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Animal Well-Being and Behavior

1 Withdrawn.

2 Effects of enriched floor housing and battery
caging on molecular indicators of chronic stress in
Bovan brown laying hens. Andrew M. Campbell*, Alexa
Johnson®, Mike Persia?, Leonie Jacobs®; 'Animal and
Poultry Science, Virginia Tech, Blacksburg, Virginia,
United States, 2Virginia Tech, Blacksburg, Virginia, United
States, Animal and Poultry Sciences, Virginia Tech,
Blacksburg, Virginia, United States.

Plasma corticosterone (CORT) concentrations are
commonly used as the gold standard for stress- related
studies, however plasma concentrations show large
variability making it a poor indicator of chronic stress.
Immunoglobulin-A  (IgA), and feather CORT have
responded to known stressors in previous studies and show
potential as viable biomarkers for chronic stress. However,
IgA has not yet been tested in a poultry context, and few
studies evaluated feather CORT as a biomarker for chronic
stress in poultry. Conventional battery cages (BC) can
negatively impact laying hen welfare as birds are restricted
in their ability to show highly motivated behaviors, resulting
in chronic stress. Enriched floor (EF) housing does allow
for the expression of these behaviors. The objective of this
study was to investigate plasma IgA, fecal IgA, and feather
CORT responses in layer hens raised in BC and EF housing.
Bovan brown hens (n=186) were randomly divided into 4
EF pens (23 birds/pen) or 28 BC (3 birds/cage). EFpens
included 10 nest boxes, PVC perches, 1 hay bale, and
cabbage provided 2x/week. At weeks 29 and 43 of age,
plasma samples (n=12/treatment) were taken to determine
plasma IgA concentrations. At weeks 21, 25, 29, 39, and 43
of age, pooled fecal samples (n=4/treatment) were collected
to determine fecal IgA concentrations. Week 43 fecal
samples could not be assayed. At weeks 21, 25, 29, and 43
of age, tail feathers (n=12/timepoint: 6/treatment) were cut
to determine CORT concentrations. Samples were assayed
using commercial ELISA Kits. Plasma and feather samples
were collected repeatedly from the same birds. Data were
analyzed using mixed models (housing system and week as
fixed factors; bird and housing ID as random factors). Data
are presented as LSmeanstSEM. Plasma IgA
concentrations tended to be higher in EF pens than in BC at
week 29 (60.3 ng/pL vs. 44.1 ng/uL; P=0.0501) but did not
differ in week 43. Hens housed in EF pens showed higher
fecal IgA concentrations across all ages when compared to
BC hens (423.5+45.5 pg/g vs. 295.0+44.5 pg/g; P=0.0300).
Additionally, EF hens showed lower feather CORT
concentrations across all ages compared to BC hens
(0.042+0.005 pg/mg feathers vs. 0.062+0.006 pg/mg
feathers: P=0.0085). Low environmental temperatures and
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feather loss in BC layers could have contributed to high
feather CORT concentrations as those have been linked
previously. These results indicate that fecal IgA and feather
corticosterone show promise as sensitive and valid
biomarkers for chronic stress related to laying hen housing
systems. However, additional validation is needed to ensure
that fecal IgA concentrations are due to chronic stress and
not differences in immune status between treatments.

Key Words: IgA, corticosterone, layers, biomarker,
enrichment
3 High and low stocking density effects on floor-

raised pullet welfare. Meagan Abraham*, Kailynn Scoles,
Marisa Erasmus, Gregory S. Fraley, Darrin M. Karcher;
Animal Science, Purdue University, Lafayette, Indiana,
United States.

The pullet phase is crucial to the lifetime success of laying
hens. Management choices made during this phase may
have lasting effects on the birds’ physiology, behavior,
growth, and lifetime production. However, the pullet phase
has limited established welfare and management guidelines.
This study used two different stocking densities to identify
markers of welfare in pullets; hypothesizing that pullets
housed at tighter stocking densities wouldhave poorer bird-
based outcomes. Using a 2x2 factorial design with Lohmann
Brown-Lite or Lohmann LSL-Lite pullets at high (437
cm?/bird) or low (1059 cm?/bird) stocking density, twelve
replicates of stocking density/strain combinations were
housed across 48 floor pens. These pullets were followed
from 0-16 weeks of age. Group size, feeder space, and water
space were held constant across stocking densities. Feather
coverage, keel and footpad scores, and shank length were
measured monthly. Pen feed consumption and body weights
of approximately 17% of all birds in this study were taken
weekly. The liver was removed from approximately 20
birds per stocking density/strain combination at 1, 3, 6, 12,
and 16 weeks of age. No birds were added to maintain
stocking density in thestudy due to a confounding effect of
stress from the addition of new birds. A linear mixed model
one-way ANOVA was used for body weight and shank
length. Strain, stocking density, and age were fixed effects
and room and pen, with pen nested under room, were
random effects. A linear model one-way ANOVA with
strain, stocking density, and age effects or strain and
stocking density effects was used to analyze uniformity and
FCR respectively. There was a significant age effect
(p<0.001) on uniformity, body weight, shank length, and
relative weight of the liver. There were significant strain
effects (p <0.05) on FCR, body weight, shank length, and
relative liver weight. There was a significant strain by
stocking density effect (p<0.05) on uniformity and body
weight. Kruskal Wallis Rank Sum tests were used to
evaluate feather coverage, footpad, and keel scores. Footpad
and keel scores as well as neck, vent, and leg feather scores
were perfect for the duration of the study. Age of bird had a



significant effect on back, wing, tail, and total feather
coverage (p<0.001). Strain had a significant effect on wing
coverage (p=0.02). Overall, the two stocking densities used
in this study had minimal adverse effects on the pullets’
health and welfare- no parameters were affected by stocking
density alone. Further research is needed to identify markers
of welfare in pullets.

Key Words: pullet, stocking density, welfare, stress

4 Resource-use of laying hens in a free-range setting
in response to a mobile robot. Lindsey Davis*!, Bulent
Koc?, Ahmed B. Alil; Animal and Veterinary Sciences
Department, Clemson University, Clemson, South
Carolina, United States, 2Department of Agriculture
Science, Clemson University, Clemson, South Carolina,
United States.

Advances in robotics promote interest in applications in the
egg industry to reduce human labor. However, there are
concerns regarding potential bird stress stemming from
bird-robot interactions. The objective of this study was to
test the influence of using a mobile robot to restrict hen
access to the range in a free-range setting, on resource-use,
and range access of hens. Two free-range pens were used
with 16 Brown Leghorn hens, 40-weeks old in each; doors
to range areas were closed daily at 20:30 and opened at
06:30. A mid-sized robot (L:50xW:30xH:20 cm) was
placed in one pen (ROB) to prevent hens from exiting the
door to the range area during the morning (06:30 to 11:30).
The robot was programmed to move forward and backward
on the litter area in front of the range door continuously
during the morning period. Hens in the second pen (CON)
were not exposed to a robot and could be supposed to freely
exit the range door after it opened in the morning. The robot
was placed in the test pen during the night range restriction
started at 6:30 the next day and continued for two weeks.
Bird resource-use (number of birds on litter, nestboxes, and
perches), and range access in both pens, were recorded daily
via hourly scans during the morning period, using ceiling-
mounted cameras for two weeks. Differences in resource-
use and range access, across days between ROB, and CON
pens, were assessed using GLMM with Tukey's Post hoc
test applied to significant results in R 3.3.1 (a set at 0.05).
The robot successfully prevented hens' access to the range
area during morning hours and throughout the 2-week test
period. In the ROB pen, no hens (0%) were able to access
the range, while on average, 62.5% of the hens in the CON
pen accessed the range daily (P < 0.05). On the first day of
observation, more hens (67.8%) were observed perching in
the ROB than CON (6.3%) pen (P < 0.05); however, by the
sixth day after robot introduction, the percent of hens
perching was similar in both treatments (ROB: 10.23, CON:
6.86; P = 0.12). Similarly, fewer hens (6.25%) were
observed on litter in the ROB pen on the first day when
comparedto the CON pen (25%; P < 0.05). However, the
number of hens on litter areas increased gradually to 53%
by the thirdday of observation in ROB pen, compared to
18.75% in CON pen (P < 0.05). On average, 25% of hens in
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the ROB pen were observed inside nestboxes daily during
morning hours compared to 10% in the CON pen (P < 0.05).
Thus, the mobile robot used in the current preliminary study
successfully restricted hen access to range areas and
improvednest use. Disturbances in perch and litter use in
response to robot introduction were diminished gradually
and disappeared by the sixth day of the trial.

Key Words: robot, resource-use, free-range, hens

5 Laying hens do not modulate flapping flight
performance after symmetric wing feather loss. Brianna
M. Leon*!, Bret Tobalske?, Neila Ben Sassi!, Renee
Garant?, Donald Powers®, Alexandra Harlander'; *Animal
Biosciences, University of Guelph, Guelph, Ontario,
Canada, ?Division of Biological Sciences, University of
Montana, Missoula, Montana, United States, 3Department
of Biology, George Fox University, Newberg, Oregon,
United States.

Feathers grant most birds flight capabilities, and any loss or
damage to flight feathers of the wing can impact flight
performance. Laying hens experience feather damage and
loss due to collisions and feather pecking, and they have
naturally high wing loading and limited flight capabilities.
Yet, when housed in aviaries, hens require flight feathers to
navigate three-dimensional spaces to access resources. Our
research aims to determine whether symmetric wing feather
loss impacts flapping-flight performance in laying hens, so
we modified wing areas using feather clipping. We used
high-speed video to measure wing and whole-body
kinematics in 18 adult laying hens 34 weeks of age to test
for changes in power output and trajectory during flapping-
flight descent. The hens were randomly placed into one of
three treatment groups: unclipped (control, fully feathered),
half-clipped (bilateral primary feathers clipped), or full-
clipped (bilateral primary + secondary feathers clipped).
The hens descended while flapping their wings from a 150
cm tall apparatus. We used frontal views to measure
wingbeat amplitude (degrees), frequency (Hz), and angular
velocity of the wrist (rad s-1), and their respective
asymmetries and lateral views to measure descent velocity
(m s-1), descent angle (degrees), and vertical and horizontal
acceleration (m s-2). We predicted that progressive
increases in wing loading due to feather clipping would
cause birds to compensate with their wing motions to
accomplish similar body trajectories. A linear mixed model
was used to identify treatment effects and differences
between treatment groups. Wing clipping status did not
significantly affect any wing kinematic measures nor
vertical acceleration. Half-clipped hens demonstrated a
lower descent velocity (P=0.0337) and descent angle
(P=0.0372) than full-clipped hens. Both half- and full-
clipped hens exhibited significantly lower horizontal
acceleration than unclipped hens (P=0.0031 and P=0.0018,
respectively). All hens landed with a descent velocity
averaging 3.94 m s-1, a landing velocity 2-3X that of adept
fliers. Our results suggest that intact laying hens operate at
the maximal power output supported by their anatomy and



are, therefore, at the limit of their ability to modulate their
wing kinematics to control flight trajectory.

Key Words: feather loss, wing kinematics, whole-body
kinematics, flapping performance, laying hen

6 Commercial field assessment of broiler welfare
when enriching barns with perching, pecking and
resting enrichment combinations. Jessica Walsh*?,
Martin J. Zuidhof?, Elijah Kiarie®, Kathleen E. Long?,
Chantal LeBlanc!; *Ag Ops, Maple Leaf Foods, Vienna,
Ontario, Canada, ?PrecisionZX, Edmonton, Alberta,
Canada, *Animal Biosciences, University of Guelph,
Guelph, Ontario, Canada.

Complex environments that allow animals to perform
natural behavior promotes better physical and mental
wellbeing. Inactivity in broilers contributes to welfare
concerns in the industry such as lameness and
pododermatitis. Our objective was to evaluate potential
health and behavioral benefits of providing environmental
enrichments in commercial broiler barns. We conducted
two field trials across eight barns, containing an average of
27,000 birds per flock, with replicated treatment flocks to
evaluate different enrichment combinations on object
utilization, bird behavior, leg health and pododermatitis
compared to unenriched control flocks. Trial one compared
different pairings of perching objects (rung ramp, slatted
ramp, 4” wide perch, 2” wide perch) with pecking objects
(straw bales, mineral pecking block). Trial two assessed a
perching object (aluminum grid ramp) paired with resting
objects (plastic tunnels) and pecking objects (hanging chain
links). Objects were provided at a rate of 1 object per 750
square feet of usable barn space. Behavior observations
were made weekly in a pre-determined observation area
using scan sampling with an ethogram. Prior to slaughter,
femur and tibia bones from six males and six females were
subjected to bone mass and ash content analyses. During
processing at the slaughter facility, 200 footpads were
scored on a scale of 0 (non-existent) to 2 (severe) for
pododermatitis severity every 20 minutes throughout each
flock.A pododermatitis index was calculated as the number
of birds having each score multiplied by the score. Data
were statistically analyzed using a mixed model with season
and farm as random variables. Treatments that included the
mineral pecking block decreased pododermatitis index
(P=0.047) compared to the control. Enriched treatment
flocks had an increase in femur (P=0.007) and tibia
(P=0.042) ash content compared to the control. The greatest
impact wasin trial two, with an increase in femur ash content
as a proportion of bone (P<0.001) and femur weight as a
proportion of bird weight (P=0.007) compared to the
control. Straw bales paired with slatted ramps, increased in
comfort behavior(P=0.027) and decreased inactive behavior
(P=0.020). Enrichment improved welfare in commercial
barns by decreasing pododermatitis, increasing activity, and
increasing comfort behavior, which is presumed to indicate
an improved mental state. Heavier and higher ash content
suggested improved bone health and skeletal integrity.

Poult. Sci. 100 (E-Suppl 1)

Key Words: broilers, enrichments, leg
pododermatitis, comfort behavior

health,

7 The delivery matrix and number of chickens
influence the behavior of broiler chickens during
preference tests: Preliminary results. Victoria A. Philp,
Geraldine Mufioz, Paloma Cordero, Sergio A. Guzman-
Pino*; Departamento de Fomento de la Produccién Animal,
Universidad de Chile, Santiago, Chile.

The gustatory preferences of broiler chickens for some
sapid compounds have been reported in previous studies.
However, to date there are no studies that analyzed
preferences for compounds added in-water andin-feed at the
same time, also considering different number of chickens in
tests. The objective of the present work wasto assess the
effect of delivery matrix and chicken number on the
behavior of broilers during choice-tests. A total of 24one-
day old male broiler chickens (Ross 308) were distributed
by weight into 16 floor pens, with 8 pens containing one
chicken per pen, and the other 8 pens containing two
chickens per pen. The experimental period lasted 23 days in
which chickens were fed a commercial balanced starter diet
that satisfied their nutritional requirements. From days 7 to
23, pens were randomly assigned to a 2 x 2 factorial design
considering two levels of delivery matrix (water/ground
wheat) and two levels of chicken number (one/two
chickens) performing preference tests. Monosodium
glutamate, lysine, sucrose and calcium carbonate were used
as representative compounds of umami, umami, sweet and
calciumtastes, respectively. They were diluted in water or
mixed with ground wheat for preference testing against tap-
water orground wheat as control options, respectively. Tests
lasted 8 hours and chickens were video recorded for 10
minutes twice, at the beginning and at the middle of
exposure to the solutions/feeds. The total time of approach,
number of bouts, bout duration and number of pecks at the
drinker/feeder containing the sapid compound was
registered in eachpen. Data was analyzed with ANOVA by
using the GLM procedure of SAS. A greater approach time
(p=0.035) and number of pecks (p<0.001) was observed
when compounds were mixed with ground wheat instead of
diluted in water. The number of chickens performing
preference tests influenced the total approach time
(p<0.001), number of bouts (p<0.001), bout duration
(p=0.018) and number of pecks (p<0.001), values being
higher when two chickens performed the tests rather than
just one. The compounds used for preference testing did not
affect any of the parameters evaluated (p>0.328). Similarly,
no significant interaction effects between matrix x
compound or chicken number x compound were observed
(p>0.058). It is concluded that the behavior of broiler
chickens during a preference test is influenced by the matrix
in which tested compounds are offered, as well as by the
number of chickens conducting the test. Preliminary, a
ground wheat matrix and two chickens per pen seem to
better adjust to this type of evaluation. However, further
research is needed to elucidate whether this response might
vary later in chickens’ productive cycle.



Key Words: behavior, broiler chicken, chicken number,
delivery matrix, preference

8 How does egg laying influence HPA-axis activity
in turkey lines selected for growth or reproductive
traits? Emily M. Leishman*®S!, Nienke van Staaveren?,
Jeff Mohr?, Ben J. Wood® * 2, Nikole E. Freeman*, Amy E.
Newman®, Alexandra Harlander?, Christine F. Baes" 5;
!Animal Biosciences, University of Guelph, Guelph,
Ontario, Canada, Hybrid Turkeys, Kitchener, Ontario,
Canada, 3University of Queensland, Gatton, Queensland,
Australia, “Integrative Biology, University of Guelph,
Guelph, Ontario, Canada, SInstitute of Genetics, University
of Bern, Bern, Switzerland.

