Hoehler* and A. Lemme, Degussa Corporation, Kennesaw, Georgia.

Broiler nutritionists need to make decisions about the energy and nutri-
ent content of feed during the grow-out period, and the length of time or
amount each feed should be fed as part of the feeding program. Amino
acid requirements (% of ME) decrease steadily with age. The NRC
(1994) provided a single set of recommendations for both male and
female broilers, and requirements are segregated into 3 periods: starter,
0 to 3 wk; grower, 3 to 6 wk; finisher 6 to 8 wk. This regimen does not
correspond with the feeding regimen used in commercial systems, nor
does it comply with current actual requirements. Optimum ileal digest-
ible lysine level derived with a factorial approach decreases from 1.61%
at d 1 to 0.87% at d 55. A commercial feeding regimen with the five
following periods is suggested: starter I, 1 to 12 d (about 350 to 400 g
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intake); starter II, 13 to 22 d; grower, 23 to 35 d; finisher I, 36 to 48 d;
finisher II, >48 d. Recommended dietary ileal digestible lysine levels are
1.27, 1.09, 1.00, 0.95, and 0.89% for phases 1 to 5, respectively. Opti-
mum digestible ratios of Met + Cys to Lys in phases 1 to 5 are 72, 74,
76, 77, and 79%; optimum digestible Thr to Lys ratios are 63, 64, 65, 66,
and 67%. Suggested ME levels increase from 12.7 to 13.4 MJ/kg. We
conducted a global broiler industry survey on phase feeding regimens.
Number of feeding phases varied from only 2 in China to 5 in Bolivia.
However, there is likely also a huge variation between companies de-
pending on the production goal. As expected, ME levels increased with
age, while lysine levels decreased. There exists a significant potential for
further fine-tuning and optimizing ME and amino acid levels during the
different grow-out phases. The most significant discrepancies between
actual and theoretical amino acid levels exist during the first week of age,
where actual levels are considerably lower than requirements in almost
all countries. Effective phase feeding can minimize excess dietary pro-
tein and amino acids, thus reducing dietary costs per unit of weight gain
or breast meat yield, along with reducing nitrogen excretions.

Key Words: broiler, phase feeding, amino acids, energy, requirements

    S-T144    Effects of reducing dietary protein on performance of
White Leghorn layers during the first production cycle.  H.M.
Yakout*1, D. Hoehler2, and C. Novak1, 1Virginia Tech, Blacksburg,
2Degussa Corporation, Kennesaw, Georgia.

The use of low protein diets can have potential benefits on reducing
nitrogen emissions as well as potential cost savings by reducing high
cost protein sources. An experiment was conducted with 384 Hy-Line
W36 hens which were randomly assigned to one of four dietary treat-
ment groups. Corn-soy based diets varying in dietary protein supple-
mented with commercially available amino acids as follows: [1] 19% CP
+ Met ($142.66/ton), [2] 17% CP + Met and Lys ($136.09/ton), [3]
15% CP + Met, Lys and Thr ($131.53/ ton), and [4] 13% CP + Met,
Lys Thr and Trp ($138.16/ton) were fed from 24 to 36 wks of age. Cage
was considered the experimental unit (4 hens/cage), and each treatment
was replicated 24 times. Overall, hens on diets 1, 2 and 3 consumed
more feed (FI) than diet 4, 85.04, 84.80, 84.63 vs. 75.74 g/h/d, respec-
tively. Egg production (EP) ranged from 91.79 to 85.75% for all dietary
treatment with the highest producers fed diet 2. Egg weights (EW)
performed similarly to EP as they were decreased (P = 0.01) from 55.21
g. to 52.20 g as dietary protein decreased from 19% to 13%, respec-
tively. Egg mass (EM) was higher (P = 0.0001) when hens consumed
diet 1 (50.12 g) 2 (49.71 g), or 3 (49.30 g) compared to diets 4 (44.75 g).
Decreasing dietary protein reduced dry albumen percent, while increas-
ing dry shell percentage. Feed conversion (FC), specific gravity (SG)
and yolk solids were not affected by dietary treatments. Dietary treat-
ments 1, 2 and 3 were statistically similar when evaluating production
performance and egg components as compared with diet 4. No effects
were found on FC, SG or yolk solids due to dietary treatments. Based
on the information gathered in this trial, feeding the 15% CP diet with
supplemental Met, Lys and Thr matched the EP and EM of the high
protein diet. The use of such a diet in the field has the potential to save
the poultry industry as much as $11/ton based on the current study.
Additional in house or field studies are needed to validate these findings.

Key Words: dietary protein, lysine, methionine, egg production, egg
mass

    S-T145    MINTREX®Zn and MINTREX®Cu organic trace min-
erals improve intestinal strength and immune response to coc-
cidiosis infection and/or vaccination in broilers.  J.D. Richards*,
T.R. Hampton, C.W. Wuelling, M.E. Wehmeyer, and J.J. Dibner, Novus
International, Inc., St. Charles, Missouri.

MINTREX®Zn and MINTREX®Cu organic trace minerals are organic
zinc and copper sources, respectively, with 2-hydroxy-
4(methylthio)butanoic acid as the organic ligand. Both were tested for
the ability to improve intestinal breaking strength (IBS) and immune
response to a coccidiosis vaccination and/or challenge. In experiment
one, Cobb 500 broilers were fed diets that were zinc deficient (35ppm),
supplemented with 70ppm zinc sulfate, or 70ppm zinc sulfate + 35ppm
organic zinc (MINTREX®Zn or zinc-methionine). Half of the birds
were vaccinated with a 3-species (Eimeria tenella, maxima, and
acervulina) coccidiosis vaccine (ADVENT® coccidiosis control) at hatch,
and challenged (300,000 viable sporulated oocysts (VSO) acervulina/
bird; 60,000 VSO maxima/bird; 20,000 VSO tenella/bird) on day 24.
MINTREX®Zn and zinc-methionine both significantly increased IBS
in vaccinated + challenged birds. Only MINTREX®Zn increased IBS in
unvaccinated + unchallenged birds. Only birds fed MINTREX®Zn ex-
hibited significantly improved post-vaccination antibody responses to
two E. tenella antigens. In experiment two, broilers were fed a low
copper (9ppm) diet, or a diet supplemented with 25ppm copper from
copper sulfate, a copper proteinate, copper lysine, or MINTREX Cu.
All birds were vaccinated (E. acervulina) and challenged (300,000 VSO
acervulina/bird; 10,000 VSO tenella/bird). Birds fed MINTREX Cu
exhibited significantly greater IBS than all other treatments. All organic
copper sources significantly lowered E. tenella lesion scores versus the
low copper diet, with scores of birds fed MINTREX®Cu numerically
the lowest. Only MINTREX®Cu gave a significant improvement in
anti-coccidial (MIC2 antigen) antibody response. Therefore,
MINTREX®Zn and MINTREX®Cu provide significant immune and
intestinal benefits.

MINTREX® is a registered trademark of Novus International, Inc.

ADVENT® is a trademark of Viridus Animal Health, LLC, and is regis-
tered in the United States and other countries

Key Words: MINTREX®, zinc, copper, broiler, coccidiosis

    S-T146    An evaluation of MINTREX®Mn organic trace min-
eral as a source of manganese in broiler diets.  F. Yan* and P.
Waldroup, University of Arkansas, Fayetteville.

Manganese is an essential trace element for chickens and is typically
added to broiler diets. An organic source of trace minerals, MINTREX®,
has recently been introduced. It uses 2-hydroxy-4(methylthio)butanoic
acid as the organic ligand in a ratio of 2:1 with zinc, copper or manga-
nese. This study tested the bioavailability of the manganese chelate,
MINTREX®Mn, compared to manganese sulfate and manganese diox-
ide in diets for young broiler chicks. Nutritionally complete diets were
formulated based on nutrient specifications of top broiler producers.
Each of the Mn sources was added at 0, 100, 200, 400, 600, and 800 mg/
kg. Diets were adjusted for the amount of 2-hydroxy-
4(methylthio)butanoic acid added from the MINTREX®Mn. All diets
were fortified with 50 mg/kg Fe from ferrous sulfate, 100 mg/kg Zn from
ZnSO4, and 10 mg/kg Cu from copper sulfate. Diets were fed in mash
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form. Five male chicks (Cobb 500) were placed in each of 96 pens in
battery brooders; six pens were assigned to each dietary treatment.
Diets were fed from 1 to 20 d at which time BW and feed consumption
were determined and birds killed by CO2 inhalation. Tibia were re-
moved from surviving birds, cleaned of adhering tissue, dried, and ex-
tracted as described by AOAC (1990). Pooled samples of fat-extracted
dried tibia (pooled within replicate pens) were analyzed for bone ash
and manganese content.

There were no significant differences among treatments for body weight,
feed conversion, feed intake, mortality, or tibia ash. Significant differ-
ences in tibia Mn content were observed among source and level of Mn.
Slope-ratio analysis of the response to the various products indicated
that birds fed MINTREX®Mn had 14.28% higher levels of tibia Mn
than those fed the sulfate form and 54.83% higher levels of tibia Mn
than those fed the oxide form, indicating greater biological availability of
the Mn from the MINTREX®Mn than provided by commonly used
inorganic forms of Mn. Use of this product at adjusted dietary levels
should reduce fecal excretion of Mn.

MINTREX® is a registered trademark of Novus International, Inc.

Key Words: broilers, manganese, organic minerals, trace minerals

    S-T147    The methionine (Met) activity of MINTREX®Zn,
MINTREX®Cu and MINTREX®Mn in broiler starter diets is fully
available for broiler chicks.  G.F. Yi*, J.J. Dibner, J.D. Richards,
M.E. Wehmeyer, and C.D. Knight, Novus International, Inc., St. Charles,
Missouri.

MINTREX®Zn, MINTREX®Cu and MINTREX®Mn are organic
trace minerals containing 16% Zn, 15% Cu, and 13% Mn, with 80%,
78% and 78% of 2-hydroxy-4-(methylthio) butanoic acid (HMTBA)
as the organic ligand, respectively. The objective of this trial was to
determine if the HMTBA content from these products was fully avail-
able as a Met source. Day old Cobb 500 male chicks (576) were allotted
to 12 dietary treatments (Trt) in a completely randomized block design
(6 pens/Trt, 8 chicks/pen) for 21 d. A total sulfur amino acid (TSAA)
deficient diet containing 0.70% TSAA (Trt 1) was supplemented with
0.05, 0.10, 0.15, or 0.20% HMTBA (Trt 2-5; supplied by Alimet® feed
supplement) to establish the standard Met response curve. Trt 6 was
analogous to Trt 2 but added an additional 160 ppm Zn from
ZnSO4•H2O, 80 ppm Cu from CuSO4•5H2O, and 160 ppm Mn from
MnSO4•H2O. Trt 7-12 were the same as Trt 2 but supplemented with
40 or 160 ppm Zn from MINTREX® Zn, 20 or 80 ppm Cu from
MINTREX® Cu, and 40 or 160 ppm Mn from MINTREX® Mn,
respectively. For Trt 1-6, performance increased due to Met addition (P
< .01) but not to increasing inorganic trace minerals. Within each
MINTREX® treatment (7-12) there was a linear increase in G:F (P <
.01) and for MINTREX®Zn and MINTREX®Mn a linear increase in
gain (P < .01). The linear prediction equation determined by the one-
slope broken-line (BL) below the breakpoint and exponential (EXP)
prediction equations for both gain and G:F were used to estimate the
bioavailable Met intake from MINTREX®. Based on the BL, the aver-
age bioavailable Met activity from MINTREX® was 98% and 99%, for
gain and G:F, respectively. The EXP indicated that the average bioavailable
Met activity from MINTREX® was 105% and 126%, for gain and G:F,
respectively. In conclusion, the growth responses to MINTREX® were
consistent with the level of HMTBA in the molecule demonstrating that

it is fully available as a Met source for the broiler chick. (Alimet® feed
supplement and MINTREX® are registered trademarks of Novus In-
ternational, Inc.)

Key Words: MINTREX® Zn, MINTREX ®Cu, MINTREX® Mn,
methionine activity, broilers

    S-T148    Economics of B-Mannanase (Hemicell® Feed Enzyme)
in turkey hens under varying energy levels.  M. Jackson*1 and G.
Mathis2, 1ChemGen Corp, Gaithersburg, Maryland, 2Southern Poul-
try Research, Athens, Georgia.

Six dietary treatments consisting of four feeding programs (high, nor-
mal, low, and very low energy levels) varying by increments of 60 Kcal/
kg ME and the two lowest ME programs with a target B-mannanase at
100 MU/ton were provided to 10 replicate pens with 19 Nicholas
female turkeys per pen. Diets were corn-soybean meal based containing
4-6% poultry meal. All diets were assayed for proximate composition
and B-mannanase activity. The feeding programs consisted of 5 diets
provided from 0-3, 3-6, 6-9, 9-12, and 12-14 weeks of age. Liquid
enzyme or water was applied to all pelleted diets. Body weight was
determined at 0, 3, 6, 9, 12, and 14 weeks of age and feed consumption
was determined between these ages. The normal level ME varied from
2954 Kcal/kg (1340/lb) at 0-3 weeks to 3400 Kcal/kg (1542/lb) at 12-14
weeks of age. Improvements in weight gain and feed conversion were
observed with each increase in energy level demonstrating that the birds
consistently responded to energy density. In the low and very low
energy programs, B-mannanase improved feed conversion from 0-14
weeks by 3.7 and 1.7 points, respectively (NS) and improved final
weights by 3.5% and 4.1% respectively (P<0.05). Using commercial
feed ingredient prices reflective at the time of the study and a dressed
meat value of $1.10/kg ($.50/lb), calculated margins (meat revenue mi-
nus feed cost) were determined. On a per-1000-birds-placed basis, B-
mannanase increased margins by $219.80 and $122.23 when included in
the low and very low ME feeding programs, respectively. The experi-
ment revealed that B-mannanase improves turkey hen performance at
varying energy levels and that the economic benefit may vary depending
on the base energy program selected.

Key Words: turkeys, B-mannanase, energy density, economics

    S-T149    S-Tatistical meta-analysis of data from four EU effi-
cacy studies with B-mannanase (Hemicell®) Feed Enzyme in broil-
ers.  M. Jackson*1, E. Helmes1, and P. Medel2, 1ChemGen Corp,
Gaithersburg, Maryland, 2Imasde Agropecuaria, Napoles, Madrid,
Spain.

Four EU efficacy trials were conducted from 2003-2005, with similar
protocol designs. For the meta-analysis, data were selected from trials
where the recommended minimum dose of Hemicell® feed enzyme was
applied to broilers on similar corn-soybean meal diets without the use
of coccidiostats or antibiotics. The meta-analysis evaluated the effect of
Hemicell® when added at a dose targeted to give around 79,000 U/kg
feed. All studies had a negative control and a treated group containing
the enzyme dosage at a target level. In each study, pens of male broilers
were fed a starter feed from 0-21 and a grower feed from 22-42 days of
age. Two studies used mash feeds, whereas the other 2 studies used
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pelleted feeds. The goal of the meta analysis was to combine data from
4 studies and evaluate the enzyme product across all studies. Data were
tested for homogeneity and pooled to enable a statistical meta-analysis,
where P=0.05 was considered significant. Data from the starter period
indicated an improvement of 2.8% and 2.6% in growth and feed effi-
ciency, respectively (P<0.01). Growth and feed efficiency were im-
proved by 4.9% and 3.8%, respectively during the grower period
(P<0.01). From 0-42d, Hemicell® improved growth and feed efficiency
by 4.2% and 3.6%, respectively (P<0.001). Also, a significant improve-

ment of 7.5% (P<0.001) was observed for the European Production
Efficiency Factor, 1-42 d (gain, g of survivors/(FCR*10))*(100 - %
mortality). Mortality (mean 4.7%) was considered normal with no sig-
nificant differences between control and treated birds. The meta-analy-
sis supports the conclusion that Hemicell®Feed Enzyme is effective in
broilers at the recommended dose of ~79,000 U/kg feed.

Key Words: broilers, B-mannanase, meta analysis, body weight, Feed
conversion

POSTERS
Monday, January 23

Room: 308-309
    S-P150    Initial proteomics analysis of differentially expressed
proteins from ts–11 and F strain detected by Western blotting. 
S.D. Collier*1, G.T. Pharr2, S.L. Branton1, J.D. Evans1, and S.A. Leigh1,
1USDA, Agricultural Research Service, South Central Poultry Research
Laboratory, Mississippi State, Mississippi, 2Mississippi State Univer-
sity, Mississippi State.

Mycoplasma gallisepticum (MG) is the causative agent of chronic respi-
ratory disease in layer chickens. The MG vaccine strains that are ap-
proved and commercially available for use in layer chickens include F,
ts–11 and 6/85. The MG vaccine strains ts–11 and 6/85 are safer than
the F strain vaccine and they have little or no potential of spreading
from bird to bird. However, ts–11 and 6/85 appear to be less efficacious
than F strain. Results from studies suggest that the use of MG vaccine
strain F in replacement flocks over a period of time results in the dis-
placement of the original field strain. Kleven and colleagues (1998)
showed that in pen trial studies the F strain displaced the virulent R
strain, but ts–11 and 6/85 did not. Also reports of MG breaks in layer
flocks previously vaccinated with ts–11 or 6/85 have resulted in revac-
cination of these flocks by F. The continued use of F strain in displace-
ment and revaccination regimens necessitates the development of more
rapid and sensitive field tests that will differentiate between wild-type
and vaccine strains of MG. In the present study, ts–11 and F strain
whole cell extracts were analyzed by Western blotting and proteomic
methodologies. Differentially expressed bands were excised, in-gel di-
gested with trypsin, and analyzed by mass spectrometry. The proteins
were characterized as internal proteins and were predicted to be mostly
involved in such cellular processes as carbohydrate transport and me-
tabolism, energy production and conversion, posttranslational modifi-
cation, protein turnover, chaperones and transcription and translation.
The results of this study suggest that proteomics may aid in the charac-
terization of proteins that could contribute to the development and
improvement of serologic and DNA based MG diagnostic tests.

Key Words: western blotting, proteomics, MG, ts–11, F strain

    S-P151    Effect of an ultrabiotic on Salmonella typhimurium
colonization and blood composition in turkeys experimentally
challenged.  A. Koncicki1, B. Mazur-Gonkowska1, A. Krasnodebska-
Depta1, and M. Contreras*2, 1University of Warmia and Mazury, Olsztyn,
Poland, 2Citrex Inc., Miami, Florida.

The effect on intestinal colonization and blood composition in turkeys
experimentally challenged with ST and treated with a commercial

ultrabiotic (Citrex) in the drinking water was evaluated. Thirty healthy
6 week-old BUT turkeys were divided into 3 treatments and kept in
isolated areas. The first group was non-treated and non- challenged
(negative control), the second group was challenged by intubation into
the crop with a bacterial suspension containing 6 x 10 9 CFU/ml; and the
third group was also challenged with ST and treated with Citrex (100
ppm) daily in the drinking water 24 hours before challenge and 7 days
post challenge (PC). Seven days PC, five turkeys from the second and
third groups were randomly separated from the rest and treated with
Citrex for 14 days. At 1, 7 and 21 days PC, cloacal swabs for ST
isolation were cultured. Seven days PC, swabs from internal organs
were cultured for ST isolation and blood samples were tested for blood
composition determination. Twenty one days PC, no ST was isolated
from the group challenged and treated with Citrex, nor the negative
control group. Seven days PC, the hematocrit, hemoglobin and white
blood cells values detected in the negative control group and the group
treated with Citrex were significantly higher than the values obtained in
the group challenged with ST. Under the conditions of this experiment,
the administration of Citrex in the drinking water avoided a permanent
intestinal colonization with ST and eliminated the infection after chal-
lenge. The hematological results showed the effectiveness of Citrex in
protecting against the deleterious effects caused by ST.

Key Words: Citrex, S. typhimurium, ultrabiotic, turkey, intestinal colo-
nization

    S-P152    Comparison of in vitro inhibition of growth of Salmo-
nella Typhimurium and Escherichia coli on broiler feed media by
two sources of Bacillus subtilis.  A. Murry*1 and A. Hinton2, 1Uni-
versity of Georgia, Athens, 2Agricultural Research Service, USDA, Ath-
ens, Georgia.

In this study, a Bacillus subtilis isolate obtained from the fecal contents
of adult male broilers was compared with a B. subtilis isolate (#10774)
obtained from the American Type Culture Collection (ATCC) to evalu-
ate their ability to in vitro inhibit the growth of Salmonella Typhimurium
and Escherichia coli. The B. subtilis fecal isolates were recovered from
broiler fecal droppings and identified using the MIDI Sherlock Micro-
bial Identification System. For the inhibition assay, agar media com-
posed of 7.5 % of a broiler starter or grower diet and 1.2 % agar were
inoculated with 18-24 h cultures of S. Typhimurium or E. coli. Sterile
filter paper disks were dipped in cultures of the B. subtilis isolates that
were grown in Tryptic Soy Broth (TSB) for 24 hours at 30oC. The
disks dipped in TSB without the B. subtilis isolates were used as con-
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pelleted feeds. The goal of the meta analysis was to combine data from
4 studies and evaluate the enzyme product across all studies. Data were
tested for homogeneity and pooled to enable a statistical meta-analysis,
where P=0.05 was considered significant. Data from the starter period
indicated an improvement of 2.8% and 2.6% in growth and feed effi-
ciency, respectively (P<0.01). Growth and feed efficiency were im-
proved by 4.9% and 3.8%, respectively during the grower period
(P<0.01). From 0-42d, Hemicell® improved growth and feed efficiency
by 4.2% and 3.6%, respectively (P<0.001). Also, a significant improve-

ment of 7.5% (P<0.001) was observed for the European Production
Efficiency Factor, 1-42 d (gain, g of survivors/(FCR*10))*(100 - %
mortality). Mortality (mean 4.7%) was considered normal with no sig-
nificant differences between control and treated birds. The meta-analy-
sis supports the conclusion that Hemicell®Feed Enzyme is effective in
broilers at the recommended dose of ~79,000 U/kg feed.

Key Words: broilers, B-mannanase, meta analysis, body weight, Feed
conversion
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Room: 308-309
    S-P150    Initial proteomics analysis of differentially expressed
proteins from ts–11 and F strain detected by Western blotting. 
S.D. Collier*1, G.T. Pharr2, S.L. Branton1, J.D. Evans1, and S.A. Leigh1,
1USDA, Agricultural Research Service, South Central Poultry Research
Laboratory, Mississippi State, Mississippi, 2Mississippi State Univer-
sity, Mississippi State.

Mycoplasma gallisepticum (MG) is the causative agent of chronic respi-
ratory disease in layer chickens. The MG vaccine strains that are ap-
proved and commercially available for use in layer chickens include F,
ts–11 and 6/85. The MG vaccine strains ts–11 and 6/85 are safer than
the F strain vaccine and they have little or no potential of spreading
from bird to bird. However, ts–11 and 6/85 appear to be less efficacious
than F strain. Results from studies suggest that the use of MG vaccine
strain F in replacement flocks over a period of time results in the dis-
placement of the original field strain. Kleven and colleagues (1998)
showed that in pen trial studies the F strain displaced the virulent R
strain, but ts–11 and 6/85 did not. Also reports of MG breaks in layer
flocks previously vaccinated with ts–11 or 6/85 have resulted in revac-
cination of these flocks by F. The continued use of F strain in displace-
ment and revaccination regimens necessitates the development of more
rapid and sensitive field tests that will differentiate between wild-type
and vaccine strains of MG. In the present study, ts–11 and F strain
whole cell extracts were analyzed by Western blotting and proteomic
methodologies. Differentially expressed bands were excised, in-gel di-
gested with trypsin, and analyzed by mass spectrometry. The proteins
were characterized as internal proteins and were predicted to be mostly
involved in such cellular processes as carbohydrate transport and me-
tabolism, energy production and conversion, posttranslational modifi-
cation, protein turnover, chaperones and transcription and translation.
The results of this study suggest that proteomics may aid in the charac-
terization of proteins that could contribute to the development and
improvement of serologic and DNA based MG diagnostic tests.

Key Words: western blotting, proteomics, MG, ts–11, F strain

    S-P151    Effect of an ultrabiotic on Salmonella typhimurium
colonization and blood composition in turkeys experimentally
challenged.  A. Koncicki1, B. Mazur-Gonkowska1, A. Krasnodebska-
Depta1, and M. Contreras*2, 1University of Warmia and Mazury, Olsztyn,
Poland, 2Citrex Inc., Miami, Florida.

The effect on intestinal colonization and blood composition in turkeys
experimentally challenged with ST and treated with a commercial

ultrabiotic (Citrex) in the drinking water was evaluated. Thirty healthy
6 week-old BUT turkeys were divided into 3 treatments and kept in
isolated areas. The first group was non-treated and non- challenged
(negative control), the second group was challenged by intubation into
the crop with a bacterial suspension containing 6 x 10 9 CFU/ml; and the
third group was also challenged with ST and treated with Citrex (100
ppm) daily in the drinking water 24 hours before challenge and 7 days
post challenge (PC). Seven days PC, five turkeys from the second and
third groups were randomly separated from the rest and treated with
Citrex for 14 days. At 1, 7 and 21 days PC, cloacal swabs for ST
isolation were cultured. Seven days PC, swabs from internal organs
were cultured for ST isolation and blood samples were tested for blood
composition determination. Twenty one days PC, no ST was isolated
from the group challenged and treated with Citrex, nor the negative
control group. Seven days PC, the hematocrit, hemoglobin and white
blood cells values detected in the negative control group and the group
treated with Citrex were significantly higher than the values obtained in
the group challenged with ST. Under the conditions of this experiment,
the administration of Citrex in the drinking water avoided a permanent
intestinal colonization with ST and eliminated the infection after chal-
lenge. The hematological results showed the effectiveness of Citrex in
protecting against the deleterious effects caused by ST.

Key Words: Citrex, S. typhimurium, ultrabiotic, turkey, intestinal colo-
nization

    S-P152    Comparison of in vitro inhibition of growth of Salmo-
nella Typhimurium and Escherichia coli on broiler feed media by
two sources of Bacillus subtilis.  A. Murry*1 and A. Hinton2, 1Uni-
versity of Georgia, Athens, 2Agricultural Research Service, USDA, Ath-
ens, Georgia.

In this study, a Bacillus subtilis isolate obtained from the fecal contents
of adult male broilers was compared with a B. subtilis isolate (#10774)
obtained from the American Type Culture Collection (ATCC) to evalu-
ate their ability to in vitro inhibit the growth of Salmonella Typhimurium
and Escherichia coli. The B. subtilis fecal isolates were recovered from
broiler fecal droppings and identified using the MIDI Sherlock Micro-
bial Identification System. For the inhibition assay, agar media com-
posed of 7.5 % of a broiler starter or grower diet and 1.2 % agar were
inoculated with 18-24 h cultures of S. Typhimurium or E. coli. Sterile
filter paper disks were dipped in cultures of the B. subtilis isolates that
were grown in Tryptic Soy Broth (TSB) for 24 hours at 30oC. The
disks dipped in TSB without the B. subtilis isolates were used as con-
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trols. The disks were then placed in the center of plates with the feed
agar that were inoculated with S. Typhimurium or E. coli and incubated
for 24 hours at 37oC. After incubation, zones of inhibition of S.
Typhimurium and E. coli growth around the filter paper disks were
measured. Results indicated that zones of inhibition produced by both
B. subtilis isolates were larger for S. Typhimurium (P < 0.03) and E. coli
(P < 0.001) than zones for the controls in both the starter and grower
feed agar media. In addition, the fecal B. subtilis isolate produced zones
of inhibition of S. Typhimurium and E. coli that were larger (P < 0.001)
than zones produced by the ATCC isolate. These findings indicate that
although B. subtilis isolates from different environments can inhibit the
growth of S. Typhimurium and E. coli in vitro, isolates recovered from
the fecal contents of broiler chickens may produce significantly greater
inhibition of the growth of enteric bacteria associated with poultry.

Key Words: Salmonella, Escherichia coli, Bacillus subtilis, in vitro,
inhibition

    S-P153    Effects of betaine on immune response, IGF-1 and hepa-
tocyte proliferation in laying hens.  J.H. Park1, S.Y. Park1, C.W.
Kang2, and K.S. Ryu*1, 1Department of Animal Resources & Biotech-
nology, 2School of Veterinary Medicine, Chonbuk National University,
Chonju, Republic of Korea.

An experiment was conducted to determine the effects of betaine on
immune response, IGF-1 concentrations and hepatocyte proliferation
in laying hens. A total of 72 ISA-brown laying hens were divided into
four groups of 18 hens each and fed corn-soybean meal based diets with
0, 300, 600 and 1,200ppm betaine addition for four weeks. The effects
of betaine on splenocyte proliferations with mitogens, concanavalin
A(Con A) and pokeweed mitogen (PWM), were assayed after incuba-
tion using 3H-thymidine uptake. Proliferations of splenocyte were sig-
nificantly increased by activation of mitogen, Con A or PWM. Mitogen
effects of Con A were increased by Con A plus betaine injection(0.1mM),
whereas PWM effects did not affect in PWM plus betaine
injection(0.1mM) in vitro. Splenocyte proliferation by laying hens fed
betaine weakly increased in the presence of PWM, but slightly sup-
pressed in the presence of Con A in vivo. Con A-induced splenocyte
proliferation were increased in dietary 600ppm betaine, but inhibited in
1,200ppm betaine supplementation diet. Spleen weights and sheep red
blood cell(SRBC) titers of hens fed betaine tended to increase compared
to those of control, but were not significantly different. Increasing di-
etary betaine concentration was increased to IGF-1 concentrations of
blood and liver in dose dependent manner.
Betaine supplementation stimulated H3-thymidine incorporation and
suppressed p42/44 MARK activation in hepatocytes. These results
suggested that betaine may be involved in cell proliferations, p42/44
MARK and IGF-1 concentration of blood and liver in laying hens.

Key Words: betaine, immunity, IGF-1, Splenocyte, SRBC

    S-P154    Effects of ACTH-infusion on blood physiological vari-
ables and acid-base balance in broiler chickens.  H. Olanrewaju*1,
S. Wongpichet2, J. Thaxton2, W. Dozier1, and S. Branton1, 1USDA/ARS
Poultry Research Unit, Mississippi State, Mississippi, 2Mississippi State
University, Mississippi State.