Feather corticosterone (FCORT) can be used in domestic
poultry as a biomarker for longitudinal HPA-axis activity.
Although FCORT varies between individuals, genetic lines,
and even between feathers from the same individual, it is
unknown why this variation occurs. Given the primary role
of corticosterone as a metabolic hormone, investigating how
FCORT s influenced by periods of high energy demand
(e.g., egg laying) could elucidate potential reasons for these
differences. The objectives of this study were to compare
FCORT concentrations in turkey hens from two different
genetic lines before and during egg laying and to evaluate if
there are differences between two different feathers of
individual birds. One line (line A) was a male line with
selection focused on growth traits, and the other line (line
B) was a female line with selection focused on reproductive
traits. Secondary feathers 1 and 3 were collected from 100
hens (N=50 per line) at 30 weeks of age (pre-lay). The same
hens were revisited during lay (45 weeks of age) to collect
regrown feathers. The FCORT samples were evaluated
using ELISA. Linear mixed models were used to assess the
effect of genetic line (A vs. B), period (pre-lay vs. lay), and
feather (secondary 1 vs. 3) on FCORT concentration. Intra-
and inter-individual variation in FCORT were further
described by calculating the standard deviation (SD, pg/mg)
and coefficient of variation (CV, %). An increase in FCORT
during lay was detected for line B (P<0.0001) but not line
A (P=0.3155). During lay, an increase in FCORT was
detected in both feather types, though secondary 1 and
secondary 3 differed from one another in total FCORT
concentration. The FCORT CV amongindividuals (53-56%,
inter-individual) were typically greater than the differences
within individuals (29%, intra- individual). We conclude
that egg laying can influence FCORT measurements in
turkeys; however, this is dependent on genetic line and
feather type. Egg laying is energetically demanding, and
line B produces more eggs than line A, which may explain
the observed differences between the lines because of the
stronger selection for egg production. This relatively non-
invasive technique, when used appropriately, may provide
important physiological information to research and
industry, linking HPA-axis activity, reproductive
investment, and genetics of female turkeys.

Key Words: glucocorticoid, breeding, biomarker, stress,

Poult. Sci. 100 (E-Suppl 1)

welfare

9 Is turkey welfare evaluated? — Validation of
footpad scoring systems to improve turkey welfare.
Gabriella Furo* 5 ! Yuzhi Li? Sally L. Noll!, Carol
Cardona®; *Animal Science, University of Minnesota, Saint
Paul, Minnesota, United States, ?West Central Research
and Outreach Center, University of Minnesota, Morris,
Minnesota, United States, *Department of Veterinary and
Biomedical Sciences, University of Minnesota, Saint Paul,
Minnesota, United States.

Even though footpads are evaluated for footpad dermatitis
(FPD) during processing, visual scoring is known to
underestimate severe lesions in broilers. Few studies have
examined agreement among FPD scoring methods used on
the same turkey, thus it is not known if turkey FPD
misclassification occurs and if welfare is evaluated with this
approach. Pads can be scored externally on live turkeys (live
scoring, LS) and postmortem (PS) when pads are clean; or
histologically (HS). One histological FPD scoring system
exists for turkeys that is based on the inflammatory process
although it is clear that injury and regeneration are present.
The objectives tested the agreement between LS and PS; and
among LS, PS and HS. Turkeys were sampled (n=163) at
young (YY) and market (M) ages from 18 commercial flocks.
Footpads were evaluated three times: 1) LS on farm; 2.) PS
after euthanasia and placement of pads in formalin, and 3)
HS. For the LS and PS, a 3-point scale was used (0-no
lesions, 2-severe). For the novel HS, pads were scored for
injury (0-no injury, 4-damage to subdermis), regeneration
(0-no signs, 1-intact epidermis and dermis), predominant
inflammation (0- no signs, 3-widespread heterophilic
inflammation, necrosis, and vascular proliferation), and
background inflammation (0-no signs, 1-
lymphoplasmacytic aggregates and/or perivascular cuffs).
Spearman correlation tested the relationships and only
strong correlations reported (r>0.60). Cohen’s Kappa
Statistic tested inter-rater repeatability between two scorers
in PS, intra-rater repeatability in PS and HS. The inter-, and
intra-rater tests indicated that scorers interpreted all scoring
systems repeatable and accurately. The strong correlation
between LS and PS (r=0.65 and 0.77 for Y and M,
respectively) indicated that most signs of FPD with LS were
identified when compared to PS with the most discrepancy
within the score 1 category. For M, 60%received the same
(score 1) at LS and PS. In relationship to HS, stronger
correlations were detected for M. Both LS and PS correlated
with the injury score (r=0.65 and 0.62, respectively), and LS
was associated with predominant inflammation scores
(r=0.61). Regeneration was seen in M samples with severe
FPD. External scores of 0 and 1 werefound to be more
severe histologically based on injury score. Findings
indicate the revision of the 3-point external system to better
match HS is needed. In addition, components of injury,
inflammation, and  regeneration were identified
histologically, indicating that FPD is a dynamic process.

Key Words: footpad dermatitis, scoring, turkey, validation,
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10  Effect of eugenol supplementation on broiler
performance, litter moisture and foot pad dermatitis.
Ashveen Fakeer* ®51.2, Jos Houdijk?; *Montida Poultry Ltd,
Plaine Magnien, Mauritius, 2SRUC, Edinburgh, United
Kingdom.

Footpad dermatitis (FPD), a condition characterized by
lesions on the footpads of poultry, has becomea major
welfare and economic concern globally. Eugenol, an
essential oil from plant extract, has been used extensively in
poultry due to its reported anti-microbial, anti-inflammatory
and anti-oxidant benefits. The aim of this study was to assess
the impact of Supplementing a broiler diet with an eugenol-

rich feed additive (AvidryR) on litter moisture, FPD and
broiler performance under commercial husbandry
conditions. A pen trial with two treatments (trial and
control), each having three replicates of 2250 day-old chicks
was conducted in a completely randomized block design.
AvidryR was added only in the pre-starter and starter diets at
arate of 0.2%. Grower, finisher and post-finisher feeds were
commercial standard diets. Bodyweight (BW) was taken on
days 0, 7, 14, 21, 28, 35 and 42 by weighing a 3%
representative sample of birds. Feed intake and mortality
corrected feed conversion ratio (FCR) was assessed over the
corresponding periods. The FPD score was assessed on days
10, 20, 35 and 42, whilst litter moisture was analyzed on
days 35 and 42. Data from the experiment was analyzed in
Genstat through ANOVA. There was no significant
difference in weight gain (WG) for week 1 between the trial
and control, though trial birds grew slightly faster (128 vs
118g; P=0.058). However, WG was significantly greater in
trial pens than in control pens for week 2 (274 vs 255g;
P=0.002) and week 3 (421 vs 394g; P=0.001), resulting in
final BW at week 6 being greater for trial pens than for
control pens (2491 vs 2383g; P= 0.01). Average weekly
feed intake (AWFI) for week 1 was not significantly
different between the treatments (168 vs 1659, P=0.310).
However, AWFI increased significantly in the trial pens for
week 2 (311 vs 303g; P=0.008) and week 3 (577 vs 550q;
P=0.004). From week 4 to week 6, AWFI did not differ
(P>0.05). FCR for week 1 was lower for trial pens than for
control pens (1.27 vs 1.32; P= 0.016), and by week 6,
cumulative FCR in the trial had resulted in smaller values
than in control pens (1.73 vs 1.78; P = 0.041). Littermoisture
was reduced in the trial pens compared to the control pens,
both at day 35 (42.0% vs 45.0 %; P= 0.019) andday 42
(46.1% vs 51.4%; P=0.01). This concurred with smaller
FPD score in trial pens than in control pens at 35 days(18 vs
27;P=0.001) and at 42 days (32 vs 41; P=0.001). The results
obtained in this experiment indicate that the addition of
AvidryR in the diet gave better technical performance, dryer
litter and lower FPD score.

Key Words: wet litter, foot pad dermatitis, eugenol, broiler
performance
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11  Evaluating differences in gut morphology and
sickness behavior in fast and slow growing broiler
chickens when infected with Salmonella enterica serovar
Typhimurium. Ashlyn Snyder* 51, Tim Johnson®, Cara
Robison?, Shawna L. Weimer?; *University of Maryland,
College Park, Maryland, United States, 2Michigan State
University, East Lansing, Michigan, United States, *Purdue
University, West Lafayette, Indiana, United States.

Salmonella enterica serovar Typhimurium (ST) is often a
non-harmful member of the chicken gut microbial
community, making it a challenge to detect in broilers prior
to slaughter. However, it is possible that different broiler
breeds may vary in resistance to ST. The objective of this
study was to evaluate differences in gut morphology and
sickness behavior between fast- and slow-growing broiler
breeds when challenged with ST. Ross 308 (FG) and
Redbro (SG) broilers (N=312 birds) were raised in the same
pen until d 7 when they were randomly assigned and
exclusively placed in isolators (N=24 isolators, 11
birds/isolator). On d 14, half of the FG and SG birds (N=12
isolators) were orally gavaged with 1.3 x 108 cfu/mL ST and
half received tryptic soy broth (CON). lleal and jejunal
segments were collected from 48 birds on d 7, 13, 17, 21,
and 24 (days post challenge [DPC] -7, -1, 3, 7, and 10,
respectively).Video was recorded for 1 hr the day before
each sampling, starting at d12, and analyzed for postures
and behaviors.Histology data was statistically analyzed with
JMP ANOVA and behavior data was analyzed with SAS
GLIMMIX. On DPC -7, all histological measures
significantly differed between breeds. FG jejunum villus
height - crypt depth ratio was 0.22 lower (P=0.03) than SG,
and FG ileum villus height - crypt depth ratio (IVCR) was
0.35 lower (P<0.0001) than SG. On DPC 10, there was no
significant difference between breeds, but there was an
effect of challenge on IVCR. The IVCR of FG-CON birds
was 1.40 greater (P=0.007) than in FG-ST birds, and the
IVCR of SG-CON birds was 0.76 greater (P=0.007) than
SG-ST birds. There was no effect of challenge on the
proportion of birds sitting andno effect of breed or challenge
on the proportion of birds standing. More (P<0.0001) birds
of both breeds and treatments sat at DPC 2 (65.93%) and
DPC 6 (66.32%), the first two DPC recordings, than at DPC
-2 (53.86%) and DPC 9 (59.55%). Fewer (P<0.0001) FG
birds stood at DPC 6 (24.09%), while fewer SG-CON birds
stood at DPC 2 (33.06%) and fewer SG-ST at DPC 6
(27.36%). The proportion of SG birds sham foraging
generally increased with age (P<0.0001) and was similar
between CON and ST except at DPC 9, where more
(P=0.01) SG-CON (4.11%) sham foraged than SG-ST
(2.53%). However, a similar proportion of FG-CON and
FG-ST birds sham foraged each day. The results suggest
differences may exist between Ross 308 and Redbro
broilers regarding gut integrity and sickness behavior in
response to S. Typhimurium infection. This information
may aid breeding decisions that improve Salmonella
resistance in broilers and reduce the Salmonella threat to the
broiler production industry and human food supply.
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12 The effect of enrichments and spotlights on
broiler production and tibia morphology. Anna
Magnaterra* ©5 !, Rosalina Angel?, Shawna L. Weimer?;
!Animal and Avian Sciences, University of Maryland,
Ellicott City, Maryland, United States, 2Animal and Avian
Sciences, University of Maryland, College Park, Maryland,
United States, Animal and Avian Sciences, University of
Maryland, College Park, Maryland, United States.

Lights and enrichments provide environmental complexity
to broiler housing environments. Enrichments can
potentially improve leg health and lighting has been shown
to affect behavior and welfare. However, information on the
effect of enrichments and lighting to tibia morphology is
limited. We aimed to see if supplemental lighting and
structural enrichments impacts welfare measures and broiler
tibia morphology. Broiler chickens were housed in 16 pens
(n=25 birds/pen) in 2 rooms. The experiment was a 2x2
factorial design with pens randomly assigned to one of four
enrichment treatments (TRT): a spotlight, an enrichment,
both a spotlight and an enrichment, and a control (no
spotlight or enrichment). The spotlight was a pin beam light
hung above the pen and the enrichment was a platform with
a 5° angle ramp. Within each pen, 5 focal birds were
identified (n=80). Feed consumption and mortality were
recorded daily and used to calculate feed conversion ratio.
Body weight was collected at four time points (placement
of birds [d0], feed change from starter to grower [d10], feed
change from grower to finisher [d37], and final collection
[d53]). On d53, live and postmortem measures were
collected on focal birds. Welfare was scored for hock burn,
footpad dermatitis, and plumage condition. Post-mortem
weight (g), volume (mL), and morphological measures of
the right and left tibia (proximal angle, total length [mm],
depth of the intercondylar areas, and width at 10%, 25%,
50%, 75%, and 90% of total length) were taken. Means and
deltas (left-right) of both tibia were calculated for each bird.
Data were analyzed in JMP Pro 14 using a two-way
ANOVA to determine effect of TRT on production and tibia
measures. There was no effect of TRT on production or
welfare measures (P>0.05). Mean widths of the tibia
increased with enrichments: proximal head width (P=0.02),
and at 90% (P<0.01), 75% (P=0.01) and 25% (P=0.01) of
total length. Tibia weight (P=0.04) and volume (P=0.03)
increased with enrichments. Mean widths of the tibia
decreased with spotlights at 90% (P<0.01) and 75%
(P<0.01) of the total length. The depth of the lateral
intercondylarareas of the proximal head were shallower
with spotlights (P=0.03). To conclude, production and
welfare measures were unaffected by the presence of
enrichments or supplementary lighting, but differences in
tibia morphology were seen at several locations on the bone.
The combination of enrichment and spotlight did not impact
the morphology of the tibia. Although the spotlights and
enrichments did not impact production or welfare measures
in this study, they did impact leg bone morphology and
further research should aim to understand the impacts in a
Poult. Sci. 100 (E-Suppl 1)

commercial setting.

Key Words: tibia, enrichment, lighting, welfare, broiler

13 Adoption of precision livestock farming
technologies by broiler farmers. Heitor Rios* ©5 ¢, Paulo
Waquil!, Catarina Stefanello?; Center for Studies and
Research in Agribusiness, Federal University of Rio
Grande do Sul, Porto Alegre, Brazil, 2Animal Sciences,
Federal University of Santa Maria, Santa Maria, Brazil.

A questionnaire was applied to 204 broiler farmers of
Southern Brazil to analyze factors that influence their
adoption of Precision Livestock Farming technologies
related to broiler welfare (PLF-AW). A total of 184 farmers
satisfactory answered the questionnaire with 24 questions
regarding socioeconomic and productive data as well as on
the adoption and willingness to adopt PLF-AW
technologies. Farmers were showed pictures of PLF-AW
and asked ontheir utilization in a “yes” or “no” question.
Opinions of farmers about PLF-AW technologies
potentialities to improve four factors, namely animal
welfare, farmer welfare, economic/productive indicators
and data management were assessed through their level of
agreement in a five-point-Likert scale to three statements
for each factor. Factor scorewas calculated as the average
score of the three statements. Willingness of farmers to
adopt PLF-AW was measured by their level of agreement
regarding statements about animal welfare improvements
with the use of PLF-AW and its possible economic
outcomes in a five-point-Likert scale. Socioeconomic and
productive data of farmers as well as their opinions on
technology potentialities were evaluated through a logistic
regression using R programming language to analyze the
influence of each variable on the likelihood of PLF-AW
adoption. Willingness to adopt PLF- AW technologies were
compared by Kruskal Wallis and Dunn test with p-value
adjusted by Bonferroni at 5% significance. The logistic
regression model was estimated with 13 variables,
presenting Pseudo R square of 0.28 and Chisquare P-value
of 0.01. Four variables of the model significantly influenced
the adoption of PLF-AW technologies by broiler farmers:
farmer experience, broiler slaughter weight (heavy or
griller), having another activity besides broilerproduction
for commercialization purposes and having high beliefs on
PLF potentiality to improve animal welfare. Farmer
experience and producing heavy broilers negatively
influenced the likelihood of PLF-AW technologies adoption
(P<0.05). Having another farm activity increased the
likelihood of PLF-AW adoption by 5.3 times over those
farmers who were strictly dedicated to broiler production
(P<0.05). Having high beliefs on PLF-AW positively
influenced the adoption of PLF-AW by 3.2 times for each
extra point attributed in the Likert scale (P<0.05). Farmers
indicated that they would not adopt PLF-AW technologies
only if it represented a loss of income. In general, broiler
farmers who produced griller chickens, had less experience
with broiler production, had another farm activity for
commercialization purpose and believed in welfare



improvements with PLF-AW technologies were more likely
to adopt such technologies.

Key Words: information technology, sensors, smart
farming, 10T, animal well-being

14  What are the birds playing with?: Effects of
environmental enrichments on well-being measures in
colony caged Japanese Quail (Coturnix japonica).
Chirantana Mathkari* 5, Rachel Dennis; Department of
Animal and Avian Sciences, University of Maryland,
College Park, Hyattsville, Maryland, United States.