Research has shown that adrenocorticotropic hormone (ACTH) infu-
sion at 8 IU/kg BW/d for 7 d was the minimum effective dose that

caused physiological stress in broilers. However, the understanding of
acid-base status during ACTH infusion in broilers is lacking. The present
study was conducted to study effects of stress, caused by continuous
infusion of ACTH, on acid-base balance in broiler chickens. Osmotic
pumps delivered 8 IU ACTH/kg BW/d for 7 d or saline at 1ΜL/h for 7
d. Arterial blood samples were taken on d 0 (baseline values) and on d 4,
8, and 14 after onset of infusions. The ACTH treatment caused in-
creased blood concentrations of hematocrit (cHct), hemoglobin (ctHb),
HCO3

-, mean corpuscular hemoglobin concentration (McHc) and corti-
costerone (CS), along with decreased blood concentrations of pO2 ,
cNa+ , and Cl- during post-implantation period (P<0.05). Blood pH and
concentrations of K+ were not significantly (P<0.05) changed by ACTH
treatment. Results indicate that stress induced by infusion of ACTH
does not prevent homeostatic regulation of acid-base balance, as indi-
cated by constant blood pH. However, due to the increased need for O2
to support gluconeogenic energy production, the bird responded by
increased erythropoiesis. This adaptive response provided greater num-
bers of erythrocytes and the total amount of circulating hemoglobin to
deliver need O2 for metabolism.

Key Words: acid-base balance, stress, ACTH, broiler

    S-P155    Life cycle changes in bone mineralization of broilers. 
P. Talaty* and P.Y. Hester, Purdue University, West Lafayette, Indiana.

Leg problems due to valgus/varus deformities, tibial dyschondroplasia
(TD), field rickets, and femoral head necrosis are costly to the broiler
industry. A national survey of broiler companies indicate that broiler
flocks experience 1.1% mortality due to leg problems and that an addi-
tional 2.1% of the birds are condemned or downgraded during process-
ing as a result of leg abnormalities. The current study was carried out to
determine life cycle changes in bone mineralization of the tibia and
humerus of male and female commercial meat-type chickens. Ross male
and female broilers were placed in separate littered floor pens at day of
age with 48 birds/pen at a density of 774 sq cm/ bird. Birds were raised
using standard management procedures. Broilers used for live scans
were selected at random from each of the two floor pens. The humerus
and tibia of 6 females and 6 males were scanned at weekly intervals from
1 to 7 wk of age using dual energy X-ray absorptiometry (DEXA).
Using the mixed model procedure of SAS, bone mineral density (BMD)
was analyzed using an analysis of covariance with BW as a covariant.
The whole plot was the sex of the bird, whereas the type of bone (tibia
and humerus) was a subplot using the individual bird as the experimen-
tal unit. A split plot with repeated measures was used to compare ages
(2, 3, 4, 5, 6, and 7 wk). Bone mineralization at 1 wk of age was low and
undetectable by DEXA in many broilers; therefore, the data collected at
1 wk of age were not included in the statistical analysis. Results indi-
cated that the BMD of the humerus and tibia increased from 2 to 4 wk
of age and peaked at 4 wk of age. The BMD values remained at approxi-
mately peak values for the remainder of the study (to 7 wk of age) with
one exception. The BMD of the humerus of male broilers decreased at 6
and 7 wk of age as compared to peak values at 4 and 5 wk of age resulting
in a bone x sex x age interaction (P < 0.04). When considering the short
life cycle of growing broilers, these results suggest that the BMD of the
tibia and humerus reaches its peak at 4 wk of age.

Key Words: broiler, bone mineral density, tibia, humerus, dual energy
X-ray absorptiometry
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    S-P156    Eggshell conductance effects on turkey embryo car-
diac function.  V. Christensen*1, L. Bagley2, J. Prestwich2, D. Ort1,
and M. Wineland1, 1North Carolina State University, Raleigh, 2Moroni
Turkey Hatchery, Moroni, Utah.

Eggs produced by flocks at high altitude have reduced eggshell conduc-
tance (G) compared to those at sea level. Immature tissues result be-
cause of the shorter incubation periods noted at high altitude. Two
tissues sensitive to this immaturity are the intestine and the heart.
Intestinal diseases and heart failure are two major causes of poult mor-
tality. It was hypothesized that hypoxia or accelerated development
may cause reduced growth or maturation in cardiac tissue in the neonatal
poult. To test the hypothesis, eggs were produced by flocks of turkeys
located at high altitude (3,000 m). The initial study measured heart rates
of embryos in eggs of known weight and G. Correlation analysis indi-
cated a slight but significant positive correlation between G and heart
rate. A second study was conducted to verify the first in which G was
reduced artificially by coating the shell with paraffin either 1 or 2 cm
from the pointed end. Reducing G reduced heart rates in a graded re-
sponse that confirmed the prior results. In the third study, G and incu-
bator temperature were tested for their effects on cardiac physiology.
Increased incubator temperature increased heart rates and affected car-
diac physiology with no subsequent effect on embryo or hatchling
survival. In the fourth study, G and incubator oxygen concentration
were tested for their effects on cardiac physiology. Both low G and low
oxygen reduced heart rates and affected cardiac physiology. Low oxy-
gen reduced embryo survival, but low G had no effect on embryo or
hatchling survival. It is concluded that reduced G in turkey eggs at high
altitude is a physiological mechanism to ensure adequate cardiac func-
tion and embryo survival. Incubators at high altitude may need to be
operated to ensure longer incubation periods to optimize poult quality.

Key Words: high altitude, cardiac function, eggshell conductance, em-
bryo survival

    S-P157    S-Plenic lymphocytes interferon pattern during a sec-
ondary response in Eimeria tenella infected broiler chickens.  M.A.
Juarez-Estrada* and T.L. Fehervari, Department of Animal Production:
Poultry; FMVZ-UNAM., México, D.F. México.

Interferon (IFN) secretion pattern from splenic lymphocytes T (SLT)
stimulated with Concanavalin-A, during Eimeria secondary response
was investigated. At first study, 32 twenty days old broiler chickens
(Hubbard x Hubbard) were challenged with 1 x 104 sporulated oocysts
of Eimeria tenella (SOET). They were again challenged 14 days later (5
x 104 SOET). At the second trial, 32 twenty days old broiler chicks were
trimming immunized during 10 days with 1 x 103 of SOET. Ten days
after the last trimming dose, they were challenged (5 x 104 SOET).
Spleen pools from challenged group (CG) and non-challenged group
(NCG) were prepared separately. SLT nylon wool columns were iso-
lated into four spleens pools at 1, 3, 7 and 9 days. The IFN was detected
in tissue culture by inhibition of the citopatic effect of NDV and IBDV,
as positive control was used 1st Ifn Ref prep Inter Chick 67/18 (80 UI/
mL). On the 1st day p.s.i of the first trial, at NDV assay CG showed up
IFN level of 13.3±4.13 Log2, it was different (P<0.05) to NCG (5.3±3.06
Log2). At 3rd day CG reached an IFN peak (14.7±13.5 Log2), it was
different (P<0.05) to NCG. On the 7th day the IFN from CG diminished
(4.33±4.13 Log2,), it was no different to NCG. At 9th day the CG IFN
level increased (12.67±5.32 Log2), it was different (P<0.05) to NCG.
The IBDV assay had the same pattern than NDV assay, however, it
showed lower up IFN levels. At the second experiment higher IFN

levels were detected, however, both viral models showed up the same
pattern than first trial. IFN secretion pattern detected with both immu-
nization models, showed up a specifical rol for a SLT subset. When
antigen was inoculated to the birds at the second time, anamnestic STL
responses occurred quickly, and likely its becoming to this subset into
active SLT that its was secreting this upregulating IFN. Trimming im-
munization model had better IFN enhanced than secondary immuniza-
tion model, even though the challenge dose was the same.

Key Words: cytokine, T lymphocytes, Eimeria tenella, trimming model,
broiler chicks

    S-P158    Use of FTA® filter paper for the molecular detection of
Newcastle disease virus.  F. Perozo*1, P. Villegas1, C. Estevez2, I.
Alvarado1, and L. Purvis1, 1University of Georgia, Athens, 2Southeast
Poultry Research Laboratory (USDA), Athens, Georgia.

The feasibility of using FTA® cards to collect allantoic fluid (AF) and
chicken tissue samples for molecular detection of Newcastle disease
virus (NDV) was evaluated. Trizol® RNA extraction and one step re-
verse transcriptase polymerase chain reaction (RT-PCR) were used to
amplify the F protein gene from the cards. FTA® cards allowed the
identification of NDV from AF with a viral titer of at least 105.8 ELD50
/ml. The virus inactivated on the FTA® cards remained stable for 15
days. NDV was also detected from FTA® imprints of trachea, lung,
cecal tonsil and cloacal feces of experimentally infected birds. The re-
sults showed that the FTA® card was at least as sensitive as the test ran
with the homologous frozen tissue and to virus isolation. Direct nucle-
otide sequence of the amplified gene allowed prediction of NDV viru-
lence. The FTA® cards provide a hazard free sample and a reliable
source of RNA for molecular characterization, avoiding the risks of
transportation and processing live NDV.

    S-P159    Detection of avian reovirus by RT-PCR in specimens
collected on FTA filter paper.  H. Moscoso*, G. Brown, and C. Hofacre,
University of Georgia, Athens.

Reovirus infections in chickens and turkeys occur worlwide and are
associatted with conditions like arthritis, tenosynovitis, respiratory
disease and stunting syndrome. Several tests have been developed for
the identification of reovirus infections such as virus isolation in cell
culture, ELISA, and western blot but they are time consuming and less
specific and sensitive than the reverse transcriptase polymerase chain
reaction (RT-PCR). We have previously shown that avian pathogens are
rendered non-infectious upon contact with FTA cards and that their
nucleic acids remain stable over time as demosntrated by molecular
tests. Here we utilized a RT-PCR using primers that flank a 532 bp
DNA sequence containing the S1 gene of avian reovirus to detect the
virus in specimens collected on FTA cards. Reovirus vaccine and refer-
ence strains were collected on FTA as 5-10 ul aliquots. Field samples
were collected as tendon impressions on FTA or synovial fluid swabed
on FTA. RNA was extracted from FTA punches by commercial kits for
RT-PCR. The reovirus RT-PCR did not cross-amplify infectious bron-
chitis virus, newcastle disease virus, adenovirus, mycoplasma
gallisepticum or mycoplama synoviae collected on FTA. Sensitivity of
the test was between 1 ng and 5 ng of RNA template. The virus was
detected from specimens stored on FTA cards at room temperature for
at least 3 month or at -20C for more than a year. The inactivation of
reovirus in samples stored on FTA cards allow their transport to and
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from the USA, in compliance with federal regulations, in order to per-
form molecular analysis in centralized laboratories.

Key Words: reovirus, FTA, inactivation, RT-PCR, RNA

    S-P160    The effect of added automotiva waste oil on ∆∆∆∆∆–
aminolevulinic acid deydtratase (ALAD) activity in laying hens. 
A. Rama*1, R.I. Bakalli1,3, N. Mulabegovic2, Q. Selimi1, B. Hulaj1, and
R. Kastrati1, 1University of Prishtina, Prishtina, Kosova, 2University of
Sarajevo, Sarajevo, Bosnia & Hercegovina, 3University of Georgia,
Athens.

Previous studies have shown that activity of red blood cell ∆–
aminolevulinic acid dehydratase (EC 4.2.1.24, ALAD) is a sensitive
indicator of lead exposure in humans and animals. An experiment was
conducted to study the effects of dietary added waste automotive oil
(WAO), clean–unused automotive oil (UAO) and lead (Pb) on inhibi-
tion of ALAD enzyme in laying hens. Two hundred sixteen, 60 week
old, laying hens (Hisex Brown) where allocated in nine treatments with
three replication (8 hen per replicate). Hens were fed diets with four
levels of WAO (0.5, 1, 2 and 4%), two levels of UAO (2 and 4%), two
levels of added Pb (5 and 50 ppm, used as positive control treatments),
or untreated control. Experiment was divided in three phases: first in-
toxication phase (used unleaded automotive oil), second intoxication
phase (used leaded automotive oil), and withdrawal phase (without
added automotive oil or Pb). In the end of second intoxication phase red
blood cell ALAD activity was significantly inhibited (P<0.0001) in all
treatments: with added WAO (0.5% WAO for 30% of ALAD activity in
start, 1% WAO for 54%, 2% WAO for 66%, and 4% WAO for 57%,
respectively), with added UAO (1% UAO for 28% of ALAD activity
in start, and 4% UAO for 35%, respectively), and with added Pb ( 5
ppm for 20% of ALAD activity in start, and 50 ppm Pb for 73%,
respectively). Two weeks after withdrawal of contaminated feed, activ-
ity of ALAD was significantly increased (P<0.0001) and brought the
enzyme activity to 93% (treatment with 0,5% WAO), 92% (1% WAO),
103 (2% WAO), and 95% (4% WAO), 92% (1% UAO), 103% (4%
UAO), 106% (5 ppm Pb), and 64% (50 ppm Pb) of activity of enzyme
in the start. Activity of ALAD shows highly negative correlation with
the levels of added WAO, UAO and Pb (-0.848, -0.762 and -0.989,
respectively). It was confirmed that primary determined hypothesis
that waste automotive oil has significant effect on activity of ALAD
enzyme and that the hens can be used as a reliable biological monitoring
model for studying toxicity of waste automotive oil.

Key Words: toxicology, hens, ALAD, automotive oil, Lead

    S-P161    Lead accumulation in laying hens fed automotive waste
oil.  A. Rama*1, R.I. Bakalli1,3, N. Mulabegovic2, S. Jusufi1, N. Mestani1,
and B. Berisha1, 1University of Prishtina, Kosova, 2University of
Sarajevo, Sarajevo, Bosnia & Hercegovina, 3University of Georgia,
Athens.

An estimated 1,800 tons of automotive waste oil (WAO) enters in
Kosova by spillage and disposal on land. The lead (Pb) content in WAO
has been reported to be as high as 40,000 ppm (average 8,400 ppm). An
experiment was conducted to study the effects of dietary added waste
automotive oil (WAO), clean–unused automotive oil (UAO) and lead
(Pb) on lead accumulation in tissues of laying hens. Sixty week old
laying hens (Hisex Brown) where allocated in nine treatments with three

replication (8 hen per replicate). Hens were fed diets with four levels of
WAO (0.5, 1, 2 and 4%), two levels of UAO (2 and 4%), two levels of
added Pb (5 and 50 ppm, used as positive control treatments), or un-
treated control. Experiment was divided in three phases (two weeks
each): first intoxication phase (unleaded automotive oil), second intoxi-
cation phase (leaded automotive oil), and withdrawal phase (without
added automotive oil or Pb). In the end of second phase of intoxication
and in the end of withdrawal phase, three hens per replication were
randomly selected, blood sampled and then sacrificed. Pb was deter-
mined in whole blood samples. Lead concentration was determined in
liver, kidneys, brain and tibia. In the end of second intoxication phase Pb
level in blood, liver, kidneys, brain and tibia was significantly increased
in all treatments (<0.0001). Pb accumulation shows high correlation in
treatments with added WAO (blood 0.99, liver 0.92, kidneys 0.99, brain
0.98, and tibia 0.99), with added UAO (blood 0.95, liver 0.97, kidneys
0.95, brain 0.95, and tibia 0.73), with added Pb (blood 0.94, liver 0.90,
kidneys 0.99, brain 0.99, and tibia 0.99). The order of total accumula-
tion of Pb (ug/g) in tissues in the end of second intoxication phase was
tibia>liver>kidney>brain. Order in in relative increase off Pb in this
phase in relation of control treatment was brain>liver>kidneys>tibia
(based on percentage of increase). Two weeks after withdrawal of con-
taminated feed order of tissue Pb decrease was brain>liver>kidney>tibia.
In conclusion, exposure to automotive waste oil in the diet resulted in
significant accumulation of lead in blood, liver, kidneys, brain, and tibia.

Key Words: toxicology, hens, Pb, automotive waste oil

    S-P162    AgGard: A nexus for poultry health, agricultural secu-
rity and national security.  R. Norton*1 and M. Eubanks2, 1Auburn
University, Auburn, Alabama, 2Federal Bureau of Investigation, Mo-
bile, Alabama.

AgGard is a new national security program being developed by the
Federal Bureau of Investigation.
The AgGard program is modeled after a previously existing and very
successful program called the InfraGard network. The network is ex-
pected to be operational in the 2005-2006 timeframe.
Through a secure web portal, members of the agricultural community
and academia will be able to share information with each other, and with
governmental scientists, state and local law enforcement, and the FBI.
Members can pose questions, discuss current and developing issues or
even alert the FBI to suspicious and unusual activities or events in or
around commercial agriculture.
Poultry and animal health continue to emerge as ever increasingly im-
portant national security issues. Much of this new concern has been
generated by the increasing public awareness of avian influenza as a
significant potential threat to public health. Other concerns have also
emerged as intelligence agencies have identified potential agroterrorism
threats from domestic and international terrorist groups.
As AgGard is further developed, it can serve as a significant new tool for
national security as related to agricultural security and counter-
agroterrorism. Collectively through the cooperative efforts of profes-
sional poultry health groups, industry and academic membership, com-
mercial agriculture, including the poultry industry will be better pro-
tected. The end result of strengthening agriculture will be the continua-
tion of a robust and healthy economy, which in turn is a significant
component of overall national security and the well being of the citi-
zenry.

Key Words: AgGard, agroterrorism, national security, counter-
agroterrorism, agricultural security

Poult. Sci. 85 (Suppl. 1)



196 ABSTRACTS OF PAPERS

    S-P163    Phenotypic characterization of eae+ Escherichia coli
associated with yolk sac infection.  B. Supak1, R. Merino2, and C.
Rosario*2, 1Texas A&M University, College Station, 2Facultad de
Medicina Veterinaria y Zootecnia UNAM, Mexico DF Mexico.

In this study, we explored the characteristics of particular strains of E.
coli carrying the eae gene in search of some traits described for APEC
group that would amplify their ability as disease-causing agents within
a poultry flock. Thirty eight E. coli strains previously characterized as
eae+ were analyzed. In essence, we characterized each strain through
antigenicity (somatic O and flagellar H). Serotyping was performed in
the laboratory of Public Health of the Medicine School of UNAM. The
study shows a great diversity of serotypes; however, the most pre-
dominant were O2:NM (n= 10) and O84:H8 (n= 6). Additionally 50%
of the strains were non motile (NM). Colicin Production essay was
performed using indicator strains 726 and its isogenic mutant. This test
showed that 15.7% of the isolates were non-producers, 21.05% pro-
duced Col V plus other colicins, 36.84% colicins different from Col V
and 26.31 only produced Col V. Strains were streak in Blood Agar in
order to determine the hemolytic capacity. Sixty three percent of the
strains were negative for hemolysis test. Congo red binding has been
mentioned as a trait of pathogenic E. coli however, only 15.8% (n= 6)
were positive. Antimicrobial susceptibility test (antibiogram & Vitek®),
showed that the highest resistance was against Tiamulin (33 strains),
Trimetoprim-sulfa (24 strains), Enrofloxacin (24 strains), and sodic
sulfacloropiridacine (23 strains). Considering the ability to survive in
the presence of some antibiotics, these strains could represent a serious
concern for Public Health. Aditionally, the absence of some characteris-
tics traditionally described for APEC could suggests that these strains
belong to a particular group of strains associated to poultry disease in
Mexico

Key Words: Escherichi coli, colicin production, serotyping, antimicro-
bial resistant

    S-P164    Isolation and pathogenesis of Salmonella enteritidis
biovar Issatschenko and Salmonella enteritidis Pt 13a in broiler
chicken.  G. Ruiz-Flores*, F. Constantino-Casas, C. Cedillo-Pelaez,
J.A. Quintana-Lopez, and O. Urquiza-Bravo, UNAM.

Due to that is few information about Salmonella spp pathogenesis in
chicks, the objective of the present work was to determine Salmonella
enteritidisbiovar Issatschenko phage type 6a (SI) and Salmonella
enteritidisphage type 13a (SE PT 13a) pathogenesis in 4 days old broiler
chicken. Twenty-eight birds per treatment were inoculated with a dose
of 1x109 (SI) and 1x108 (SE) respectively. Fourteen different times
post inoculation samples were carried out (6, 18, 30, 42, 54, 78, 102,
126, 150, 174, 198, 222, 246 and 270 hours post inoculation (h, pi)), in
order to obtain Salmonella spp. isolation from liver, spleen, heart, lung,
crop, duodenum, jejune, ileum and caecum for bacteriology,
histopathologycal and ultrastrucutral examination. During the first week
some depressed birds were observed and after the first week SE and SI
indurated yolk sac was seen. The percentage of infected organs was
different between treatments. Positive SI isolations were obtained at 42,
150, 174 and 222 hours pi, from crop, jejune, ileum and caecum samples.
Ileum was the organ from which more frequently the bacterium was
isolated, also SE PT13a was isolated at 18, 30, 42, 54, 78, 102, 126, 150,
174, 198, 246 and 270 h, pi from all organs previously described and the
same as SI, ileum was the main site of isolation. No mortality was
obtained in either treatments. Histopathology revealed inflammation,
coagultive necrosis, congestion and hemorrages in gastrointestinal tract

(TGI) and visceral organs since 6 h pi in both treatments with different
lesions grades (from mild to severe). Severe changes in enterocites cyto-
plasm and also intracellular bacterium were observed ultraestructurally
in chicks infected with SE PT 13a and SI. Results of this research
showed pathogenesis SE PT 13a as well as SI pathogenesis in broiler
chickens. It was also possible to isolate SI from internal organs of broiler
chickens experimentally inoculated, demonstrating that SI is able to
infect chickens and not only Muridae family.

Key Words: Salmonella enteritidis, Salmonella issatschenko, Salmo-
nella issatschenko pathogenesis, Salmonella pathogenesis, Salmonella
in brioler chickens

    S-P165    Avian influenza in commercial broiler chickens, diag-
nosis by immunocapture and virus isolation.  B. Supak*1, C. Rosario2,
and R. Merino2, 1Texas A & M University, College Station, 2Facultad de
Medicina Veterinaria y Zootecnia, UNAM, Mexico DF, Mexico.

Some outbreaks of low pathogenicity avian influenza (AI) were re-
ported in Mexico during 2005. The tools for AI diagnosis include virus
isolation, RT-PCR and immunocapture. The aim of this study was to
use an immunocapture strip (Flu Detect™, Synbiotics Co.) to detect
AIV in both, experimentally challenged and field infected broiler chick-
ens. Twenty 3-w-o broiler chickens were inoculated with 50 Μl of low
pathogenicity AIV H5N2 (106.2 ID50/ml) via nostrils, 10 unchallenged
chickens were placed as negative control. Swab samples were taken at 1,
3, 5, 7 and 10 days post-challenge. All samples were placed in 1 ml PBS
and frozen until tested. On testing day, all samples were thawed and 5
samples pools were made. All pooled samples were tested by
immunocapture, following the manufacturer’s directions, and virus iso-
lation in 9 day old chicken embryos according to standard procedures.
Negative control samples were always negative in both tests. Virus
isolation was positive in samples from first to tenth day post challenge.
The immunocapture strip showed positive results only in samples from
3 and 5 days post inoculation. On the other hand, some 46-days-old
broiler chickens from central Mexico showing respiratory distress were
received at the laboratory of avian pathology from the National Autono-
mous University of Mexico. Clinical history included respiratory symp-
toms starting at day 35 and a slight mortality increase at 42 days old.
These data and necropsy findings suggested an infection with Infectious
Bronchitis Virus. Swab samples, as well as trachea and lung samples,
were taken, for AIV immunocapture and virus isolation. Swab samples
were tested with the AIV immunocapture strips, and the results were
positive. Virus isolation was attempted for both, AIV and infectious
bronchitis virus. Results indicated a mixed infection, since isolations
were positive for both IBV and AIV (H5N2, low pathogenicity). Ac-
cording to these results, the immunocapture strip could be used as a
helpful tool to detect and differentiate AIV infections from other respi-
ratory diseases in the field.

Key Words: avian influenza, broiler chicken, immunocapture, virus
isolation, field infection

    S-P166    Effects of salt concentration on Mycoplasma
gallisepticum vaccine FVAX-MG survival in solution.  S.A. Leigh*,
J.E. Evans, S.L. Branton, and S.D. Collier, USDA-ARS South Central
Poultry Research Unit, Mississippi State, Mississippi.

Infection of layer chickens with Mycoplasma gallisepticum (MG) re-
sults in decreased egg production compared to uninfected hens. Live
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MG vaccines are available; however the methods used to administer
these vaccines by the end user vary, resulting in the potential for marked
differences in vaccine efficacy. One variable is the use of water to resus-
pend the vaccine prior to administration. Many users resuspend the
vaccine in distilled water. However, because mycoplasmas lack a cell
wall, resuspension in distilled water can result in an increasingly fragile
mycoplasma cell, which can lead to osmotic lysis, particularly during
vaccine administration. The addition of sodium chloride, in the form of
a powdered phosphate-buffered saline (PBS) concentrate was studied
for its ability to improve FVAX-MG survival following resuspension.
FVAX-MG was resuspended and incubated in distilled water, or dis-
tilled water containing 0.1X, 1X, or 10X PBS concentrate (all between
pH 7.3 and 7.5). Samples were removed at 15, 30, and 60 min., and
numbers of viable mycoplasmas were determined. The results show
increasing FVAX-MG mycoplasma survival in solutions containing the
PBS concentrate compared to the distilled water control, as measured
by color-change units (CCU) per milliliter. The amount of PBS concen-
trate added seems to be less important, although the 1X (physiological)
concentration appears to yield the least variation in results. This sug-
gests that isotonic strength may improve vaccine survival during appli-
cation, resulting in increased vaccine efficacy.

Key Words: Mycoplasma gallisepticum, FVAX-MG, ionic strength

    S-P167    Salmonella spp determination during one processing
in broiler chickens in Guanajuato state, Mexico.  V. Hernández-
Mancera, G. Salazar-Matali, R. Saldivar-Hernandez, and O. Urquiza-
Bravo*, UNAM.

During many years it has been recognized that different species car-
casses can transmit diseases to humans and the bacterial deposited in
the carcasses during processing, is not a factor that determines the
hygiene and health of the processing plant from where these come. In
broiler chickens, it has demonstrated that from the air of the processing
plants could isolate Salmonella due to the movement of the wings when
the birds are initially slaughtered, representing a contamination source.
The objective of the present work was to determine the presence of
Salmonella enterica during one broiler chicken processing in Guanajuato
state, Mexico. Six cloacal swabs were taken from alive birds just before
being hung, three water samples from the scalding tank before the begin-
ning of the processing, two water samples from the shower used to
wash the eviscerated carcasses, two water samples from the defeathering
machine, four from the scalding tank, two samples of water draining
from the transport carts, one sample of water from eviscerated table.
Fifteen samples from carcasses washed with peptonated water before
being eviscerated, eight samples were taken after being processed, four-
teen after the evisceration and also we took samples the hands of work-
ers (2 samples) and one from the gloves of one worker. Coliform total
count was made and microbiological count from all waters. The cloacal
swabs, the glove sample, and the washed hands samples were cultured
in tetrationate broth. 0.1% of peptonated water was used for the car-
casses washed. There was not isolation of Salmonella enterica in this
work, nevertheless, we identified other bacterial groups like Escherichia
coli , Citrobacter freundii , Proteus vulgaris , Proteus mirabilis , Kleb-
siella and Eduardsiella in the beginning of the processing and these
bacteria were not found at the end of the processing. The election of the
correct conditions during the processing and having a good hygiene
models, these bacteria can be removed of the carcasses, avoiding there-
fore the risk to the public health.

Key Words: broiler processing, Salmonella enterica, Salmonella enterica
in broiler, Salmoenlla enterica during processing

    S-P168    Intervention with a one-time dose of FINELACT poul-
try blend (Lactobacillus reuterii and salivarius) in drinking water
of broiler chickens 17 to 30 days of age or caged laying hens during
field cases of necrotic enteritis due to Clostridium perfringens in
Japan.  T. Imabayashi1, M. Kato2, and D.M. Hooge*3, 1Calpis Com-
pany, Ltd, Tokyo, Japan, 2Calpis USA, Inc., Schaumberg, Illinois, 3Hooge
Consulting Service, Inc., Eagle Mountain, Utah.

An investigation was conducted in Japan during the summer of 2003
using 12 commercial broiler chicken flocks (range about 4,800 to 11,500,
average 8,107, total 97,280 birds identified as having necrotic enteritis
due to Clostridum perfringens. Intervention was carried out using the
commercial direct-fed microbial product FINELACT Poultry (Calpis
Company, Ltd, Tokyo, Japan) in the drinking water beginning when the
disease was confirmed at varying ages from 17 to 30 d (average 25.9 d).
The direct-fed microbial product contains two strains of intestinal colo-
nizing Lactobacilli (reuterii and salivarius). Initiation of FINELACT
water supplementation, d “0”, coincided with the peak or near peak
level of mortality (7 to 37, average 17.25 dead birds/flock/day). The
number of dead broilers on preceding d averaged 5.25 for d -1, 5.58 for
d -2, 3.00 for d -3, and 2.82 for d -4. The number of dead birds on d
following initition of FINELACT water supplementation averaged 11.50
for d +1, 7.08 for d +2, 4.64 for d +3, and 3.00 for d +4. Based on the
rapid return of daily mortality level to normal in these broiler flocks, it
was concluded that FINELACT supplementation via the drinking wa-
ter was beneficial during necrotic enteritis outbreaks. In two commercial
caged laying hen flocks experiencing necrotic enteritis, numbers of dead
hens daily decreased with FINELACT water supplementation. In the
first flock, dead bird numbers averaged 20.33\d for 3 d before and 8.33/
d for 3 d after d “0” (154 d old). In the second flock, dead birds averaged
41.00/d for 3 d before and 22.67/d for 3 d after d “0” (149 d old).
FINELACT in water was beneficial for reducing mortality of broilers or
caged layers experiencing necrotic enteritis.

Key Words: broiler, Finelact, lactobacillus, laying hen, necrotic enteritis

    S-P169    Recovery of Clostridium perfringens from poultry dump
coops after different disinfectant regimens.  B. McCrea*1,2, K.
Macklin1, and J. Blake1, 1Auburn University, Auburn, Alabama, 2Uni-
versity of California, Davis.

Poultry transportation dump coops are difficult and time consuming to
clean. If not adequately performed the coops become a potential source
for spreading contamination between farms. Research on dump coop
cleaning and transmission with regard to Salmonella spp. and
Campylobacter jejuni has determined that dump coops were the source
of bacterial contamination of birds transported from Salmonella and C.
jejuni negative farms. Clostridium perfringens has a cosmopolitan dis-
tribution and is a part of the natural gut flora of both poultry and
humans. It is the causative agent of necrotic enteritis and gangrenous
dermatitis in poultry and foodborne gastroenteritis is humans. Our study
examined C. perfringens recovery on poultry dump coops after differ-
ent cleaning and disinfection regimens as well as after an extended drying
period.
A poultry dump coop with 18 compartments was utilized in this ex-
periment. Nine randomly selected compartments were selected for each
treatment and there were two trials. In each compartment contained 10
male and 10 female, 43 day old broilers and dump coops were trans-
ported for one hour to simulate transport conditions. Compartments
were tested immediately after birds were removed. These counts estab-
lished the baseline data for crate contamination (A). The three cleaning
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and disinfection treatments consisted of power washing (B), power
washing and sodium hypochlorite (5% v/v) spray (C), and power wash-
ing and quaternary ammonium (0.4% v/v) spray (D). Treatments C and
D were subjected to 48 hours of drying to create treatments E & F,
respectively.
The recovery of C. perfringens from dirty dump coops averaged 4.43
log10 cfu/ml for the two trials. Regardless of the trial, allowing crates to
dry for 48 hours produced a significant log reduction in C. perfringens.
Treatment F, the quaternary ammonium spray followed by 48 hours of
drying, performed the best. Excluding the drying treatments, treatment
C produced the greatest log reduction in C. perfringens recovery (1.84
log10 cfu/ml).

Key Words: Clostridium perfringens, dump coop, disinfection, trans-
portation, crate

    S-P170    Microbiological efficacy of spray washing broiler car-
casses using Fresh F™on E.coli, total coliforms and Salmonella. 
K. Ingram*, J. Northcutt, J. Cason, and A. Hinton,Jr., USDA-ARS,
Athens, Georgia.

A study was conducted to determine the effect of using FreshFx™, a
combined citric, hydrochloric and phosphoric acid solution, in a spray
cabinet on the numbers of E.coli, coliforms and Salmonella recovered
from broiler carcasses. During each of three experimental trials, broiler
carcasses were obtained from a commercial processing facility. Un-
treated control carcasses were removed from the processing line before
entering a two-stage cabinet washer. Treated carcasses were removed
after being sprayed for 8 sec with FreshFx™ or tap water in the cabinet
washer. After treatment carcasses were aseptically removed from the
processing line, placed in clean bags and transported in insulated coolers
to a pilot plant scale facility for analysis. The bacterial flora of the
carcasses was sampled using a 400 ml whole carcass rinse procedure.
Rinsates were analyzed for the presence of Salmonella and level of
E.coli and total coliforms. After an 8 sec spray treatment, there was a
56% incidence of Salmonella in rinsates from water treated carcasses
versus a 47% incidence of Salmonella in rinsates from FreshFx™ treated
carcasses. This represented no significant difference between the treat-
ments. However, levels of E.coli and coliforms recovered from carcasses
sprayed with FreshFx™ was 0.6 log10 cfu/ml lower than those counts
recovered from water treated samples. Control carcasses and water
treated carcasses did not differ significantly (P<.05) in either E.coli or
coliform counts (3.1 vs. 3.0, 2.8 vs. 2.7 log10 cfu/ml respectively). The
present study demonstrates that FreshFx™ could be a viable option for
reduction of E.coli and coliform counts on broiler carcasses; however,
its impact on Salmonella incidence after an 8 sec spray application
seems to be minimal.

Key Words: Salmonella, coliforms, spray washing, antimicrobial, broiler
carcasses

    S-P171    Detection of Campylobacter from broiler carcass rinse
samples using the Tecra Visual Immunoassay (VIA).  J.M. Cox1,
L.J. Richardson*2, P. Fedorka-Cray3, J.S. Bailey3, and N.A. Cox2, 1The
University of New South Wales, Sydney, NSW, Australia, 2USDA-ARS-
MSRU, Russell Research Center, Athens, Georgia, 3USDA-ARS-BEAR,
Russell Research Center, Athens, Georgia.

Poultry meat is considered to be a major vector of transmission of
Campylobacter, either directly, through consumption of poorly pre-

pared product, or indirectly, through introduction of the bacterium into
the food production environment. Efficient detection of Campylobacter
is intrinsic to the management of the pathogen during poultry produc-
tion. The Tecra VIA protocol, enrichment in a proprietary Tecra
Campylobacter enrichment broth followed by an ELISA, was compared
to a conventional cultural method, with enrichment in Bolton medium
(containing lysed horse blood), followed by plating to Campy Cefex
agar. Of the 240 broiler carcass rinses tested, from eight commercial
processing plants, the ELISA yielded 201 Campylobacter-positive re-
sults while conventional enrichment and plating detected the bacterium
in only 168 samples. Plating to Campy Cefex agar of the Tecra enrich-
ment broths yielding positive ELISA results revealed three false-posi-
tives. The 44 false-negative results (30 more than the ELISA method)
from the conventional method were attributed to suppression of
Campylobacter in the enrichment broth, due primarily to overgrowth
by the background microflora, as seen by comparison of plates from
both enrichment media. Of the negative ELISA results, 14 were shown
to be false negative by comparison to the conventional method and of
those, 10 came from one plant. All these false negatives came from
rinses of carcasses collected toward the end of the production process,
suggesting that severely injured Campylobacter may not recover in the
Tecra enrichment broth, though very low numbers were detected from
similar samples from other plants. Delayed addition (6h) of the antibi-
otic supplement to the Tecra enrichment broth yielded more positive
samples, reinforcing the potential for loss of severely injured cells when
the broth is used with antibiotics throughout enrichment. In conclusion,
the Tecra enrichment-ELISA method proved to be superior overall to
the conventional cultural method for the detection of Campylobacter in
chicken carcass rinses.

Key Words: Campylobacter, immunoassay, Tectra VIA, carcass rinses,
broiler

    S-P172    Impact of alternative broiler genotype and production
system on sensory attributes.  A. Fanatico*, P. Pillai, J. Emmert, J.
Meullenet, and C. Owens, University of Arkanas, Fayetteville.

Consumer interest in natural and organic poultry is growing. An experi-
ment was conducted to assess the impact of alternative genotypes and
production systems on sensory attributes. A slow-growing and a com-
mercial fast-growing genotype (females) were raised for 91 and 63 days,
respectively. The placement dates were staggered in order to achieve a
similar final body weight. Each genotype was assigned to four floor
pens of 20 birds each and raised indoors in a conventional facility; each
genotype was also assigned to four floor pens in a small portable facility
with outdoor access. The treatments were Slow-Out, Slow-In, Fast-
Out, and Fast-In. The birds were fed diets formulated to be low in
energy and protein for a slower rate of production as in the French Label
Rouge program. Birds were commercially processed and deboned at 4 h
postmortem. A descriptive analysis of breast and thigh meat was con-
ducted by a trained panel on all treatments. A consumer analysis was
also conducted on Slow-Out and Fast-In products, representing spe-
cialty and conventional production. The descriptive analysis indicated
that the breast meat from the outdoor birds was more cohesive than the
meat from the indoor birds in the first bite stage (P < 0.05). In terms of
flavor, there were no significant differences for most basic tastes and
aromatics; however, both the breast and thigh meat of the Fast birds
tasted more salty than the Slow birds (P < 0.05) although no salt was
added to product. The Slow birds had more dark meat fat flavor than the
Fast birds (P < 0.05). Results from the sensory analysis by the con-
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sumer panel showed no significant differences in overall liking, appear-
ance, texture, and flavor of the breast meat or thigh meat. The Just-
About-Right distributions of consumer responses did not vary between
the Slow-Out and Fast-In treatments for most attributes; however,
more panelists found the breast meat of the Slow-Out treatment too dry
(P < 0.05). Although a trained panel detected some differences in texture
and flavor between conventional and alternative poultry products, the
consumer panel did not indicate differences in liking.

Key Words: broilers, organic, sensory, free-range

    S-P173    Use of acidified sodium chlorite for sanitation of poul-
try carcasses.  T. Doan* and N. Khanna, Bio-Cide International Inc.,
Norman, Oklahoma.

In the field of poultry processing, the use of acidified sodium chlorite
(ASC) is prevalent for sanitation of poultry carcasses. ASC is effective
in controlling a broad spectrum of microorganisms, such as Salmonella,
Listeria, coliforms, Campylobacter, and Enterobacteriaceae. Since the
ultimate break down product of ASC application is NaCl, the organo-
leptic qualities of the meat are largely unaffected and the sanitizer leaves
no toxic residues. In comparison to common oxidants, such as ozone,
ASC is resistant to the heavy organic load commonly encountered in
poultry processing facilities. The intervention can be applied in the
form of a dip or a spray with the later application mode being more
suited to the emerging trend of blast chilling. An ASC spray can be
conveniently applied to carcasses going through blast chillers to provide
immediate antimicrobial effect as well as a barrier shield for further
contamination from the environment. Keeper® Professional, a propri-
etary ASC developed by Bio-Cide International Inc, (Norman, OK), is
FDA-approved for this application. In-vitro studies show that Keeper®

Professional effectively provides a 6-log kill on common pathogens of
concern.
Regulatory requirements madate generation of ASC on-site. In-plant
application of ASC is influenced by chemical makeup, spraying pres-
sure and cabinet design. This study was performed to investigate the
efficacy of Keeper® Professional for the control of total aerobic bacteria
and E.coli O157:H7 on poultry products. Chicken carcasses were in-
oculated with E.coli O157:H7 20 minutes prior to treatment. The car-
casses were sprayed in a specially designed cabinet with 0.1% of ASC
product for 30 seconds. The inoculated untreated carcasses were used
as control. Fifteen minutes after spraying, the carcasses were rinsed.
The rinsate was analyzed for aerobic bacteria and E.coli O157:H7. In
comparison to the control, a 2.0-log reduction in CFU/ml of aerobic
bacteria was observed on ASC treated carcasses; E.coli O157:H7 was
reduced by 1.5 logs CFU/ml. The study demonstrated that ASC was an
effective antimicrobial agent for use on poultry carcasses.

Key Words: Acidified sodium chlorite, ASC, Sanitation, Poultry, E.coli
O157:H7

    S-P174    Magnetic bead based high throughput viral RNA iso-
lation provides high quality viral RNA for molecular diagnostics. 
M. Bounpheng*1, R. Baker2, D. Mulrooney2, R. Willis1, W. Xu1, Q.
Hoang1, A. Burrell1, and X. Fang1, 1Ambion, Austin, Texas, 2Oregon
State University, Corvallis.

Quantitative reverse transcriptase PCR (qRT-PCR) has become a pow-
erful tool for molecular diagnosis and surveillance of animal diseases. In

the case of an outbreak, numerous samples must be processed within a
short time thus requiring the use of automation for high throughput
RNA extraction and qRT-PCR. Our magnetic beads based RNA purifi-
cation technology, MagMAX, provides a highly efficient and effective
method for viral RNA isolation from low titer samples of various bio-
logical sources such as blood, serum, plasma, and cloacal/oral/nasal swabs.
More importantly this method enables low and high throughput viral
RNA purification in a 96 well format manually or by automation. To
demonstrate the efficacy of MagMAX for diverse sample processing,
Whatman FTA cards containing West Nile Virus (WNV) and plasma,
buffy coat, and C/E cells containing Avian Leukosis Virus (ALV) were
used for viral RNA isolation using MagMAX. WNV RNA from in-
fected birds was efficiently isolated from brain tissues and respective
oral swabs stored on FTA cards. Brain tissues and their respective FTA
stored oral swabs from 160 birds were tested; 12 WNV positive birds
were identified correctly. The results show highly sensitive (Ct values
of 16-23) detection of WNV; many FTA samples yielded better sensi-
tivity (lower Ct) than brain samples. Four different ALV positive samples
were serially diluted 10 fold (12 billion to 12 copies) into negative
plasma, buffy coat, and C/E cells. ALV RNA was isolated and used for
qRT-PCR for ALV detection. The highest ALV detection sensitivity
was obtained using ALV inoculated plasma samples; the detection limit
was less than 60 copies. These results demonstrate successful viral
RNA isolation from diverse sample matrix using MagMAX, enabling
superior molecular diagnostics of animal diseases.

Key Words: quantitative RT-PCR, viral RNA isolation, FTA cards,
WNV, ALV

    S-P175    Mannan oligosaccharide supplementation of wheat-
based diets for broilers.  J.B. Blake*1, J.B. Hess1, K.S. Macklin1, S.F.
Bilgili1, A.E. Sefton2, and A. Kocher3, 1Auburn University, Auburn
University, Alabama, 2Alltech, Inc.,, Nicholasville, Kentucky, 3Alltech
Biotechnology Centre, Dunboyne, Ireland.

Broilers placed at 0.84 ft2/bird were subjected to three treatments (10
pens/trt) which included a control (CON), 50 ppm Bacitracin Methyline
Disalycilate (BMD) or mannan oligosaccharide (MOS) (Bio-Mos,
Alltech, Nicholasville, KY) in a three feed program. MOS levels were
2.0 kg/tonne starter; 1.5kg/tonne grower; and 0.5 kg/tonne withdrawal.
Diets were corn-wheat-soybean meal based to include 30% wheat and
600 units/ton xylanase (Allzyme PT, Alltech, Nicholasville, KY). Each
bird was allocated 0.8 kg starter, 1.6 kg grower and withdrawal to termi-
nation. The two consecutive experiments discussed here were reared on
litter from two previous flocks. Broilers and feed were weighed at 14
and 28 d and at the end of each experiment.
In Experiment 1, the only differences in BW that were apparent oc-
curred at 14 d where BMD showed the heaviest BW (382.1 g) with
MOS intermediate (377.5 g) and CON lowest (352.8 g). Feed consump-
tion differences were noted during the 0-28 d period where CON was
lowest (1.904 kg), BMD intermediate (1.929 kg) and MOS highest
(1.989). This trend was also reflected in feed efficiency from 0-28 d
where the best to worst was BMD (1.528), CON (1.593), and MOS
(1.663), respectively. Mortality (5.5%) was unaffected by treatment.
In Experiment 2 there were no significant (P > 0.10) differences in
bodyweight (BW) among the treatments; however, BW for the Bio-
Mos (MOS) treatment was numerically higher (401.2 vs. 384.4 g and
1.236 vs. 1.227 kg) than the control at 14 and 28 d, respectively. At 14
d, feed consumed (FC) was highest for MOS (483.1 g/bird) and lowest
for control (CON) (462.2 g/bird). Differences in BW, FC, and FE were
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not apparent by day 37 and there were no distinct pattern among the
treatments. Mortality was lowest in the MOS treatment (2.6%), inter-
mediate in the BMD treatment (4.2%) and highest in the CON treat-
ment (6.2%). The lack of significant differences in these trials would
indicate a low challenge level that did not allow either MOS or BMD to
show benefit as compared to CON.

Key Words: mannan oligosaccharides, broilers, wheat

    S-P176    Salmonella control by the use of acidifiers in poultry
production.  C. Lueckstaedt1 and R. Beltran*2, 1Biomin Germany
GmbH, 2Biomin USA Inc.

Different strategies have been suggested to control Salmonella in feed.
The use of acidifiers in feed has been found to be an effective solution to
counteract the growth of Salmonella.
Organic acids will traverse the membrane in the non-dissociated form.
Since the proportion of dissociated acid increases as pH increases, once
inside the cell, they will be exposed to the near neutral intracellular pH
of the bacteria and dissociate, releasing anions (A-) and protons (H+)
into the cytoplasm. The internal pH will decrease and because pH
sensitive bacteria do not tolerate a big difference between the internal
and the external pH, a specific mechanism (H+ -ATPase pump) will act
to bring the pH inside the bacteria to a normal level. This phenomenon
consumes energy and eventually can stop the growth of the bacteria or
even kill them.
Typically, blends of organic acids representing different stages of disso-
ciation and non-dissociation (like formic and propionic acid) are more
effective against Salmonella than single acids alone. This synergistic
effect has been for example demonstrated, when it was observed that
the combination of propionic and formic acids gave better results when
compared to the single acids.
Within two separate experiments the growth of Salmonella was tested.
In a first experiment the growth of Salmonella typhimurium in intestinal
juice (in-vitro) under treated (acidifier) and non-treated conditions was
determined and it could be concluded that the used acidifier reduced the
gram-negative bacteria Salmonella typhimurium under the conditions of
the small intestine, while a second experiment determined the inhibition
capacity of the used acidifier against Salmonella enteritidis. The acidi-
fier was able to stop the growth of Salmonella within the recommended
dosage rate (3 - 5 kg / t) at a level of 107 to 108 Salmonella per ml in the
inoculated medium.
It can therefore be stated that the use of a well chosen acidifier can
successfully counteract the growth of Salmonella and other gram-nega-
tive bacteria and will lead therefore to increased performance in poultry
production.

    S-P177    Effect of dietary phytase on AME, growth performance
and endogenous losses in young chicks.  V. Pirgozliev*1, T. Acamovic1,
and M.R. Bedford2, 1Scottish Agricultiral College, West Mains Road,
Edinburgh, 2Syngenta Animal Nutrition Inc., Marlborough, Wiltshire,
England.

The effects of dietary phytase concentration on apparent metabolisable
energy (AME), growth performance and endogenous losses, measured
as sialic acid in young broiler chickens (from 7 to 17d age) were investi-
gated. Forty-eight male Ross broilers were used and four soya-maize
based diets (positive control (PC), negative control (NC), NC + 500, +

12500 FTU (phytase units/kg feed)). The enzyme used was derived
from an evolved E. coli phytase (Quantum TM). There were six repli-
cates of each diet in a randomised block design. Dry matter (DM)
metabolisability for the diet with 12500 FTU was higher (P<0.05) and
the AME tended (P>0.05) to be higher compared to the others. Birds
offered the diet containing 12500 FTU also performed significantly
better (P<0.05) than the NC group and tended (P>0.05) to have better
growth performance compared to PC fed birds. Chickens fed PC and
NC +12500 FTU diets tended (P>0.05) to have lower sialic acid ex-
creted (mg/kg liveweight). Dietary AME explained about 31 % of the
variation in the growth (P=0.003). There was a negative correlation
(P<0.05) between excreted sialic acid (mg/kg liveweight) and dietary
AME, DM digestibility and performance. Increased activity of dietary
phytase increased (P<0.05) feed and AME intake, growth and DM
metabolisability and tended to reduce sialic acid excretion. The result of
this study support the hypothesis from previous research that dietary
phytase improves gut health, reduce endogenous losses from the gas-
trointestinal tract and, as a result, improves nutrient utilisation and the
performance.

Key Words: phytase, broilers, performance, AME, endogenous losses

    S-P178    Evaluation of high levels of sodium in broiler prestarter
diets.  J. Yang*, F. Yan, and P.W. Waldroup, University of Arkansas,
Fayetteville.

It has been suggested that high levels of sodium fed during the first 7
days of the chick’s life will enhance growth rate and improve subse-
quent performance. The objective of this study was to evaluate differ-
ent levels of sodium fed during the first 7 days, using both sodium
chloride and sodium bicarbonate to also control levels of chloride fed. A
diet was formulated to meet nutrient needs of the chick from 0-14 d of
age, with nutrient levels typical of those used in the US broiler industry.
The base diet contained 0.20% Na provided by NaCl. Additional diets
contained 0.45% sodium from either NaCl or sodium bicarbonate. These
diets were blended to provide sodium levels of 0.20, 0.25, 0.30, 0.35,
0.40, and 0.45% from both sodium sources. Diets were fed in mash
form. Each of these treatments was assigned to 12 pens of 5 male broiler
chicks (Cobb 500) in battery brooders and fed for the first 7 days post
hatch. At this time, six of the replicate pens were placed on the diet with
0.20 Na for the remainder of the study through 35 days of age. The other
six pens were fed the original levels and sources of sodium for the
remainder of the study at 35 d of age. Body weight and feed consump-
tion were measured at 7, 14, and 35 d of age.
Feeding sodium levels of 0.40 and 0.45%, especially when the source
was NaCl, resulted in an increase in BW at 7 d of age as compared to
those fed the diet with 0.20% Na. There was some carryover effect of
this BW increase at 14 d of age but by 35 d of age there were no
significant differences in BW among those fed different sodium levels
from 0 to 7 d or those maintained on the high sodium levels to 35 d.
Similar effects were observed for feed conversion; higher levels of so-
dium resulted in improvements at 7 d with some lingering effect at 14 d
but by 35 d of age no significant differences were observed among
dietary treatments. It can be concluded that feeding higher than normal
sodium levels in diets fed 0 to 7 d may result in increases in BW and feed
conversion but this effect does not persist to 35 d.

Key Words: prestarter, broilers, sodium
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    S-P179    Growth performance of pearl grey guinea fowl pullets
fed diets varying in dietary metabolizable energy and crude pro-
tein concentrations.  S.N. Nahashon*, N. Adefope, and A. Amenyenu,
Tennessee State University, Nashville.

The objective of this study was to evaluate dietary metabolizable en-
ergy (ME) and crude protein (CP) concentrations for optimum growth
performance of pearl grey guinea fowl pullets. In a 3 x 3 factorial ar-
rangement, 540 day-old pearl gray guinea keets were randomly assigned
to experimental diets with 2,900, 3,000 and 3,100 kcal of ME /kg of diet;
each contained 20, 22 and 24% CP, respectively, from 0-8 wk of age
(WOA). At 9-16 WOA, experimental diets had 3,000, 3,100 and 3,200
kcal of ME/kg of diet, and each contained 17, 19 and 21% CP, respec-
tively. Each dietary treatment was replicated 4 times, and feed and
water were provided ad libitum. Body weight (BW) and feed consump-
tion (FC) were measured weekly. Mortality was recorded as it occurred.
Overall, FC was higher in birds on 2,900 and 3,000 kcal of ME/kg of
feed, and 24 and 21% CP diets than other dietary treatments at 0-8 and
9-16 WOA, respectively. Higher BW gains (P<0.05) and lower feed
conversion ratios (FCR) were observed in birds fed 3,000 and 3,100
Kcal of ME/kg of diet and 24% CP than other dietary treatments at 0-5
and 6-8 WOA, respectively. At 9-16 WOA, mean BW gains were higher
and FCR were lower (P<0.05) in pullets fed 3,100 and 3,200 kcal of
ME/kg of diet and, 17 and 19% CP diets than those on other dietary
treatments. Thus, diets comprising 3,000 and 3,100 Kcal of ME/kg of
diet were utilized more efficiently by the pearl grey guinea fowl pullets
at 0-4 and 5-16 WOA, respectively. Also, these birds utilized more
efficiently diets containing 24 and 17% CP at 0-8 and 9-16 WOA,
respectively.

Key Words: pearl grey guinea fowl pullets, metabolizable energy, crude
protein

    S-P180    Effect of dietary energy and molting methods on post-
molt performance of Bovans White and Dekalb White hens.  G.
Wu*, P. Gunawardena, M. Bryant, and D. Roland, Auburn University,
Auburn, Alabama.

A 4 × 2 × 2 factorial experiment of four dietary energy levels, two
molting methods (feed withdrawal and no salt diet), and two strains
(Bovans White and Dekalb White) was conducted to determine the
effect of dietary energy and molting method on post-molt performance
of two strains of commercial Leghorns. Feed was withdrawn from half
of the hens (66 wk of age) for 9 days. Bovans and Dekalb hens lost
32.8% and 32.9% body weight, respectively. A molt feed was fed from
day 10 to 28. The other half of hens was fed a no salt diet for 28 days.
Bovans and Dekalb hens lost 16.4% and 17.8% body weight at the end
of molt, respectively. After molt, Bovans White hens (n = 768) and
Dekalb White hens (n = 768) at 70 wk of age were randomly divided into
16 treatments (8 replicates of 12 birds per treatment). Bovans hens had
significantly higher egg production and lower egg weight and egg specific
gravity than Dekalb hens. With increasing dietary energy hens adjusted
feed intake to achieve a constant energy intake so that the similar quan-
tities of dietary energy (5.8-5.9 kcal) were used to produce 1 g of egg.
Dietary energy had no effect on feed intake, egg production, egg weight,
egg mass, feed conversion, egg specific gravity, body weight, or mortal-
ity. Because feed ingredient prices and egg price vary, there can be no
fixed ideal dietary energy level for optimal profits. There were no sig-
nificant differences in feed intake, egg weight, egg mass, feed conversion,
body weight, and mortality between hens molted by feed withdrawal
and hens molted by no salt diet. Egg production of hens molted by feed

withdrawal was significantly higher than that of hens molted by no salt
diet in wk 6, 7, 9, 10, and 11. Hens molted by feed withdrawal had
significantly higher egg specific gravity than hens molted by no salt diet
during wk 8. There were no significant differences in overall average egg
production and egg specific gravity due to molting method. Other than
slightly reduced egg production and egg specific gravity, feeding no salt
diet to induce a molt could be used as an alternative for conventional
feed withdrawal method.

Key Words: strain, dietary energy, molting methods

    S-P181    Effect of dietary energy and protein level on perfor-
mance of Hy-line W-36 hens during Phase II.  G. Wu*, P.
Gunawardena, M. Bryant, and D. Roland, Auburn University, Auburn,
Alabama.

A 4 × 3 factorial experiment with four added fat levels (0.00, 1.67, 3.35,
and 5.04%) and three protein levels (17.4, 16.7, and 16.1%) was con-
ducted to determine the effect of dietary energy on performance and
profits of Hy-line W-36 hens at different protein levels. The basal diets
of the 17.4, 16.7, and 16.1% protein contained 2758, 2776, 2791 kcal
ME/kg. Hy-line W-36 hens (n = 1080) in Phase II (40 weeks of age)
were randomly divided into 12 treatments (6 replicates of 15 birds per
treatment) and fed the experimental diets for 12 wks. There were no
significant interactions between protein and dietary energy in feed in-
take, egg production, egg weight, egg mass, feed conversion, egg specific
gravity, mortality, or body weight. Protein had no significant effect on
feed intake, egg production, egg weight, egg mass, feed conversion, egg
specific gravity, mortality, or body weight. Increasing dietary energy by
the addition of poultry oil had significant effects on feed intake and feed
conversion. As dietary energy increased, feed intake and feed conver-
sion linearly decreased. Increasing dietary energy by the addition of
poultry oil had no significant effect on egg production, egg weight, egg
mass, egg specific gravity, body weight, or mortality. Hens linearly
decreased feed intake as dietary energy level increased so that similar
quantities of dietary energy (5.2-5.4 kcal/kg) were consumed to produce
1 g egg. In conclusion, increasing dietary energy by the addition of
poultry oil had a positive influence on feed conversion of laying hens at
three protein levels in Phase II. The dietary energy level for optimal
profits varies with changing egg price and feed ingredient prices.

Key Words: protein, dietary energy, feed conversion

    S-P182    Evaluation of the efficacy of a commercial purified
phylosilicate to reduce the toxicity of T-2 toxin in broiler chicks. 
A. Casarin1, M. Forat1, E. Soto2, and D. Zaviezo*3, 1Instituto
Internacional Investigacion Animal, Queretaro, Mexico, 2Avimex, Mexico
City, Mexico, 3Special Nutrients, Miami, Florida.

The use of 2.5 kg/mt of a commercial HSCAS (Myco-Ad) have been
previously demonstrated to effectively prevent the toxic effect of 1.25
ppm T-2 toxin (T-2) in broilers. An experiment was conducted to study
the efficacy of a very low inclusion commercial purified phylosilicate
(Myco-Ad A-Z) in preventing the deleterious effects of T-2 in broiler
chicks. Thirty two 5-day-old Ross male broiler chicks individually caged
were randomly distributed into four dietary treatments with 8 replica-
tions each. Birds were fed a basal sorghum-soybean meal mash diet
containing or exceeding NRC recommended nutrients levels. The feed
was experimentally contaminated with synthetic T-2 from Sigma Chemi-
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cal Company, USA. Treatments were: (1) control diet; (2) control + 1.0
kg/mt Myco-Ad A-Z; (3) control + 1.25 ppm T-2; and (4) control +
1.25 ppm T-2 + 1.0 kg/mt Myco-Ad A-Z. Results at 38 days of age
indicated that broilers fed 1.25 ppm T-2 contaminated diet presented
significant lower body weight, poorer feed conversion, and severe mac-
roscopic oral lesions than chicks fed the control diet. The addition of
Myco-Ad A-Z to the contaminated diet resulted in statistically signifi-
cant heavier (1772 v 1563 g) and more efficient (1.97 v 2.19) broilers,
with statistically reduced gross oral lesions and substantial reduction in
microscopic organs lesions (tongue, gizzard, thymus, and bursa) than
those fed 1.25 ppm T-2. The addition of 1.0 kg/mt of Myco-Ad A-Z to
chick diets did not show any statistical difference in performance and
bone mineralization compared to the control diet, demonstrating its lack
of interference with nutrients absorption. These results indicated that
Myco-Ad A-Z at 1.0 kg/mt was effective in preventing the toxic effects
of T-2 in broilers chicks.

Key Words: Myco-Ad A-Z, T-2 toxin

    S-P183    Effect of commercial methionine sources added alone
or combined with organic acids on survival of Salmonella
typhimorium in feed.  M. Locatelli*1, M. Rademacher2, and D. Watson3,
1Degussa Corporation, Kennesaw, Georgia, 2Degussa AG, Wolfgang,
Germany, 3Abbott Analytical Institute, New Ferry, United Kingdom.

The use of organic acids in feed can prevent microbial contamination.
The objective was to study the effect of DL-methionine (DLM) or
liquid methionine hydroxy analog (MHA-FA) supplemented either alone
or combined with organic acids on the reduction of Salmonella
typhimorium in feed. A four kilogram sample of feed was artificially
contaminated with Salmonella typhimorium by spraying it carefully
across the feed surface. Twenty aliquots of the meal were treated with
the following additives (2 duplicates per treatment): T1, no additives;
T2, 0.6% acid A; T3, 0.6% acid B; T4, 0.15% DLM; T5, 0.23% liquid
MHA-FA; T6, 0.17% liquid MHA-FA; T7, 0.6% acid A + 0.15% DLM;
T8, 0.6% acid A + 0.23% liquid MHA-FA; T9, 0.6% acid B + 0.15%
DLM; and T10, 0.6% acid B + 0.23% liquid MHA-FA. Acid A: Bolifor®

AS 2500S, and acid B: Bolifor® FA 1000L. Each additive was mixed
evenly with the feed. Treated samples were stored at room temperature
for up to 48 hs. Recovery of surviving organisms was carried out at 0, 4,
24 and 48 hs after compounds addition using standard analytical proce-
dures according to BS 5673. After incubation at 37°C for 24 hs Salmo-
nella colonies were counted. Neither DLM nor liquid MHA-FA added
alone substantially reduced the survival rate of Salmonella (91.4, 90.0,
84.3 and 86.2 % for T1, T4, T5 and T6). The combination with acidifi-
ers A and B (T7, T8, T9 and T10) showed survival rates of 19.0, 17.5,
10.0 and 9.9%, respectively, and did not further improve the effect of
the exclusive addition of acids (18.8 and 12% for T2 and T3). The
results showed that methionine sources individually added at typical
levels used in poultry diets have no relevant effect on controlling Salmo-
nella. Even combined with organic acids, methionine sources were un-
able to reduce Salmonella in feed below the level reached by the organic
acids added alone.