Breeding purpose Japanese quail (Coturnix japonica) are
often maintained in a barren environment with little
stimulation. Enriching the birds’ environment can improve
their well-being, but the environmental enrichments (EE)
like beads and ropes, which have been studied previously,
fail to do so due to a lack of practicality and biosecurity. The
aim of this study was to evaluate the effectiveness of
different EEs on the well-being of breeding quail. 40
breeding colony cages of quail (1 male, 2 females/cage)
were used. Treatments consisted of two categories of EEs:
protective (protective hut, grass, plastic leaves hanging) and
stimulatory (mirror, feeder toy, foraging mat). Using an
incomplete Latin square design, each cage received one of
the 6 EEs or a control (no EE), for a period of two weeks.
Behaviors were recorded for 4 hours a day, 3 days a week
and analyzed by scan sampling (1 scan/ 5 minutes). Body
scores, body weight and egg weights were recorded at the
beginning and the end of the two weeks. Eggs laid were
recorded daily. Measures were analyzed using a one-way
ANOVA in SAS 9.4. All EEs reduced walking as compared
to the control (P<0.05) but did not affect the overall
inactivity levels. Protective EEs reduced walking
significantly more than the stimulatory EEs (P=0.0072).
Compared to the control, all EEs decreased aggressive
pecking (P<0.01), with the feeder and the hut exhibiting the
highest reduction (P=0.0022 and P=0.0022). All EEs,
except hanging, reduced vigilance (P<0.001). Feeder, hut
and mirror were the most effective EEs in decreasing
vigilance (P<0.0001). The birds interacted more with the
protective EEs as compared to the stimulatory ones
(P=0.0401), with no significant difference seen among the
interactions with the three protective EEs (P>0.05). The
number of interactions with the stimulatory EEs differed
amongst themselves, with the mat being significantly more
interacted with than the mirror (P=0.0006) and the feeder
(P=0.0456). Exposure to all EEs, except hut, reducedthe
injury scores (P<0.05), with the hanging showing the
highest impact (P<0.0001). The EEs did not impact the
feather and the footpad scores (P>0.05). The birds’ body
weight, egg count and egg weight remained unaffected by
the EEs (P>0.05). Overall, the EEs reduced stereotypical
behaviors and injuries, without impacting the production
parameters. Interactions with the EEs highlight the presence
of unwanted social interactions in barren cages, which can
be avoided by the use of EEs. Our results suggest a great
benefit of the use of appropriate EEs for improving well-
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being of breeding colony quail.

Key Words: quail, environmental enrichment, welfare,
behavior, housing

15  Mobility of laying hens in multi-tiered housing
systems is affected by flight feather loss. Renee Garant*
GS 1 Bret Tobalske?, Neila Ben Sassil, Nienke van
Staaveren!, Dan Tulpan!, Donald Powers®, Alexandra
Harlander; 'Animal Biosciences, University of Guelph,
Guelph, Ontario, Canada, “Biological Sciences, University
of Montana, Missoula, Montana, United States, *Biology,
George Fox University, Newberg, Oregon, United States.

For most birds, wing use is necessary to move through
various environments, regulate body temperature, and
escape predation. The flight feathers (FFs) present on each
wing are needed for birds to sustain flight, so much so that
the loss of one feather is enough to impair flight ability. For
egg-laying hens housed in multi- tiered housing systems,
mobility is essential to access distributed resources within
elevated tiers. However, laying hens are commonly missing
wing feathers due to feather-pecking behaviour, and overall
wear and tear. It is unknown how the loss of FFs affects
elevated resource access in laying hens. To investigate this,
120 adult laying hens (60 brown-and 60 white-feathered
birds) were housed in 12 floor pens (1 strain per pen). Pens
were furnished with two elevated platforms (70cm height),
two perches, and two feeders and nest boxes (one of each
on the ground or fixed toan elevated platform). Within each
pen, hens were randomly assigned to one of three
treatments: control (FFs intact), half clip (bilateral trimming
of the primary FFs), or full clip (bilateral trimming of the
primary + secondary FFs). An RFIDsystem was used to
record the total duration in minutes that each hen spent
accessing each feeder and nest box for 48-hour intervals on
week O (prior to treatment), 2, 4, and 6 post-treatment
application. We predicted that hens would spend less time
at the elevated feeder and nest box if they received the half
clip or full clip treatment, with the full clip spending the
least amount of time. A generalized linear mixed model was
used to determine the effect of FF clipping on elevated
resource access within each strain. Results of this study
demonstrated that elevated feeder and nest box usage was
different for each strain and was affected by wing clipping.
For white-feathered hens, the full clip treatment affected
elevated resource usage with approx. 40% less time at the
elevated feeder (p <.0001) and elevated nest box (p=0.0004)
two weeks post-treatment. Brown-feathered hens
predominantly ate from the ground feeder at week 0 anddid
so post-treatment. However, there was a decrease in
elevated nest box usage for brown-feathered hens of both
clipping treatments, with an approx. 55% (half clip, P <
0.001) and 60% (full clip, P < 0.001) decrease two-weeks
post-treatment. These results highlight the importance of
intact FFs in enabling laying hens to move freely, fly, and
navigate a multi-tiered environment.

Key Words: elevated resource access, flight feathers,
multi-tier housing, feather pecking, laying hens



16  The effect of early life environmental complexity
on skeletal characteristics in two strains of laying hen
pullets. Erin Ross* ©51, Isabela Vitienes?, Bettina Willie?,
Tina Widowski!; *Animal Biosciences, University of
Guelph, Guelph, Ontario, Canada, 2McGill, Montreal,
Quebec, Canada.

Given the ongoing shift from conventional cage to
alternative housing for layers, understanding the impact of
the various commercial rearing systems on skeletal
development in pullets is essential to improve their bone
health and welfare. This study compared the effect of three
styles of commercial rearing aviaries, differing in the
opportunities for load-bearing exercise available during
different stages of early life, and conventional rearing cages
on skeletal characteristics in two consecutive flocks of
Lohmann Brown Lite (B) and Lohmann Select Leghorn Lite
(W)laying hen pullets. Aviary designs varied in the amount
of three-dimensional space, perches, and raised platforms
within brooding compartments where birds were housed for
the first six weeks of life. At 6 WoA, the compartments were
opened giving access to the open litter floor area, ramps,
perches, and other vertical tiers. At 6, 11, and 16 weeks of
age, 10-15 pullets of each genetic strain per aviary system
and 7-8 pullets of each strain from conventional cages were
sampled for dissection (N=502). Long bones of the wing
and leg were analyzed for breaking strength, length, and
diameter, and keels were analyzed for lateral area and
proportion of cartilage to bone. Increasing access to diverse
load-bearing activity during development was expected to
yield enhanced skeletal traits compared to less complex and
more restrictive environments. Statistical analyses were
conducted with SAS 9.4 software using a generalized linear
mixed model. Aviary-reared birds generally had stronger
radii  (p<0.0048), humeri (p<0.0002), and femurs
(p<0.0339) and larger keels (p<0.0151) than cage-reared
birds. Importantly, W birds in the moderately- complex
aviary consistently presented with the proportionally
longest (p<0.0009) and widest wing and leg bones
(p<0.0207) of all housing styles at 6 WoA, despite reduced
three-dimensional space during the brooding period relative
to the most open-concept aviary. However, after the
brooding compartments opened at 6 WO0A, this effect
disappeared. The implications of strain remain somewhat
complex, though the differences observed here indicate that
W birds tended to have proportionally longer (p<0.0487),
stronger bones (p<0.0176) and larger (p<0.0001), more
ossified keels (p<0.0001) than B birds. Thus, rearing aviary
housing and genetic strain significantly impacted skeletal
characteristics in pullets. Further investigation into the
effect of the unique features of the various commercial
systemsmay provide further insight into the optimal strategy
for their implementation on-farm.

Key Words: aviary, rearing, poultry welfare, skeletal
development, keel bone

17 Rearing aviary design and genetic strain affect
spatial cognition in laying hen pullets. Ana K. Rentsch*
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GS1 Lee Niel? Janice Siegford?, Tina Widowski!; *Animal
Bioscience, University of Guelph, Guelph, Ontario,
Canada, 2Department of Animal Science, Michigan State
University, Michigan, Michigan, United
States, *Department of Population Medicine, University of
Guelph, Guelph, Ontario, Canada.

Cage-free housing systems for laying hens offer
behavioural freedom whilst being challenging for hens to
navigate. The structural complexity demands well-
developed spatial cognition to ensure that hens find
resources located on the different levels within the system.
Said cognitive traits are established during the rearing phase
and the focus of this study. We raised two flocks (1500
brown-feathered and white-feathered chicks each) of laying
hen pullets in four different commercial rearing systems.
Chicks were reared in barren pullet cages (C), as well as
three different types of aviaries, with aviary style 1 (Al)
being least complex, aviary 2 (A2) moderately complex,
and aviary 3 (A3) being the most complex. Rearing aviaries
mainly differed in their complexity during the brooding
phase (first six weeks of life), where A1 offers two perches,
A2 an elevated platform, and three perches and A3 a large
swinging platform and six perches. From each of two flocks
of pullets, 17 birds per rearing group and strain participated
in a T-maze test (n=272) at 13 weeks of age. The goal boxes
at the end of the T-mazes arms were painted either green or
blue to offer a visual clue. Reward side and reward-side
colour were assigned in a balanced way across all treatment
groups. The rewarded goal box offered both a food reward
and an escape option. Individualswere given a maximum of
15 trials of 90 sec each, less if they reached learning criteria
(80% success within five consecutive trials). Number of
trials needed to reach learning criteria was then analysed in
R and R Studio version 3.5.2. using survival analysis
(packages ‘survival’ and ‘survminer’) with strain and style
and their interaction as fixed effects and flock as a random
effect. White-feathered pullets learned overall faster than

brown-feathered pullets (x2=7.88, p= 0.005, white: Lower
quartile (Q1)= 4 trials (tr), median (M)= 4 tr, upper quartile
(Q3)= 5 tr, brown: Q1= 4 tr, M= 5 tr, Q3= 9 tr). Rearing
environment affected the learning speed with a trend for A3
pullets learning faster compared to any other group (X2= 3.1,
p=0.07, A3: Q1=4tr, M=41r, Q3=51tr, A2: Q1=4tr, M=
41tr,Q3=51r, Al: Ql=41tr, M=41tr, Q3=51tr, C: Q1=41tr,
M= 5 tr, Q3= 8 tr). In conclusion, genetics and
environmental complexity during rearing can facilitate
spatial cognition resulting in pullets that learn resource
locations faster. A hen with better spatialcognition would be
expected to have an easier transition into an adult aviary,
which could improve her welfare.

Key Words: laying hen, housing, welfare, cognition

18  Effects of early-life microbiota modulation on
aggression, concentrations of brain serotonin and blood
cytokines in egg-laying strain chickens. Yuechi Fu* ¢,
Jiaying Hu!, Heng-wei Cheng? 'Animal Sciences, Purdue
University, West Lafayette, Indiana, United States,



2Livestock Behavior Research Unit, USDA-ARS, West
Lafayette, Indiana, United States.

Accumulating evidence from human and rodent studies has
indicated that modulations of gut microbiota affect host
physiological homeostasis and behavioral expression.
Similarly, modulation of gut microbiota could be a feasible
strategy for reducing aggression and improving welfare in
chickens. The objective of this study was to determine the
effects of early-life cecal microbiota transplantation (CMT)
on aggression, brain serotonin, and blood cytokines in egg-
laying strain chickens. Chicken lines 63 (gentle) and 72
(aggressive) were used as donors and a commercial strain
Dekalb XL was used as recipients for CMT. Cecal content
was diluted with gut microbiome media at 1:10 before
transplantation. A total of 84 d-old male chicks of Dekalb
XL were randomly assigned to 1 of 3 treatments with 7
cages per treatment and 4 birds per cage (n=7): 0.1 mL

saline (control), 0.1 mL cecal content solution of line 63 (63-

CMT), and 0.1 mL cecal content solution of line 72 (72-
CMT). CMT was conducted via oral gavage once daily from
d 1 to 10, and then once weekly from wk 3 to 5. Paired
aggression tests among the birds with similar BW between
treatments were conducted at wk 5 and 16, respectively.
Samples of blood, spleen, and hypothalamus were collected
from post-tested birds at each time point for detecting CMT-
induced changes of plasma concentrations of Tumor
necrosis factor (TNF)-o, Interleukin (IL)-6, IL-10 and
relative  splenic  mRNA expressions and  brain
concentrations of serotonin and tryptophan. Statistical
analysis was carried out with R studio one-way ANOVA for
parametric data and the Kruskal-Wallis test for non-
parametric data. Significance was set at P < 0.05 and trends
were defined at 0.05 < P < 0.1. Compared to 72-CMT and
control birds, 63-CMT birds exhibited less aggression at wk
5 (P < 0.05) with a trend of difference at wk 16 (P <0.1). 63-
CMT birds also had higher Concentrations of hypothalamic
serotonin (P < 0.05) at wk 5, while the treatment difference
was decreased at wk 16 (P > 0.1). In addition, 63-CMT birds
tended to have higher concentrations of hypothalamic
tryptophan at both wk 5 and 16 (P <0.1). There were no
treatment effects on measured cytokines at wk 5. At wk 16,
plasma concentration of IL-6 was lower, but IL-10 was
higher (P < 0.05) with a trend for lower TNF-a (P <0.1) in
63-CMT birds among the treatments. 63-CMT birds also had
a tendency of lower splenic IL-6 and TNF-o. mRNA
expression than 72-CMT birds (P < 0.1). These results
indicate that early postnatal CMT has a potential to modify
aggression in egg-laying strain chickens via regulation of
central serotonergic activity and peripheral immune
response.

Key Words: cecal microbiota transplantation, aggression,
serotonin, immune response, chicken

19  High and low stocking density effects on the
immune system of floor-raised pullets. Meagan
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Abraham* &5, Kailynn Scoles, Marisa Erasmus, Gregory S.
Fraley, Darrin M. Karcher; Animal Science, Purdue
University, Lafayette, Indiana, United States.

The pullet phase lasts from 0-16 weeks of age and
management choices during this phase have thepotential to
alter the birds’ physiology, behavior, growth, and lifetime
production. However, there are limited welfare and
management guidelines during the pullet phase. Using
stocking density as a stressor, this study hypothesized that
tighter stocking densities would equate to poorer immunity
and lower immune organ size. A 2x2 factorial design with
Lohmann Brown-Lite or Lohmann LSL-Lite pullets at high

(437 cm2/bird) or low (1059 cmZ/bird) stocking density was
used. There were twelve stocking density/strain replicates
housed across 48 floor pens and the birds were followed
from 0-16 weeks of age. Group size, feeder space, and water
space were held constant across stocking densities. The
pullets were vaccinated for Newcastle disease (NDV) at
approximately 2, 4, 8 and 12 weeks of age. Blood samples
were taken at 6, 9, 12, and 16 weeks of age to measure H:L
ratios and NDV vaccine titers. Using approximately 20
birds per stocking density/strain combination, the bursa and
spleen were removed at 1, 3, 6, 12, and 16 weeks of age and
the 2" thymus lobe of both right and left sides was removed
atl,6,12, and 16 weeks of age. These organs were weighed,
and length, width, and height measurements taken. Body
weights were also recorded from these euthanized birds to
calculate relative organ weights. A linear mixed model one-
way ANOVA using strain, stocking density, and age as
fixed effects and room and pen, nested under room, as
random effects, was used for analysis of H:L ratios, NDV
vaccine titers, and organ dimensions and weights. Data was
transformed as needed to best fit statistical models. At 16
weeks of age, 25 days post-breast vaccination with NDV,
average 1gG vaccination titers for the brown strains were
10,681 and 5,120 for the high and low stocking densities
respectively while the whitestrain titers were 7,189 and
8,570 for the high and low stocking densities respectively.
Vaccine titers had significant age, strain, strain x age
(p<0.001) and age x stocking density (p=0.03) effects. There
were significant strain effects (p<0.05) on H:L ratio, spleen
and bursal dimensions, and relative weights of the left
thymus and bursa. Overall, stocking density alone did not
affect immune parameters within this study. The two
stocking densities used in this study had minimal adverse
effects on the pullet’s immune organ size and did not cause
enough stress to alter immune function as measured by H:L
ratio and NDV IgG titer.

Key Words: pullet, stocking density, welfare, immunity,
stress

20  Effects of perch material on performance,
perching times and welfare in laying hens. Ashlyn J.
Mclintyre*VU®t, Pratima Adhikari!, Ishab Poudel?, Tom
Tabler?, Victoria R. Williams-Hodge?; *Poultry, Mississippi
State  University, Starkville,  Mississippi,  United
States, 2Poultry Science, Mississippi State University,



Mississippi state, Mississippi, United States, 3Mississippi
State University, 3Mississippi State, Mississippi, United
States.