Key Words: Salmonella, methionine, acids, feed, survival

    S-P184    Can liquid methionine hydroxy analog replace organic
acids to control Salmonella typhimorium in feed?  M. Locatelli*1,
M. Rademacher2, and D. Watson3, 1Degussa Corporation, Kennesaw,
Georgia, 2Degussa AG, Wolfgang, Germany, 3Abbott Analytical Insti-
tute, New Ferry, United Kingdom.

The use of organic acids in feed can prevent microbial contamination.
The objective was to evaluate the effect of a partial replacement of an
organic acid addition by methionine hydroxy analog (MHA-FA) to feed
on the survival of Salmonella typhimorium. A four kilogram sample of
feed was artificially contaminated with Salmonella by spraying it care-
fully across the feed surface. Ten aliquots of the meal were treated with
the following additives (2 duplicates per treatment): T1, no additives;
T2, 0.40% Bolifor® FA 1000L; T3, 0.3% Bolifor® FA 1000L + 0.1%
liquid MHA-FA; T4, 0.25% Bolifor® FA 1000L + 0.15% liquid MHA-
FA and T5, 0.20% Bolifor® FA 1000L + 0.20% liquid MHA-FA. Each
additive was mixed evenly with the feed. Treated samples were stored
at room temperature for up to 48 hs. Recovery of surviving organisms
was carried out at 0, 4, 24 and 48 hs after compounds addition using
standard analytical procedures according to BS 5673. After incubation
at 37°C for 24 hs Salmonella colonies were counted. The survival rate of
Salmonella at T1 was 86.95%. Addition of 0.40% Bolifor® FA 1000L
to control diet dramatically reduced survival rate (18.15%). Reducing
the organic acid addition from 0.3% in T3 to 0.2% in T5 allowed an
increase of Salmonella survival compared with T2. The partial replace-
ment of Bolifor® FA 1000L by liquid MHA-FA in T3, T4 and T5 did
not help to prevent the increase in survival of Salmonella (23.80, 36.05
and 51.45%, respectively). Based on these results it was concluded that
under the given circunstances liquid MHA-FA is not suitable to replace
an organic acid to control Salmonella typhimorium growth in feed.

Key Words: Salmonella, methionine analog, acids, feed, survival

    S-P185    Influence of hens’ age and egg storage time on growth
and bone abnormalities in broiler chicks.  M.Y. Shim*, G.M. Pesti,
R.I. Bakalli, and H.M. Edwards, University of Georgia, Athens.

An experiment was conducted with chicks hatched from eggs laid by
Ross × Ross 308 hens to investigate the influence of hens′ age (29 vs. 46
wk) and egg storage time (0 vs. 10 d) on growth and bone abnormalities
in chicks. The diets were based on corn, soy bean meal and soybean oil.
The tibial dyschondroplasia (TD)-inducing diet contained 0.60 % Ca
and 0.50 % available P and the Phosphorous (P) rickets-inducing diet
contained 1.00 % Ca and 0.25 % available P. Four chicks from each hen
age and egg storage time combination (16 chicks total) were placed in
each of 5 pens per diet (15 pens total). Hens′ age had significant effects
(P<0.05) on 0 – 16 d chick growth (359 ± 14 vs. 400 ± 12 for 29 and 46
wk old hens, respectively). The chicks from the older hens showed
lower TD score (P=0.0021) and incidence (P=0.0020), but hens′ age did
not affect P rickets score and incidence. The longer egg storage time
resulted in lower P rickets score (P=0.0398) and incidence (P=0.0726).
The TD inducing diet caused a much higher incidence of TD in chicks
from young (66%) vs. older (38%) hens (interaction P = 0.0215). The P
rickets-inducing diet caused a much lower incidence of P rickets in
chicks from the eggs stored for 10 days (21%) vs. those from fresh eggs
(39%) (interaction P = 0.0096). Bone ash was affected by diet, hens′ age
and egg storage time (3-way interaction P = 0.0089). The incidence of
bone abnormalities in broilers is influenced by the hens′ age, egg storage
time and diet.

Key Words: broiler, TD, P rickets, hens′ age, egg storage time
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    S-P186    Influence of hen age on response of turkey poults chal-
lenged with cold stress and Escherichia coli to Alphamune™, a
dietary yeast extract antibiotic alternative.  G. Huff*1, W. Huff1, N.
Rath1, M. Farnell3, F. Solis de los Santos2, and A. Donoghue1, 1USDA/
ARS/PPPSRU, Fayetteville, Arkansas, 2University of Arkansas,
Fayetteville, 3Texas A&M University, College Station.

Two battery trials were conducted using a yeast extract feed supple-
ment, Alphamune™, to protect turkey poults from production losses
due to cold stress and E. coli infection. Trial 1 used commercially hatched
day-old male Hybrid Converter poults from 33-wk-old hens in their
2nd wk of lay and Trial 2 used male poults of the same line from 40 wk-
old hens in their 8th wk of lay. In both trials poults were fed a standard
unmedicated turkey starter diet or the same diet with either 1 lb/ton or
2 lb/ton Alphamune™. Challenged birds were exposed to intermittent
cold stress (12-16oC) during wk 1-3 and inoculation of eye and nares by
course spray of a 108 cfu culture of E. coli at 1 wk of age. Controls were
neither stressed nor inoculated. Birds were bled and necropsied at 3 wk
of age. In both trials, challenged birds had significantly decreased BW
and feed conversion efficiency (FC) as compared to non-challenged
controls. In Trial 1, BW was increased during the 1st wk pre-challenge
by both levels of supplementation, with 1lb/ton resulting in signifi-
cantly higher BW than 2 lb/ton. Both BW and FC of challenged poults
were protected by both levels of supplementation. Total leukocyte
numbers (WBC) were decreased by challenge of control-fed birds only,
and there was no effect of challenge on the heterophil/lymphocyte (H/
L) ratio. In Trial 2, neither level of Alphamune™ improved BW or FC
and 1 lb/ton decreased BW of challenged birds relative to those chal-
lenged and not supplemented. In Trial 2, the WBC was decreased and
the H/L ratio was increased in challenged control-fed birds. Alphamune™
resulted in increased basal H/L ratios of unchallenged birds, but there
was no further increase due to challenge of the supplemented birds.
These results suggest that poults from young breeder hens may have a
differential response to stress compared to those from older hens, and
that Alphamune™ may protect poults from young breeder flocks from
the production losses due to cold stress and E. coli infection.

Key Words: turkeys, hen age, Alphamune™, cold stress, Escherichia
coli

    S-P187    Efficacy of a new multi-strain probiotic product in pro-
moting broiler performance and modulating the composition and
activities of cecal microflora.  K. Mountzouris*, H. Beneas, P.
Tsirtsikos, E. Kalamara, and K. Fegeros, Agricultural University of Ath-
ens, Athens, Greece.

The forthcoming ban of antibiotics in animal nutrition in the EU by
January 2006, highlights the need for effective alternative products that
will help sustain productive and high performance animal husbandry.
In this work the efficacy of a new multi-strain probiotic product
(Biomin®PoultryStar) in broiler nutrition was evaluated. The product
comprised two Lactobacillus strains, one Bifidobacterium strain, one
Enterococcus and one Pediococcus strain (Biomin GmbH). Four hun-
dred, one day old, male Cobb broilers were allocated in 4 experimental
treatments for 6 weeks. The experimental treatments were: C (corn-
soybean basal diet), PFW (basal diet contained 1g/kg probiotic + probiotic
administered in water for the first 4 weeks), PF (basal diet contained 1g/
kg probiotic) and A (basal diet contained 2.5 mg avilamycin/kg). Each
treatment had five replicates of 20 broilers.
Overall, the probiotic product administered in feed and water (PFW)

displayed a growth promoting effect that did not differ from the antibi-
otic avilamycin treatment (A). In addition, overall FCR in treatment A
(1.73) was significantly better (P=0.05) than treatment C (1.81), whereas
treatments PFW (1.77) and PF (1.79) were intermediate between A and
C and did not differ from A.
The probiotic product modulated the composition of the cecal microf-
lora as evidenced by the significant (P=0.05) increases in the concentra-
tions of bacteria belonging to Bifidobacterium spp, Lactobacillus spp
and Gram positive cocci, seen in treatments PFW and PF compared to
C and A. In terms of cecal microflora metabolic activity, the higher
numerical VFA concentrations and significantly higher specific activi-
ties of Α-galactosidase and Β-galactosidase seen in treatments PFW and
PF compared to C and A, it could be postulated that the examined
probiotic product resulted in a metabolic stimulation of the cecal micro-
flora.

Key Words: probiotics, cecal microflora, microbial enzymes, broiler
chicken

    S-P188    Availa®Zn and Availa®Mn improve broiler performance
and intestinal elasticity.  S. Davis1, T. Cheng*2, and T. Ward2, 1Colo-
rado Quality Research, Wellington, Colorado, 2Zinpro Corporation,
Eden Prairie, Minneapolis.

A total of 882 Ross x Cobb 500 chicks were randomly placed into 49
pens. The treatments consisted of (1) Sulfate Control [100 ppm Zn
from ZnSO4 and 110 ppm Mn from MnSO4]; (2) ISO 40 Availa-Zn
[Availa-Zn zinc amino acid complex replaced 40 ppm Zn from ZnSO4];
(3) ISO 80 Availa-Zn [Availa-Zn replaced 80 ppm Zn from ZnSO4]; (4)
+ 40 Availa-Zn [Availa-Zn provided 40 ppm Zn on top of Control]; (5)
ISO 40 Availa-Mn [Availa-Mn manganese amino acid complex replaced
40 ppm Mn from MnSO4]; (6) ISO 80 Availa-Mn [Availa-Mn replaced
80 ppm Mn from MnSO4], and (7) + 40 Availa-Mn [Availa-Mn pro-
vided 40 ppm Mn on top of Control]. Among the zinc treatments,
broilers from the ISO 40 Availa-Zn treatment had numerically heavier
56-day body weight (3.90 vs. 3.78 kg) and higher percentage breast
meat (26.3 vs. 25.7%; P = 0.015) when compared to the Control. Per-
centage breast meat for the + 40 Availa-Zn treatment was numerically
higher than the Control (26.1 vs. 25.7%). Among the manganese treat-
ments, the ISO 40 Availa-Mn treatment had numerically heavier 56-day
weights than those reported for the Control (3.93 vs. 3.78 kg). The ISO
80 Availa-Mn and + 40 Availa-Mn treatments yielded numerically higher
percentage breast meat when compared to the Control (26.1, 26.0 and
25.7%, respectively). The + 40 Availa-Zn treatment showed signifi-
cantly higher intestinal elasticity when compared to the Control (5.93
vs. 4.67 cm; P = 0.044).

Key Words: zinc, manganese, complexes, broiler, performance

    S-P189    Effect of phytase suplementation on mineral digest-
ibility in young broilers.  M. Hruby*1, J.C. Remus1, E.E.M. Pierson1,
F. Santos2, and N.K. Sakomura2, 1Danisco Animal Nutrition, Saint Louis,
Missouri, 2Universidade Estadual Paulista, Jaboticabal, San Paulo,
Brazil.

A study was conducted to evaluate the effect of variable phytase levels
(500, 750, and 1000 FTU/kg of Phyzyme® XP 5000G, Danisco Animal
Nutrition) in corn-based diets reduced progressively in nutrients (P, Ca,
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ME, crude protein (CP), amino acids (AA)) on Ca, P, Cu, K, Mg, Na
and Zn digestibility and bone mineralization. Performance results from
this study were presented previously. A total of 1680 male broiler
chicks (Cobb) were assigned to seven treatments with six replicates of
40 chicks each: Positive control (PC), 3 negative control diets with
progressive reduction of nutrients (NC1, NC2 and NC3) and 3 levels of
phytase for each NC treatment. Digestibility of macro minerals and
trace elements was determined by ileal digesta collection. At 35 days, 15
birds per replicate were killed and the contents of the terminal ileum
were collected. Additionally, at day 42, the right tibia from 4 broilers per
replicate was analyzed for breaking resistance, bone ash and Ca, P, Cu,
K, Mg, Mn, Na and Zn concentration. As expected, nutrient reductions
(including Ca and P) contributed significantly to lower (P<0.05) ash %
and breaking resistance while phytase addition improved those param-
eters. Ca, P, Zn and K levels in bone were significantly affected by
dietary nutrient reductions but not Mg, Na and Cu. Phytase addition
significantly improved P, Ca, Zn and Mg bone levels. Ileal digestibility
of Ca, P, Na, Mg, K and Zn was significantly improved with phytase
addition. The results suggest that phytase can improve digestibility of
both macro and trace minerals. While Ca and P digestibility is typically
accounted for in the phytase nutrient matrix currently, the trace element
contribution is not but could merit inclusion in the future.

Key Words: phytase, calcium, phosphorus, trace minerals

    S-P190    Effect of apparent metabolizable energy regimes on
growth and carcass traits of broilers varying in strain cross and
gender.  A. Corzo*1, M.T. Kidd1, W.A. Dozier, III2, E.R. Miller3, and
B.I. Fancher4, 1Mississippi State University, Mississippi State, Missis-
sippi, 2USDA-ARS, Mississippi State, Mississippi, 3Mountaire Farms,
Selbyville, Delaware, 4Aviagen North America, Albertville, Alabama.

Energy represents a large constraint in feed formulation considering
oscillating fat prices. Further, low energy diets may not necessarily be a
feasible solution when desiring optimum growth and carcass traits from
some broiler strain crosses. A study was designed to evaluate the cumu-
lative responses of three dietary regimes varying in apparent metaboliz-
able energy (ME) value. Starter (2932, 3043 or 3153 kcal/kg ME),
grower (3031, 3142 or 3252 kcal/kg ME), finisher (3086, 3197 or 3307
kcal/kg ME) and withdrawal (3108, 3219 or 3329 kcal/kg ME) feeding
phases were each fed for two weeks, and in pellet form with the excep-
tion of the starter phase (crumbles). Two strains (Ross x Ross 308 vs.
708) along with gender were added to model (3 ME regimes x 2 strains
x sex = 12 trt with 10 replicate pens) for a total of 2,160 1-d-old chicks
placed in 120 floor pens. Live performance was quantified at the end of
each feeding phase and processing was done on 4 randomly selected
birds from each pen at d 35, 42 and 56.
Males were heavier and had improved feed conversion and caloric effi-
ciency than females throughout the study (P<0.001). The 308 cross
exhibited faster growth rate and feed consumption while the 708 cross
had improved caloric efficiency and final feed conversion values
(P<0.001). Higher carcass and breast meat yields were observed in the
708 broiler, but higher drumstick yield was seen in the 308 cross
(P<0.001).
As broilers received increasing levels of ME throughout the study, feed
conversion improved but caloric efficiency was negatively affected
(P<0.001). Feed consumption was reduced as dietary ME increased
(P<0.001), but only birds fed the lowest ME diet resulted in lower body
weights throughout the study (P<0.05). Carcass and total breast meat
yields were reduced in birds fed the highest ME regime, concurrently

with an increase in abdominal fat percentage (P<0.01), at 35, 42 and 56
d of age. In conclusion, higher ME regimes may successfully reduce feed
conversion, but increased dietary amino acids may be warranted to
overcome possible reductions in associated feed consumption.

Key Words: metabolizable energy, caloric efficiency, broiler

    S-P191    Feed intake (FI) explains differences in dose responses
between 2-hydroxy-4-(methylthio)-butanoic acid (HMTBA) and
DL-methionine (DLM).  C.D. Knight*, J.J. Dibner, R. Gonzalez-
Esquerra, and M. Vazquez-Anon, Novus International, Inc.

Previous reports have indicated that under some situations, broilers fed
MET deficient diets exhibit lower feed intake (FI) and body weight gain
(BWG) when supplemented with HMTBA than DLM. Conversely,
supplementation of 1% MET to corn soybean meal (CS) diets results in
lower FI and BWG of broilers fed DLM than HMTBA. Two experi-
ments were designed to determine if BWG differences were due to
differences in FI or the efficiency with which the MET source was used
by the animal. In trial 1, broiler males (8/pen, 8 pens/treatment) were fed
a semi-purified isolated soy protein diet (Met + Cys = 0.46%) with
either HMTBA or DLM supplemented at 2 levels (0.08% and 0.10%).
These chicks were allowed to consume feed ad libitum (AL) while a
third DLM treatment was pair-fed (PF) to that of HMTBA-AL. Diets
supplemented with 0.10% exhibited greater FI than 0.08% (407 vs.
450g) and BWG (202 vs. 236g), regardless of MET source (P<.01),
indicating the diet was responsive to MET. Feed intake and BWG were
lower (P<.01) for HMTBA-AL than DLM-AL birds (410 vs. 460g and
242 vs. 205g, respectively; P<.01), however, DLM-PF and HMTBA-
AL birds had the same BWG at each MET level. In trial 2, broilers (10
males/pen, 8 pens/treatment) were fed CS diets from 14-28 days con-
taining 0.70% total M+C supplemented with 1% HMTBA or DLM.
The FI (1.423 vs. 1.510kg) and BWG (0.903 vs. 0.963 kg) for DLM-AL
were both lower than for HMTBA-AL (P<.01), but BWG for HMTBA-
PF and DLM-AL did not differ (0.897 vs. 0.903kg). Thus, differences
in BWG between HMTBA and DLM below and above the peak re-
sponse are the result of the FI. Consequently, HMTBA and DLM
exhibit differences in relative dose responses that cannot simply be
explained as one being a dilution of the other. The implications of these
findings are that relative efficacy of Met sources cannot be described by
a single value, but depend upon the levels that are being compared,
making it imperative that they be compared at intended levels of use.

Key Words: HMTBA, methionine, broilers, feed intake

    S-P192    S-The effect of selenium source on glutathione per-
oxidase activities in brain and liver of chick embryos and chicks. 
T. Ao*, R. Power, J.L. Pierce, A.J. Pescatore, A.H. Cantor, and M.J.
Ford, Alltech-University of Kentucky, Lexington.

Two experiments were conducted to investigate the effect of selenium
source (Sel-Plex®, a selenium yeast product, or selenite) on Se-depen-
dent glutathione peroxidase (GSH-Px) activities in brain and liver of
newly hatched and 21-day-old chicks. Two hundred eighty-eight Hy-
Line W-36 laying hens in Experiment 1 and 288 Hy-Line brown shell
laying hens in Experiment 2 were randomly assigned to one of three
dietary treatments. Treatments consisted of feeding a low-Se corn-soy
basal diet with 0 or 0.3 ppm added Se from sodium selenite or Sel-Plex®.
In each experiment, fertile eggs were collected after 28 weeks of feeding
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the experimental diets. After 21d incubation, 10 newly hatched chicks
per treatment were sacrificed to take liver and brain samples. Another
36 chicks per treatment were grown in cages (six chicks per cage) in an
environmentally controlled room. Chicks from all three hen treatments
were fed the same low-Se torula yeast diet for 21day. Then four chicks
per cage (24 chicks per treatment) were randomly sacrificed for brain
and liver samples. All samples were immediately put into liquid nitro-
gen and stored at –80°C until assay of GSH-Px activity. The data from
both experiments showed that Se supplementation significantly (P<0.01)
increased the GSH-Px activity in both liver and brain sampled from
newly hatched chicks. No significant difference was found between two
Se sources. Sel-Plex® supplementation of the hen diet significantly
(P<0.01) increased brain GSH-Px activity of the 21-d old chicks, com-
pared with no supplementation or supplementing sodium selenite. Liver
GSH-Px activity was also significantly (P<0.05) increased by supple-
menting the hen diet with Sel-Plex®. The results indicate that the chick
tissue GSH-Px activity can be enhanced by Se supplementation of the
hen diet and that the enhanced enzyme activity in growing chicks fed a
low-Se diet is more prolonged by adding organic Se to the hen diet,
compared with selenite.

Key Words: chick, tissue, glutathione peroxidase, selenium yeast, se-
lenite

    S-P193    Effects of normal and low phytate diets on zinc and
phosphorus utilization by young turkey poults.  J. Scott, D. Ledoux*,
J. Broomhead, C. Walk, and T. Veum, University of Missouri, Columbia.

An experiment was conducted to determine if turkey poults fed a low
phytate diet would more efficiently utilize dietary zinc compared with
poults fed a normal diet. One hundred and twenty day-old female tur-
key poults were assigned to a 2 x 3 factorial arrangement of treatments
(4 pens of 5 poults/treatment) and fed diets from hatch to day 21.
Factors were diet type (normal diet or low phytate diet) and supple-
mental zinc (0, 20 or 40 mg/kg of Zn from zinc sulfate). The normal diet
contained normal barley and normal soybean meal, and the low phytate
diet contained low phytate barley and low phytate soybean meal. Feed
intake, body weight gain, and feed conversion were not affected (P >
0.05) by dietary treatments and averaged 648 g, 471 g, and 1.38 g:g,
respectively. Percent toe ash was not affected (P > 0.05) by diet type
but was affected (P < 0.05) by Zn level, and a significant diet type by
Zn level interaction (P < 0.05) was also observed. Phosphorus retention
was not affected (P > 0.05) by Zn level but a significant diet type by Zn
level interaction (P < 0.05) was observed. Retention of P was higher (P
< 0.05) in poults fed the low phytate diet compared to those fed the
normal diet (64% vs 54%). A significant diet type by Zn level interac-
tion (P < 0.05) was observed for toe Zn. Toe Zn was higher (P < 0.05)
in poults fed the low phytate diet compared with poults fed the normal
diet (86 vs 67 mg/kg), and increased (P < 0.05) with increasing levels of
dietary Zn (65, 77, and 87 mg/kg, respectively). Results indicate that
poults fed the low phytate diet utilized more dietary Zn than poults fed
the normal diet. Poults fed the low phytate diet also retained more P
than poults fed the normal diet.

Key Words: low phytate diet, zinc utilization, turkeys

    S-P194    The influence of energy (fat) on performance of eight
commercial leghorn strains including interior egg quality.  M.
Bryant*, G. Wu, and D. Roland, Auburn University, Auburn, Alabama.

This trial was conducted to study the influence of energy (fat) on the
performance of eight commercial layer strains and as a comparison of
strains. Eight strains of 21 week old commercial layers were placed in an
environmentally controlled cage house and housed 3 per cage. There
were 270 hens per strain for a total of 2,160 hens. Each strain was fed
one of three diets yielding a 3 x 8 factorial arrangement with 90 hens per
treatment. Corn-soy diets were formulated with no added fat, 3.4 % fat
or 6.8 % fat for the 3 energy levels. Because previous trials have shown
a decrease in feed consumption (FC) with increasing energy, Lysine,
Methionine + Cystine, Na, Ca, available P, mineral and vitamin premix
levels were adjusted to make differences observed due only to strain or
energy level. Study duration was 16 weeks. There was a linear increase
in egg weights (EW) from 57.8 g for hens fed the diet with no added fat
to 59.1 g from hens fed the highest level of fat. There was a linear
decrease in specific gravity (SG) and FC as energy increased. Hens fed
the diet with no added fat ate an average of 110 g per day and FC
dropped to 102 g for hens fed the highest level of fat. There was no
energy effect on egg production (EP). Haugh units, egg solids and per-
cent egg components were determined at 8 and 16 weeks. There was a
linear increase and a quadratic effect of energy on the haugh units of eggs
laid in the eighth week and on the average of the eighth and sixteenth
week haugh units as well as a linear increase in whole egg solids of eggs
laid at eight weeks. There were strain differences in every parameter
measured. There were no interactions between strain and fat level ex-
cept for hen weights. The weight of the hens at the end of the trial
significantly increased as fat level increased in only three of the strains.
The optimal energy level for performance and profits depends on ingre-
dient prices and may not necessarily be the same for the table egg and
breaker egg industries.

Key Words: energy, fat, Leghorn

    S-P195    Phase-feeding during the grower and finisher phases:
impact on growth, uniformity, and production cost.  V. Brewer*, P.
Pillai, T. OConnor-Dennie, and J. Emmert, University of Arkansas,
Fayetteville.

Phase-feeding (PF) has been effective at maintaining broiler growth and
yield while reducing cost of production ($/kg gain or breast), but the
impact on uniformity has not been assessed, and Ca and P have not been
incorporated. An experiment was conducted to determine the effects of
decreasing dietary amino acid (AA) and Ca and P levels every other day
using the PF approach. Treatments consisted of 1) diets formulated to
meet NRC recommendations, 2) diets with phased levels of AA, Ca, and
P, 3) diets with phased levels of AA, and Ca and P reduced by 0.2%, 4)
as diet 2 with AA reduced by 10%, 5) as diet 3 with AA reduced by 10%.
For PF diets were prepared that contained Lys, SAA and Thr levels
matching the predicted requirements for birds at 27 d (high nutrient
density) and 61 d (low nutrient density). Pelleted high and low nutrient
density diets were blended to produce rations containing AA levels that
matched the predicted PF requirements over two-day intervals. Birds
were fed the NRC grower and finisher diets from 27 to 43 and 43 to 61
d, respectively or a series of PF diets that were switched every other
day. Treatments were replicated in 8 pens, with each pen containing 20
birds. Weight gain, feed intake and feed efficiency were calculated, and
birds were processed on d 60 or 61 (four replicate per day) to allow
calculation of carcass and parts yields. No differences (P > 0.05) in
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weight gain, feed efficiency, or breast yield were noted when comparing
PF diets to the NRC diet, with the exception of diet 5 which lowered
these parameters. Carcass yield of broilers fed the NRC diet and diets 2
and 4 were similar (P > 0.05), but reduction of Ca and P levels in diets 3
and 5 resulted in reduced (P < 0.05) values. Production costs ($/kg gain
or breast) were lower (P < 0.05) for PF diets 2, 3, and 4 than for the
NRC diet. Treatment SD and CV values were very similar, indicating
that PF did not impact uniformity. Substantial savings with PF appear
to be possible, and incorporation of Ca and P levels into the PF ap-
proach seems feasible.

Key Words: broilers, phase feeding, amino acids, calcium, phosphorus

    S-P196    Betafin™ and Avizyme® 1500 improve performance
and egg quality parameters in laying hens kept under heat stress
and fed diets reduced in energy, methionine and choline chloride. 
M. Fathi1, A. Galal1, A. El-Ghandour2, M. Hruby3, and A. Ombabi*3,
1Faculty of Agriculture, Ain Shams University, Cairo, Egypt, 2Multi Vita
Co., Giza, Egypt, 3Danisco Animal Nutrition, Marlborough, Wilts, United
Kingdom.

A study was conducted to evaluate the effect of amylase, xylanase and
protease feed enzyme mixture (Avizyme® 1500) and natural betaine
(Betafin™, both from Danisco Animal Nutrition) supplementation on
egg production (EP), egg quality, feed intake (FI) and feed conversion
ratio (FCR) of laying hens fed corn/soy diets reduced in ME (-100 kcal/
kg feed), methionine (300 mg/kg feed) and without any added choline
chloride and kept under heat stress conditions (average temperature of
36°C). Three hundred and sixty 22-week old brown Hy-line laying hens
were kept up to 42 weeks of age. They were assigned into six treat-
ments, 20 cages per treatment and 3 birds per cage. The birds were
reared under similar environment and management. There were no sig-
nificant differences among treatments in body weights. The enzyme
addition significantly (P<0.05) increased egg mass, total egg number, egg
weight and EP compared to both negative and positive control treat-
ments (NC and PC). Similar trend was observed in betaine-supple-
mented treatments either alone or in a combination with the enzyme.
Both supplements alone or in the combination reduced the percentage
of broken eggs compared to PC and NC. The enzyme, betaine and their
combination compared to PC and NC, significantly improved FCR. The
percentages of yolk and shell and shell thickness were significantly
increased when birds were fed diets supplemented with the enzyme,
betaine and their combination compared to PC and NC. The results
suggest that both the feed enzyme mixture and betaine can contribute to
a significant improvement in performance of layers fed diets with vari-
able nutrient densities and kept under heat stress conditions.

Key Words: layer, betaine, feed enzymes, heat stress

    S-P197    Glycogen status and growth of poults in ovo fed carbo-
hydrate and hydrolyzed soy relative to positive and negative con-
trols.  J. de Oliveira*1, P. Ferket1, Z. Uni2, B. Jones3, R. Upton3, V.
Doelling3, and C. Ricks3, 1North Carolina State University, Raleigh,
2Hebrew University of Jerusalem, Rehovot, Israel, 3Embrex, Inc.,
Durham.

In ovo feeding (IOF) improves turkey poult quality and viability, but
formulations must be optimized relative to appropriate control treat-
ments. The objective of this study was to compare different controls

and IOF formulations. At 23 days of incubation (E), 840 Hybrid turkey
eggs were sorted into 5 groups of similar weight distribution and as-
signed to treatments: 1) non-injected control (NC); 2) shell hole punch
control (HC); 3) 1.5 ml IOF saline control solution (.4% NaCl, 136
mOsm) (SC); 4) 1.5 ml carbohydrate IOF solution (.4% NaCl+.2%
HMB+20% dextrine+1.5% maltose+3% sucrose, 496 mOsm) (CH);
and 5) 1.5 ml carbohydrate-protein solution (.4% NaCl+.2% HMB+5%
hydrolyzed soy protein+10% dextrine, 496 mOsm) (CHP). Hatchabil-
ity rate (HR) and body weights (BW) were recorded at hatch and then
the poults were randomly distributed by treatment and sex among 12
replicate pens. Glycogen concentration [GLY] of liver (L), breast muscle
(BM), and pipping muscle (PM) were determined at 25E (8 eggs/treat-
ment) and hatch (10 poults/treatment). BW was determined at 7 and 14
d. IOF treatments increased HR in comparison to controls (93% and
93% for CHO and CPT vs 90%, 91%, and 91% for NC, HC, and SC).
CH and CHP had higher BW by 2% over controls (NC, HC, and SC) at
hatch (p<.05). BW of toms was greater than hens, but there was no
difference among treatments after 7d. There were no treatment effects
on [GLY] in PM or L at 25E. At hatch, PM [GLY] was greatest for CH,
intermediate for CHP, and lowest for NC and SC (16.8, vs 8.6, vs 2.8
and 4.1 mg/g, respectively, p<.05). BM [GLY] was greatest for NC,
followed by CHP than CH and SC (2.2, 1.3, .7, and .4 mg/g, respec-
tively). L [GLY] was higher for CH than CHP, NC, and SC (11.9 vs 4.8,
6.6, and 5.7 mg/g, respectively, p<.05). IOF solutions CH or CHP
increased HR and BW at hatch, which may be due to greater [GLY]
status. Because there were no differences among controls (NC, HC, and
SC), any of these may serve as controls in IOF studies.