A 6-week study was conducted to determine what perch
material was best for welfare of layer hens in a cage-free
environment. Total 72 hens (6 hens per pen) at 47 weeks of
age were used in this study. Out of total 12 identical cage-
free pens, 6 pens had metal iron pipe while another 6 had
wooden dowel as perch material. Both perchtypes were 6 ft
long, placed at 2.5 ft distance from the litter and had 30 cm
linear hen space while perching. Hens hadan adaptation
period of 6 days and the pens where the birds were placed
contained a littered floor, waterline and a hanging feeder.
Hen weights, amount of feed given, and paw/comb/feather
scores were recorded at the start of the study. Eggs were
collected daily and recorded for all pens to calculate Hen-
Day Egg Production (HDEP). Feed consumption, hen day
egg mass (HDEM) and feed conversion ratio were recorded
weekly. For the final weeks of the trial, individual
Hikvision® Night Vision cameras were placed in each pen
to record perch placement at different time points during
day and night to track how many birds were perching and
data were collected. At the end of the trial, hen weight as
well as their paw, comb and feather scores were recorded.
Data was analyzed using a completely randomized design
with split plot in time for all the variables measured and
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values that were P<0.05 were considered significant. HDEP
significantly increased over the age of hens (P=0.0063)
which indicated the birds’ production was improving.
Regardless of perch type, HDEM significantly increased as
time passed (P=0.0004) where the overall mass of eggs laid
by hens continued to increase from 46.6 to 59.2 from weeks
49 to 50, respectively. Feather score significantly decreased
from weeks 47 to 51 with 0.319 and 0.577 values,
respectively (P=0.0075). Paw and comb scores did not
change and stayed relevantly the same throughout the
experiment. There was a significant increase in hen weight
over the experiment’s duration (P=0.0009) from weeks 47
to 51 wk. Perching behavior was significantly affected by
time (P=0.0001). At 01:00, mean percentage of birds
perching was 95.75% indicating that overall, birds preferred
to perch at night regardless the type of the perch material.
Similarly, 100% of birds were on the floor at 07:00, 98%
were on the floor at both 13:00 and 17:00 and only 4.25%
of birds were on the floor during 01:00. No significant
differences were found between hen preference to perch
type. A longer time may be needed to acclimate birds to
their environment so that the perch data is not influenced by
the birds reacting to a new environment. This research
drives us to keep looking to better the welfare of hens used
in a laying environment.

Key Words: cage-free, laying hen, perch material, welfare
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21 Using an Excel workbook called “The Calibration
Curve Confidence Calculator” (cccc.exe) for analyzing
standard curve-type experiments. Gene M. Pesti*? I,
Lynne Billard®, Shubiao Wu?, Thi Thanh Hoai Nguyen?,
Robert A. Swick?; 'Poultry Science, University of Georgia,
Greenshoro, Georgia, United States, 2School  of
Environmental and Rural Science, University of New
England, Armidale, New South Wales, Australia, Statistics,
University of Georgia, Athens, Georgia, United States.

Bioassays are fundamental to understanding nutritional
properties of feed ingredients and many physiological
responses. Bioassays often involve standard curve-type
trials and the objective is different from many other research
trials. The objective of many bioassays is to estimate the
mean and minimize its confidence interval for samples of
unknown compoaosition. Bioassays are not fundamentally
different from chemical assays, except in the amount of
variation typically observed between the responses of living
organisms versus carefully controlled chemical reactions.
The CCCC.exe workbook was designed to compare 4
common methods of estimating the variation in standard, or
calibration curve-type results (Counter-intuitive (one-way
ANOVA), Intuitive (normal regression, reverse prediction),
Sophistic (reverse regression, normal prediction), and
Abductive (Graybill’s Method)). Inputs include the points
of the standard curve (x1, y1) and responses of the test

samples (yo). There can be up to 50 points in the standard
curve and 10 replicates per test sample. Outputs include the

mean (Xo), confidence interval, CV, SEM, Lower Limit of
Detection and Lower Limit of Quantification for each
method. The standard curve is transformed by 12methods to
determine the transformation (if any) that will be most
helpful to linearize the standard curve. A power analysis
spreadsheet using the Abductive method takes costs per
observation, observations per replicate and replicates per
unknown test sample and graphs expected SEMs against
total cost of the experiment. The workbook is free to
download from www.poultryhub.org.

Key Words: bioavailability, statistics, design, calibration,
Excel

22 No presentation materials submitted.

23 Extended lay cycles: A new path to sustainable
egg production in Canada. Daniella Batres*, Valerie
Carney; Agricultural, Life and Environmental Sciences,
University of Alberta, Edmonton, Alberta, Canada.

Extended lay cycles refer to the managerial trend of keeping
laying hens in production for longer than the historical goal
of 68 to 75 weeks of age. Managing flocks beyond 90 weeks
of age is becoming common in North America, Latin
America, and Europe, mainly as genetic companies aim to
achieve 500 eggs within 100 weeks of lay without molting.
However, flock cycle lengths in Canada have remained

steady at 12-month production cycles (67 to 71 weeks of
age), only deviating to accommodate yearly peaks and
valleys in chick, pullet, and specialty egg demands.
Literature shows that flocks are regularly achieving 97%
peak of lay and shell quality within acceptable limits at 80
weeks of age (i.e., Egg weight = 65.2 g, Haugh units = 71.7,
Relative shell weight = 11.3%, Shell thickness = 404.2 um)
using linear mixed models. While the improved genetic
potential (i.e., persistency of production and egg quality) of
laying hens has made extended lay cycles possible, these
birds require exceptional management to achieve this
potential. For producers, outweighing this challenge are the
economic, environmental, and social benefitsof longer flock
cycles, which contribute to sustainable egg production.
Although the benefits are clear, the path to longer flock
cycles can be complicated in Canada, which has a unique
industry infrastructure (i.e., supply management). The
objective of the present study was to compare the Canadian
egg-laying industry to others successfully pursuing
extended flock cycles and provide an in-depth
understanding of what barriers exist in Canada. Research
methods involved interviews (n=20) with industry service
providers and producers across North America, Latin
America, Europe, and Australia. Curation of information
identified seven factors that affect the successful pursuitof
longer flock cycles. These factors include the pullet rearer
market (i.e., competition, availability, and flexibility), the
processing industry (i.e., processor availability and egg
market), and supply management (i.e., competition and
innovation). Related to these factors are common challenges
for producers worldwide (i.e., animal health, welfare, and
shell quality) and challenges that specifically affect
Canadian producers (i.e., geography, market size, and
supply management). Three interviews served as informal
case studies that illustrate the successful adoption of
extended flock cycles and insight into producer motivations
and challenges. Additionally, while many suggest that
Canada's national supply management system is the main
barrier to longer flock cycles, the results of this project
indicate that other factors such as infrastructure, geography,
and culture play a role and may apply to other countries.

Key Words: laying hens, longer cycles, persistency,
sustainability

24 Assessment of retention trends in the College of
Agriculture and Life Sciences to determine possible
internal recruitment efforts for Poultry Science
Departments. Peyton A. Taylor* © ! Ryan Walker?,
Kelley G. Wamsley?, Jessica B. Wells'; *Poultry Science,
Mississippi State University, Mississippi State, Mississippi,
United States, 2Curriculum, Instruction, and Special
Education, Mississippi State University, Mississippi State,
Mississippi, United States.

With only 6 poultry science departments remaining in the
U.S. and poultry production steadily increasing, the demand


http://www.poultryhub.org/

for poultry science graduates cannot be met. Therefore,
recruitment in these departments is necessary to attempt to
meet the industry’s demand for qualified employees. Recent
research from our lab has focused efforts on external
recruitment practices for poultry science departments as
well as methods of recruitment students prefer. However, to
our knowledge, no research has assessed recruitment efforts
internally within Poultry Science degree-granting institutes.
With current dropout rates for university students
nationwide at 40% and approximately 30% of those
students being college freshman dropping out within one
year; these students may be retained at their respective
universities if recruited into a department that would be a
“better fit” i.e., poultry science. Therefore, the objective of
this study is to determine potential areas within the Colleges
of Agriculture (CALS) at Poultry Science degree-granting
universities where recruitment efforts could be focused on
increasing retention at the university level and increasing
student numbers within Poultry Science Departments.
Retention rates were collected through institutions of
effectiveness at two universities, and Mississippi State
University’s (MSU) Graduating Positioning Systems (GPS)
software was utilized to assess possible trends for each
department within CALS. Data was collected from Fall
2010 to Fall 2019, and retention rates were analyzed to
obtain a 10-year average, along with the GPS system
analyzing five-year trends (2010 - 2015). It was determined
that most students within CALS at MSU tend to change
majors or leave the university within their first year,
resulting in an average retention rate of 59% for the college.
Using data from the GPS system, it was determined that
Biochemistry and Animal and Dairy Sciences have the
largest population of students who change majors but still
graduate from the university each year (n=50 and 17,
respectively). When comparing to data collected from
another Poultry Science degree-granting institute, similar
trends were observed with Animal and Biological Sciences
having the 2 largest populations of students changing
majors within the first year. This descriptive data suggests
that internal recruitment within CALS at Poultry Science
degree granting institutes could be a cost-effective and easy
method for Poultry Science Departments to increase student
numbers as well as increase retention within CALS. For
future research, data will be collected from more Poultry
Science departments to provide replication and possibly
confirm trends observed.

Key Words: recruitment, poultry science, retention rates

25  Assessment of current Hatch-out Program
curriculum implemented in K-12 for Mississippi.
Marissa Powell* ©5 1, Ryan Walker?, Kelley G. Wamsley?,
Jessica B. Wells!; Poultry Science, Mississippi State
University, Mississippi  State, Mississippi, United
States, 2Curriculum, Instruction, and Special Education,
Mississippi State University, Mississippi State, Mississippi,
United States.

Consumer  education is  imperative, as their
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preference/purchases heavily influence the agriculture
industry. Additionally, their decisions have been linked to
educational experiences in K-12 education. Therefore, a lack
of agriculture education in the classroom may negatively
impact the agriculture industry. Meaning implementing
agricultural literacy in the classroom is imperative;
however, it has been proven there is a lack of comfortability
with agriculture curriculums by K-12 instructors.
Mississippi State University has utilized a program (Hatch-
out Program) toincorporate poultry curriculum into K-12
classrooms, and although the program has been
implemented in previous years, the curriculum has not been
formally evaluated for effectiveness. Therefore, the
proposed objective is to determine if previous participants
of the Hatch-out Program feel that it is adequate or needs
improvements. An 18- question survey was delivered to
previous participants (n=42) of the Hatch-out Program
using Qualtrics. The participants were given 3 weeks to
complete the survey at their convenience, and a reminder
email was sent out weekly. Results from the survey were
overwhelmingly surprising. With a 67% return rate, with
89.3% of answers indicating that teachers acknowledged a
lack of confidence when it came to using and instructing
their students with the Hatch-out Program, and only 3
(10.7%) teachers identifying their knowledge of the poultry
industry as “Confident”. In four different areas of the Hatch-
out Program (materials, activities, lessons, curriculum),
teachers indicated a strongconfidence in feeling prepared to
teach the students when given the current materials for each.
However, when given the opportunity to provide open
ended feedback for each part of the program, there were
recommendations for improvements from some teachers
with 37.5% for materials, 25% for activities, 14.3% for
lessons, and 22.2 % adding comments on the curriculum.
53.3% of the teachers also identified areas of overall
improvement to the program such as instructional videos
serving as a teacher aid and for students to watch throughout
the week with detailed explanations, more age
appropriateness and more help understanding the program.
With these results, a modified curriculum will be developed
that will aid teachers in feeling more confident in
implementing poultry curriculum into classrooms in
Mississippi. This revised hatch-out program can then be
evaluated for student and teacher knowledge gained,
longevity of knowledge retained, and the overall
effectiveness of the program.

Key Words: agriculture literacy, K-12, hatch-out program,
poultry

26 An online webinar series to teach backyard flock
owners about poultry viral respiratory diseases. Eliza
Theis* 53, Wayne Martin?, Sally L. Noll!, Robert Porter?,
Colleen Carlson?, Michaela Olson®, Abby Schuft?; *Animal
Science, University of Minnesota, Saint Paul, Minnesota,
United States, 2University of Minnesota Extension, Saint
Paul, Minnesota, United States, *University of Minnesota,
Saint Paul, Minnesota, United States.



To educate backyard and small flock poultry owners about
viral respiratory diseases, diagnostics, and prevention, the
University of Minnesota (UMN) Extension Poultry
Program offered a webinar series. Our objectives were to
increase backyard flock owners” awareness of viral poultry
diseases, how to utilize the Veterinary Diagnostic
Laboratory (VDL), and biosecurity measures to prevent
disease. The weekly series began mid-January 2021 and was
hosted using Zoom for five weeks. Promotion of the
programs was disseminated using the UMN Extension
webpage calendar of events, social media and an established
email distribution list. Webinar topics included: 1. anatomy
and physiology of avian respiratory system 2. avian
influenza and Newcastle disease 3. infectious
laryngotracheitis, infectious bronchitis  virus, and
Mycoplasma 4. Veterinary Diagnostic Laboratory 5.
biosecurity. The one-hour webinars consisted of pre-
recorded lectures, followed by 30 minutes for live question
and answer and group discussion. The recorded lectures
were then posted on the UMN Extension Poultry YouTube
channel for future viewing. As of April 30,2021, the
recordings had a total of 152 views. Attendee satisfaction
was evaluated through weekly Qualtrics surveys, sent
electronically within one day following each webinar. Of
109 total attendees across the five webinars, 19 survey
responses were obtained for a return rate of 17%. Survey

Poult. Sci. 100 (E-Suppl 1)

15

questions asked if the information was presented clearly, if
attendees felt they had a deeper understanding of the
material after the presentation, and if their questions were
answered clearly. Responses were reported using a 5-point
Likert scale, from “strongly agree” to “strongly disagree”.
Answers ranged from “strongly agree” to “neither agree nor
disagree”, with 93% of all responses being “somewhat
agree” or “strongly agree”. Qualitative knowledge gain was
also evaluated through the Qualtrics surveys and the
attendee’s activity in the chat box. Many questions were
generated, in addition to general dialogue surrounding
backyard and small flock poultry. Survey feedback
indicated the webinar content was relevant to backyard
poultry owners; 90% of respondents strongly agreed that
presenters deepened their understanding of each topic.
Participant survey responses and interactive chat each week
demonstrated the webinars were of interest to the attendees.
Future webinar suggestions included cold weather care,
vaccination, parasite control, and feed additives (e.g.,
oregano). Overall, the format and content of these webinars
was well-received and proved useful to backyard flock
owners. This webinar series was funded by the United States
Department of Agriculture (USDA).

Key Words: extension online, backyard poultry, respiratory
disease
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27  Genome wide association study for shell color in
White Leghorns using a SNP Chip and low-pass
sequencing data. Anna Wolc*% 2, Janet Fulton?, Zigui
Wang?, Jinghui Li% Petek Settar?, Jesus Arango?, Kaylee
Rowland?, Danny Lubritz?, Hao Cheng?; *Animal Science,
lowa State  University, Ames, lowa, United
States, ?Research and Development, Hy-Line International,
Dallas Center, lowa, United States, *Department of Animal
Science, University of California, Davis, California, United
States.

SNP chips have become a standard tool for genomic
analysis with high reproducibility and increasingly
affordable pricing. However, the information is limited to a
predetermined number of genomic locations depending on
chip size. This limitation can be overcome by the use of low-
pass sequencing where all genomic locations are
interrogated but at a lower accuracy than in standard
sequencing thus reducing the cost but the accuracy of calls
is recovered by combining the genotype calling with
imputation. Some literature suggests that using low-pass
sequencing can improve the accuracy of GWAS thus the
objective of this study was to compare GWAS using 54k
Axiom SNP chip and low pass sequencing. For this study
shell color was measured as a composite index (with
chromometer) and averaged for 3 eggs at approximately 35
weeks of age for 1080 White Leghorn hens. Thesehens were
genotyped with a customized 54k SNP chip, and sequenced
at 1x coverage with genomic information reported at 32M
locations, 7.6 M of which were segregating with frequency
>1%. Additional analysis was performed with 2755 hens
added that had chip data and phenotypes but no sequence to
verify the signal. PCA analysis did not show any strong
stratification, therefore a simple association analysis was
performed in Plink, adjusting for first 3 principal
components as covariates did not have strong impact on the
results. Two strong signals (P< 10°2°) were detected, one on
Chr 9 at 22Mb, and one on Chr 20 at 104-105Mb. The signal
co-localized on Chr 9 with MFSD1 and OCX32, LXN,
RSRC1, GFM1, MLF1 and SHOX2 of which OCX32 was
previously suggested as associated with shellcolor in layers.
According to annotation one SNP in SHOX2 was classified
as missense mutation with a moderate impact on encoded
protein, while other highly significant SNPs had LOW
impact or MODIFIER annotation. On Chr20: VSTM2L,
CTNNBL1, WFDC2, UBE2C, SNX21, TNNC2, ACOTS,
ZSWIM3, CTSA, NEURL2, PLTP, and PCIF1, with 13
variants were annotated as having high or moderate impact
on encoded proteins, but none of them were amongthe
lowest p-value locations. The signals were detected with the
same strength at the same location using both chip and
sequence data. Sequence data allowed combining GWAS
signal with annotation, however, due to LD it did notnarrow
down the candidate region. Additional chip data made the
signal stronger and narrowed down the region on Chr 20 by
0.4Mb. To take full advantage of sequencing, tens of

thousands of records are needed to break LD, otherwise its
benefits for GWAS resolution above carefully designed
SNP chip may be limited.