Key Words: turkeys, in ovo feeding, hatchability, body weight, glyco-
gen status

    S-P198    Influence of previous lysine level on the apparent il-
eal amino acid digestibility of corn soybean meal diets for broiler
chickens.  S. Clemente-Hernández1,3, E.O. Oviedo-Rondón*2,1, and
F. Salvador3, 1Stephen F. Austin State University, Nacogdoches, Texas,
2North Carolina State University, Raleigh, 3Universidad Autónoma de
Chihuahua, Chihuahua, Chihuahua, México.

Accurate estimates of amino acid (AA) digestibility coefficients are
important to formulate precise diets based on ideal protein profiles.
Age, heat stress, feed ingredients, NaCl levels, Arg:Lys ratio, and Met
source could affect estimates of apparent ileal digestibility (ID) of Lys.
Low Lys levels in starter diets carry out a detrimental effect until 49 d of
age independently of Lys levels used in other phases. This trial was
carried out to determine the effects of Lys levels on ID of AA at 11 and
28 d of age. A bioassay was accomplished with 324 broilers raised in 27
floor pens. Three levels of Lys in the starter (1-17d) and three levels in
the grower (18-35 d) period were fed, for a total of 9 feeding programs.
Corn-soybean meal basal diets were formulated to obtain optimum (O)
recommended AA levels for breast muscle development in both phases,
and supplemented with DL-Met and Thr to follow an ideal protein
profile. Low (L) and high (H) levels of Lys were achieved through
modifications of L-Lys HCl inclusion at the expense of sand. Dietary
electrolyte balance was kept at 254 and 242 mEq/kg for all starter and
grower diets, respectively. Arg:Lys ratios were 1.25, 1.07 and 0.93 for
L, O, and H diets, respectively in both phases. Each diet contained 1%
of Celite. At 11 and 28 d of age, 3 birds per pen were euthanized and ileal
digesta contents were collected, frozen and lyophilized. Diets and digesta
samples were analyzed for acid insoluble ash, CP and AA contents.
Nutrient apparent ID was calculated. At 11 d, chickens fed L-Lys starter
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diets had lower Lys ID (P<0.05), BWG and higher FCR (P<0.001) than
the ones fed H-Lys diets. The ID of all other AA was not affected
(P>0.10) by Lys level. At 28 d, BW and FI, and the ID of all essential
AA were affected (P<0.05) by the Lys level in the starter phase and L-
Lys level in the grower period. ID of AA increased with age in chickens
fed H and O diets, but not in broilers fed L-Lys starter diets. These
results suggest that the level of Lys in the previous dietary phase could
affect the ID of all essential AA in the following periods.

Key Words: lysine, amino acid digestibility, broilers

    S-P199    The effect of dietary phosphorus level and Ca:P ratio
on growth performance and bone response variables in broilers. 
M. Roux*, S. Johnston, and L. Southern, Louisiana State University
Agricultural Center, Baton Rouge.

Two experiments were conducted to evaluate growth performance and
bone response variables in 0 to 14 d-old Ross x Ross broilers. Each
treatment was replicated with a minimum of 5 pens of 6 chicks per pen.
Initial and final BW were 38 and 400 g and 41 and 358 g in Experiments
1 and 2. Diets were formulated to contain 1.26% Lys and 3,200 kcal/kg
ME. Each experiment contained a positive control (PC) corn soybean
diet (2.22 Ca:non phytate P [nPP] ratio at 0.45% nPP). In Experiment
1 in addition to the PC diet, 2 levels of nPP (0.25 and 0.35%) were fed
at Ca:nPP ratios of 1.6, 1.9, 2.2, and 2.5. In Experiment 2 in addition to
the PC diet, 2 levels of nPP (0.25 and 0.35%) were fed at Ca:nPP ratios
of 1.6, 1.9, 2.2, 2.5, 2.8, and 3.1. In Experiment 1, increasing nPP from
0.25 to 0.35% increased (P < 0.02) daily gain, feed intake, gain:feed, and
bone breaking strength. Gain:feed was increased linearly (P < 0.04) as
Ca:nPP increased. Bone ash percentage was not affected by diet (P >
0.10). In Experiment 2, nPP level did not affect growth performance (P
> 0.10). There was a quadratic effect (P < 0. 06) of Ca:nPP on daily gain
with gain being optimum at a Ca:nPP of 2.2 in broilers fed 0.25% nPP or
at a Ca:nPP of 1.9 in broilers fed 0.35% nPP. Bone breaking strength and
bone ash percentage were increased (P < 0.001) by increasing nPP from
0.25 to 0.35%. Bone breaking strength was increased quadratically (P <
0.001) by Ca:nPP with an optimum at a Ca:nPP of 2.2 regardless of nPP
level. Bone ash percentage was increased quadratically (P < 0.02) by
Ca:nPP with an optimum at a Ca:nPP of 2.5 at 0.25% nPP and at an
optimum of 2.8 at 0.35% nPP. A Ca:nPP ratio of 1.9 to 2.2 is optimum,
and 0.35% nPP does not maximize bone response variables in broilers
regardless of the Ca level of the diet.

Key Words: broilers, calcium, phosphorus, ratio, bone

    S-P200    The effect of chromium as chromium propionate on
growth and carcass traits of broilers.  A. Jackson*1, L. Southern1, J.
Shelton1, S. Johnston1, F. Valdez2, and V. Sewalt2, 1Louisiana State
University Agricultural Center, Baton Rouge, 2Kemin Industries, Des
Moines, Iowa.

Two similar experiments were conducted to evaluate the effect of di-
etary chromium propionate (CrProp) on growth performance and car-
cass traits of 0 to 42 d-old and 0 to 49 d-old commercial Ross X Ross
broilers. Both experiments consisted of 4 treatments that were repli-
cated with 7 pens (4 male and 3 female) with either 50 male or 55 female
broilers per pen. Average initial and final BW for Experiment 1 were 37

g and 2,136 g, and 37 and 2,147 g for Experiment 2. In both experiments
0, 200, 400, or 800 ppb of Cr as CrProp were evaluated. In Experiment
1, 400 ppb Cr decreased (quadratic, P < 0.10) daily gain and gain:feed in
the grower phase, but mortality was reduced (cubic, P < 0.10) in broilers
fed 200 or 800 ppb Cr. In the finisher phase, gain:feed was increased
(quadratic, P < 0.10) in broilers fed all dietary levels of Cr, and mortality
was reduced (quadratic, P < 0.10) in broilers fed 200 and 400 ppb Cr.
Chromium supplementation did not affect the overall growth data, and
it did not affect carcass yield and breast weight, drip loss, cook loss, or
shear force. In Experiment 2, Cr did not affect growth performance. The
results of these experiments indicate that Cr as CrProp improved gain:feed
in the later phases of growth and reduced mortality in one experiment
but not in another experiment.

Key Words: broiler, chromium, propionate, carcass, growth

    S-P201    WITHDRAWN

    S-P202    Comparison of Gompertz and neural network models
of broiler growth.  W. Roush*, W. Dozier, and S. Branton, USDA/ARS
Poultry Research Unit, Mississippi State, Mississippi.

Neural networks offer an alternative to regression analysis for biological
growth modeling. There is very little research that has been conducted
to model animal growth using artificial neural networks. Twenty-five
male chicks (Ross x Ross 308) were raised in an environmental chamber.
BW were determined on a daily basis. Feed and water were provided for
ad libitum consumption. The birds were fed a starter diet (23% CP
3,200 kcal ME/kg) from 0 to 21 d, and a grower diet (20% CP and 3,200
kcal ME/kg) from 22 to 70 d. Dead and female birds were not included
in the study. Average BW of 18 birds were used as the data points for the
growth curve to be modeled. Training data consisted of every other d
weights starting with the first d. Validation data consisted of BW at all
other age periods. Comparison was made between the modeling by the
Gompertz nonlinear regression equation and neural network modeling.
Neural network models were developed with the Neuroshell Predictor.
Accuracy of the models were determined by Mean Square Error (MSE),
Mean Absolute Deviation (MAD), Mean Absolute Percentage Error
(MAPE), and Bias. The Gompertz equation was fit for the data. Fore-
casting error measurements were based on the difference between the
model and the observed values. For the training data, the lowest MSE,
MAD, MAPE and bias were noted for the neural developed neural
network. For the validation data, the lowest MSE, MAD were noted
with the genetic algorithm developed neural network. Lowest bias was
for the neural developed network. As measured by bias, the Gompertz
equation under estimated the values while the neural and genetic devel-
oped neural networks produced little or no overestimation of the ob-
served BW responses. Past studies have attempted to interpret the
biological significance of the estimates of the parameters of an equation.
However, it may be more practical to ignore the relevance of parameter
estimates and focus on the ability to predict responses.

Key Words: growth equation, Gompertz, neural network
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    S-P203    Bacterial levels found in litter associated with broil-
ers fed mannan oligosaccharides.  K.S. Macklin*, J.P. Blake, B.A.
McCrea, R.A. Norton, J.B. Hess, and S.F. Bilgili, Auburn University,
Auburn, Alabama.

Litter bacterial levels were measured in birds whose corn-wheat based
diet was supplemented with either: Bacitracin Methyline Disalcylate
(BMD), mannan oligosaccharide (MO) (Bio-mos, Alltech, Nicholasville,
KY), or no supplement (CON). Each diet was replicated in 10 pens
containing 50 birds/pen. Birds in these trials were raised on litter that
had two subsequent flocks to 6 weeks of age under standard manage-
ment conditions. Litter samples were collected the day before chick
placement and immediately after bird removal from. Samples were col-
lected from three locations within each pen and mixed in a sterile bag.
They were then serially diluted and plated on the following media: plate
count agar (PCA) for determining total aerobic bacteria, reduced tryptic
soy agar with 5% sheep red blood cells (RBA) to determine anaerobic
bacterial numbers, and MacConkey agar (MA) for total enteric bacterial
numbers. Media was than incubated at 37C under appropriate condi-
tions for 24 hours then enumerated. Counts (cfu/g) were transformed
using log10 and analyzed using GLM with P<0.10.
There was no difference in the initial bacterial numbers for both trials.
The first trial showed no statistically significant differences (P>0.10)
for the bacterial counts between the three diets at the end of the trial.
However, bacterial recovery from BMD fed pens were ~0.4 log10 lower
than CON and MO on PCA and RBA plates. MO had the greatest
reduction in MA counts decreasing the enteric numbers by ~0.6 log10.
For the end of growout sampling for the second trial, MO produced
lower bacterial counts then either BMD or CON on all three media
types. Taking these trials, as well as previous work done with these
diets into consideration, the use of MO and BMD as a feed supplement
reduces total aerobic, anaerobic, and enteric litter bacterial counts.

Key Words: mannan oligosaccharides, litter, bacteria

    S-P204    Effects of inorganic and organic selenium on the per-
formance and egg composition of laying hens fed cottonseed meal. 
V. Stanley*1, D. Wiley1, O. Taylor1, V. Vaughan1, S. Woldesenbet1, and
A. Sefton2, 1Prairie View A&M University, Prairie View, Texas, 2Alltech,
Guelph, Canada.

A trial was conducted to examine the effects of inorganic and organic
selenium (Se), (Sel-Plex) on egg production, egg composition, feed con-
sumption, and egg cholesterol of eighty 66-wk-old laying hens, which
were approximately 65 percent in production and fed cottonseed meal
(CSM). Hens were placed 2 birds per cage and assigned to four treat-
ment groups. Treatment groups were Group 1, Control (without Se or
CSM); Group 2, 15% CSM without Se: Group 3, 15% CSM with
inorganic Se; and Group 4, 15% CSM with organic Se. Duration of the
study was four weeks. The addition of 15% CSM to the diet had no
significant effect on egg production and egg weight. Eggs collected from
the hens supplemented with organic Se were the heaviest (62.5g) com-
pared to eggs from hens fed inorganic Se (60.6 g) and control (60.2 g). A
significant difference (P<0.05) was found for yolk weight among treat-
ment groups, with mean values ranging from 15.9 ± 0.3 to 17.4 ± 0.2 g.
The largest (P< 0.05) yolk was collected from the organic Se-fed hens
compared to the control (17.4 g and 15.9 g, respectively). Albumen
weight differed significantly (P<0.05) among treatments with mean val-
ues ranging from 32.2 ± 0.5 to 35.4 ± 0.5 g. Percentage albumen varied
from 61.5% (organic Se) to 59.5 and 58.1% (inorganic Se and control,

respectively) and 57.8% for the CSM. No significant (P<0.05) effect of
treatments on feed consumption was observed. Specific gravity signifi-
cantly (P<0.05) improved in eggs from hens fed organic Se compared to
the other groups. Reduction in cholesterol concentration per egg ob-
served in eggs collected from the organic Se-fed hens was not consistent.
Results indicate that hens fed organic Se can affect egg size and compo-
sition.

Key Words: layers, selenium, egg composition, cholesterol, production

    S-P205    Ethanol immersion method for the collection of sepa-
rate external and internal microbiological spleen samples of baby
broiler chicks.  L.J. Richardson*1, N.A. Cox1, R.J. Buhr1, J.S. Bailey2,
and M.A. Harrison3, 1USDA-ARS-PMSRU, Russell Research Center,
Athens, Georgia, 2USDA-ARS-BEAR, Russell Research Center, Athens,
Georgia, 3University of Georgia, Athens.

Campylobacter species have been recovered from the lymphoid tissues
of avian species. However, whether the bacteria are located internally in
these tissues has not been determined. The objectives of the present
study were to 1) develop a method to sample the inside and outside of
the spleen and 2) determine if Campylobacter can be recovered from the
internal tissue of the spleen. Five experiments were conducted and for
each experiment, day-of-age broiler chicks were obtained and inoculated
by different routes with Campylobacter jejuni. Two days post-inocula-
tion, necropsy was performed and the spleen and ceca were aseptically
removed from each bird and individually placed into sterile sampling
bags, packed on ice and transported back to the laboratory for evalua-
tion. For external (ES) spleen sampling, 3 ml of Bolton enrichment broth
was added to each spleen sample and shaken for 30s. The spleen was
then aseptically removed from the bag. For internal spleen sampling, the
spleen was submerged into a 70% ethanol solution for 10s, then re-
moved and submerged into a saline solution to detect sterilization abil-
ity of the immersion technique. The spleen was then placed into a sterile
sampling bag, macerated and 3 ml of Bolton enrichment broth was added
and the sample was stomached for 30s. Standard laboratory procedures
were then performed on the above samples (ES, IS, ethanol and saline
solution) and ceca for the recovery of Campylobacter species. Overall,
Campylobacter was recovered from 75% (82/109) of the ES samples,
71% (77/109) of the IS samples and from 100% (109/109) of the ceca
samples. Furthermore, ethanol and saline samples were negative for
Campylobacter suggesting that the ethanol immersion method is a good
sterilization method of the external surface of the spleen. With
Campylobacter residing on the external surface and in the internal tissue
of the spleen, the organisms could be systemic inside the bird. Further
research will determine the mechanisms required for this bacterium to
colonize these different tissue types.

Key Words: broilers, Campylobacter, ethanol immersion, spleen, ceca

    S-P206    Presence of naturally occurring Campylobacter jejuni
and Salmonella spp. in the internal organs of 6 and 8 week old
commercial broilers.  N.A. Cox*1, L.J. Richardson1, R.J. Buhr1, J.S.
Bailey2, and P.F. Cray2, 1USDA-ARS-PMSRU, Russell Research Cen-
ter, Athens, Georgia, 2USDA-ARS-BEAR, Russell Research Center, Ath-
ens, Georgia.

Previous studies have demonstrated that when Campylobacter or Sal-
monella were either orally or intracloacally inoculated into day old
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broiler chicks, within one hour these bacteria moved rapidly to the
lymphoid organs. These bacteria were still present one week after in-
oculation. The objectives of the present study were to determine if
Campylobacter and Salmonella are naturally present in some of these
internal organs of commercial broilers and if present, what species or
serovars would be found. Six and eight week old broilers were obtained
from a commercial poultry operation and brought to the laboratory for
analysis. Necropsy was limited to the removal of the spleen, liver/
gallbladder (L/GB) and ceca using aseptic techniques. To reduce the
possibility of cross contamination between samples, the spleen and L/
GB were aseptically removed prior to the ceca. Samples were individu-
ally bagged and standard laboratory procedures for Campylobacter and
Salmonella were carried out for all samples. Thirty 6 week old broilers
were analyzed and Campylobacter were found in 10/30 L/GB, 8/30
spleen and 14/30 ceca. Salmonella were found in 1/30 L/GB, 2/30 spleen,
and 2/30 ceca. Forty 8 week old broilers were analyzed and
Campylobacter were found in 2/40 L/GB, 3/40 spleen and 10/40 ceca.
Salmonella were found in 21/40 L/GB, 15/40 spleen, and 25/40 ceca.
The internal organs of the younger birds were more heavily contami-
nated with Campylobacter while Salmonella was the predominant or-
ganism isolated in the older birds. There is no doubt that these bacteria
are naturally present in these organs. Overall, Campylobacter was found
in 12/70 L/GB and 11/70 spleen, while Salmonella were isolated from
22/70 L/GB and 17/70 spleen. All Campylobacter isolates were found to
be C. jejuni. The predominant Salmonella serotype was S. Typhimurium,
however 7 other serotypes were found. The significance of these reser-
voirs in the internal organs of commercial broilers is yet to be deter-
mined but may have an impact on the microbiology of the intestinal
tract and hence the final food product.

Key Words: Campylobacter, Salmonella, lymphoid organs, broilers,
Ceca

    S-P207    Effect of oviposition time on percent eggs laid, egg
weight, and egg specific gravity.  K. Choate*, G.M. Pesti, R.I. Bakalli,
and J.P. Driver, University of Georgia, Athens.

An experiment was conducted to determine the influence of time of
oviposition on percent eggs laid, egg weight, and egg specific gravity.
The relationship between egg weight and egg specific gravity was ob-
served. 320 hens, 36 weeks of age, were used over a period of three
days. The hens were on a 15 hour lighting program, 0400 to 1700 hours.
Eggs were collected hourly starting at 0500 and ending at 1700 hours.
Specific gravity was estimated by floatation in various salt solutions.
Over the three day period, a total of 881 eggs were laid. Egg production
peaked during the 0900-1000 hours collection. Egg weight declined
steadily from the 0600-0700 hours collection (59.2g/egg) to the 1300-
1400 hours collection (54.3g/egg). Specific gravity was highest at the
0500-0600 hours collection period (1.089). It declined to 1000-1100
hours (1.082) and increased to the 1500-1600 hour collection period
(1.087). Specific gravity displayed significant quadratic effect. There
was no relationship found between egg weight and egg specific gravity.
It is concluded that sub-sampling eggs to determine egg weight or spe-
cific gravity should include representative sampling over the entire day.

Effect of oviposition time on % eggs laid, egg weight, and egg
specific gravity

Production Egg Weight Egg Specifc
Time n (%) (g) Gravity

0500–0600 10 1.14 57.0 1.089
0600–0700 52 5.9 59.2 1.084
0700–0800 70 7.9 57.8 1.084
0800–0900 138 15.7 56.7 1.083
0900–1000 200 22.7 56.4 1.082
1000–1100 150 17.0 57.2 1.082
1100–1200 121 13.7 55.1 1.082
1200–1300 64 7.3 54.9 1.083
1300–1400 32 3.6 54.3 1.083
1400–1500 16 1.8 55.9 1.087
1500–1600 16 1.8 54.5 1.087

Key Words: lLaying hens, Hy-Line W-36, oOviposition time, egg weight,
egg specific gravity

    S-P208    Comparison of four sampling methods for the detec-
tion of Salmonella in broiler litter.  R.J. Buhr*, L.J. Richardson, J.A.
Cason, and N.A. Cox, USDA-ARS Russell Research Center, Athens,
Georgia.

Day of hatch male broiler breeder chicks obtained from a commercial
hatchery were brooded and reared in two sets of adjacent floor pens
with clean wood shavings. Twenty-five chicks were challenged orally
with a 105 suspension of naladixic acid resistant Salmonella, and wing
banded, and an additional 25 nonchallenged chicks were placed into each
challenge pen. Fifty nonchallenged chicks were placed into each
nonchallenge pen located adjacent to the challenged pens. Personnel
movement between pens was minimal but not restricted. At 6 wk of age,
12 challenged and 12 nonchallenged birds from the challenged pens and
12 birds from the nonchallenged pens were euthanized by electrocution
and the ceca collected for determination of Salmonella status. Broilers
remained in the challenge pens throughout the litter-sampling period,
but were removed from the adjacent pens at 6 wk of age. At 7, 8, 10, and
11 wk of age the litter was sampled using four methods (duplicate
samples per pen per sample time): feces, litter, drag swab, and sock (10
cm section of tube bandage worn over disposable plastic boots). At 6
wk of age, ceca samples were Salmonella-positive from 4/12 challenged
broilers and from 5/12 nonchallenged broilers raised commingled in the
challenged pen, and from 6/24 nonchallenged broilers raised in the
nonchallenged adjacent pens. At the four samplings times (from 7 to 11
wk) for the challenged pens, Salmonella-positive samples were de-
tected in 5/16 fecal samples, 10/16 litter samples, 9/16 drag swabs
samples, and 11/16 sock samples. Samples from the nonchallenged pens
were Salmonella-positive in 2/16 litter samples, 6/16 drag swab samples,
and 12/16 sock samples. Drag swabs, litter, and sock samples had rela-
tively higher rates of Salmonella detection than feces samples in pens
containing broilers. In pens where broilers had been removed, sock
samples had higher recovery rates of Salmonella than litter or drag swab
samples.

Key Words: Salmonella detection, litter sampling, broilers, drag swabs,
ceca
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    S-P209    The impact of sodium bisulfate (PLT®) on hen ma-
nure, ammonia emissions and flies.  P. Patterson1, T. Cravener1, C.
Myers2, G. Martin3, and Adrizal*1, 1Penn State University, University
Park, 2Berks Co. Coop. Ext., Leesport, Pennyslvania, 3Lancaster Co.
Coop. Ext., Lancaster, Pennyslvania.

A commercial high-rise hen house was used to evaluate the impact of
amending manure with sodium bisulfate (PLT®) at two levels for poten-
tial merit with regard to manure management, nutrients, ammonia emis-
sions and flies compared to control manure. For 45d in April-June, 2005
three central rows of manure in a 5-row house were either not amended
(Control) or amended with two levels of PLT® at 0.97kg/m (1X) or
1.95kg/m (2X) while mixing with a Compost Cat (Farmer Automatic,
Inc.). Composting with the Cat was practiced in all rows 3d/wk and
amendments were made 8X during the 45d experimental period. Ma-
nure density, depth, and row width were determined at 6 locations in
each treatment row at the beginning of the study (t=0) and on days 4,
17, 31 and 45, corresponding to t=1, 2, 3, and 4. Manure nutrients, adult
flies, pupae, larva and ammonia emissions per 0.215m2 were also mea-
sured using Drager Pac III detectors in flux chambers at T=1, 2, 3, and 4.
Manure depth and row width increased during the experimental period;
however, there were no consistent treatment effects on manure density
or architecture. Adult flies (P=0.0724) and pupae counts in the hen
house were reduced in the 1X and 2X rows compared to the control at
the end of the study. Pupae counts per 150g manure were significantly
reduced in the 2X row at t=2, 3 and 4 while larva counts were elevated
in the 1X row at t=2. Manure nutrients were significantly influenced by
both PLT® levels resulting in greater concentrations of manure N, NH3-
N, sulfur, and sodium and less P2O5 compared to control manure.
Ammonia emission rate (ppm/sec) was significantly reduced by the 1X
level at t=3 (0.7751) compared to the control (0.9883) and the 2X level
at t=1 and 4 compared to the control 0.2178 vs. 0.6140, and 0.6435 vs.
1.1863, respectively. In conclusion, commercial application of sodium
bisulfate to hen manure reduced ammonia losses, increased manure N
and reduced fly activity as evaluated.

Key Words: manure amendments, nutrients, ammonia, nitrogen, flies

    S-P210    Supply of 23.5% oxygen during broiler breeder egg
incubation at 1,500 M above sea level and its impact on newborn
chicks and during finishing at 42 days.  J. Quintana*, A. Hernandez,
J. Ordaz, and G. Ponce, Universidad Nacional Autonoma de Mexico,
Mexico, DF, Mexico.

Oxygen supply during incubation increases hatchability, reduces mor-
tality and promotes embryo growth. The objective of this study was to
evaluate the effect of oxygen on hatchability and some of the quality
characteristics of the newborn chick, as well as weight, conversion and
mortality up to 42 days of male broiler chicks. Two incubators were
used, in the first one, 23.5% oxygen was added and the other one was
maintained under normal oxygen conditions. Ross line broiler breeder
11,340 hen eggs were set per incubator. Hatchability was recorded. At
birth, a sample of 50 chicks per treatment was taken, and they were
weighed individually and quality characteristics were evaluated for each
one. The parameters that were taken into consideration were tarsus
color, activity, closed umbilicus and appearance of the eye, assigning
grades of maximum 2 and minimum of 0. Variance analysis was per-
formed on chick quality and productive parameters of the broilers, and

the average was evaluated by Tukey . Hatchability was 89.07 % in the
incubator with oxygen and 82.89 % in the incubator without oxygen.
Chicks were heavier at 42.91g with the addition, while without oxygen,
40.67g, respectively. Results for quality characteristics were: tarsus 72,
activity 98, umbilicus 76 and open round eyes 98 with oxygen added,
while without oxygen added, the grades were for tarsus 64, activity 90,
umbilicus 72 and eyes 86. There was a statistical difference (p<0.05) in
all the evaluated parameters. Male chicks were reared in 5 sections for
each treatment in a natural environment house at 200 momsl. Results at
42 days of age for the chicks in the incubator with oxygen, body weight
was 2.390 kg, conversion index 1.785 and 4.0% mortality; while chicks
without oxygen were 2.200 kg body weight, 2.016 conversion index and
3.58% mortality. There was significant statistical difference (p<0.05)
for body weight and conversion index. Oxygen injection in the incuba-
tors and hatchers improved hatchability, weight gain and conversion
index at 42 days of age.

Key Words: oxygen, incubation, chicks, broiler

    S-P211    Supply of 25.5% oxygen during broiler breeder egg
incubation and its impact on newborn chicks and at 45 days during
finishing at 2,240 M above sea level.  A. Hernandez*, J. Quintana,
and J. Nuñez, Universidad Nacional Autonoma de Mexico, Mexico, DF,
Mexico.

The objective of the present study was to evaluate the effect of the
oxygen addition in two stages of the incubation on the weight and height
of chicks at hatch, productive parameters during finishing and yield.
Eggs of Ross hens were placed by setters, that used oxygen concentra-
tion was of 25.5%. Two setters added oxygen from the first day until 11
days of incubation (treatment A), two were added from 12 days until 21
days of the incubation (treatment B) and the remainder were left with
the natural conditions (treatment C) in a 2,240 m above sea level in
Mexico City. When chicks were hatched, they were weight and mea-
sured to the end of the tip middle finger, then housed under similar
conditions to finish them to 45 days of age. The chickens were weight
weekly, feed consumption measured, nutritional conversion and mortal-
ity. The yield was done taking into account the yield without skin,
shanks, neck and visceras. Variance analysis was performed on chick
quality and productive parameters of the broilers, and the average was
evaluated by Tukey. At hatch, the weight and the height averages were
of 42.7g, 44.7g and 43.8g and the measurements were 17.1, 17.0 and
17.0 mm for the treatments A, B and C respectively. The weight average
in the first week was 143.5g (a), 134.3g (b) and 125.2 g (c) and at 45
days was 2.303 kg, 2.249 kg and 2.294 kg for the treatment A, B and C
respectively. The feed conversions were 1.93, 1.99 and 2.21 for the
treatments A, B and C respectively. Accumulated mortality was 6.6%(a)
treatment A, 10%(a) treatment B and 30%(b) treatment C. The yield
was 62.57%, 62.83% and 61.59%. for the treatments A, B and C respec-
tively. In accordance with the results in the present study, it was ob-
served that the oxygen addition during first half of incubation improved
the body weight for the first week of age, while mortality and feed
convesion were less with oxygen addition during all the incubation time.

Key Words: incubation, oxygen, broiler, mortality, conversion
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    S-P212    Effect of two commercial competitive exclusion
probiotics on Salmonella enterica serovar enteritidis infection of
Leghorn chicks.  M.A. Juarez-Estrada*, L. Gonzalez-Soto, and R.
Merino-Guzman, Department of Animal Production: Poultry; FMVZ-
UNAM., Mexico, D.F. Mexico.

A trial was developed in order to evaluate one defined competitive
exclusion probiotic (DCEP) and one non-defined competitive exclusion
probiotic (NDCEP) on Salmonella enterica serovar enteritidis phagotype
13a (SE PT13a) infection. One-day-old Leghorn chicks were reared in
electrical batteries. Four groups and 6 replicates of 20 birds each one
(n=240) were used in two challenge times. Experimental groups were:
A) Negative control, B) DCEP (Broilact®) 1 mg at first day, C) NDCEP
(Aviguard®) 12.5 mg at first day, D) Positive Control. Groups B, C and
D were SE PT13a (1X108) UFC/bird) challenged at 11 and 19 days. On
12 and 20 days, 60 birds from every challenged groups were euthanized.
SE PT13a was recovered from liver-spleen (LS), and cecal tonsils (CT)
from each chick. At 20 days, group B showed up 21.7% of SE PT13a

from LS, lower (P<0.05) than group D (51.7%). Group C (36.7%) was
not different to B or D treatments. There were no differences in recov-
ery rates from CT at either, 12 or 20 days. Group A was always negative
to Salmonella isolation. Although, there was not difference in LS protec-
tion level between DCEP or NDCEP groups, DCEP showed up a more
solid protection. Intestinal native microbiota from DCEP took almost
three weeks in settling down into the chickens gun, thus, its protection
effects were delayed, since they were observed until 20 day of age. In
order to get an effective protection level from DCEP against early Sal-
monella infection, it should be tested the effect of a booster DCEP
treatment in chicks from one to twenty days old.

Key Words: probiotics, Salmonella control, Leghorn chicks, layer farm,
fertile eggs

    S-P213    Effect of a booster treatment with a defined competi-
tive exclusion product on Salmonella enterica serovar enteritidis
infection in Leghorn chicks.  M.A. Juarez-Estrada* and J.A Molina-
Hernandez, Department of Animal Production: Poultry; FMVZ-UNAM.,
México, D.F. México.