Key Words: GWAS, low-pass sequencing, shell color

28  Reducing susceptibility to pendulous crop in
turkey (Meleagris gallopavo) via genomic selection:
estimation of genetic parameters, accuracy and bias.
Emhimad Abdalla*!, Bayode O. Makanjuola, Nienke van
Staaveren® 4, Ryley Vanderhout!, Ben J. Wood! 3 5,
Christine F. Baes" ?; Centre for Genetic Improvement of
Livestock, University of Guelph, Guelph, Ontario,
Canada, ?Vetsuisse Faculty, University of Bern, Institute of
Genetics, Bern, Swaziland, 3School of Veterinary Science,
University of Queensland, Gatton, Queensland,
Austria, “The Campbell Centre for the Study of Animal
Welfare, University of Guelph, Guelph, Ontario,
Canada, SHybrid Turkeys, Kitchener, Ontario, Canada.

Pendulous crop (PC) in turkeys occurs when the crop
distends from its normal position preventing the normal
movement of feed and water into the digestive system. This
condition negatively impacts production and welfare. In this
study, we estimated the genetic parameters for PC incidence
and its genetic correlation with five production ftraits.
Additionally, we evaluated the prediction accuracy and bias
of breeding values for selection candidates using pedigree
(BLUP) or pedigree-genomic (ssGBLUP) relationships
among the animals. A total of 170,844 records were made
available by Hybrid Turkeys, Kitchener, Canada. Of these,
5,445 were affected with PC. In addition, the data included
9,634 records for breast meat yield (BMY); 5,592 records
for feed conversion ratio (FCR)and residual feed intake
(RFI) in males; 170,844 records for body weight (BW), and
walking score (WS) between 18 and 20 weeks of age for
males (71,012) and females (99,832), respectively. Within
this population, 36,830 animals were genotyped using a
65K SNP chip (Illumina Inc.). All animals passed the
quality control criteria, and 53,455 SNP were retained for
subsequent analysis. Heritability for PC was estimated at
0.16 + 0.01 and 0.17 + 0.01 using BLUP and ssGBLUP,
respectively. The incidence of PC was not genetically
correlated with WS or FCR. Low unfavourable genetic
correlations with BW (0.12 and 0.14), BMY (0.24 and 0.24)
and RFI (-0.33 and -0.28) were obtained using BLUP and
ssSGBLUP, respectively. Using ssGBLUP showed higher
prediction accuracy (0.21) for the breeding values for the
selection candidates than the pedigree-based model (0.14).
Whereas the bias of the prediction was slightly reduced with
ssGBLUP (0.33 £ 0.05) than BLUP (0.30 £ 0.08), both
models showed a regression coefficient lower than one,
indicating inflation in the predictions. These results suggest
that PC is a heritable trait and selection for lower PC
incidence is feasible. Although further investigation is
necessary, selection for BW, BMY and RFI may increase
PC incidence. Incorporating genomic information would



lead to higher accuracy in predicting the genetic merit of PC
incidence in selection candidates.

Key Words: pendulous crop, single-step,
correlation, prediction accuracy, prediction bias
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29  Single-step genomic evaluation of hatchability
trait in turkeys (Meleagris gallopavo) using a random
regression model. Bayode O. Makanjuola*®, Emhimad
Abdalla®, Ben J. Wood* *2, Christine F. Baes® 4; *School of
Veterinary Science, University of Queensland, Gatton,
Queensland, Australia, 2Hybrid  Turkeys, Kitchener,
Ontario, Canada, 3Centre for Genomic Improvement of
Livestock, Animal Biosciences, University of Guelph,
Guelph, Ontario, Canada, “Institute of Genetics, Vetsuisse
Faculty, University of Bern, Bern, Switzerland.

Hatchability traits are economically important due to their
direct effect on poult output. Sustainability and production
of turkey poults is a major priority for turkey breeding
companies. Hatchability is traditionally recorded as the
number of fertile eggs that hatched into poult (HOF) and is
collected on a weekly or biweekly basis. This trait is
collected throughout the productive life of the animal and is
cumulated, thereby resulting in each animal having a single
record for the trait. Furthermore, genetic evaluation of this
trait has been estimated using pedigree relationships.
However, the longitudinal nature of the trait and the
availability of genomic information has revived interest in
using random regression (RR) to capture the differences in
repeatedly recorded traits, as well as the incorporation of
genomic relationships. Therefore, the objectives of this
study were to compare the applicability of a RR model with
a cumulative (CUM) model using both pedigree and
genomic information for genetic evaluation of HOF, as well
as to estimate expected selection responses. For this study,
a total of 63,935 biweekly HOF records from 7,211 hens
mated to 1,524 toms were available from a maternal turkey
line. In total, 4,832 animals had genotypic records and the
pedigree record had 11,191 animals. Estimated heritability
from the CUM model was 0.24 for HOF with pedigree
information. With RR, heritability estimates ranged from
0.11 to 0.17 for HOF using pedigree relationship. The
incorporation of genomic relationships subsequently
increased heritability by an average of 28% and23% for the
CUM and RR models, respectively. Expected selection
response per year ranged from 1.06 to 5.73 for allstudied
traits. Estimated responses from RR were more than two
fold estimates from the CUM model. Likewise, selection
responses estimated using only pedigree information were
lower than those including genomic information. Our
findings suggest that a RR model using pedigree and
genomic relationships caused higher response to selection
compared to a CUM model.

Key Words: genomic and pedigree; single-step; random
regression; turkeys
30  Tracking vascular inflammation associated with
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white striping in broilers using expression profiling.
Michael J. Mienaltowski*, Ubaldo De La Torre, Oona
Vanhatalo, Annie J. King; Animal Science, University of
California Davis, Davis, California, United States.

Fast-growing broilers often demonstrate myopathies like
white striping, which negatively impacts meat quality,
consumer appeal, and industry earnings. Our primary
objective in this study was to discern molecular mechanisms
associated with white striping. We hypothesized that gene
expression pathways associated with microvascular damage
and macrophage activation would initiate ahead of and
become more pronounced throughout the progression of
white striping in broiler muscle. Commercial Cobb 500
broilers were fed a conventional corn/soy meal diet from
hatching to market weight with twenty broilers culled each
week. Gross pathology and histology (hematoxylin & eosin,
Masson’s Trichrome) were documented for pectoralis major
muscles. Total RNA was isolated from pectoralis major
muscle. For 15 broilers from each week, mRNA was
purified, fragmented and converted to cDNA. Adapters
were ligated to the ends of double-stranded cDNA and PCR
amplified to create libraries. Illumina NovaSeq Sp500 RNA
sequencing generated 250 bp paired end reads. Reads were
checked for quality with multiQC v1.7,trimmed using
trimmomatic PE, and then aligned to the annotated Gallus
gallus genome (GRCg6) and quantified using Salmon
software. Quantitative files were applied to DESeq2.
Contrasts were analyzed using Panther and Advaita
Corporation’s iPathwayGuide. Weights of culled broilers
were analyzed using ANOVA analyses with Tukey’s
multiple comparison tests. White striping scores, pathology
ranks, and histopathology scores of the culled birds were
analyzed using Goodman and Kruskal’s gamma non-
parametric measure of correlation. RNAseq data were
analyzed using DEseq2, which performed Wald tests of
pairwise comparisons between weeks with Benjamini-
Hochberg multiple test corrections. When all broilers were
assessed for white striping score, pathology rank, and
histopathologyscore, we found a highly positive correlation
with cull weight and week. Pathological changes were
evident as early as week two, and transcriptomics revealed
changes in expression corresponding to the pathology. By
the third week, severity in pathology was evident with
expression differences indicative of involvement of
pathways associated with natural Kkiller cell mediated
cytotoxicity, chemokine signaling, and leukocyte
transendothelial migration. Thus, as Commercial Cobb 500
broilers grew, pectoralis major muscle pathology was
evident as early as two weeks post- hatching. Vascular
inflammation appeared to increase over time and was
associated with the severity of muscle pathology. Future
efforts should be directed at preventing or reducing vascular
inflammation to determine if it is a cause or symptom of the
muscle changes.

Key Words: broiler, white striping, pectoralis major,
inflammation, transcriptomics



31 A demonstration of amitosis in post-embryonic
erythrocytes, possibly due to mycotoxin exposure - a 60-
year-old challenge met. Paul Cotter*; Biology,
Framingham State University, Arlington, Massachusetts,
United States.

During development cells of the early erythrocyte series
normally divide by a mitotic process. Chromosomal
duplication and separation with the aid of a spindle
apparatus assure daughter cells receive an equal allotment
of genetic material. In rare cases when the division does not
involve either chromatin condensation or production of a
spindle; it is described as amitosis. Over 60 years ago in his
classic treatise, Lucas illustrated an embryonic erythrocyte
appearing to be dividing by amitosis. However, he doubted
this process could occur in post-embryonic cells. He
hypothesized that a firm establishment of amitotic nuclear
division might require in vitro study. The objective is to
describe the process of amitotic division in post-embryonic
erythrocytes. Materials and methods: During a light
microscopic study (40x) of ~ 20 duck blood smears per
interval (2 to 20 wk) and stained with Wright- Giemsa,
dividing atypical cells were identified and photographed
(100x). The division process begins with constriction of the
nucleus followed by constriction of the cytoplasm. At early
stages both the cytoplasm and nuclear constriction continue
and the cell begins to separate. At intermediate stages the
nascent daughter cells further separate and may remain
attached only through an isthmus containing both chromatin
and cytoplasm. At the late-stage separation is nearly
complete, and daughter cells remain attached only by a thin
thread. Chromosomes or a spindle apparatus are never
observed in such cells and the nuclear membrane remains
intact throughout amitotic division. In rare cases, one
daughter cell may again separate producing an
erythroplastid, a cell devoid of nuclear material. This
process is termed “complex amitosis”. Therefore, amitosis
can occur in both normochromic (mature) or in earlier
polychromic erythrocyte stages. It is proposed that these
observations establish amitosis in  post-embryonic
circulation. They are sufficient to meet the challenge long-
ago proposed by Lucas. Moreover, as the blood samples
were obtained from ducklings and older ducks with fungal
infection or deliberately exposed to AFB1, amitosis could
result from mycotoxin induced damage to DNA. Therefore,
amitosis and erythroplastid production may be useful as
cytological indicators useful in the study of mycotoxicosis.

Key Words: amitosis,
mycotoxin, hematology

erythroplastid, erythrocyte,

32 Synergistic induction of poultry host defense
peptides by epigenetic compounds. Melanie Whitmore*,
Glenn Zhang; Animal and Food Sciences, Oklahoma State
University, Stillwater, Oklahoma, United States.

A need for effective antibiotic alternatives is ever
increasing, given restricted use of in-feed antibiotics in the
U.S. and many other countries. Modulation of endogenous
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host defense peptide (HDP) synthesis has emerged as a
promising antibiotic-alternative approach. We previously
identified a number of epigenetic modifiers to be capable of
inducing HDP synthesis following a high-throughput
screening. To further assess whether different classes of
epigenetic compounds such as histone deacetylase
inhibitors (HDACIi) and histone methyltransferase
inhibitors (HMTi) have a synergistic effect on HDP gene
induction, chicken HTC macrophage cells were treated with
two different HDACI (butyrate and mocetinostat) and two
HMTi (B1X01294 and UNC1999) individually or in
combination for24 h, followed by total RNA extraction and
RT-gPCR analysis of chicken HDP gene expression.
Statistical analysis was performed using one-way analysis
of variance (ANOVA) followed by Tukey's multiple
comparisons test. Our results indicated that BIX01294
synergized significantly with butyrate or mocetinostat to
increase the expression of avian B-defensin 1 (AvBD1),
AvBD2, AvBD8, AvBD9, AvBD14, and cathelicidin 2 (P <
0.05). A combination of UNC1999 with butyrate or
mocetinostat also significantly induced AvBD1, AvBD4,
AvBD9, and AvBD10 in a synergistic manner (P < 0.05).
Chromatin immunoprecipitation (ChIP) was further
performed to explore the synergisticmechanism. HTC cells
were treated with butyrate and BIX01294 individually or in
combination for 12 h, followed by ChIP with the antibody
specific to acetylated histone 3 (H3Ac) and gPCR analysis
with primers targeting the AvBD9 gene promoter. We found
that butyrate and B1X01294 synergistically enhanced H3Ac
acetylation at the AvBD9 gene promoter (P < 0.05). Taken
together, our results indicated that HDACi and HMTi
cooperate with each other to induce HDP gene expression
through promoting histone acetylation of HDP gene
promoters, which likely results in chromatinrelaxation and
increased accessibility of gene promoters to transcription
factors. The outcomes of the research could potentially lead
to the development of epigenetic modifiers as novel
alternatives to antibiotics for disease control and prevention
in poultry and likely other livestock species as well.

Key Words: host defense peptides, antibiotic alternatives,
epigenetic regulation, histone acetylation

33  Expression characteristics of chicken IncRNA
FKBP5-AS and its effect on proliferation and
differentiation of myoblasts. Pengfei Du* ©S, Xiangli
Zhang, Ziyang Wang, H.Y Zhang, Y.Q. Huang, W Chen;
College of Animal Science and Technology, Henan
Agricultural University, Zhengzhou, China.

Long noncoding RNAs (IncRNAs) have recently gained
considerable attention as key players in growth regulation
of livestock. However, the role of IncRNA in the regulation
of chicken skeletal muscle development remains poorly
understood. LncRNA FKBP5-AS has been identified based
on our transcriptome data, in this research, the expression
characteristics of INcCRNA FKBP5-AS and its effect on
proliferation and differentiation of chicken myoblasts were
further investigated. qRT-PCR was used to detect the



expression levels of FKBP5-AS in different tissues of Arbor
Acres (AA) broilers at different developmental stages (E12,
E19, D21, D42). 24 d male AA broilers were injected
intraperitoneally with insulin (5 1U/kg) in the experimental
group and phosphate buffered saline in the control group
(n=8). 21 d male AA broilers were randomly divided into
three groups and received intraperitoneal injection of
glucosesolution (2g/kg), sodium pyruvate (2g/kg) or saline
(n=8). Twenty 18-day-old female broilers were randomly
divided into ad libitum group (AL) and energy restriction
(ER) group. From 18~48 d, AL broilers were fed ad libitum
with control diet (13.17 MJ/kg ME, according to CFSC,
2004), ER broiler was subjected to 30% energy restriction.
Data were analyzed by one-way analysis of variance with a
Duncan’s multiple-range test. The results showed that
FKBP5- AS had the highest expression level in skeletal
muscle, especially in embryonic (E19) pectoral muscle (P <
0.01). Responded to exogenous insulin, glucose, sodium
pyruvate and 30 % energy restriction, the expression of
FKBP5-ASwas significantly increased after 120 min of
insulin treatment, 10 min of glucose treatment and 60 min
of sodium pyruvate treatment (P < 0.01), and the expression
of FKBP5-AS was decreased after 30 % energy restriction
(P < 0.05) when compared with the control group.
Furthermore, after knocking down FKBP5-AS in chicken
myoblasts usingsmall interfering RNA, the proliferation key
genes including cyclin-dependent kinase 2 (CDK?2),
proliferating cell nuclear antigen (PCNA), and Cyclin D1
(CyclinD1) were significantly upregulated (P < 0.05), which
was confirmed by increased cell activity from cell counting
assay (P < 0.01). Knocking down FKBP5-AS also resulted
in decreased the expression level of the differentiation key
gene such as myogenin (MYOG) and myosin heavy chain
(MYHC) (P < 0.01). In conclusion, the novel identified
InNcRNA FKBP5-AS were mainly expressed in skeletal
muscle, and inhibited proliferation and promoted
differentiation of chicken primary myoblasts. These results
will shed a light for further exploring the physiological
function and regulation mechanism of chicken FKBP5-AS.

Key Words: FKBP5-AS,
differentiation, chicken

myoblasts, proliferation,

34 ldentification and functional study of insulin-
responsive microRNAs in chicken pectoralis. Xiangli
Zhang* ©5, Pengfei Du, H.Y Zhang, B. H. Shao, Ziyang
Wang, Yongshuai Wang, Y.Q. Huang, W Chen; College of
Animal Science and Technology, Henan Agricultural
University, Zhengzhou, Henan, China.