In order to evaluate a defined competitive exclusion product (DCEP)
with only one per os treatment at one-day-old or a drinking water
booster treatment, was carried out one experiment. At first was divided
into three groups with 28 birds each and three replicates by group.
Group A) At first day DCEP (1 mg/bird Broilact®) was gave per os, 28
birds were challenged with Salmonella enterica serovar enteritidis
fagotype 13A (SE PT13A) (1 x 108 CFU/bird) each time at 7, 13 and 23
days of age; B) At first day chicks received DCEP, it was boosted by
drinking water (1 mg/bird Broilact®) at 6, 12 and 22 days of age, 24
hours after every booster treatment 28 birds were challenged with SE
PT13A; C) At first day of age birds received PBS, they were challenged
per os with SE PT13A at the same time like groups A and B. All birds
were euthanized 24 hours after every challenge. SE PT13A was recov-
ered from liver, spleen (LS) and cecal tonsils (CT). At 14 days of age SE
PT13A; isolates from group B (LS 4.5% and CT 22.7%) were lower
(P<0.05) than group C (LS 34.6% and CT 96.1%); and group A (LS
17.2%% and CT 62.0%) respectively. With only 28 birds by treatment,
group A was not different to B or C treatments. At 8 and 24 days there
were not differences between groups. The booster treatment was better
than only one DCEP dose, however, booster treatment with DCEP
delayed to diminish SE PT13A; infection from LS and CT, until the last
of the second week. Prophylactic treatment with defined competitive
exclusion products would be a good biological skill toward Salmonella
infection in Layer farms.

Key Words: probiotics, booster treatment, Salmonella control, breeder
hens, Leghorn chicks
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    Resurgence of runting stunting syndrome in broiler chickens. 
G. Zavala*, University of Georgia, Athens.

Runting and stunting syndrome is a condition involving significant body
weight depression and low flock uniformity detectable at an early age,
but the detrimental effects are observable throughout the entire broiler
growout. As a syndrome, the clinical presentation of this condition may
vary substantially from flock to flock, but runting and stunting syn-
drome (RSS) is invariably associated with poor economic performance
derived at least from slow growth, low uniformity, increased mortality
or culling of unthrifty chickens and increased feed conversion. RSS was
first described in the 1970s and since then most research has attempted
to resolve potential pathogens. Broiler flocks of all breeds or breed
crosses may be affected, albeit certain crosses are more frequently and/

or more severely affected. Progeny from younger breeder flocks tends
to be affected by RSS easier than progeny from hens over 45 weeks of
age.

Some of the agents found in RSS-affected flocks include reovirus, en-
terovirus-like particles, adenovirus, astrovirus, rotavirus and other small
round enteric viruses. Bacterial species have also been examined for
their potential ability to induce RSS, but none have been regarded as
important candidates. Direct inoculations in chickens with any of these
agents alone or in combination have not reproduced entirely all the
detrimental effects observed with RSS in the field. However, two mod-
els have consistently reproduced severe stunting. First, gavage inocula-
tions of intestinal homogenates from affected birds into susceptible
chickens usually induce body weight depression equivalent to more
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probiotics on Salmonella enterica serovar enteritidis infection of
Leghorn chicks.  M.A. Juarez-Estrada*, L. Gonzalez-Soto, and R.
Merino-Guzman, Department of Animal Production: Poultry; FMVZ-
UNAM., Mexico, D.F. Mexico.

A trial was developed in order to evaluate one defined competitive
exclusion probiotic (DCEP) and one non-defined competitive exclusion
probiotic (NDCEP) on Salmonella enterica serovar enteritidis phagotype
13a (SE PT13a) infection. One-day-old Leghorn chicks were reared in
electrical batteries. Four groups and 6 replicates of 20 birds each one
(n=240) were used in two challenge times. Experimental groups were:
A) Negative control, B) DCEP (Broilact®) 1 mg at first day, C) NDCEP
(Aviguard®) 12.5 mg at first day, D) Positive Control. Groups B, C and
D were SE PT13a (1X108) UFC/bird) challenged at 11 and 19 days. On
12 and 20 days, 60 birds from every challenged groups were euthanized.
SE PT13a was recovered from liver-spleen (LS), and cecal tonsils (CT)
from each chick. At 20 days, group B showed up 21.7% of SE PT13a

from LS, lower (P<0.05) than group D (51.7%). Group C (36.7%) was
not different to B or D treatments. There were no differences in recov-
ery rates from CT at either, 12 or 20 days. Group A was always negative
to Salmonella isolation. Although, there was not difference in LS protec-
tion level between DCEP or NDCEP groups, DCEP showed up a more
solid protection. Intestinal native microbiota from DCEP took almost
three weeks in settling down into the chickens gun, thus, its protection
effects were delayed, since they were observed until 20 day of age. In
order to get an effective protection level from DCEP against early Sal-
monella infection, it should be tested the effect of a booster DCEP
treatment in chicks from one to twenty days old.
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fertile eggs
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Runting and stunting syndrome is a condition involving significant body
weight depression and low flock uniformity detectable at an early age,
but the detrimental effects are observable throughout the entire broiler
growout. As a syndrome, the clinical presentation of this condition may
vary substantially from flock to flock, but runting and stunting syn-
drome (RSS) is invariably associated with poor economic performance
derived at least from slow growth, low uniformity, increased mortality
or culling of unthrifty chickens and increased feed conversion. RSS was
first described in the 1970s and since then most research has attempted
to resolve potential pathogens. Broiler flocks of all breeds or breed
crosses may be affected, albeit certain crosses are more frequently and/

or more severely affected. Progeny from younger breeder flocks tends
to be affected by RSS easier than progeny from hens over 45 weeks of
age.

Some of the agents found in RSS-affected flocks include reovirus, en-
terovirus-like particles, adenovirus, astrovirus, rotavirus and other small
round enteric viruses. Bacterial species have also been examined for
their potential ability to induce RSS, but none have been regarded as
important candidates. Direct inoculations in chickens with any of these
agents alone or in combination have not reproduced entirely all the
detrimental effects observed with RSS in the field. However, two mod-
els have consistently reproduced severe stunting. First, gavage inocula-
tions of intestinal homogenates from affected birds into susceptible
chickens usually induce body weight depression equivalent to more
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than 50-60% in comparison with control uninoculated chickens. Sec-
ond, exposure of newly hatched chicks to RSS agents by rearing them on
contaminated litter material reliably induces body weight depression
equivalent to approximately 40-50% compared to control chickens reared
on clean litter. Two major avenues of research have been followed in
recent months to address significant field problems observed between
the winter of 2003 and 2005: 1) A number of viruses have been isolated
from the intestines of affected chickens. Amongst such viruses, reovi-
ruses and astroviruses are of higher interest. Partial characterization of
reoviruses has suggested that some of the reoviruses circulating in the
field might be substantially different from standard reoviruses used in
commercial vaccines. Some of these reoviruses are being explored as
potential candidate strains for killed vaccines. Investigations on
astroviruses are ongoing but no conclusions can be made at this point.

Regarding intervention strategies, it has been shown recently that rais-
ing broilers on contaminated litter with a very short downtime is sub-
stantially detrimental to body weight gain, uniformity and it also repro-
duces microscopic enteric lesions commonly observed in field cases of
RSS. Also, along the lines of intervention strategies, recent research

involving heat treatment of infectious intestinal material has demon-
strated that RSS agents are indeed heat sensitive. Thus, current investi-
gations are addressing this characteristic in order to develop methodol-
ogy with a field application to mitigate the detrimental effects of RSS
agents in the field by applying heat to chickens houses during down-
time.

An additional field of research involves the possibility of maternal transfer
of protective antibodies. In a current trial grandparent breeder hens are
being exposed to the same infectious material that causes severe weight
depression in young broilers with the intention of producing progeny to
be exposed to contaminated litter. Finally, a variety of studies are being
conducted to examine any possible correlation between RSS and mater-
nal antibody titers to agents such as reovirus, chicken infectious anemia
virus, infectious bursal disease and others. In summary, most current
research is emphasizing virus characterization both in vivo and in vitro,
maternal immunity, and studies designed to reproduce RSS reliably and
to develop methodologies to mitigate the economic impact of RSS in
broilers.

Poult. Sci. 85 (Suppl. 1)



A

Abdollahi, M., T16
Abdollahi, M. R., M3
Abdukalykova, S., S-M72
Acamovic, T., 165, M17, W18, 

S-T110, S-P177
Adedokun, S., S-M34
Adedokun, S. A., 148, 149
Adefope, N., T22, W9, S-P179
Adeola, O., 148, 149, 169, W19, 

S-M19, S-M89
Aderemi, F., 221
Adrizal, S-P209
Adrizal, A., S-T124, S-T126
Aduviri, G., M41, T26, W11, 

W29
Afanador, G., W13
Afzali, N., W43
Ahmad, H. A., 120
Ahmad, N., S-M31
Ahmadi, F., 223
Ahmed, A. S., W40
Aiki-Raji, C. O., S-T93
Ajasin, F. O., S-T93, S-T105, 

S-M46
Alalade, O. A., S-M75
Alalade, T. O., S-M75
Alphin, R., S-T99, S-T100
Alvarado, C., 193
Alvarado, C. Z., 186, 189, 242, 

T29
Alvarado, I., S-M66, S-P158
Alverado, C., T28
Amenyenu, A., T22, W9, S-P179
Amerah, A., T13
Amini, K., S-M21
Anderson, D., S-M52
Anderson, D. M., 106, 231, T5, 

W20
Anderson, J., 37, S-T138, 

S-T139
Anderson, K. E., 194, 195, 196, 

249, 250, 275, T39
Anderson, P., 95, T37
Anderson, P. N., W27
Anderson, S., T37, S-M5, 

S-M77, S-T121, S-T122
Anderson, S. M., 187
Anderson, S. W., 140, 176
Andriguetto, J. L., T3, W22

Angel, R., 19, 135, M18, T14, 
W23, S-M34, S-M35

Angeles, M. L., 48, W5
Ansah, G., M47
Anthony, N. B., 56
Ao, T., 97, W17, W21, S-P192
Applegate, T., 19, 135, S-M34, 

S-M35
Applegate, T. J., 36, 148, 149, 

159, S-M3, S-M29
Argov, N., 50
Arora, K., W47
Arti, A., M2
Ashwell, C., 49, S-M87
Ashwell, C. M., 52
Assuena, V., M8
Attar, A., M16
Augspurger, N., S-T108
Avila-Gonzalez, E., S-M1
Ayanwale, L., 120

B

Bagley, L., S-P156
Bahadoran, R., 129
Bailey, C. A., M9, W30, W31
Bailey, J. S., S-M86, S-P171, 

S-P205, S-P206
Bailey, R. H., S-M44, S-T133
Bakalli, R. I., 32, S-P160, 

S-P161, S-P185, S-P207
Baker, R., S-P174
Bakhtiari, M. R., 53
Bakken, T., 74, 73, 75, 82
Balander, R. J., 46
Baltzley, T., 62
Barber, E. M., 142
Barbosa, C. E., M24, T1
Barbosa, N. A. A., T17, T18
Barbosa, T., S-T97
Barbosa, V. T., M24, T1
Barbour, G. W., 34
Barbudo, J., T9
Barnes, M. N., 113
Barrantes, L., T9
Bartenfeld, L. N., 188
Basenko, E., S-M12
Bass, P. D., S-M30
Batal, A. B., 182, T40, W10, 

W34
Bates, R., S-T124, S-T126

Bauermeister, L., 15
Bauermeister, L. J., 16, 126
Baurhoo, B., S-M24
Beach, N., S-M67
Beck, M. M., T48
Bedecarrats, G. Y., T47, T49, 

W49
Bedford, M., S-M18, S-T113
Bedford, M. R., 158, 163, 165, 

M17, W18, W19, S-T110, 
S-P177

Behnke, K., S-T119
Behnke, K. C., 99
Beitz, D., 107, 108
Beltran, R., S-M91, S-P176
Beneas, H., S-M90, S-P187
Bennett, D. C., 218
Bennett, L., S-M9
Bennett, L. W., 258
Benson, A. P., 116
Benson, E., S-T99, S-T100
Berchieri, A., S-M91
Berisha, B., S-P161
Berrang, M. E., S-M85, S-M86
Berres, J., 150, 151
Berry, W. D., 78, 113
Bertechini, A. G., 171
Bessadok, A., 47
Beyene, G., 120
Biggs, P., 103
Biguzzi, F., S-M78
Bilgili, S. F., 18, M32, M43, 

T38, W38, S-M78, S-P175, 
S-P203

Blake, J., S-P169
Blake, J. B., S-P175
Blake, J. P., 26, W38, S-P203
Blanton, J. R., 189
Bligh, K., 142
Bobeck, E. A., W55
Boermans, H. J., M36
Bohorquez, D., 40, S-M73
Bohorquez, D. V., 38
Bongalhardo, D. C., W46
Bookhart, III, S. W., 139
Boros, D., 227
Bortolini, T. C. K., 151
Bos, K., W45
Bottje, W. G., 61
Bounpheng, M., S-P174
Bowen, O. T., 90

Boyce, J., T28
Boylan, L. M., T29
Bradley, F. A., 84
Brake, J., S-M40, S-M42, 

S-M43, S-M45, S-M58, 
S-M82

Brake, J. T., 11, 12, 160, 167, 
180

Bramwell, R. K., S-M38, S-M39
Brannan, K. E., 12
Brannan, K., S-M43
Brannon, J., W3
Branton, S., 122, S-M11, S-M12, 

S-M13, S-T119, S-T132, 
S-T138, S-T139, S-P154, 
S-P202

Branton, S. L., 65, 66, 121, 222, 
259, S-M62, S-T120, S-P150, 
S-P166

Brashears, M., 193
Brashears, M. M., 186, 189, 242
Braz, N. M., M12
Bregendahl, K., 107, 108, 131
Brewer, V., 31
Brewer, V., S-M51, S-P195
Briles, W. E., 88
Brinson, D. L., T27
Brisson, J–R., T32
Brito, J. A. G., 171
Broomhead, J., S-M28, S-P193
Broussard, C., 95
Brown, G., S-P159
Bruggeman, V., 266
Bryant, M., S-P180, S-P181, 

S-P194
Buchanan, N., 101
Buchanan, N. P., 100, 102, M7
Budgell, K., 20, S-M25
Buhr, R. J., 241, 243, M44, T27, 

T52, S-P205, S-P206, S-P208
Burgos, S., 83
Burke, M., S-T116
Burke, P., 95
Burnham, D., 144, S-M69
Burrell, A., S-P174
Butler, J. C., 198
Butt, S. J., T5
Buyse, J., T50
Byerly, M. S., 1, M49
Byrd, J. A., 96, 187, W27, 

S-M44, S-T133

AUTHOR INDEX

 Abstracts without letters are oral presentations, abstract numbers preceded by M are Monday posters, numbers preceded by T are Tuesday 
posters, and numbers preceded by W are Wednesday posters.
 Abstracts from the 2006 International Poultry Scientifi c Forum held in Atlanta, GA, January 23–24, 2006, are preceded by S-.

Poult. Sci. 85 (Suppl. 1)



214 AUTHOR INDEX

C

Cabrera, C., 6
Caldwell, D., T37
Caldwell, D. J., 95, 187, W27
Caldwell, J., 192
Campbell, D., T21
Campbell, G., S-M7
Campbell, G. G., 118, 119
Campbell, L. D., 226, 227
Canal, C. W., S-M16
Cancherini, L. C., M21, T7
Cantor, A., 97
Cantor, A. H., 132, W17, W21, 

W37, S-P192
Carey, J. B., 136
Carlson, C. S., W48
Carney, V., S-M55, S-M56, 

S-M57
Carré, W., 177
Carrera-Hernandez, C., S-T106
Carro, T., 139
Carvalho, J. C., 171
Casarin, A., S-P182
Casartelli, E. M., M8
Casey, K. D., 86, 132, W37
Cason, J., S-P170
Cason, J. A., 216, 241, 243, 244, 

M44, S-P208
Casotti, G., 178
Caudill, A. B., 194
Cedillo-Pelaez, C., S-P164
Çelebi, S., M19, W1
Chaiseha, Y., 80, 81, 82
Chambers, J. R., 240
Chamblee, T., 85
Chamblee, T. N., 51
Chapman, M. E., 69, 70, 90
Chaves, L. S., M24
Cheng, H. W., 207, 208, 209, 210
Cheng, K. M., M48
Cheng, S., S-T97
Cheng, T., T8, S-P188
Cherian, G., 271, M4, T15, T34, 

W33
Chichlowski, M., 44, S-M23
Chirino-Trejo, C., 67
Cho, W., 191
Cho, Y., S-M61
Choate, K., S-P207
Chowdhury, S. R., M35
Christensen, A. C., W11
Christensen, K., S-M88, S-T121, 

S-T122, S-T123
Christensen, V., S-M7, S-P156
Christensen, V. L., 116, 117, 118, 

119, 252, 253
Church, J. S., 200, 202
Cigan, J. L., 256

Clark, F. D., 214
Clark, P. M., 99
Clark, W. D., 183, 184
Classen, H., S-T114
Classen, H. L., 142, 203, 204, 

205, S-M26, S-M76
Clemente-Hernández, S., S-M87, 

S-P198
Cochran, S. L., 142
Cogburn, L. A., 2, 177, M49
Coleman, R. A., 147, T32, W25
Collazos, H., T9
Collett, S., S-M61
Collier, C., 42
Collier, S., S-M10, S-T132
Collier, S. D., S-M62, S-P150, 

S-P166
Collins, A. D., 136
Coneglian, J. L. B., 150, 151
Conner, D. E., 52
Conner, M. G., 113
Constantino-Casas, F., S-P164
Contreras, M., S-P151
Cook, M., 60
Cook, M. E., M26, T57, W55
Cook, N. J., 202
Cookson, K., S-M64
Coon, C. N., 33, 157, 168, 214, 

219, 235, T12, W14, S-M39
Cornelison, J. M., S-M80
Corsiglia, C. M., S-M8
Corzo, A., 41, 140, 153, 176, 

222, 233, S-M68, S-T138, 
S-T139, S-P190

Cotter, P., 97, W54
Coufal, C. D., 136
Cousins, B., S-M71
Cowieson, A., S-M89
Cowieson, A. J., 169, M5, T17, 

T18, S-M19
Cox, J. M., S-M86, S-P171
Cox, N., S-M54
Cox, N. A., M44, T52, S-T121, 

S-P171, S-P205, S-P206, 
S-P208

Cox, W. R., 183, 184
Cravener, T., S-P209
Cravener, T. L., S-M81
Cray, P. F., S-P206
Croom, J., S-M23
Croom, W. J., 44
Crowe, T. G., 142
Cuesta, A., W13
Curcio, B. R., W46
Curfew, B., M41
Currie, R., 104
Curtis, P., 199
Curtis, P. A., 194, 195, 196, 198, 

249, 250
Cutlip, S., 101
Cutlip, S. E., 100, 102

D

Dahiya, J. P., 155, 156
Dale, N. M., S-M20
Dalloul, R., T58, W56
Dalsgaard, S., 229
Danesh Mesgran, M., 224
Daniel, L., S-M23
Daniel, L. R., 44
Daniel, M. A., 106
Das, A., S-T104
Davidson, R. T., M41, T26
Davis, A., 199, S-M2
Davis, A. J., 116, 181, S-M36, 

S-M37
Davis, G., S-M23
Davis, L. B., S-M80
Davis, S., T8, S-P188
Dawson, K. A., W17
Dawson, M., S-T100
Dawson, P. L., 185
Dazo, K. B. R C., S-M44
de Beer, M., 157, 219, 235
de Coca, A., 237, W2
De Koning, D., 6
de Leon, A. C., S-M68
de Oliveira, J., 49, S-P197
Decuypere, E., 266, T50
deGraft-Hanson, J. A., S-T134
Delany, M. E., M46
DeLeon, A. C., 153, 233
Deschamps, J. C., W46
Díaz, D., M22, T4
Diaz, G., W13
Díaz-Cruz, A., S-M1
Dibner, J., 35, 239
Dibner, J. J., 36, S-T145, 

S-T147, S-P191
Dickson, T. M., 29, M28
Dilger, R., 103
Doan, T., S-P173
Doelling, V., S-P197
Doernte, A. L., 78, 113
Donoghue, A., S-P186
Donoghue, A. M., 61, T45, S-M6
Donoghue, D. J., T45, S-M6
Dormitorio, T., 58, T53
Dormitorio, T. V, T54
Dozier, W., S-T119, S-T132, 

S-T138, S-T139, S-P154, 
S-P202

Dozier, W. A., III, 41, 222, 
S-M37, S-T120, S-P190

Drew, M. D., 155, 156
Driver, J. P., S-P207
Drouet, V. A., 220
Duclos, M., 177
Dumpala, P. R., S-M41
Duncan, R., S-M67
Dunham, S., T51
Dunkley, C., S-M83
Dunkley, K., S-M83

E

Eaton, J. A., S-T112
Echeverry, A., 193
Eckert, N., 95, T37
Edwards, H. M., S-P185
Edwards, H. M., Jr., 32, 161
El Halawani, M. E., 73, 74, 75, 

80, 81, 82, 175
El-Attar, A. H., 57
El-Ghandour, A., S-P196
Elibol, O., 11, S-M58
Ellestad, L. E., 1, M49
El-Sheikh, T., S-M31
Emmerson, D., 154, M20
Emmert, J., 31, W15, S-P172, 

S-P195
Emmert, J. L., 162, W8
Emmet, J., S-M51
Erf, G. F., 56, 90, 91, 92
Eslava, C., M55, W28
Esmail, H., M47
Espinel, A. E., M22
Esteve-García, E., T4
Estevez, C., S-P158
Estevez, I., 201, 276, M40, 

S-T100
Eubanks, M., S-P162
Evans, J., S-T132
Evans, J. D., S-M62, S-P150
Evans, J. E., S-P166
Evans, W., S-T129

F

Fabrega, R., S-M32
Fagbohun, O. A, T54
Fahey, A. G., 207
Fairchild, B. D., 116, T40, W10, 

W34
Falkenstein, E. A., 178
Fanatico, A., W15, S-P172
Fancher, B. I., 204, 205, S-M76, 

S-P190
Fang, X., S-P174
Farhanfar, H., W43
Faria, D., S-T135, S-T136
Faria Filho, D. E., T7, W53
Farnell, M., S-P186
Farnell, M. B., T45, S-M6
Farran, M. T., 34
Fasenko, G. M., 13, 115
Fasina, Y. O., 52
Fathi, M., S-P196
Fathi, M. M., 57
Faurschou Isaksen, M., S-T111
Feddes, J. J. R., 115, 200
Fedorka-Cray, P., S-P171
Fedorka-Cray, P. J., T52
Fegeros, K., S-M90, S-P187
Fehervari, T. L., S-P157

Poult. Sci. 85 (Suppl. 1)



AUTHOR INDEX 215

Felts, J. V., 117
Felts, V., 38
Ferket, P., 40, 49, M45, S-M73, 

S-P197
Ferket, P. R., 38, 42, 117
Fernández, J. I., T4
Fierro-Huesca, J. A., S-T106
Figueiredo, D. F., T7, W53
Figueiredo, G. O., 171
Filardi, R. S., M8
Firman, J., 144, S-M69
Firman, J. D., M6
Fisher, C., 145, S-T141
Fite, E., W28
Fithian, W., 107, 108
Fitz-Coy, S., 95
Fletcher, D. L., 188
Flores, A. S., W46
Fodor, C., M14
Fontaine, J., S-T142
Forat, M., S-P182
Ford, M., 97
Ford, M. J., 132, W17, W21, 

W37, S-P192
Frahm, R., 10
Franco, A. M., 13
Franco-Jimenez, D., 30
Fraser, E., S-M50
Freeman, M., S-M2
Freitas, D. M., 150
Freitas, E. R., M12
Frenette, D., 94
Friend, T., S-M83
Froetschel, M. A., 44
Fuentes, M. F. F., M12
Fullmer, S., M41
Fulton, J., S-T114
Funderburk, S., S-M7
Funderburk, S. L., 118, 119, 252, 

253

G

Gaddamidi, V., 139
Galal, A., S-P196
Gallegos, J., 43
Gao, P., S-T103
Gaona, G., M23, S-M1
Garcia, A. R., S-M20
Garcia, M., S-T104
Garcia-Andrade, L., T19
Gaskins, H. R., 42
Gast, R. K., 64, 245
Gaston, L., S-M27
Gates, R. S., 86, 132, W37
Gautron, J., M53
Gebert, S., M54, T31
Geng, T., W39
Genovese, K. J., 96
Gerard, P., S-M9, S-M11, 

S-M12, S-M13
Gerard, P. D., 65, 66, 258

Gerken, M., S-M33
Gernat, A. G., T39
Ghebremicael, S. B., T41
Gheisari, A., 129
Ghodratnama, A., M16
Giambrone, J., 58, T53, S-M64, 

S-T95
Giambrone, J. J., T54, S-M65
Gibson, L. C., 181, S-M36
Gilbert, E. R., 154, M20
Gingerich, E., 63
Glisson, J., S-M61
Godwin, J. L., W12
Goeger, M. P., M4, T15, W33
Golian, A., 224
Gomez, S., 48, W5
Gong, J., 240
Gonzalez, D., T15
Gonzalez, V. C., W46
González–Alvarado, J. M., 109, 

232, 237, T10, W2
Gonzalez-Esquerra, R., S-P191
González–Sánchez, D., 232, T10
González–Serrano, A., 109
Gonzalez-Soto, L., S-P212
Goodson, J., S-T142
Gottfried, D., S-T102
Gracey, M. I., 259
Gracia, M. I., M22
Gravena, R. A., M13, M21, T7, 

W53
Grimes, J., S-M7
Grimes, J. L., 38, 118, 119, 252, 

253, T35, T39, W12
Guaiume, E., S-M28, S-M69
Guaiume, E. A., 144
Guan, X., W41, M34
Guard-Bouldin, J., 245
Guemene, D., T43
Guenter, W., 29, 170, 226, 227, 

M27, M28
Guerrero, L. M., T19
Guinzberg-Perrusquia, R., S-M1
Gül, M., M19
Gunawardena, P., S-P180, 

S-P181
Gunawardana, P. K., 26
Gunn, K. -S., S-M65
Guo, K., 58, T53, T54
Guo, Y. M., M1, T23
Guraya, R., 245
Gutierrez, O., M9
Gyenai, K. B., W52, M34, W41, 

W42
Gyles, C., 240

H

Habtemariam, T., 120
Haj Ayed, M., 47
Hale, C., S-T125
Hale-McWilliams, L., S-M5

Hale-McWilliams, L. L., 176
Haley, C., 6
Haley, D. B., 202
Hall, R., T26
Hamal, K. R., 91
Hamidu, J. A., 115
Hamoud, M., S-T94
Hampton, T. R., S-T145
Han, I. Y., 185
Hancock, A. G., S-M80
Hanning, I., W26
Hansen, C., T33
Haq, A., M9
Hargis, B. M., 61, 92, M23, T56, 

S-M79
Harris, M. M., M14
Harrison, M. A., S-P205
Harter-Dennis, J., 133
Harter-Dennis, J. M., 134
Hartnell, G. F., M11
Hasenstein, J. R., T41, W40
Hassanin, A., S-M33
Hawkins, D. L., 259
Hayashi, K., 54, T46
Hayashi, M., 45
Hayes, M. A., 240
Hayirli, A., M19, M42, W1
He, H., 96
Helmes, E., S-T149
Henderson, S., S-M79
Henderson, S. N., 61, 92
Hendricks, G. L., III, 71, 72, 112
Hernandez, A., S-P210, S-P211
Hernández-Lara, J. A, T6
Hernández-Mancera, V., S-P167
Herron, A., 24
Hess, J., 15
Hess, J. B., 18, 16, 78, 141, 

220, M32, M43, T38, W38, 
S-M78, S-T130, S-P175, 
S-P203

Hester, P. Y., 114, M37, S-M4, 
S-P155

Higgins, J. P., 61, 92, T56
Higgins, S. E., 61, 92, T56
Hileman, R. E., M11
Hincke, M., M47, M53
Hincke, M. T., M52, T30
Hinton, A., S-P152
Hinton, A., Jr., 238, 241, 243, 

244, S-M84, S-M85, S-P170
Ho, M-K., M51
Hoang, Q., S-P174
Hoehler, D., 144, 145, 155, 156, 

211, 212, S-M69, S-M74, 
S-T137, S-T143, S-T144

Hoerl Leone, E., M40
Hoerr, F., S-T92
Hofacre, C., 239, S-M61, 

S-M63, S-P159
Holden, J., T28
Holden, J. M., T29

Holt, P. S., 64, 245
Hong, Y. -H., W56, T58
Hongzhuan, W., T54
Hooge, D. M., 45, S-M30, 

S-P168
Hooie, L. B., 141
Hott, J., 101
Hott, J. M., 100, 102
Hottman, J., 43
House, J. D., 29, M28
Howe, J., T28
Howe, J. C., T29
Hoye, E. K., 76
Hruby, M., 229, T17, T18, 

S-T115, S-P189, S-P196
Hsiao, H. -Y., 231
Huff, G., S-P186
Huff, G. R., T45, S-M6
Huff, W., S-P186
Huff, W. E., T45, S-M6
Hughes, A. L., S-M26
Hui, K. P. C., 142
Hulaj, B., S-P160
Hulet, M., S-T124, S-T126
Hulet, R. M., 263, S-M81
Hume, M. E., W27
Humphrey, B., 98
Humphrey, B. D., T25
Humphreys, A., 170
Hyatt, D., T37

I

Imabayashi, T., S-P168
Ímik, H., W1
Inglis, T., 23
Ingram, K., S-M84, S-P170
Ingram, K. D., 241, 243
Isenor, K., S-M49
Iskhuemhen, O., T36
Iyayi, E. A., S-M75

J

Jackson, A., S-P200
Jackson, M., S-T148, S-T149
Jackson, M. E., 230
Jackwood, D., S-T95
Jackwood, M., S-T104
Jaeger, A., S-T142
Jalal, M., S-T107
Jamroz, D., S-T140
Janmohammadi, H., 53, 224
Jansman, A. J. M., S-T137
Jaramillo, R., S-M32
Jarraya, M. A., 47
Jarrell, H. C., T32
Jaynes, P., 36, 159
Jefferies, L., W29
Jendral, M. J., 200
Jenkins, S. A., 1

Poult. Sci. 85 (Suppl. 1)



216 AUTHOR INDEX

Jennings, G. D., W36
Jia, W., 170, 227
Jiménez–Moreno, E., 109, 232, 

237, T10, W2
Johannson, S. G., 203
Johnson, M., T36
Johnston, N. P., M41, T26, W11, 