Although emerging evidences indicated that microRNA
(miRNA) is of considerable significance in both
development and metabolism, the role of insulin-responsive
miRNAs in the development and metabolism of skeletal
muscle remains poorly understood in chicken. Here, the
miRNAs related insulin-responsive were identified in
chicken pectoralis. With this aim, forty 24-day-old male
Arbor Acres broilers were randomly divided into two
groups and received intraperitoneal injection of 5 1U/kg
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insulin or phosphate buffered saline (PBS) after 16 h of
fasting. Blood glucose levels were measured and pectoralis
was collected for RNA sequencing at 15 min and 120 min
after injection.Data all were analyzed by one-way analysis
of variance with Duncan’s multiple-range test. Results
showed that blood glucose gradually declined and reached
to minimum at 120 min (P < 0.01) as insulin treatment.
Furthermore, we screened 616 known miRNAs and 66
novel miRNAs of pectoralis through RNA sequencing;
Compared with the PBS group, 18 and 14 differentially
expressed miRNAs (DEMs) were screened after insulin
injection for 15 and 120 min, respectively; 31 DEMs were
screened after insulin injection 120 min relative to 15 min
(P <0.05 and |FC| > 1). The outcomes from GO and KEGG
enrichment analysis on the target genes of DEMs showed
that target genes mainly enriched in glucose metabolism and
muscle development. Of note, miRNA-214b-3p was
observed remarkably down- regulated after insulin
treatment for 120 min and during the period from 15 to 120
min. Accordingly, the expression characteristics of miR-
214b-3p in chicken myaoblast was further defined, and the
data showed that the expression of miR-214b-3p in the
proliferation stage was higher than that in differentiation
stage (P < 0.01). We detected the effect of miR-214b-3p
overexpression on the proliferation of chicken myoblast
using CCK8. Subsequently, we overexpressed miR-214b-
3p for 48 h and stimulated chicken myoblast with 0.02 uM
insulin for 20 min, collected the cells and detected the
expression of related marker genes by gPCR. Results shown
that miR-214b-3p overexpression could promote cell
proliferation and inhibit cell differentiation of chicken
myoblasts (P < 0.05). MiR-214b-3p also could inhibit the
glycogenesis of chicken myoblasts but promote insulin
signal transduction (P < 0.05). In summary, the current
study shows that certain miRNAs are modified response to
insulin manipulation, especially miR-214b-3p that plays a
key role in the glucose metabolism of chicken myoblasts,
proposing them as potential resource for further studies on
the specific mechanisms of miRNA in skeletal muscle
development and glucose metabolism in chickens.

Key Words: insulin, chicken, miRNA, skeletal muscle,
glucose metabolism

35  Effect of probiotics on tight junction protein
MRNA in the small intestine of young chicks. Meiting
Jia* ©S, Eric Wong; Virginia Tech, Blacksburg, Virginia,
United States.

Tight junction (TJ) proteins in the small intestine form a
paracellular barrier to prevent intestinal pathogens from
entering the blood circulation and to regulate the
permeability of ions, water and solutes. The objective of this
study was to investigate the effect of probiotics on the
mRNA abundance for the TJ proteins claudin 1 (CLDN1),
occludin (OCLN), zonula occludens 1 (ZO1) and junctional
adhesion molecule 2 (JAM2) in the small intestine of young
broiler chickens. Cobb 500 broiler chicks (n = 204) were
hatched and randomly placed into 3 treatments: basal diet



without probiotics (Control) and two basal diets
supplemented with different probiotics (Probiotic 1 or
Probiatic 2). Each treatment had 6 replicate cages. At day
(d) 2, d4, and d6, one chick from each replicate cage was
randomly selected for collection of the duodenum, jejunum,
and ileum. A piece from the middle of each segment was
fixed for paraffin embedding and in situ hybridization
analysis. An additional piece was minced and stored at -80
for gene expression analysis. Two-way ANOVA and
Tukey’s test were used for statistical analysis. Significance
was set at P < 0.05. Probiotic 2 significantly increased
CLDN1 mRNA in the ileum compared to Control (P <
0.05). There were no differences in the mRNA abundance
of the other TJ proteins, and no significant interactions
between treatment and age for mRNA expression of all the
selected TJ proteins. In situ hybridization showed that
OCLN mRNA was expressed in the epithelial cells of both
the villus and crypt in all three small intestinal segments.
There was greater intensity of the OCLN signal in the
bottom of the villi compared to the tip of villi on day of
hatch. These results suggest that Probiotic 2 may improve
intestinal integrity in the ileum by increasing CLDN1
MRNA expression.

Key Words: tight junction proteins, probiotics, small
intestine, in situ hybridization, chicken

36  Effect of fasting and heat stress on blood
parameters, carcass and meat quality of two broiler
chicken strains. Demilade 1. Ibiwoye* ®5% 2, Bisola Sule?,
Foluke E. Sola-Ojo?; *Department of Animal Production,
University of llorin, llorin, Kwara, Nigeria, 2Key
Laboratory of Agricultural Animal Genetics Breeding and
Reproduction of Ministry of Education, Huazhong
Agricultural University, Wuhan, Hubei, China.

Exposure to high ambient temperatures has long been
recognized as having a detrimental effect on broiler
production efficiency and meat yield. Seasonal heat
exposure has been reported to cause undesirable changes in
meat characteristics. The main purpose of this experiment
was to show the effect of different management heat stress,
fasting and heat stress of both persistent (gradual\daily) and
acute (sudden) on carcass trait, blood parametersof two
genotype of broilers (Arbor acre and Hubbard). Use of
unsuitable genotypes of birds in hot regions results in
decreased growth rate, reduced protein gain and high
mortality. A total of 800 (one day old chick) with equal
numbers of Hubbard and Arbor Acre was used for this
study. The birds were randomly distributed into 8
experimental group comprising of both genotypes and
threby grouped into4 groups for each type of heat stress per
genotype (Fasting and Acute Heat Stress) for a period
ranging from 0 min to 90 minutes feed restriction. The
above regime was also followed for the Fasting and
Persistent Heat Stress group. Foe the Meat quality analysis,
a total of 80 aduclt broilers of both genotypes were used for
the study. The Carcass traits were measured and meat
quality was determined with the birds of both genotypes to
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know the genotype that has better carcass and meat quality
attributes. The result obtained from this study shows that the
effect of carcass trait on heat stress (acute and persistent)
and feed restriction on Hubbard and Arbor Acre. The result
shows that there is significant different (p<0.05) in dressing
percentage of persistent heat stress, dressing weight and
dressing percentage of Hubbard. Also, drip loss for Arbor
Acre strains is significant in both persistent and acute
conditions. Consistently, cooking loss for Hubbard strain is
higher and has more quality of water lost than Arbor acre
strain and persistent bird had higher cooking loss than acute
heat stress. It was thereby concluded from the study that
Arbor acre has a good and higher carcass quality than
Hubbard and the strain is preferred to be used by farmers in
the hot seasons of the year.

Key Words: broiler chickens, strain, heat stress, cooking
loss, drip loss

37  Effects of chronic heat stress on the expression of
nutrient transporters in the jejunum of modern broilers
and their ancestor Wild Jungle Fowl. Nedra Abdelli* 5,
Alison Ferver?, Sara Orlowski*, Travis Tabler?, Elizabeth S.
Greene®, Sami Dridi%; 'Animal and Food Science
Department, Autonomous University of Barcelona,
Sabadell, Barcelona, Spain, 2Poultry Science, University of
Arkansas, Fayetteville, Arkansas, United States, 3Cell and
Molecular Biology, University of Arkansas, Fayetteville,
Arkansas, United States, “Poultry Science, University of
Arkansas, Springdale, Arkansas, United States, >Poultry
Science, University of Arkansas, Fayetteville, Arkansas,
United States.

Heat stress (HS) is one of the main threats to poultry
production sustainability via its strong adverse effects on
broiler growth, feed efficiency, meat yield, and welfare. The
compromised growth performance maybe attributed to
leaky gut syndrome and a change in nutrient absorption.
This study aims to evaluate the effect of chronic HS on the
expression of nutrient transporters in the jejunum of 4
populations: Athens Canadian Random Bred (ACRB), 1995
Random Bred (95RAN), 2015 Random Bred (MRB), and
Jungle fowl (JF). One-day male chicks (n=150/line) were
placed by line in environmentally controlled chambers. A
daily cyclic heat stress (36 degrees Celsius) was applied to
half of the chambers on day 28 (HS) until the end of the
trial; the remaining chambers remained under thermal
neutrality (TN) at 24 degrees Celsius. Growth performance
was evaluated and jejunum tissuewas collected on day 54.
The gene expression of carbohydrate transporters Glutl,
Glut2, Glut5, Glut6, Glut8, Glut9, Glut10, Glutll, Glutl2,
Glutl4 and SLC5AL; amino acid transporters LATL,
SLC6A14, SLC7AL and SLC7A6 and fatty acid
transporters CD36 and iFABP was determined by gPCR.
Western blot analysis of some of the aforementioned
proteins was also conducted. Growth performance and gene
expression data were analyzed using two-way ANOVA
considering chicken population and environmental
condition as the main effects. If ANOVA showed



significant effects,the means were compared by Tukey’s
multiple range test using GraphPad Prism 6.00; significance
was set at P<0.05.Under both TN and HS conditions, MRB
showed the highest BW54 and cumulative FI followed by
the 95RAN. The cumulative FCR had a line effect
(P<0.0001), however, no environmental treatment effect
was observed (P=0.8185). Under HS, JF showed higher
gene expression of carbohydrate (Glutl, Glut5, Glut8,
Glut9, Glutl0 and SLC5A), aminoacids (SLC6A14 and
SLC7A6) and fatty acid (CD36 and iFABP) transporters
compared to the other populations. HS upregulated the
expression of Glutl, Glut, Glutl0, SLC6A14, CD36 and
iFABP in JF, and reduced Glut2 and Glutl0 in MRB.
Preliminary results from the western blot showed a decrease
of Glut3 protein expression in all lines under chronic HS.
Together, these data showed: 1) a population-dependent
expression of nutrient transporters, which may explain the
difference in feed efficiency between the chicken
population, and 2) that HS alters the expression of these
transporters.

Key Words: heat stress, broiler, gene expression, protein
expression, nutrient transport

38  Evaluation of OlIfm4 and Muc2 expression in the
jejunum of chickens divergently selected for eight week
body weight. Sydney Kinstler* ¢S, Sara Cloft, Paul Siegel,
Christa Honaker, Eric Wong; Virginia Polytechnic Institute
and State University, Christiansburg, Virginia, United
States.

Divergent lines of White Plymouth Rocks have been
selected for high weight (HWS) and low weight (LWS) for
over 63 generations with the LWS line developing anorexia
nervosa causing starvation even with ad libitum access to
feed. Symptoms of starvation in the LWS chicks, include
failure to provide nutrition to organs and intestines and
inhibition of the development of absorptive capabilities and
immune function in the gut, which increase mortality risk.
Nutrient deprivation is known to affect intestinal function
and the regeneration of the mucosa layer as well as epithelial
turnover, but these pathways are not well understood in the
LWS line. The objective of this study was to determine the
effect of nutrient deprivation on intestinal stem cell
proliferation and mucus production in LWS birds in the
post-hatch period. Jejunal samples from 6 HWS and 6 LWS
birds were collected on day of hatch (doh) and day (d) 3
post-hatch for histology analysis. Samples were embedded
in paraffin and analyzed using the RNAscope in-situ
hybridization method to examine expression of mucin 2
(Muc2), an important mucus protein that is expressed in
goblet cells and olfactomedin 4 (Olfm4), a stem cell marker.
Images were captured under 40x magnification for
localization and enumeration of OIfm4 and Muc?2
expressing cells and villus morphology. Villus height (VH),
crypt depth (CD), and VH/CD were measured for the Olfm4
images using ImageJ. Muc2 images were analyzed to
determine the density of goblet cells. One-way ANOVA
was performed for all measurements. Goblet cell density
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was greater in HWS birds than LWS birds on doh (P <
0.0001). From doh to d3, goblet cell density increased in
HWS birds(P < 0.0001), but decreased in LWS birds from
doh to d3 (P < 0.0001). VH, CD, and VH/CD was similar
between LWSand HWS birds (P > 0.05) on doh, but was
less in LWS birds than HWS birds on d3 (P < 0.0001).
OIfm4 expressing stem cells were similar between LWS and
HWS birds on doh, but increased in HWS birds and
decreased in LWS birds from doh to d3. These results show
that from doh to d3 HWS birds increased stem and goblet
cells, but LWS birds decreased stem and goblet cells, which
may partially explain their impaired growth characteristics.

Key Words: goblet cells, intestinal stem cells, Muc2,
OIfm4, selected lines

39  Genome-wide SNPs regulating nervous system
functions associated with stress response traits in high
and low stress lines of Japanese Quail. Steven A.
Shumaker* ©5, Bhuwan Khatri2, Dongwon Seo®, Stephanie
Shouse?, Seong W. Kang?*, Wayne J. Kuenzel®, Byungwhi
Kong!; 'Poultry Science, University of Arkansas,
Fayetteville, Arkansas, United States, 2Oklahoma Medical
Research Foundation, Oklahoma City, Oklahoma, United
States, *Animal Science, Chungnam National University,
Daejeon, Korea (the Republic of).

Stress management is an important part of maintaining
production  efficiency in poultry and improving
management techniques is reliant on our understanding of
physiological stress responses. The nervous and
neuroendocrine systems play important roles in these stress
responses. Single Nucleotide Polymorphisms (SNPs),
common genetic mutations responsible for genotypic and
phenotypic diversity in animals, can be used as biomarkers
for detection of genetic alterations. As part of an analysis to
understand the genetic mechanisms underlying stress
responses, whole genomic resequencing was performed on
20 birds from High Stress (HS) and Low Stress (LS) linesof
Japanese quail using Illumina HiSeq 2 x 150 bp paired end
read technology to detect SNPs within the two lines of quail.
Alignment of sequencing data to the quail genome found
6,364,907 SNPs across both lines with 10,364 SNPs
occurring in coding regions. Of these SNPs, we identified
2,886 unique, non-synonymous SNPs with a SNP% > 0.90
and a read depth > 10. Ingenuity Pathway Analysis was used
to identify significantly affected molecular pathways,
functions, and genes with ties to neural development,
neurological signaling, and the neuroendocrine system
using a Fisher’s Exact Test (p-value < 0.05). These findings
suggest that the SNPs identified in these two lines of quail
could be responsible for observed phenotypic differences in
stress responses.

Key Words: stress response, SNPs, quail, nervous system,
Ingenuity Pathway Analysis

40  SNP-based breeding for broiler resistance to
ascites and evaluation of correlated production traits.



Katie Lee* ©5 1 3, Nicholas Anthony® 2, Sara Orlowski?,
Douglas Rhoads® 3; 'Cell & Molecular Biology Program,
University of Arkansas, Fayetteville, Arkansas, United
States, 2Poultry ~ Science, University of  Arkansas,
Springdale, Arkansas, United States, *Biological Sciences,
University of Arkansas, Fayetteville, Arkansas, United
States.

This study evaluated Marker-Assisted Selection (MAS) for
ascites resistance in broilers, assessing its impact on disease
phenotype and related production traits. Previously, we used
whole genome resequencing (WGR) to fine-map 28
chromosomal regions as associated with ascites phenotype.
SNP genotypes were determined and used to selectively
breed 2 generations using our experimental ascites broiler
line (REL) to produce birds homozygous for the resistant
chromosomal alleles. The F2 generation was then compared
to the REL line for ascites phenotype and production traits.
For ascites phenotype, 2 cohorts of MAS and REL mixed-
sex offspring were placed in a hypobaric chamber for 5 wk
each. Cohort 1 (T1; n=332 MAS, 246 REL) was maintained
at 9,000 ft simulated elevation; Cohort 4 (T4; n=212 MAS,
221 REL) was maintained at 11,000 ft. Mortalities were
necropsied for BW, fluid presence, heart condition, and
right ventricle to total ventricular (RVTV) ratio. For
production traits, 2 cohorts of MAS and REL mixed-sex
offspring (T2: n=233 MAS, 220 REL; T3: n=206 MAS, 209
REL) were placed in floor pens for 8 wk each and fed an
industry-standard diet in starter (0 to 14 d), finisher (14 to
35 d), and withdrawal (35 to 56 d) phases. Pen BW was
taken at 0, 2, 4, 6, and 7 wk. Feed conversion ratio (FCR)
was calculated based on the final wk of growth and all birds
were processed at 8 wk. For meat quality, the deboned
breasts of 200 birds (100 MAS/REL: 50male/female) were
evaluated for color, pH, drip and cook loss, and shear force.
Additionally, 100 birds (50 MAS/REL: 25 male/female)
were assessed on heart, liver, lung, and spleen weights, and
RVTV ratio. Ascites phenotype and processing, organ
weight, meat quality data were analyzed by 2-way ANOVA
and live production data analyzed by 1- way ANOVA. All
means were separated by Tukey’s HSD (P<0.05). MAS
resulted in sex- and simulated elevation- dependent
reduction in ascites incidence in both cohorts. Compared to
the REL line, T1 MAS saw a decrease (P=0.041) in ascites
incidence while T4 MAS saw a numerical decrease
(P=0.162) in ascites incidence. Comparisons of the MAS
and REL lines found no negative (P>0.05) impacts on the
MAS line in feed intake, FCR, deboned parts, or meat
quality. There were some improvements in single cohorts of
MAS, but the only improvements consistent in both cohorts
were for absolute and relative tenders weights (P<0.014).
We conclude that the MAS line is comparable and, in some
instances, superior, in growth performance to the control
while being more resistant to ascites. This study represents
the first SNP-based selection program for a complex trait
and indicates that MAS based on WGR has significant
breeding potential in agricultural systems.

Key Words: ascites, SNP, breeding, genetics, broiler
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41 Expression of genes in the apoptosis pathway in
the yolk sac of embryonic and early-post-hatch broiler
chickens. Kaitlyn Reno*VY®, Sara Cloft, Eric Wong;
Department of Animal and Poultry Sciences, Virginia Tech,
Blacksburg, Virginia, United States.

The yolk sac (YS) of an embryonic chick starts to be
internalized and degrades during late embryogenesis.
Apoptosis, also known as programmed cell-death, is
speculated to be part of this degradation process. There are
many proteins involved in apoptosis, but the primary ones
are initiator and executioner caspases. Initiator caspases are
among the first apoptotic enzymes to be activated and their
role is to activate the executioner caspases and cytochrome
C which disrupts the integrity of the cell and destroys
proteins in the cell. The objective of this study was to
examine the mRNA abundance of genes involved in the
apoptosis pathway in the YS of Cobb 500 chickens at
embryonic day 17 (el7), el19, day of hatch (doh), and day
(d) 1.5, d3, d5 and d7 post-hatch. The genes investigated in
this study included, the apoptosis inhibitor Bcl2, the
initiator caspases 8 and 9, the executioner caspases 3, 6, and
7, and cytochrome c¢. RT-gPCR was performed to analyze
gene expression using the e17 YS sample as the calibrator.
Statistical analysis using least squares means contrasts in
JMP was performed on the gene expression data to
determine if there was a linear, quadratic, or cubic contrast.
The results showed a significant linearresponse for caspases
3 (P = 0.0022), 7 (P = 0.0039) and 8 (P = 0.0061),
cytochrome c (P = 0.0004) and Bcl-2 (P = 0.0017) from e17
to d7. Caspase 9 had a significant quadratic contrast (P <
0.0001), i.e., an increase from el7 to d1.5 and then a
decrease to d7. Caspase 6 had significant linear (P = 0.0023)
and quadratic (P = 0.0026) contrasts. In summary, a number
of caspase genes that are involved in the apoptosis pathway
are upregulated in the YS from e17 to d7. However, the anti-
apoptotic gene Bcl-2 is also upregulated, which suggests
that degradation may be occurring through a non-apoptosis
pathway.

Key Words: yolk sac, apoptosis, caspase, broiler, Bcl-2

42  L-Tryptophan and phosphate sensing by the
chicken extracellular calcium-sensing receptor via
potential docking sites to initiate downstream G protein-
coupled signaling cascades. Qianru Hui* 5!, Huanhuan
Dong?, Xiaoya Zhao?, Paula Azevedo?, Martin Nyachoti,
Karmin 0%, Chengbo Yang?; *Animal Science, University
of Manitoba, Winnipeg, Manitoba, Canada, 2Jiangxi
University of Chinese Medicine, Nanchang, Jiangxi,
China, 3CCARM, St. Boniface Hospital Research Centre,
Winnipeg, Manitoba, Canada.

Laying hens have a dynamic bone turnover and a high
demand for calcium from both feed and bone storage due to
the daily egg-laying cycle. This study aims to reveal the
modulation mechanism and binding sites of an agonist (L-
tryptophan) and an antagonist (inorganic PO,*) to chicken
extracellular calcium-sensing receptor (cCaSR). Based on a



luciferase reporter system (in response to the second
messengers), the two modulators showed biased agonism or
antagonism through Gog, Gg/Gai, and Gaiz-mediated
signaling pathways and induced the changes in the second
messengers, including intracellular Ca%**, ERK1/2, and
RhoA, respectively. Each well from a multi-well plate was
used as the experimental unit for all analyses. All data were
expressed as mean £ SEM with at least three biological
repeats. Statistical significance was determined using one-
way ANOVA followed by Dunnett’s multiple-comparison
test. P-value < 0.05 was considered statistically significant.
L-tryptophan-induced cCaSR activation required the
presence of Ca?", and the Ca?* concentration affected its
potency. The ECso curve for Ca?* left-shifted by 13.57%,
5.18%, and 1.02% in the presence of 1 mM L-Trp in the
Gag, Gp,/Gai, and Gaip-mediated signaling pathway. The
cCaSR response was significantly inhibited with increasing
PO4% concentration by 92.97%, 31.50%, and 30.23% at 2
mM PO,* compared with the control in the Gog, Gpy/Guai,
and Goiz-mediated signaling pathway. Therefore, both L-
tryptophan and PO,* biased to Gog -mediated NFAT-RE
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signaling pathway. According to molecular docking results,
there was one predicted binding site of L-tryptophan to
cCaSR with the residue interaction at Trp 70, Ser 147, Ala
168, Ser 169, Ser 170, Tyr 218, Ser 272, Glu 297, and Ala
298. There were two predicted binding sites of PO,* to
cCaSR. The first binding site interacted with residue Arg
66, Arg 69, His 412, Arg 414, and lle 415; the second
binding site interacted with residue His 192, Thr 195, Lys
225, Lys 516, and Arg 519. In conclusion, this study
demonstrated that similar to human CaSR, L-tryptophan
and inorganic PO, were also cCaSR modulators, acting as
positive and negative allosteric modulators, respectively,
with biased agonism and antagonism in vitro. As human
CaSR has been recognized as a therapeutic target in
osteoporosis, the results also provided theoretical evidence
that L-tryptophan and inorganic PO, could be used as
potential nutritional ligands to prevent or attenuate chicken
osteoporosis through the cCaSR modulation.

Key Words: extracellular calcium-sensing receptor, L-
tryptophan, Inorganic phosphate, G protein-coupled
signaling, Molecular docking
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43 Protective immunity elicited by live commercial
coccidia vaccines (LCV) against recent field isolates and
vaccine strains. Jennifer R. Timmons*!, Celia Whyte?,
Steve Fitz-Coy®, Samuel N. Mwangi% Agriculture,
University of Maryland Eastern Shore, Princess Anne,
Maryland, United States, 2Alcorn State University, Lorman,
Mississippi, United States, *Merck Animal Health,
Millsboro, Delaware, United States.

Coccidiosis is a parasitic disease of the intestinal tract of
animals caused by coccidian protozoa of the genus Eimeria.
It is a costly disease associated with poultry production
across the world. Use of live vaccines have proven to be
important for control of coccidiosis, however vaccines from
different companies can vary in terms of number and type
of Eimeria species, total number of oocyst and attenuated
status of the organism. The objectives of this study were to
measure the level of protection provided by five live
commercial coccidian vaccines (LCV) against homologous
and heterologous challenges at 19, 26 and 33 days of age
and measure the level of pathology for each isolate in
coccidia naive chickens via histopathology. A Randomized
Complete Block design with six treatments and two
replicates/treatment (400 birds/replicate). ~ Significant
differences among treatments means were determined using
Tukey’s-HSD test with a 5% level of probability. The
dependent variables that were measured were body weight
gain and microscopic lesion scores (MS). Four thousand
eight hundred chickens were assigned to the following six
groups (Non-vaccinated control (Con), vaccine A, vaccine
B, vaccine C, vaccine D, and vaccination E). Vaccination
was performed via coarse spray (d0). Birds were challenged
on 19, 26, and 33 d of age with 3-5 field isolates and a
homologous antigen. Four to five birds/replicate were
challenged with each field isolate and homologous antigen.
MS were determined 6 days post challenge. No differences
(P> 0.05) were detected in the d 19 to 26 average gain of
broilers between the treatments. However, differences were
detected in the d 26-32 and d 33-39 average gain of broilers.
The average gain of the C treated broilers from d 26-32 and
d 33-39 was lower (P <0.05) compared to the gain of
broilers from the vaccinated treatments. Birds vaccinated
with vaccines A, C, and E had a 53.3, 66.7, and 66.7%
reduction, respectively in MS when birds were challenged
with E. acervulina at 19 d of age compared to the Con group
that was challenged. Birds vaccinated with vaccine A, C, D,
and E had a 70.8, 87.5, 83.3, and 91.7% reduction,
respectively in MS when birds were challenged with E.
tenella at 19 d of age compared to the Con group. Only birds
vaccinated with vaccine A demonstrated a MS reduction
(66.7%) compared to the Con when these groups were
challenged with E. maxima at 19 d of age. However, vaccine
A, B, D, and E had 69.6, 40, 48 and 89.6% MS reduction,
respectively compared to the Con when birds were
challenged with E. maxima at 26 d of age. Therefore, the
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average gain of broilers may be improved when LCV are
used to control coccidiosis, and LCV can reduce MS of
coccidiosis challenged birds.

Key Words: coccidiosis, broilers, live coccidia vaccine

44  Prevalence of Eimeria lesions quantified by ISl
application in commercial farms of broiler in South
America. Bruna L. Belote*! 2, Igor Soares!, Adrien W.
Sanches!, Elizabeth Santin® 2; 'Department of Veterinary
Science, Federal University of Parana, Curitiba,
Brazil, 2ISI Institute, Curitiba, Brazil.

A continuous and detailed sanitary monitory is a key tool to
insure the effectiveness of antimicrobial programs, mainly
when we have plenty of new phytogenic alternatives being
evaluated to replace antibiotics in the birds feed. Therefore,
we have developed the ISI application, through which we
turn the bird’s overall health into numbers in real time. The
service is based on the scoring of certain alterations in the
respiratory and locomotive systems, and in the
gastrointestinal tract of the necropsied birds. Each
parameter is scored from zero to 3, according to the
extension and intensity of the alteration. The surveyed
scores (S) are multiplied by the parameter impact factor (IF),
which varies from 1 to 3 according to the impact of that
alteration on the tissue physiology. The final ISI score is
assessed by the formula ISI = Y (IF*S), which refers to the
sum of all parameters. The present study aimed to survey the
prevalence of coccidiosis in broilers farms of South
America by using the ISI mobile app. For that, the frequency
(%) of macroscopic lesions caused by Eimeria acervuline,
E. maxima and E. tenella was assessed in the period of
January 1% to December 31° of 2020, with a total 6,130
flocks of broilers evaluated. Five birds between 25 and 35
days of age were euthanized and evaluated per flock,
totalizing 30,656 animals. Based on postmortem lesions, 5.3
%birds presented lesions of E. acervuline, 5.2 % birds
presented lesions of E. maxima and 5% birds presented
lesions of E. tenella. The month with the highest frequency
of coccidiosis was september (17.8%). Other alterations
were frequent in the same period, as respiratory lesions,
small intestine lesions, yolk retention and pancreas atrophic.
The change of season, variation in grain quality, and poor
management could be some of factors associated to it. It is
estimated that the lesions provoked by Eimeria resulted in a
loss of US$ 0.005 per bird. Nowadays, around 7 hillion of
broilers are slaughtered per year in South America.
Considering that approximately 5% of the evaluated birds
presented coccidiosis, irrespective of the Eimeria specie, the
impact of coccidiosis could reach 350 million dollars a year.
Our data reinforces the temporal variation in the prevalence
of coccidiosis in broilers flocks, providing an estimative of
the economic impact of the disease. This ISI application
provides quantitative data in real-time, allowing a agile



decision making and providing possible interactions among
the environmental and management factors and the animal
health.

Key Words: | See Inside, coccidiosis, gut health, Index,
Scoring method

45  Evaluation of anticoccidial capacities of a novel
blend of botanicals on Eimeria-challenged broilers.
Bertrand Medina*, Ashley Wagner?, Dana Kumprechtova?,
Ivan D. Girard®; 'Probiotech International Inc., St-
Hyacinthe, Quebec, Canada, 2Institute of Animal Science,
Prague, Czechia.

Coccidiosis can cost around 5.2 US cents/bird and 81% of
this comes from lost performances. Although many
coccidiostats still exist, poultry industry is always looking
for new molecules that may alternate into their existing
coccidia-preventive programs to ensure continuous efficacy
of current treatments over time. This trial evaluated a novel
proprietary feed additive [SYNBIOTEC (SYN), a blend of
essential oils and solid plant extracts) designed by
Probiotech Int. to support broiler performances under
Eimeria-challenged conditions. A total of 720 day-old
ROSS 308 chicks (36 males/pen, 4 replicates) were
randomly allotted into 5 treatments: Non-treated (NT);
Monensin at 125 ppm (MON); 500, 375 and 250 ppm of
SYN in starter (d1-14, S), grower (d14-28, G) and finisher
(d29-42, F) diets (SYNL1); 250, 500 and 250 ppm of SYN in
S, G and F diets (SYN2) and 500, 250 and 125 ppm of SYN
in S, G and F diets (SYN3). Atd9, atotal 1.4x10° attenuated
oocysts of E. acervuline, E. tenella and E. maxima
(Livacox®, Biofarm) were orally inoculated. Diets were
offered in pellet form (crumbles for starter) with no
antibiotic growth promoters. Body weight (BW), feed
intake, feed efficiency (FCR) and mortality were monitored
during all phases. Feces were collected for oocyst counts
(OPG) and birds sacrificed (6 birds/pen/d) to assess E.
acervulina (d13) and E. tenella (d14) lesion scores at 4, 5
days post infection (dpi), respectively. Treatment means
were compared with a multi-factorial procedure ANOVA
and means compared with a Duncan’s LSD test. Cumulative
mortality was low (<2,1%) and no treatment effect was
noticed. At d15, peak of oocyst excretion (6 dpi), only MON
reduced the counts (1725 OPG, P<0.05) compared to other
treatments. At d21 (12 dpi) MON remained the lowest
(1308 OPG, P<0.05) but SYN groups (8883, 10817 and
12575 OPG, for SYN1,2 and 3) did not present any new
peak of excretion compared to NT (25 283 OPG, NS). MON
birds had also the lowest intestinal lesion scores (P<0,05)
compared to other ones, but at 4 dpi, SYN1 (0.45) and
SYN3 (0.58) lowered (P<0.01) the lesion due toE.
acervulina compared to NT (1.13) and at 5 dpi SYNL1 (1.0),
SYN 2 (0.98) and SYN3 (1.0) lowered (P<0.01) the lesion
due toE. Tenellacompared to NT (1.83). The same
treatment-dependent patterns (P<0.05) were observed for
BW and FCR values, respectively with the greatest (2.76 kg,
1.73) for MON, the worst (2,23 kg, 1.94) for NT, and
intermediate ones (2.43 kg 1.82) for SYN1, (2,40 kg, 1.81)
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for SYN2 and (2.35, 1.82) for SYN3. This novel blend of
botanicals seems to be beneficial to preserve growth
performances on Eimeria-challenged broilers but a
minimum of 500 ppm has to be applied to reduce E.
acervulina intestinal lesions 6 dpi.

Key Words: broilers, botanicals, anticoccidial, intestinal
integrity, Eimeria-challenge

46  Bacillus subtilis based NK lysin peptide delivery
system successfully mitigate avian coccidiosis by
enhancing the growth and gut health of the broiler
chickens. Samiru S. Wickramasuriya*!, Inkyung Park?,
Jolieke v. Oosterwijk?, Chris Przybyszewki?, Cyril G. Gay?,
Hyun Lillehoj'; 'USDA-Agricultural Research Service,
Beltsville, Maryland, United States, 2US Biologic, Inc.,
Memphis, Tennessee, United States.

Recent studies reported that chicken NK-lysin peptide 2
(cNK-2) has a direct cytotoxicity against apicomplexan
parasites such as Eimeria. Moreover, cNK-2 modulates gut
immune responses to decrease local inflammation triggered
by parasite invasion of host cells. A novel oral delivery
strategy to express CcNK-2 in the intestine
where Eimeria parasites interact with the host’s gut
epithelial cells reduce the fecundity of parasites and gut
damage. Hence, we developed a stable Bacillus subtilis-
based NK lysin peptide delivery system to determine its
effectiveness as an oral carrier of NK lysin to the gut and to
investigate its effect against coccidiosis in commercial
broiler chickens. One hundred broiler chickens were
allocated into four treatment groups in a completely
randomized design: 1) negative control (NC, non-
challenged), 2) positive control (PC: challenged without B.
subtilis), 3) B. subtilis with empty vector (EV), and 4) B.
subtilis-cNK2 (NK). All birds were challenged with 5,000
sporulated E. acervulina oocysts through oral gavage
except the NC group on day 15. Chickens given B.
subtilis (EV or NK) were orally gavaged daily from day 14
to day 18 (1x10*? cfu/mL). Body weights were measured on
6 and 9 days post-infection (dpi). Duodenum samples were
collected on 6 dpi to assess the tight junction and mucosal
cytokine gene expressions. Fecal samples were collected
from 6 to 9 dpi to enumerate the oocyst shedding. Collected
data were analyzed using general linear model procedure of
one-way ANOVA of SPSS software. Infected chickens
treated with NK showed improved (p<0.05) weight gain,
higher (p<0.05) tight junction gene expression, and lower
cytokine (p<0.05) gene expression compared to infected
and untreated controls. Fecal oocyst shedding was reduced
(p<0.05) in the infected chickens treated with NK compared
to the infected chickens without NK. In conclusion, this
study demonstrates that dietary B. subtilis spores carrying
chicken NK-2 peptide is a successive strategy to reduce
harmful effects of avian coccidiosis in commercial broilers.