W29
Johnston, S., S-M27, S-M71, 

S-P199, S-P200
Jones, B., S-P197
Jones, D., S-M53, S-M54
Jones, D. R., 194, 246, 247, 248
Jones, O., 170, 226, 227
Joseph, N., S-T131
Juarez-Estrada, M. A., S-P157, 

S-P212, S-P213
Juárez-Ramírez, M., T6
Julian, R. J., 270
Junqueira, O. M., M8
Jurkevich, A., 77
Jusufi , S., S-P161

K

Kadi, A. N., 34
Kalamara, E., S-M90, S-P187
Kamara, D., W42
Kaneko, A., 218
Kang, C. W., S-P153
Kang, S. W., 73, 74, 75, 81
Kannan, L., 89
Kansaku, N., M51, T43
Karami, H., 138, 191
Karaoglu, M., M19
Karasawa, Y., 218
Karcher, D. M., S-M29
Karlyshev, A. V., T32
Karunakaran, D., W45
Kassube, H., M40
Kastrati, R., S-P160
Katanbaf, M. N., M37
Kato, K., T46
Kato, M., 45, S-P168
Keirs, R., S-M9
Keirs, R. W., 66, 258
Kemp, C., 145, S-T141
Kenny, M., S-T141
Kermanshahi, H., M16
Kerr, B., 131
Kerth, L., 199
Kerth, L. K., 194, 195, 196, 198, 

249, 250
Kessler, A. M., S-M16, S-M17
Khalil, H., S-M33
Khanna, N., S-P173
Khodami, A., 129
Kidd, M., S-T119, S-T138, 

S-T139
Kidd, M. T., 41, 51, 65, 153, 222, 

233, S-M68, S-M74, S-P190
Kiker, J., T28

Kikusato, M., T46
Kim, E., 103
Kim, E. J., 105, 236
Kim, J. N., T55
Kim, S. H., M48
Kim, W., S-M83
King, C., 103
King, C. M., 236
King, W. D., 132, W37
Kirby, P. M., T49
Kirschenman, R. D., 43, 147
Klandorf, H., 178
Klasing, K., S-M70
Klasing, K. C., 28, 152, T20
Klimitsch, A., S-T128
Klose, V., 190, M29, S-T128
Knight, C., 239
Knight, C. D., 146, S-T147, 

S-P191
Knight, K. L., 254
Knox, A., M5
Koç, F., W1
Kocher, A., S-P175
Koci, M., S-M23
Koci, M. D., 44
Koelkebeck, K. W., 236, 275, 

T57
Kogut, M. H., 96
Koncicki, A., S-P151
Kopulos, R. T., 88
Kopulos, R., 56
Korsbak, A., T21
Korver, D. R., 13, 27, 43, 147, 

M14
Kosonsiriluk, S., 80, 81, 82
Koutsos, E., 93
Koutsos, E. A., 41, S-M8, S-M30
Krasnodebska-Depta, A., S-P151
Kratz, L. R., S-M16
Kratzer, D. D., 213
Kretzschmar-McCluskey, V., 

195, 196
Kroesen, K. A., 257
Kromm, C., T31
Krueger, K., S-M15
Krzysik-walker, S. M., 71, 72, 

112
Kubena, L., S-M83
Kuenzel, W. J., 77, 79, 174, 206
Kühn, I., S-M28
Kuhnlein, U., M51, T43
Kulenkamp, A., M47
Kwon, Y. M., T33, T55

L

Laarveld, B., 67, 179
Labadie, O. W., M52, T30
Laçin, E., M42, W1
Ladman, B., S-T99
Ladokun, O., 221
Lago, F., M54

Lakins, D., 193
Lamont, S. J., 5, T41, W40
Lamoureux, M., T32, W25
Lamptey, A., S-T116
Langhout, D. J., 211
Larsen, C., S-M67
Larveld, B., 59
Latour, M. A., 114, S-M4
Laurentiz, A. C., M8
Lauzon, D., S-M71
Lay, J., 89
Lázaro, R., 109, 232, 237, T10, 

W2
Le Bihan-Duval, E., 177, M49
Lecknieski, L. F., S-M17
Leclerc, B., M51
Ledoux, D., S-M28, S-P193
Lee, J., T37
Lee, J. T., 95
Lee, M., S-M61
Lee, M. D., 182
Lee, S. -H., W56, T58
Lee, Y., 124, 125, W32
Leeson, S., 137, 228, M36
Leigh, S., S-T132
Leigh, S. A., S-P150, S-P166
Leigh, S. L., S-M62
Leksrisompong, N., 12, 180, 

S-M42, S-M43, S-M45, 
S-M82

Lemme, A., 145, 211, S-T137, 
S-T140, S-T141, S-T143

Lentle, R. G., T13
Leonard, S., W33
Leone, E. H., 201
Leone, V. A., M26
Leslie, M., 15, S-M18, S-T131
Leslie, M. A., 16, 126, 158
Leung, F. C., 260, 261, 262, T42
Levine, J., 192
Leytem, A. B., 160, 167
Li, H., 79, 154, M20
Li, J., 260, 261, 262
Li, X., 192, M33
Liem, A., 161
Lien, R. J., 141
Lihong, L., W7
Lilburn, M., 148, 149
Lilburn, M. S., 37, 257, S-M74, 

S-T109
Lillehoj, E., T58
Lillehoj, H., 4, T58, W56
Lima, R. C., M12
Lin, J., T58, W56
Lin, K. C., W42
Littell, R. C., 213
Liu, H., 8
Liu, Z., T36
Livingston, K. A., 28
Liyanage, R., 89
Loar, R. E., M7
Locatelli, M., S-P183, S-P184

Locatelli, M. L., 211
Locy, R. -D., S-M65
Lombardi, M., S-T99
Long, J., 111
López-Coello, C., S-M1
Lott, B. D., 51
Lu, J. W., T12
Luckstadt, C., S-M91
Lueckstaedt, C., S-P176
Lumpkins, B. S., 182
Luna, A., T28
Luna, A. M., T29

M

Ma, Z., M4
Macari, M., T50
MacDonald, E. J., M35
Macedo, M. C., Jr., W46
Maciel, I. B., M24, T1
MacIsaac, J., 20, 104, 127, 197, 

S-M48, S-M52
MacIsaac, J. L., T5, W20
Macit, M., M19, M42
MacKenzie, M., 127
MacKinnon, T., S-M52
Macklin, K., 15, S-P169
Macklin, K. S., 16, 26, T38, 

W38, S-T130, S-P175, 
S-P203

MacPherson, S., W20
Maddineni, S., 71, 72, 112
Madison, F. N., 77
Mady, M., S-M33
Maguire, R., S-M45, T39
Maguire, R. O., 160, 167
Malheiros, R. D., T50
Malone, G., S-T99, S-T100, 

S-T101
Manangi, M. K., 33, 168, 214, 

W14
Mangalassary, S., 185
Mann, J. E., 189
Mann, K. M., 118, 119
Mann, M., S-M7
Mann, M. M., 252, 253
Marangos, A. G., 146
Marchant-Forde, R. M., 207, 

208, 209, 210
Mares, P., 165, W18
Marques, R. H., M13, M21, W53
Martin, G., S-T126, S-P209
Martins, K. L., T1
Maruta, K., 45
Mateos, G. G., 109, 232, 237, 

T10, W2
Mathis, G., 239, S-M14, S-M63, 

S-T148
Mathis, G. F., 230
Mauro, L. J., W48
May, S. B., 259
Mazur-Gonkowska, B., S-P151

Poult. Sci. 85 (Suppl. 1)



AUTHOR INDEX 217

McBride, B. M., 44
McCrea, B., 15, S-P169
McCrea, B. A., 16, 84, W38, 

S-T130, S-P203
McDaniel, C. D., S-M41
McElroy, A., M25
McElroy, A. P., 187, W7
McKee, M. D., M53
Mckee, S. R., 52, 126
McKillop, N., 197, S-M47
McMurtry, J. P., 118, 119
McNab, J., M5
McNabb, F. A., M34
McNally, D. J., T32
McNaughton, J. L., W6, S-M60
McReynolds, J., S-M83
McReynolds, J. L., 96
McWilliams, L. L., 140
Medel, P., S-T149
Medina-Bravo, J. C., S-T106
Meijerhof, R., 264
Meisinger, J., 133
Mendoza-Reilley, A., S-M37
Meng, X., 226, 227, S-M67
Merino, R., S-P163, S-P165
Merino-Guzman, R., S-P212
Mestani, N., S-P161
Meullenet, J., S-M51, S-M59, 

S-P172
Meullenet, J. F., 124, 125, W32
Meullenet, J.-F. C., 123
Miles, D. M., S-T127
Millam, J. R., 75, 76, 81
Miller, C. R., M50, T24
Miller, E. R., S-P190
Miller, M. G., 86, 87
Mireles, A., Jr., S-M8
Mitchell, A., 37, S-M34
Mitchell, A. D., M10, M15, M18
Mitchell, J., 230
Mitran, L., 133
Miyazaki, H., 45
Mobarkey, N., 175
Moehn, S., 147
Mohnl, M., 190, M29, S-T128
Molina-Hernandez, J. A., S-P213
Moore, P. A., Jr., S-T127
Moore, R. W., 64, 245
Moore, S., 107, 108
Moraes, V. M. B., M13, M21, 

T7, T50, W53
Moran, C., S-M32
Moran, E., 267, S-M18, S-T131
Moran, E. T., 52, 158
Moran, E. T., Jr., 126., S-T115
Moreira, R. F., M12
Moritz, J., 101
Moritz, J. S., 100, 102, 178, M7
Moscoso, H., S-P159
Mosjidis, J. A., 220
Motch, S. M., 72

Moughan, P. J., T11, W16
Mountzouris, K., S-M90, S-P187
Mozdziak, P. E., 252, 253
Muchow, M., 1
Mueller, S. M., T29
Mulabegovic, N., S-P160, 

S-P161
Mulrooney, D., S-P174
Murillo, J. G., T39
Murray, C., W35
Murry, A., S-P152
Musgrove, M., S-M53, S-M54, 

S-M84
Musgrove, M. T., 194, 246, 247, 

248, T52
Myers, C., S-T126, S-P209

N

Naeemipour, H., W43, W44
Naeima, A., 143
Nagaraj, M., 18, M32, M43, 

S-M78
Nahashon, S. N., T22, W9, 

S-P179
Nain, S., 59, 179
Nakagawa, K., T2
Nakamura, N., 42
Nalle, C. L., W4
Narciso-Gaytán, C., W30, W31
Narvaez-Solarte, W. V., 26
Nassiri Moghaddam, H., 224
Nazer Adl, K., 53
Nazmi, A., 57
Neely, E. R., 118, 119
Neely, R., S-M7
Neuman, S. L., 114, S-M4
Neumann, T., T51
Newberry, R. C., 274
Nganwa, D., 120
Nilipour, A., S-M32
Nisbet, D., S-M83
Nisbet, D. J., 96, 187, S-T133
Nitsch, S., 190, M29, S-T128
Noll, S., M40
Noll, S. L., M39, W3
Northcutt, J., S-M54, S-M84, 

S-P170
Northcutt, J. K., 188, 241, 243, 

T27
Norton, R., S-P162
Norton, R. A., T38, W38, S-P203
Novak, C., 212, M25, W7, W54, 

S-T144
Novak, C. L., 25
Numao, M., W50
Nuñez, J., S-P211
Nyachoti, C. M., M27
Nyannor, E. K. D., W19
Nys, Y., M53

O

Oates, S. H., 78, 113
Obara, Y., 174
Ocón-Grove, O. M., 71, 72, 112
O’Connor-Dennie, T., 31, 162, 

W8, W15, S-P195
O’Dea, E. E., 13, 115
O’Hare, T. H., M46
Ohkubo, T., T43
Ohtsuka, A., 54, T46
Oinas, N., M35
Olanrewaju, H., S-T132, S-P154
Oldham, J., 85
O’Leary, A., W26
Oliveira, M. C., M13, M21, T7, 

W53
Olkowski, A., 67, 269
Olkowski, A. A., 59, 179
Olmos, A. R., 150
Olowanju, H., S-M77
Olson, J., 93
Olukosi, O. A., 169, S-M19
Ombabi, A., S-P196
Onyango, E., 159
Ordaz, J., S-P210
Ort, D., S-M7, S-P156
Ort, D. T., 118, 119, 252, 253
Ortega-Alvarez, D., T6, T19
O’Sullivan, N., S-T114
Overhults, D. G., 86
Oviedo, E., 40, 160, 167
Oviedo, E. O., 38
Oviedo, E. R., 252, 253
Oviedo-Rondón, E., S-M73, 

S-M87
Oviedo-Rondón, E. O., S-P198
Owens, C., S-M51, S-M59, 

S-P172
Owens, C. M., 123, 124, 125, 

W32
Owens, P. R., S-T127
Oyarzabal, O. A., 195, T38

P

Page, C. M., 51
Paiva, J., S-M91
Pantin-Jackwood, M., S-T98
Parcell, J., 144
Parcell, J., S-M69
Park, D. -W., W56, T58
Park, J. H., S-P153
Park, S. W., 65, 259
Park, S. Y., S-P153
Parker, A., T26, W11, W29
Parker, D. S., 146
Parker, H. M., S-M41
Parr, T., 159, 163, 164, S-T113
Parsons, A., M25
Parsons, C., 103, 148, 149

Parsons, C. M., 105, 236, 
S-T112

Patterson, P., S-T124, S-T126, 
S-P209

Pavlidis, H. O., 56
Payne, R. L., S-T140, S-T141
Pedroso, A. A., M24, T1
Peebles, E., S-M9, S-M11, 

S-M12, S-M13
Peebles, E. D., 65, 66, 258, 259
Peinado, J., T4
Peláez, J., 111
Pérez-Gil Romo, F., T6
Perozo, F., S-M66, S-T96, 

S-P158
Persia, M. E., 139, 159, T25, 

W23, S-M22, S-T112
Perumalla, A. V. S., 123, 124, 

125, W32
Perumalla, A., S-M59
Pescatore, A., 97
Pescatore, A. J., 86, 87, 132, 272, 

W17, W21, W37, S-P192
Pesti, G. M., 32, 161, 215, 216, 

S-P185, S-P207
Pharr, G. T., 41, S-M5, S-P150
Phillip, L., S-M24
Picman, J., M52, T30
Pierce, J., 97
Pierce, J. L., W17, W21, S-P192
Pierson, E. E. M., S-P189
Pierson, F., S-M67
Pietrasik, Z., M33
Pillai, P., W15, S-M51, S-P172, 

S-P195
Pirgozliev, V., 165, M17, W18, 

S-T110, S-P177
Pishnamazi, A., 21, 39, 143, 217
Pitchiah, S., 186
Pixley, C., S-M79
Pixley, C. M., 61, T56
Pizzey, H., T47
Plail, R., 190, M29, S-T128
Plumlee, B. L., 91
Plumstead, P., S-M40, S-M42, 

S-M43, S-M45, S-M82
Plumstead, P. W., 12, 160, 167, 

180
Plunske, R., 40, S-M73
Poch, S. M., 157, M15, T44
Ponce, G., S-P210
Porter, R., 63
Porter, T. E., 1, 177, M49
Pourreza, J., 224
Powell, S., S-M27
Power, R., W17, W21, S-P192
Powers, W., 19, 135, S-M34, 

S-M35
Prakobsaeng, N., 80, 82
Prestwich, J., S-P156
Proszkowiec-Weglarz, M., T44

Poult. Sci. 85 (Suppl. 1)



218 AUTHOR INDEX

Proudman, J. A., 73, 79, 172, 
174

Puminn, O., 166
Purreza, J., 39, 217
Purswell, J., 122, S-T132
Purswell, J. L., 121, 222, S-T120
Purvis, L., S-M66, S-T96, 

S-P158
Putsakum, M., 140, 176, S-M77, 

S-T121, S-T122

Q

Qiu, R., 44
Quellette, C. A., 115
Quiles, A., M22
Quintana, J., S-P210, S-P211
Quintana-Lopez, J. A., S-P164
Quiroz, M., 35, 36, 239

R

Raber, M., S-M17
Rabinovitch, L., S-M15
Rack, A. L., M7
Radcliffe, J. S., S-M3
Rademacher, M., S-P183, 

S-P184
Radhakrishnan, V., S-T123
Radhakrishnan, V. J., S-T121, 

S-T122
Radi, C., 63
Raji, A. M., S-T93, S-T105, 

S-M46
Rama, A., S-P160, S-P161
Ramachandran, R., 71, 72, 112
Rath, N., 89, S-P186
Rath, N. C., T45, S-M6
Rathgeber, B., 20, 104, 127, 

128, 197, T5, W20, S-M25, 
S-M47, S-M48, S-M49, 
S-M50

Rathinam, T., 174
Ravindran, G., W4
Ravindran, V., T11, T13, W4, 

W16
Regenstein, J. M., M31, M38
Rehberger, T., 62, M54, T31, 

T51, W45
Rekaya, R., 55
Remus, J., M14
Remus, J. C., W6, S-P189
Renema, R., 23, 30, S-M55, 

S-M56, S-M57
Renema, R. A., 14, 21, 22, 24, 

143
Reyes-Gonzalez, L., T19
Reynnells, R. D., 9
Rezaei, M., M16
Riasi, A., W43, W44

Ribeiro, A. M. L., S-M16, 
S-M17

Richards, J., 35
Richards, J. D., 36, 38, S-T145, 

S-T147
Richards, M. P., 3, 157, M15, 

T44
Richardson, J., S-M54
Richardson, L. J., M44, T52, 

S-T121, S-P171, S-P205, 
S-P206, S-P208

Ricke, S., S-M83
Ricke, S. C., 96
Ricks, C., S-P197
Rieck, J., 185
Ritland, C., M48
Ritland, K., M48
Ritter, D., T51
Ritz, C. W., T40, W10, W34
Rives, D., S-M7
Rives, D. V., 118, 119
Rizzo, M., S-T135, S-T136
Roberts, M. S., S-M60
Roberts, S., 131
Robinson, F., 23, 30, S-M55, 

S-M56, S-M57
Robinson, F. E., 14, 21, 22, 24, 

143, 217
Robles, E., S-M32
Rodrigues, E. A., M21
Roland, D., S-P180, S-P181, 

S-P194
Rombola, L., S-T135, S-T136
Romero, L. F., 21
Romero-Sanchez, H., 12, 180, 

S-M40, S-M42, S-M43, 
S-M45, S-M82

Ronalds, C., 128
Rosales, C., S-M32
Rosario, C., M55, W28, W51, 

S-P163, S-P165
Rosebrough, R. W., 157, M10, 

M15
Roush, W., S-T132, S-P202
Roush, W. B., S-M68, S-T120
Roux, M., S-P199
Rowe, D E., S-T127
Rozenboim, I., 175
Rubin, L., S-M16, S-M17
Rudrappa, S., 98
Ruiz, D., T39
Ruiz, V., T39
Ruiz-Feria, C., S-M21, S-M72
Ruiz-Feria, C. A., S-M24
Ruiz-Flores, G., S-P164
Ruiz-Palacios, G. M., T19
Rupasinghe, H. P. V., 128
Russel, B. A., 157
Russell, B. A., M15
Russell, J., 131
Russell, S. M., 130, M30, T35

Rustad, M. E., 22
Ruszler, P. L., 25
Ryu, K. S., T15, W33, S-P153

S

Saddoris, K. L., S-M3
Saenmahayak, B., M32
Safamehr, A., W24
Saha, A., 123, 124, 125, W32
Saha, A., S-M51, S-M59
Sakomura, N. K, T18, T17, 

S-P189
Salazar-Matali, G., S-P167
Saldivar-Hernandez, R., S-P167
Saleh, F., 54
Salvador, F., S-M87, S-P198
Salvador, V., 61
Sams, A. R., W30, W31
Sánchez, J., M22, T4
Sánchez-Plata, M. X., W30, W31
Sands, J. S., M27
Sands, J. S., S-T115
Sanei, B., 240
Santos, A., S-T135, S-T136
Santos, A., Jr., M45
Santos, A. A., 38
Santos, A. A., Jr., 42
Santos, A. P., S-M16
Santos, F., M45, S-P189
Santos, F. B. O., 42
Sapp, R. L., 55
Sarandan, H., S-T118
Sariyuz, K. U., 11
Sartsoongnoen, N., 80, 81, 82
Sato, H., T2
Saunders-Blades, J. L., 27, 43
Saxena, S., S-T114
Saylor, W. W., 139, T25, W23, 

S-M22, S-T112
Schaaf, T. J., 256
Schaal, T., T34
Schaefer, C. M., S-M8
Schatzmayr, G., 190, M29, 

S-T128
Scheideler, S., S-T107
Scheideler, S. E., M11
Scherer, C., 103
Schilling, M. W., S-T122, 

S-T123
Schirmer, B., S-T142
Schneider, B., S-M55, S-M56, 

S-M57
Schnek, C. R., S-M22
Schulze, H., T11, W16
Schwartz, M., 60
Schwean-Lardner, K., 204, 205, 

S-M76
Schwean-Lardner, K. V., 203
Scott, J., S-P193
Scott, T. A., 225, 234, 254

Seaman, C. N., 178
Sedlacek, P., T40, W10
Sefton, A., W7, W54, S-P204
Sefton, A. E., 137, 228, S-P175
Selimi, Q., S-P160
Settar, P., S-T114
Severo, V., W46
Sewalt, V., S-M88, S-T116, 

S-P200
Shah, H., M14
Shalit, U., S-M15
Shand, P. J., M33
Sharif, S., 240
Shaw, A. L., 26
Shaw, J., S-M53
Sheldon, B., M45
Shelton, J., S-P200
Sheppard, M., S-M53
Shih, J. C. H., T23
Shim, M. Y., 32, S-P185
Shimizu, M., W49
Shinzato, I., T2
Shirley, R. B., 146
Shivazad, M., 129, T16, W24
Shockey, R., S-T126
Showers, W. J., W36
Siegel, P. B., M50, T24
Silim, A., 94
Silva, G. X., 151
Silva, I. C. M., S-M17
Silversides, F. G., 110, 183, 184, 

M48
Simon, J., 177, M49
Singh, A., 132, W37
Singh, D., S-M89
Singh, N.-K., S-M65
Singh, S.-R., S-M65
Siopes, T. D., 76, 172, 173
Sirimongkolkasem, P., 152, T20, 

S-M70
Skaggs, J. H., T25, S-M22
Skalecki, J., T51
Slaugh, B. T., T26, W29
Slavik, M., W26
Slingerland, D., 202
Slominski, B. A., 170, 226, 227
Smith, D., S-M84
Smith, D. P., 241, 243, S-M85
Smith, E. J., M34, W39, W41, 

W42, W52
Smith, M. O., 166
Smith, T. K., M2, M35, M36
Smykot, A., M14
Sok, K., M11
Solis de los Santos, F., T45, 

S-M6, S-P186
Song, M., 191
Song, Y., 110
Songserm, T., 80, 82
Soto, E., S-P182
Southern, L., S-M27, S-M71, 

S-P199, S-P200

Poult. Sci. 85 (Suppl. 1)



AUTHOR INDEX 219

Souza, H., S-T135, S-T136
Spackman, E., S-T98
Spahn, K., 201
Spanakos, M. V., 56
Sparla, J. K. W. M., 211
Spurgeon, D., S-M48
Sriranganathan, N., S-M67
Stahl, C., 107, 108
Stalder, K., 107, 108
Stamps, L. K., 56
Stanley, V., S-P204
Starkl, V., S-T118
Sterzo, E., S-M91
Stevens, A., M25
Stevens, S., 95, T37
Stevens, S. M., 187, W27
Stevenson, L., 15
Stevenson, L. M., 16, 78
Stuckey, R., S-T121, S-T122
Suarez, D., S-T102, S-T103, 

S-T104
Sucupira, F. S., M12
Sullivan, S. M., 56
Sun, X., M25
Sung, M., 43
Sung, W., W25
Sunwoo, H., 138, 191
Supak, B., S-P163, S-P165
Swaffar, A., S-M38
Szymanski, C. M., T32, W25

T

Tablante, N., S-T101
Tahir, M., 54
Taira, H, T48
Talaty, P., M37, S-P155
Tameru, B., 120
Tanaka, M., W50
Tang, D., S-T103
Taylor, J. W., 51
Taylor, R. L., Jr., 88
Taylor, O., S-P204
Tellez, G., 61, 92, M23, T56, 

S-M79
Tempelman, R. J., 177
Tewe, O., 221
Thaxton, J., 122, S-M10, S-P154
Thaxton, J. P., 121, 140, 176, 

S-M5, S-M77, S-T121, 
S-T122, S-T123

Thaxton, Y. V., 140
Thayananuphat, A., 73, 75, 80
Thomas, D. G., T13
Thompson, K. L., S-M3
Thompson, L., 193, T28
Thompson, L. D., T29
Thompson, T. W., 189, 242
Tillman, P. B., 144
Timmons, J. R., 134
Timmons, J., 133

Toghyani, M., 129
Tomasi, P. H. D., T3, W22
Tomkinson, C. M., 234
Toohey-Kurth, K., 63
Toro, H., S-T92, S-T103
Torres Rodriguez, A., 61, M23, 

T56
Townsend, J., M32
Traber, M. G., W33
Trakooljul, N., 177
Traldi, A. B., M13
Troche, C., M25
Trott, D. L., T57, W55
Tsirtsikos, P., S-M90, S-P187
Turgut, L., M19, W1
Tuz-Dzib, F., T19
Tzschentke, B., 265

U

Undersander, A., W48
Uni, Z., 49, 50, S-P197
Upton, R., S-P197
Urquiza-Bravo, O., S-P164, 

S-P167
Usry, J., S-M69
Utterback, P., 103
Utterback, P. L., 105, 236, T57, 

S-T112

V

Valdez, F., S-M88, S-P200
van der Grinten, M., S-T126
Van Dyck, S., S-T116
Van Dyke, K., 178
van Kampen, K., S-T103
Van Kessel, A. G., 155, 156
van Santen, V., S-T92
Van Wichen, J., 211
Van Wicklen, G., S-T100
Vance, A., S-M11, S-M13
Vance, A. M., 66
Vatsalya, V., W47
Vaughan, V., S-P204
Vaughn, L. E., 64
Vaziry, A., 94
Vazquez-Anon, M., 146, S-P191
Venne, D., 94
Vennekens, B., S-T116
Veum, T., S-P193
Vicente, J., S-M79
Vieira, S. L., 150, 151, 171
Villegas, P., S-M66, S-T94, 

S-T96, S-T97, S-P158
Viola, T. H., S-M17
Virden, W. S., 153, 233
Virden, W. S., S-M74
Viscione, K. A., 66, 258
Viscione, K., S-M13

Vizzier-Thaxton, Y., 68, 176, 
S-M77, S-T121, S-T122, 
S-T123, S-T129

Volkova, V., S-M44

W

Wagenaars, C. M. F., S-T137
Waldroup, P., S-T117, S-T146
Waldroup, P. W., S-P178
Walk, C., S-M28, S-P193
Wall, N., M14
Walton, R. N., W25
Walzem, R. L., 7
Wang, H. Y., T23
Wang, X., 177
Wang, Y, T42, 260, 261, 262
Wang, Z. G., T42
Ward, N., M18
Ward, N. E., T21
Ward, T., T8, S-P188
Warner, J. D., 117
Warren, T. E., 156
Watkins, S. E., S-M80
Watson, D., S-P183, S-P184
Webb, K. E., Jr., 154, M20, M50, 

T24
Webel, D., S-T108
Weber, P., M11
Weber, T., S-T107
Webster, A. B., 273
Wehmeyer, M. E., S-T145, 

S-T147
Wentworth, B. C., 255, 256
Wertelecki, T., S-T140
Wester, D. B., T29
Westmoreland, S. L., 259
Wheeler, E. F., S-M81
White, P., S-T121, S-T122
Whitmarsh, S., S-M11, S-M12, 

S-M13
Whitmarsh, S. K., 65, 66, 258
Wideman, R. F., 69, 70, 268
Wideman, R. F., Jr., 90, 91
Wiernusz, C., S-M39
Wijtten, P. J. A., 211
Wiley, D., S-P204
Wilkie, D. C., 156
Wilkinson, N. G., 88
Williams, A. G., S-M80
Williams, C. M., W36
Williams, P., W19
Williams, W., 35
Williams, Z., 68
Willis, R., S-P174
Willis, W., T36, W35
Wills, R. W., S-M44, S-T133
Wilson, J. L., 24, 181, S-M36, 

S-M37
Wineland, M., S-M7, S-M82, 

S-P156

Wineland, M. J., 118, 119, 252, 
253, T39

Wing, T., 55
Winkelmann, E., S-T104
Wojnarowicz, C., 67
Wolanski, N., 23
Wolanski, N. J., 14
Woldesenbet, S., S-P204
Wolfenden, A., M23
Wolfenden, A. D., 61, 92, T56
Wong, E., M25
Wong, E. A., 154, M20, M50, 

T24
Wongpichet, S., S-M5, S-M10, 

S-T121, S-T122, S-P154
Wood, J. C., M9
Wood, M., W25
Wood, R. W., M7
Worku, M., W35
Woyengo, T. A., M27
Wren, B. W., T32
Wright, D., T22, W9
Wu, G., S-P180, S-P181, S-P194
Wu, H., T53, S-M65
Wu, W., S-M35
Wuelling, C. W., S-T145
Wyatt, C., 164, T14, S-T109, 

S-T113
Wyatt, C. L., 163, S-M26, 

S-M29

X

Xin, H., 131, M39, M40
Xu, J., S-T102
Xu, W., S-P174
Xu, Z., S-M71

Y

Yahav, S., 251
Yakout, H. M., 212, S-T144
Yamamoto, I., W50
Yamamoto, M., 54
Yan, F., S-T117, S-T146, S-P178
Yang, J., S-P178
Yang, M., 60, T57, W55
Yang, Y., M1
Yates, L. M., 88
Yegani, M., M35, M36
Yi, G. F., S-T147
Yildiz, A., M42
Yildiz, L., W1
Yoho, D. E., S-M38, S-M39
Yörük, M. A., M19
Youm, G. W., T55
Yuan, J. M., M1

Poult. Sci. 85 (Suppl. 1)



220 AUTHOR INDEX

Z

Zadworny, D., M51, T43
Zaefarian, F., M3, T16

Zamzow, S., 19, 135
Zavala, G., S-M37, S-T97
Zaviezo, D., S-P182
Zeini, M., W49

Zhai, W., 114
Zhai, W., S-M4
Zhang, H. J., M1
Zillhardt, M. R., W48

Zoromski, D., 63
Zuidhof, M., 21, 22, 30, S-M55, 

S-M56, S-M57
Zumwalt, C. D., S-M74 

Poult. Sci. 85 (Suppl. 1)



A

α-1-acid glycoprotein (AGP), 
231

α-Amylase, S-T111
α-galactosidase, 226
α-tocopherol, 93
acid-base balance, S-P154
acidifi ed sodium chlorite, 

S-P173
acids, S-P183, S-P184
ACTH, S-P154, S-M5
ACTIVATE, 239
active learning, M31
active ventilation, 142
acute phase response, 152
additives, M21, T7, W53
Adenovirus, S-T103
adrenal hormones, T46
afl atoxicosis, W24
AgGard, S-P162
agricultural security, S-P162
agroterrorism, S-P162
air emissions, 135, S-M35
air-chilling, 125
ALAD, S-P160
albumen functionality, 249
albumen, 267, T30
Alcell Lignin, S-M24
Allometry, S-M56
1 alpha-OH cholecalciferol, 161
Alphamune™, T45, S-P186, 

S-M6
alternative feed, M12
alternative to antibiotic growth 

promoters, S-T128
ALV, S-P174
AME, 225
AME, DE, W18
AME, S-P177, S-T139
amino acid digestibility, W4, 

S-P198
amino acid requirements, 219
amino acid transporter, 154
amino acids, 31, 51, 145, 148, 

149, 211, M6, M8, T1, 
S-M74, S-T135, S-T138, 
S-T139, S-T141, S-T142, 
S-T143, S-P195

ammonia, 131, 132, 133, 134, 
S-M35, S-T127, S-P209

ammonia release, W37
ammonium chloride, S-M45
AMP-activated protein kinase, 

T44
amphiregulin (AR), 260
amylase, 171, M25
animal care guidelines, 273
animal welfare, 9, 274
animal well-being, 272
antibacterial, M53
antibiotic, 48, T2, S-M25, 

S-M24, S-T117
antibiotic resistance, S-T134
antibody, 88, W40
antibody heat stability, W55
anti-Gal, 97
antimicrobial resistance, W51
antimicrobial resistant, S-P163
antimicrobials, 185, M52, T30 

S-P170
antioxidant, M34, S-M46, 

S-M82
APEC, 62, M54
apparent metabolizable energy, 

W4
apple phenolics, 128
arginine, 147, 176, S-M72
ASC, S-P173
ascites, 268
Astrovirus, S-T98
atmospheric NH3, S-T124
automatic counting, 68
automotive oil, S-P160
automotive waste oil, S-P161
Availa-Z/M, S-M32
avian, 83, T53
avian Adenovirus, S-M66
avian infl uenza, 58, 84, S-T99, 

S-T100, S-T101, S-T102, 
S-T103, S-T104, S-P165

avian model, 113
Avian reovirus, S-M65
avilamycin, 47
Azolla meal, S-M75

B

3β-HSD, T48
β-mannanase, T11
Bacillus coagulans, T4
Bacillus subtilis, S-P152

Bacillus subtilis C-3102, 45
bacteria, 68, 186, 244, W38, 

S-P203
bacterial phytase, S-T109
bacterial recovery, 187
bacteriostatic, T30
barley silage, 203
BAX, S-M86
beak trim, M39, M40
behavior, 275, M40, S-M83
behaviour, 200, 203, 204
Beta-glucan, S-M47
betaine, W6, S-P153, S-P196
bifi dobacteria, T19
biofi lm, 186, W26
Bio-Mos, 46, S-M24
biosensor, S-T102
biotransformation, S-T118
bird, 80, 81, 82
bird performance, S-M52
bleed–out, T27
blindness, T49
blood, 258
blood constitute, S-M31
blood factors, M3
bloodserum, 223
Blueberry, S-M49
Blueberry by-products, S-M48
B-mannanase, S-T148, S-T149
body composition, M10
body weight, 20, 55, W43, 

S-M37, S-M38, S-M55, 
S-T120, S-T149, S-P197

bone, 183, M41, T6, S-P199
bone ash methodology, 36
bone mineral density, M14, 

S-P155
bone mineralization, M13, M37
bone strength, M13
booster treatment, S-P213
Box Behnken, S-M68
brain regional neurochemistry, 

M35
breast, S-T141
breast meat, 55, 123
breast meat yield, S-T131
breeder, 157, 235
breeder age, S-M8
breeder hens, S-P213
broiler breast, S-T123
broiler breeder hens, 181, 214, 

M35, S-M2, S-M36, S-M37

broiler breeders, 21, 22, 24, 33, 
45, 143, 175, 180, 201, 217, 
M36, S-M38, S-M39, S-M40, 
S-M82

broiler carcasses, 188, S-M84, 
S-P170

broiler chick, 258
broiler chicken skin, S-M50
broiler chickens, 20, 104, 127, 

128, 146, T14, T36, W5, 
S-M25, S-M48, S-M90, 
S-T105, S-T131, S-P165, 
S-P187

broiler chicks, 52, M1, T23, T34, 
W19, S-P157

broiler embryo, 50
broiler genetic strain incubation, 

115
broiler growth curve, 120
broiler heat stress, 166
broiler house, S-T134
broiler litter, 136, W37, S-T129
broiler lung, 91
broiler performance, W22, 

S-M80, S-M88
broiler processing, S-P167
broiler progeny, S-M40
broiler strains, 53
broiler transport, 142
broiler-chicken meat, S-M46
broilermatic, M45
broilers, 18, 19, 26, 27, 31, 40, 

43, 44, 47, 48, 51, 54, 59, 90, 
101, 107, 129, 133, 134, 135, 
140, 141, 145, 147, 150, 151, 
152, 153, 155, 156, 160, 164, 
165, 167, 171, 179, 204, 205, 
213, 214, 220, 222, 223, 226, 
227, 233, 234, 237, 269, M3, 
M10, M14, M16, M18, M20, 
M22, M25, M32, M37, M43, 
T4, T8, T10, T11, T13, 
T20, T25, T39, T40, T46, 
T58, W2, W4, W10, W14, 
W16, W17, W34, W51, W56, 
S-M3, S-M5, S-M9, S-M10, 
S-M16, S-M17, S-M18, 
S-M22, S-M23, S-M27, 
S-M28, S-M31, S-M42, 
S-M44, S-M45, S-M49, 
S-M51, S-M55, S-M57, 
S-M64, S-M69, S-M70, 

 SUBJECT INDEX

 Abstracts without letters are oral presentations, abstract numbers preceded by M are Monday posters, numbers preceded by T are Tuesday 
posters, and numbers preceded by W are Wednesday posters.
 Abstracts from the 2006 International Poultry Scientifi c Forum held in Atlanta, GA, January 23–24, 2006, are preceded by S-.

Poult. Sci. 85 (Suppl. 1)



SUBJECT INDEX222

S-M71, S-M73, S-M74, 
S-M76, S-M77, S-M78, 
S-M81, S-M85, S-M86, 
S-M87, S-T100, S-T106, 
S-T113, S-T115, S-T117, 
S-T118, S-T119, S-T121, 
S-T122, S-T127, S-T133, 
S-T137, S-T138, S-T139, 
S-T140, S-T141, S-T143, 
S-T145, S-T146, S-T147, 
S-T149, S-P154, S-P155, 
S-P168, S-P171, S-P172, 
S-P175, S-P177, S-P178, 
S-P185, S-P188, S-P190, 
S-P191, S-P195, S-P198, 
S-P199, S-P200, S-P205, 
S-P206, S-P208, S-P210, 
S-P211

broilers performance, W18
bromine, S-M60

C

C:N, 136
CaCO

3
 particle size, W14

cage location, M42
cake, S-T127
calcium, 161, 163, T6, W13, 

S-T107, S-T111, S-P189, 
S-P195, S-P199

caloric effi ciency, S-P190
CALSPORIN, 45
cAMP, T48
Campylobacter, 189, 238, 241, 

242, T19, T32, T52, W265, 
S-M85, S-P20, S-T133, 
S-P171, S-P206

Campylobacter jejuni, T33, 
W25, W35

canola meal, W5
canola, S-T114
carbohydrases, 169
carbohydrate, M24
carbon, 136
carcass, W20, S-P200
carcass microbiology, 188
carcass quality, S-T131
carcass rinses, S-P171, S-M86
carcass wash, T27
carcass yield, S-T113, S-T115
cardiac function, S-P156
carnitine, 114, 235, S-M4
catastrophic disease, S-T101
catching, S-T121, S-T122
cathepsin, 127
CAV, S-M66
cDNA, M49, T42, W50
ceca, S-P205, S-P206, S-P208
cecal microfl ora, S-M90, S-P187
cecum, S-M77
cell-mediated immune system, 

S-M72

cellulose, 100
cereals, 225
certifi cation, 10
chick quality, 13, 14, 264, 266
chick supplement, S-M79
chicken housing systems, 138
chicken meat lipid oxidation, 

W31
chicken meat, W30
chickens, 71, 72, 96, 110, 112, 

130, 189, 196, M30, T1, 
T24, T42, T44, T49, W24, 
W49, S-M14, S-M61, S-T92, 
S-T94, S-T98, S-T103, 
S-T108

chicks, 256, M24, W21, W23, 
S-M9, S-M19, S-T112, 
S-P192, S-P210

chiller water, 243
chiller water color, T27
chlorinated water, S-M84
chlorine, 188
choice-feeding, M7
cholesterol, S-M75, S-P204
chromatogenic medium, 68
chromium, S-P200
Citrex, S-P151
citric acid, 162, W8
Clostridium, T31, T51, S-M61
Clostridium pefringens, 67, 155, 

156, 191, S-M63, S-P169
Cobb, S-M69
Cobb 500, 146
coccidia, 60, W6
coccidial vaccination, S-T131
coccidiosis, 4, T58, W56, 

S-M14, S-M63, S-T145
coccidiosis vaccine, T3, W22
cockerel chicks, S-T93
cold stress, S-P186
colicin production, S-P163
coliforms, T40, S-P170
collagenase activity, S-M50
colonization, W25
color, S-M52, S-M57
color and damage scores, S-T124
colostomized, 168
colostomy, 33, 214
Columbia, S-T95
combination, T17, T18
commercial layer, 259
commercial poultry farms, 

S-T126
compensatory growth, S-M70
competitive exclusion, 190, 

M29, S-T128
complexes, S-P188
compost, T38, S-T129
computerized scale, 20
conductance, 118, 119, S-M7
conjugated linoleic acid, M1, 

T15

conjugated linoleic/Omega-3 
fatty acid, W33

consumer sensory analysis, W32
contamination, S-T129
conversion, S-P211
cook loss, 126, S-M51
cool wash, 194
copper, T25, S-M22, S-T145
corn, S-T119
corn germ meal, 105
corn hybrid, 107, 108
corn phytase, W19
corn-SBM diet, 227
correlation coeffi cient, W44
corticosterone, 176, S-M5, 

S-M10, S-M74, S-T122
cottonseed meal, T23
counter-agroterrorism, S-P162
cover panels, 201
crab and lobster meal, 106
crab meal, S-M52
crate, S-P169
Crotalaria, 220
crude fi ber, 109
crude protein, T22, W9, S-P179
Cry3Bb1 protein, M11
culling, 202
custard, 199
cutaneous basophil hypersensi-

tivity, S-M72
cuticle, M52
cyclooxygenase, M1
cyclooxygenase-2, M4
cytokines, S-M23, S-P157

D

database, T42
DBDMH, S-M60
DDGS, 229
deboning time, S-M59
decontamination, S-T99
defatted rice bran, 166
defeathering, S-M85
degermed-dehulled corn, W12
deiodinase, 76
deletion mutant, T33
denaturing gradient gel electro-

phoresis, 182
densities, 276, M41
deoxynivalenol, S-T118
dephosphorylation, 158
dermatitis, S-M61
development, 78, M26, S-M56
DF-1, M46
DGGE, W45
diet, S-M35
diet uniformity, 99
dietary amino acid density, 146
dietary energy, 222, S-P180, 

S-P181
dietary lipid, W30, W31

dietary protein, 21, 95, S-T144
digestibility, 169, 232, T17, 

S-M19, S-M20, S-M74
direct fed microbial, 44, T31, 

T35, S-M23
disease resistance, 5
disinfectant, S-T99, S-P169
dissacchridase, M25
distillers grains, W3
distillers dried grains with solu-

bles, 105
DIVA, S-T104
DL-methionine, 213
DNA markers, W42
DNA sequence, W41
dopamine, 75, 80
dose, T20
DPS, T3, W22
drag swabs, M44, S-P208
drinker management, S-M80
drinking water, T9
drinking water application, T37
drug resistance litter, W35
DT40, M46
dual-energy X-ray absorptiome-

try, M37, S-P155
duck, T43
dump coop, S-P169
DXA, M10

E

E. acervulina, S-M63, S-M14
E. coli, 62, T31 S-T108
E. coli count, 130
E. coli O157:H7, S-P173
E. maxima, S-M14, S-M63
early food restriction, 53
early nutrition, S-T140
economics, 25, 144, 145, S-T148
effi cacy, S-M26
effi ciency of energy retention 

(EER), 165
EGF, 261
egg antibody, T57
egg characteristics, M12
egg composition, S-P204
egg mass, S-T144
egg processing, 246
egg production, 28, 173, S-M13, 

S-M30, S-M33, S-M36, 
S-T132, S-T144

egg quality, 22, 34, 194, 196, 
249, 250, T5, S-M11, S-M47, 
S-M75, S-T136

egg shape, 22
egg sizes, 13, S-M42
egg specifi c gravity, S-P207
egg storage length, 11
egg storage time, 32, S-P185
egg temperature, 12, S-M43
egg turning, 11

Poult. Sci. 85 (Suppl. 1)



223SUBJECT INDEX

egg weight, S-P207
egg yolk antibodies, 60
egg yolk pigmentation, 106
egg-production performance, 

108
eggs, 29, 195, 198, 245, M28, 

T15, W11, W33, S-M13
eggshell, M52, M53
eggshell conductance, 115, 

S-P156
eggshell matrix, M47
eggshell quality, 259, T9
eggshell thickness, M36
EIA, S-M10
eicosanoids, 271, M4
Eimeria, 95, S-M14
Eimeria spp., 26
Eimeria tenella, S-P157
electrocardiogram, 122
electroencephlogram, 122
electrolyte, 233
electrolyzed water, S-M84
ELISA, S-M64, S-T104
embryo metabolism, 115, T50
embryo nutrition, 267
embryo stress, T50
embryo survival, S-P156
embryogenesis, 251
embryonic development, S-M43
embryos, 252, 253, 254, 255, 

256, 257, 258, T1
encephalic photoreceptors, 79
endocrine parameters, 266
endogenous, 148
endogenous losses, M17, S-P177
energetics, S-M23
energy, 211, S-T141, S-T143, 

S-P194
energy balance, 3
energy density, S-T148
energy metabolism, 49
energy requirement, S-M82
energy/protein, 25
Enterobacteriaceae, 247
environmental enrichment, 274
environmental samples, S-T134
environmetal factors, 265
enzyme, 18, 171, 227, 228, M5, 

M13, T17, T18, S-M18
epidemiology, S-M44
Epigen, 261
epigenetic temperature adapta-

tion, 265
Escherichia coli, M55, W28, 

W51, S-M60, S-P152, 
S-P163 S-P186

essential amino acid, S-M70
essential genes, T55
ethanol immersion, S-P205
ethics, 10
European registration, 190, M29
European Union, S-T128

euthanasia, 202, S-T100
everyday feeding, 181, S-M36
excreta moisture, M2
excreta, S-M22
excrete, S-M27, S-M71
excretion, S-M34
exotic Newcastle disease, 84
extended aging, S-M59

F

F strain, S-P150
facial nerve, 206
fasting, 64
fat, 50, 109, M16, S-P194
feather pecking, 203
feathering, S-M31
fecal contamination, 241
feed, W12, S-P183, S-P184
feed additive, 34
feed amount, S-M37
feed and feedstuff, 192
feed application, T37
feed conversion, 55, S-M55, 

S-T149, S-P181
feed enzymes, S-P196
feed form, M39
feed intake, 3, 225, S-P191
feed manufacture, 102
feed pasage, 40
feed processing, S-T119
feed program, S-M40, S-M82
feed utilization, S-T117
feed withdrawal, S-M3
feeding programs, 180
female Japanese quail, W47
femur, 36, 37
fertile eggs, 116, 180, 219, 

S-P212
fertility, S-M15, S-M38, S-M40
fi ber, 42, 131
fi ber inclusion, 232, 237
fi broid, 113
fi eld infection, S-P165
fi llet dimension, S-M51
Finelact, S-P168
fi nisher, M15
FIS-FIT-FST, M48
fi shy egg taint, S-T114
fl axseed, 170, S-M21
fl eshing, 21
fl ies, S-P209
fl ock age, S-M58
fl ock performance, S-M21
fl oor pens, S-M28
fl ow rate, S-M81
fl uorine, W13
foam, S-T100
folate, 29, M28
foliar N, S-T126
food safety, S-M44
foodborne pathogens, T38

foodpad quality, S-M32
formulation, S-T142
FOS, 240
fracture, 183
free choice feeding, T13
free range, 15, 16, S-P172
F-strain Mycoplasma gallisepti-

cum, 259
FTA, S-T96, S-P159
FTA cards, S-P174
fumaric acid, S-T117
functional genes, 177
functionality, 198, 199
fusarium mycotoxin, M35, M36
FVAX-MG, S-P166

G

Gallus gallus, W39
game fowl, 84
gangrenous dermatitis, T51
gas stunning, 121
gastrointestinal infl ammation, 60
gastrointestinal tract, 182, T45, 

S-M6
gelatin, 52
gene expression, 3, 6, 52, M15, 

S-M87
gene networks, 2
gene structure, T44
genetic strain, 13
genetics, W52
genome, 5
genomic analysis, S-T97
genotype, W27
germination, 234
germplasm conservation, 110
ghrelin receptor, S-M2
GHS-R, M50
global gene expression, 4
glucanase, S-M18
glucose, 98, S-M1
glucose transporter, M20
glutamic acid, T2
glutamine, 98, T2
glutathione peroxidase, W21, 

S-P192
glycerol, S-M1
glycine, 155
glycocalyx, 111
glycogen, 117
glycogen methodology, S-M9
glycogen status, S-P197
GnIH, 71
GnRH, 81
GnRH-I, 75
Gompertz, S-P202
gonadotropin, W49
GPR39, W50
GPR-39, M50
granulosa, S-M2
granulosa cells, 260

grower, S-T135
grower education, 86
growth, M49, W20, S-M55, 

S-M56, S-M81, S-M88, 
S-T141, S-P200

growth equation, S-P202
growth performance, 38, 57, 104, 

107, 128, S-M19, S-M25, 
S-M48, S-M73

growth profi le, 23
growth rate, 14, 24
guar meal, M9
gut, S-M24

H

4-H, 87
H7N2, S-T99
halal slaughter, M38
hand catching, S-T123
haptoglobin, S-M8
hatch, 114
hatch rate, S-M4
hatch time, 117
hatchability, 11, T34, S-M38, 

S-M58, S-P197
hatcher, T56
hatchery, S-T133
hatchery feeding, 51
hatchery management, 263
hatching chicks, S-M1
heart, 270
heart disease, S-M48
heart failure, 179, 269
heart rate, 255
heat processing, S-T112
heat stress, T46, T48, S-M17, 

S-M31, S-M33, S-P196
heating, 142
hemagglutinin, S-T102
hematocrit, S-M5
hemicell, 230
Hemicell® b-mannanase, 231
hemin, 178
hemorrhagic enteritis, S-M67
hen age, S-P186
hen layer, W44
hen-day production, S-M75
hens, S-M35, S-P160, S-P161
hen’s age, 32, S-P185
hepatic necrosis, 63
heritage turkeys, W42
heritage, 15
heterophil, 96
high altitude, S-P156
high energy ration, S-T105
high protein diets, S-M78
HMTBA, S-P191
holding, S-M79
hot climate, S-T136
housing, 274
5-HT1A receptor, 73

Poult. Sci. 85 (Suppl. 1)



SUBJECT INDEX224

5-HT2C receptor, 73
humerus, 184, S-P155
humoral immune response, W39
humoral immunity, 97, 138
hydrogen sulfi de, S-M35
2-hydroxy-4(methylthio) buta-

noic acid, 213, S-M16, 
S-M17

25-hydroxy vitamin D
3
, 27

Hy-Line W-36, S-P207
hypertension, 69, 70
hypothalamus, 1

I

IBDV, S-M66, S-T94, S-T96
ideal protein, 150, 151, M6
IGF-1, S-P153
IgY, 138, 191, W55
IL10 gene cluster, T41
ileal digestibility, 237, M22
ileal digestible energy, S-M18
imaging, S-T120
immediate early gene, 76
immersion chilling, 243
immune modulation, T7, W53
immunity, 41, 88, W54, S-P153
immunization protocol, T57
immunoassay, S-T102, S-P171
immunocapture, S-P165
immunocompetence, 57
immunoglobulins, S-M73
immunohistochemistry, 80, 81, 

82, 113
immunological stimulus, S-M16
immunosuppression, S-T92
in ovo feeding, M24, S-P197
in ovo injection, S-M4
in shell eggs, 193
in vitro, S-P152
inactivation, S-P159
inbreeding, M48
inclusion of fi ber, T10
incubation, T50, S-M7, S-M42, 

S-M43, S-P210, S-P211
incubation parameters, 264
induced molt, 64
infection, S-M70
infectious bronchitis, S-T92
infectious bursal disease, 94
infectious bursa disease virus, 

T54, S-T93
infl ammation, S-M8
ingredient, S-T135
inhibition, S-P152
innate immune system, 231
innate immunity, 27, 43
innate mucosal immunity, 4
inoculation, S-M11, S-M13
iNOS, 91
in–package pasteurization, 185
insemination, S-M15

inside-outside bird washer, 241, 
S-M84

interfering factors, 266
intestinal colonization, S-P151
intestinal function, 44
intestinal health, S-T137
intestinal morphology, M21
intestinal morphometry, T3
intestinal viscosity, M28
intestine, T24, S-M3, S-M8, 

S-T140
inulin, T6
invasiveness, M55
ionic strength, S-P166
IPVL, W46
isoform, T43
isotopes, T12
issues education, 86

J

Japanese quail, 28, S-M33

K

keratinase, T23
ketanserin, 69
kosher slaughter, M38

L

lactobacillus, S-P168
layer farm, S-P212
layer manure, 132
layers, 46, 65, 66, 137, 202, 212, 

228, S-T132, S-P204, S-M75, 
S-T109, S-P196

laying hens, 30, 34, 39, 93, 
106, 108, 131, 159, 170, 
195, 200, 211, 236, 275, 
M2, M5, M8, M11, T5, 
T16, S-M26, S-M29, S-M30, 
S-M47, S-M52, S-M83, 
S-P168, S-P207

L-carnitine, M16
lead, S-P160
leaf N, S-T124
leg problems, 38
Leghorn, 197, S-P194
Leghorn chicks, S-P212, S-P213
leptin, W48
light intensity, 173, M42
light period, S-M33
lighting, S-M76
lighting program, 141, S-M50
lime, T39
lipid peroxidation and proteoly-

sis, 129
lipids, 7
lipogenesis, 157

lipopolysaccharide, 90, T41, 
S-M70

litter, 19, 41, T39, W38, S-M32, 
S-T127, S-T131, S-P203

litter amendment, M43
litter phosphorus, S-M28
litter sampling, M44, S-P208
live performance, 16
liver, S-M9, S-M22
liver hemorrhage, S-M21
Lott fl ow, S-M80
low crude protein, 144, S-M69
low energy ration, S-T105
low protein diets, S-M87, 

S-P193
LPS, T20
lutein, T47
lycopene, 93
lymphocyte, 98
lymphoid organs, T52, S-P206
Lys, S-M68
lysine, 150, W1, S-T138, 

S-T139, S-T144, S-P198
lysine-energy, W5

M

machine catching, S-T123
macrophage, 89, 91, 92
male mortality, 23
male selection, 24
maltase, 118, 119, S-M7
management, S-T127
manganese, 137, T8, S-M32, 

S-T146, S-P188
mannan oligosaccharides, W38, 

S-P175, S-P203
manure amendments, S-P209
marination, 124, 125, W32, 

S-M59
market weight, M32
mass balance, S-M34
mass disposal, S-T101
mass euthanasia, S-T101
mass spectrometry, 8, 89
maternal antibody, 94, S-T93
maternal conjugated linoleic 

acid, M26
mean separation, 216
meat and bone meal, 149, 224, 

M8
meat quality, M32, S-M57, 

S-T123
meat yield, S-M69, S-M76
media, 238
medullary bone, 184
Met, S-M68
meta analysis, S-T149
metabolic diseases, 271
metabolic pathways, 177
metabolisable energy, 221
metabolism, M15

metabolites, 139
metabolizable coeffi cients, M12
metabolizable energy, 230, T11, 

T22, W9, W16, S-P179, 
S-P190

metabolomics, 7
metals, S-T129
methionine, W1, W15, S-M17, 

S-T140, S-T144, S-P183, 
S-P191

methionine activity, S-T147
methionine analog, S-P184
methionine metabolism, T12
methiothepin, 69, 70
method, S-T133
MG, S-P150
MHC, 56
microarrays, 1, 2, 49, 177, 

S-M87
microbial activity, S-T137
microbial ecology, 42
microbial enzymes, S-M90, 

S-P187
microbiology, 248, S-T121
microbiota, 182
microfl ora, 140
microsatellite, M48
microwave, 193
microwave toe-treatment, S-M50
minced, S-M9
mineral chelator, T5
MINTREX®, 35, S-T145
MINTREX® Cu, S-T147
MINTREX® Mn, S-T147
MINTREX® Zn, S-T147
mitochondrion genome, W41
mixer analysis, 99
mobility, 205
models, 215, S-M61
moisture, 102
mold inhibitor, 102
molt, 196, 236, T57, S-M30
molt period, 236
molting, 25, 96, 275, W47, 

S-M83
molting breeders, S-M39
molting methods, S-P180
morbidity, S-M37
morphological changes, 67
mortality, 179, S-M37, S-P211
MOS, 47
motility, S-M15
mucosa, S-M22
multiple range tests, 216
multiplex, 62
muscle growth, 253
muscle physiology, 252
mushroom extract, T36
Myco-Ad A-Z, S-P182
mycoplasma gallisepticum, 65, 

66, S-M11, S-M13, S-M62, 
S-P166

Poult. Sci. 85 (Suppl. 1)



225SUBJECT INDEX

mycoplasmosis, S-M62
Mycotoxins, S-T106, S-T116, 

S-T118

N

n-3 fatty acids, 271
15N natural abundance, W36
naked neck, 57
National Poultry Waste Manage-

ment Symposium, 9
national security, S-P162
natural preservative, 191
near-infrared, S-T142
necrotic enteritis, 67, 156, 

S-M63, S-P168
neural networks, 120, S-P202
neuraminidase, S-T104
Newcastle disease, S-T99
Nigeria, T54
nipple drinker, T35, S-M80, 

S-M81
NIRS, S-T142
nitrate, W10
nitric oxide, 90, 140, S-M77
nitrogen, 133, S-M34, S-P209
nitrogen requirement, 218
nitrogen-free diet, 148
nociceptors, 206
nonphytate phosphorus, S-T112
nonstarch polysacchrides, M2
norepinephrine, W48
NPP retention, 168
nutrient density, S-T138, S-T139
nutrient digestibility, 109, M27
nutrient management, 85
nutrient transporters, T24
nutrients, S-P209
nutrition, W7, W54, S-M91
nutritional history, S-T110

O

oats, M7
obestatin, W50
ochratoxin, S-T116
ochratoxin A, S-T106, S-T118
oligosaccharides, 226
Omega-3, T26
Omega-3 fatty acid, T15
optical waveguide, S-T102
oral immunization, S-M65
organ weights, S-M25
organic, M7, T25, W15, S-P172
organic acids, 238, 239, S-M91
organic and inorganic chromium, 

129
organic minerals, S-T146
organic selenium, 39
organic trace minerals, 35, 38, 

137, W7, W54

organic zinc, S-M88
organoaluminosilicate, S-T106
organs, 12, S-M42, S-M43
osteopontin, M47
ostrich, 218
ovarian morphology, 143
ovarian steroids, 71
ovary, 112, 261, 262
ovary transplantation, 110
oviducts, 78, W47
oviposition time, S-P207
ovocalyxin-36, M53
Ovocleidin-116, M47
oxidant, M34
oxidative stress, 30, 178
oxygen, 176, S-P210, S-P211

P

P rickets, S-P185
PAC1-R, 262
particle size, 232, T10
pathogens, 246
pathophysiology, 269, 270
paw burns, M43, S-M78
paw quality, 18, S-M78
Pb, S-P161
PCR, T33, W27
peak performance, 219
pearl grey guinea fowl, W9
pearl gray guinea fowl pullets, 

T22, S-P179
pearl millet, S-M20, S-M21
pediococcus, W56
Pekin ducks, 257
pellet quality, 100
pelleting, 101, M18, T14, T21, 

S-T113
pentosans, 229
PepT1, 154
performance, 53, 54, 201, 276, 

T18, W34, S-M11, S-M13, 
S-M69, S-M76, S-M79, 
S-T113, S-T115, S-T136, 
S-P177, S-P188

perinatal nutrition, S-M79
permeability, S-M3
pesticides, 139
pH, S-M57, S-T123
pH decline, S-M48
phase feeding, 31, 104, S-M51, 

S-T143, S-P195
phosphorus, 105, 160, 163, 167, 

S-M26, S-M27, S-M29, 
S-M34, S-M45, S-T107, 
S-T108, S-T109, S-P189, 
S-P195, S-P199

phosphorus rickets, 32
photoneuroendocrine system, 79
photoperiod, 172, 173, 204, 205, 

S-M50, S-M76

photoreception, 175
photoreceptor, 174
photorefractoriness, 172
photostimulation, 75, 76, 143, 

175
phylogenetic relatedness, W42
physiology, 83
phytase, 158, 159, 161, 162, 

163, 164, 165, 166, 169, 
M14, M17, M18, M23, T14, 
T21, W8, W18, W19, W23, 
S-M18, S-M19, S-M26, 
S-M27, S-M28, S-M29, 
S-M45, S-T108, S-T110, 
S-T112, S-T113, S-T115, 
S-P177, S-P189

phytase/xylanse, M27
phytate hydrolysis, W14
phytate, 158, 159, W23
phytic acid, S-T111
phytoestrogen, 78
phytohemagglutinin, S-M72
pichia pastoris, S-T94
pigment, T16
Pit-1, T43
pituitary, 1, 72
plant growth, S-T124
plant vaccine, S-M65
pododermatitis, 35
poly tent, S-T100
portioning, 123
postharvest interventions, 189
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