Key Words: NK-lysin, Chicken, Bacillus subtilis,
Coccidiosis, Gut health
47  Optimization of  Clostridium  perfringens



sporulation vaccine to reduce chicken necrotic enteritis.
Ying Fu*l 2, Mohit Bansal?, Ayidh Almansour® 2, Tahrir
Alenezi 2, Hong Wang?, Danielle Graham?, Billy M.
Hargis?, Xiaolun Sun?*; Cell and Molecular Biology &
Poultry Science, University of Arkansas, Fayetteville,
Arkansas, United States, 2Poultry Science, University of
Arkansas, Fayetteville, Arkansas, United States.

Necrotic enteritis (NE) is an acute enterotoxaemia enteritis
in chickens. Although its pathogenesis remains largely
unresolved, the severity was often associated with the toxin-
releasing of Clostridium perfringens. In previous study, we
found that immunized chickens with C. perfringens
sporulation vaccines reduced chicken NE. The objective of
this study was to identify the most effective doses and to
investigate its mechanism. Vaccines labelled as CP1 and
CP2 were prepared from sporulation supernatant proteins of
two C. perfringens isolates. The vaccines were examined
for CPE presence and epithelial and immune cellular
toxicity. Cohorts of 12 birds per group were vaccinated at d
0 and 10 with different doses of CP1 and CP2 in adjuvant
aluminum hydroxide. Birds were infected with 20,000
sporulated E. maxima M6 oocysts at d 16 and
10° CFU/bird C. perfringens at d 20. Chicken body weight
was measured at d 0, 16, 20 and 21. Birds were sacrificed at
d 21 to collect blood, ileal tissue and content for analysis of
antibody titer, histopathology, inflammation and
colonization levels. Differences between treatments were
analyzed using One-way ANOVA and nonparametric
Mann-Whitney U test. Consistent with previous reports, E.
maxima and C. perfringens induced clinical NE of severe
intestinal inflammation showed as ileal villus shortening
and necrosis, immune cell infiltration, and crypt
hyperplasia. Notably, vaccines CP1 and CP2 strongly
attenuated the intestinal inflammation. The NE also induced
body weight gain (BWG) loss during d 20-21 (NE phase),
while vaccinated birds resisted the BWG loss. Among these
vaccine groups, birds vaccinated with CP1-1 achieved the
highest daily BWG during NE phase compared to NE birds
(25 vs -3g/bird/day). ELISA assay showed that antibody
titer in CP1-1 was increased by 49 and 69%, respectively,
compared to those in NC and NE birds. Real time PCR
results showed that C. perfringens in ileum luminal and
tissue of CP1-1 birds was reduced by 5 and 3 logs,
respectively, compared to those in NE birds. In conclusion,
vaccinating chickens with C. perfringens sporulation
vaccine effectively reduces chicken NE, possibly through
inducing  protective  antibody and  reducing C.
perfringens colonization and invasion.

Key Words: Necrotic enteritis, Clostridium perfringens,
sporulation, dose optimization, vaccine

48 Immunomodulatory effects of mixed lactobacilli
oral inoculation on experimentally induced necrotic
enteritis in broiler chickens. Bahram Shojadoost*,
Mohammadali Alizadeh, Nitish Boodhoo, Jake Astill, Janan
Shoja Doost, Shayan Sharif; Pathobiology, The University
of Guelph, Guelph, Ontario, Canada.
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Objectives: To evaluate the immunomodulatory effects of
orally inoculated mixed lactobacilli strains on experimental
necrotic enteritis (NE) in broiler chickens. Experimental
design: Ninety day old male broiler chickens were
randomly divided into 6 groups. Four groups orally received
107 or 108 CFU of a mixture of 5 lactobacilli isolates (L.
acidophilus, L. reuteri, L. crispatus and two strains of L.
johnsonii) at 1, 8, 15 and 20 days of age. Groups 5 and 6 as
controls, did not receive lactobacilli. All groups challenged
with 108 of a pathogenic CP strain twice a day for 3 days
starting at day 21. Before and after challenge, intestinal
segments were collected to assess the expression of
cytokines of the immune system by Realtime PCR.
Meanwhile, samples collected from cecal tonsils were
processed for flowcytometry. Materials and Methods:
RNA extraction and Realtime PCR: Duodenum and
jejunum segments were collected for RNA extraction,
cDNA synthesis and Realtime PCR to evaluate the relative
gene expression of interferon (IFN)-y, interleukin (IL)-1p,
IL-2, IL-12, IL-13, IL-17, IL-18, Toll-like receptor (TLR)2
to B-actin. Tissue processing and Flowcytometry: Cecal
tonsil cells were isolated, overlayed on Histopaque and the
interface were collected and counted by haemocytometer
method. The cells were then stained with antibodies to
measure the frequency and total number of surface markers
of CD3-CD8+, CD3+CD8+, CD3+CD4+, BUl+IgM+,
BU1+IgY+ and BU1+IgA+ cells, using the FACS machine.
Statistical Analysis: All cytokine gene expression data
were statistically analyzed using GraphPad Prism 9, by One
Way ANOVA, followed by Tukey’s test and none-
parametric Kruskal-Wallis test followed by Dunn’s test
when appropriate. The FACS data were analysed by
Wilcoxon and Mann Whitney non-parametric to test
significance as appropriate. Results were considered
statistically significant at P < 0.05. Results: When chickens
received the higher dose of lactobacilli a significant
decrease (P<0.05) of IL-1B, IL-12, IL-17 and TGF-$ and an
increase (P<0.05) of IL-2, IL-13 and TLR2 was observed in
the intestine. However, the expression of IFN-y and IL-1B
increased significantly (P<0.05) in the intestine of chickens
received the lower lactobacilli dose. The absolute number
of CD3-CD8+ and CD3+CD8+ cells as well as frequency
of BUl+igM+, BU1l+lgY+ and BUl+IgA+ cells were
increased (P<0.05) in the cecal tonsil of the chickens
received the higher dose of lactobacilli. Conclusion: Oral
inoculation of the mixed lactobacilli modulates the immune
responses to maintain the homeostasis of the intestinal
immune system when chickens are challenged with CP.

Key Words: Necrotic enteritis, Clostridium perfringens,
gut health, immune system, broiler chickens

49  Essential oil and yeast cell wall efficacy in a
necrotic enteritis challenge study. Charles L. Hofacre?,
Melina Bonato*?, Liliana L. Borges!, Ricardo L. Barbalho?®;
IR&D, ICC Brazil, Sao Paulo, Sao Paulo, Brazil, 2Southern
Poultry Research Group, Inc., Watkinsville, Georgia,
United States, 3Sales, ICC Brazil, Sao Paulo, Sao Paulo,
Brazil.



Currently, the international poultry industry is experiencing
an increase in Necrotic Enteritis (NE) because of banning
the use of growth-promoting antibiotics by some countries
and/or current consumer preferences for decreased
antibiotic use in food production. The objective of this study
was to determine the effectiveness of either a new Essential
Oil combined or not with a Yeast Cell Wall to reduce the
negative effects of NE on broiler chickens. For this, 420
one-day-old Ross x Ross male chicks were distributed in a
CRB design, with 6 treatments and 7 blocks with 10 birds
per cage (0.44 m?/bird). The treatments were: T1- Negative
Control [NC] (no additive supplemented); T2- Positive
Control [PC] (Maxiban®, 72 g/US ton); T3- Essential Oil
[EO300] (based on carvacrol, 300 g/MT); T4 - Essential Qil
[EO600] (600 g/MT); T5 - EO300 + Yeast Cell Wall
[YCW] from Saccharomyces cerevisiae (ImmunoWall®,
0.5 kg/MT); T6 — EO600 + YCW (0.5 kg/MT). Birds
received crumble feed until 28 days. The challenge model
consisted of coccidia from the Eimeria maxima on day 14
gavaged to each bird and Clostridium perfringens (CP),
gavaged on days 19 and 20 (with 1.0 mL of a 1.0 x
108 CFU/mL). Because desired mortality was reached, birds
were not gavaged on day 21. On day 22, one bird per pen
was humanely euthanized, weighed, necropsied, and lesion
scored, according to: 0 = Normal; 1 = Slight mucus covering
small intestine; 2 = Necrotic small intestine mucosa; 3 =
Sloughed and blood small intestine mucosa and contents.
All birds were weighed at days 0, 14, 22, and 28; feed intake
was monitored. The statistical analysis performed
(STATISTIX) were general linear procedures using
ANOVA with a comparison of means using least significant
difference (t-test) (LSD [T]) at 0.05. The NE lesions were
compared using Kruskal-Wallis one-way nonparametric
analysis of variance at 0.05. The CP challenge was greater
than expected, with 37% NE mortality in the NC groups.
However, all the treatments significantly reduced NE
mortality, being the PC with the greatest reduction (20%),
followed by EO300+YCW (27.14%), EO300 (28.57%),
EO600+YCW (28.57%), and EO600 (32.86%). As often
occurs, when NE mortality is high, there is not a significant
difference in NE lesion scores, as we found in this trial. At
28 days, the EO300+YCW had higher significant BWG
(1.38kg) compared to NC (1.29kg) and PC (1.31kg). The
EO300+YCW had an adjusted FCR very similar (1.48) to
the PC (1.49) and significantly better than EO600+YCW
(1.56). Overall, with very strong CP, all the non-antibiotic
treatments were effective in lowering NE mortality. These
treatments also supported the birds’ intestines and allowed
them to convert feed to body weight efficiently.

Key Words: broilers, gut lesions, mortality, Eimeria
maxima, Clostridium perfringens

50  Effect of a whole yeast product supplementation
on broiler performance and intestinal necrotic lesions
during an experimental Clostridium perfringens
infection. Jose Charal*!, Michael Sims?, Brian Glover?,
Milan Hruby'; *ADM Animal Nutrition, Quincy, Illinois,
United States, 2Virginia Diversified Research Corp.,
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Harrisonburg, Virginia, United States.

A 42-d floor pen study was conducted to evaluate the effects
of whole yeast (Pichia guilliermondii; WYPG) product
(CitriStim®) supplementation on broilers performance,
mortality, and lesions related to necrotic enteritis following
an experimental Clostridium perfringens infection. Newly
hatched Ross 708 broilers (1:1 sexed female to male) were
allotted to 4 treatments and 12 replicates with 30 birds per
pen. Birds were fed a 3-phase feeding program and the
treatments consisted of 1) Non infected control (NIC) 2)
Infected control (IC) 3) IC + WYPG low dosage (1.0 kg/MT
until d 28 then 0.75 kg/MT) and 4) IC + WYPG high dosage
(1.5 kg/MT until d 28 then 1.0 kg/MT). Used litter was
added to each pen on day 4 (454 g), and birds were
challenged with C. perfringens on d 17, 18, and 19. Birds
were weighed on d 14, 28, and 42. On d 21, 3 birds per pen
were randomly selected, euthanized and the intestines
examined and scored for C. perfringens lesions. Lesions
scores were based on a scale 0 to 4 with 0 as normal and 4
as the most severe lesions. Compared to NIC, challenged
birds (IC) had lighter BW at d 42 and the supplementation
with WYPG ameliorated the reduction on BW (P < 0.05).
At d 42, adjusted feed conversion ratio (FCR) was higher
for IC compared to NIC and WYPG supplemented birds had
intermediate FCR (P < 0.05). Challenged birds (IC) had
numerically higher overall mortality rate compared to NIC
(7.22 vs 4.17%; P > 0.05). Lesion scores were higher in IC
birds, and the supplementation of WYPG resulted in
challenged birds with reduced necrotic intestinal lesions
scores (P < 0.05). These results suggest that
supplementation of whole yeast (WYPG) product during
a C. perfringens challenge may reduce the impact of
necrotic enteritis on broiler performance and on severity of
intestinal necrotic lesions.

Key Words: Clostridium perfringens,
mortality, adjusted FCR, necrotic enteritis
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51  Development of antigen-capture ELISAs for the
detection of necrotic enteritis B-like (NetB) toxin and
collagen adhesin protein (CNA) in broiler chickens
afflicted with necrotic enteritis. Doyun Goo*, Youngsub
Lee, Hyoyoun Nam, Mingmin Lu, Charles Li, Hyun
Lillehoj; Animal Bioscience and Biotechnology Laboratory,
USDA-ARS, Beltsville, Maryland, United States.

Clostridium perfringens is a causative pathogen of poultry
necrotic enteritis (NE). Among the many virulent toxins
produced from C. perfringens, necrotic enteritis B-like
(NetB) toxin is known as the main virulent factor of NE.
Collagen adhesin protein (CNA) is a C. perfringens protein
involved in collagen-binding activity of bacteria and plays
a key role in the NE pathogenesis since CNA has adhesive
properties to attach to host extracellular matrix such as
collagen. Thus, early detection of CNA and NetB antigens
in biological samples from NE-afflicted chickens can be a
reliable indicator of NE status. Newly developed mouse
monoclonal antibodies (mAbs) detecting CNA and NetB
proteins of C. perfringens were used to develop sensitive



antigen-capture ELISA assays for early detection of NE in
serum, gut content and fecal samples from commercial
broiler chickens undergoing NE. Out of more than 100
hybridoma clones, best antigen capture-detection pairs for
CNA and NetB ELISAs were selected and used to develop
sensitive detection assays. For collecting biological
samples, all broiler chickens were infected with Eimeria
maxima 41A followed by NetB-positive Del-1C.
perfringens according to our NE model. All samples
including serum, gut content, and fecal samples were
obtained at 48 h post C. perfringens infection. Correlation
coefficient and standard curves were calculated and
analyzed by GraphPad Prism. Results indicate that CNA or
NetB toxin can be detected in the gut contents and fecal
samples but not in serum of NE-infected chickens. The
average levels of CNA and NetB toxins measured were 833
ng/ml and 2,275 ng/ml, respectively, in allC.
perfringens infected gut contents. In addition, the average
levels of CNA and NetB toxins in C. perfringens infected
fecal samples were 850 ng/ml and 1,182 ng/ml,
respectively. Pearson’s correlation coefficient excluding
non-detected samples showed a positive linear relationship
and a strong association (r?= + 0.817) between the amounts
of CNA and NetB toxin in the gut digesta and fecal samples.
In conclusion, CNA- and NetB-specific antigen capture
ELISAs will be valuable monitoring tools for early
detection of NE outbreak in large poultry farms.

Key Words: broiler, Clostridium perfringens, collagen
adhesin protein, ELISA, NetB toxin

52  Early life exposure to cold stress causes distinct
changes in broiler chicken gut neurochemistry and
microbiome that persist into later life. Joshua M. Lyte*?,
Julia Eckenberger?, James Keane?, Kelsy Robinson?, Sandip
Shrestha®, Annie M. Donoghue?, Valentina Caputi*, Karrie
Daniels®, Mark Lyte®; *USDA-ARS Poultry Production and
Product Safety Research Unit, Fayetteville, Arkansas,
United States, 2Department of Microbiology, University
College Cork, Cork, Ireland, Department of Computer

Science, Cork Institute of Technology, Cork,
Ireland, “Department of Poultry Science, University of
Arkansas, Fayetteville, Arkansas, United States,

SVeterinary Microbiology and Preventive Medicine, lowa
State University, Ames, lowa, United States.

Objective: Early life stress can cause persistent
neuroendocrine adaptations that increase susceptibility to
infection in later life. Stress-related neurochemicals
produced in the gut play a critical role in enteric
colonization and host-microbe bi-directional
communication. Young chicks are particularly vulnerable to
cold stress, yet it is unknown whether cold exposure during
early life may shape neuroendocrine development of
physiological sites where foodborne pathogen colonization
primarily occurs, such as the gut. We therefore determined
if cold stress experienced during the first week post-hatch
would cause immediate and prolonged alterations in
chicken enteric neurochemical concentrations and the

Poult. Sci. 100 (E-Suppl 1)

28

microbiome. Experimental design: Broiler chicks at hatch
were randomly divided into control or cold stress groups.
Chicks from both groups (n=10/group) were euthanized at
3 days old to assess baseline differences. Chicks were
subjected to cold stress at days 4, 5, and 6 post-hatch. Cold
stress consisted of an ambient room temperature of 20°C for
6 hour/day. Birds (n=10/group) were euthanized at 7, 9, and
21 days old. Materials and Methods: Quantification of
neurochemicals in ileum and cecum tissues, as well as ileal
and cecal contents were determined using ultra-high
performance liquid chromatography with electrochemical
detection. qPCR of neurochemical-related genes was
assessed in ileal and cecal tissues. 16S analysis of the cecal
microbiome was performed. Statement of statistical
analyses: Data were analyzed by two-way ANOVA with
Dunnett’s or  Sidak’s  posthoc  test,  where
appropriate. Results: Norepinephrine and serotonin were
increased (p<0.05) in the cecal content and tissue,
respectively, of cold stressed but not control birds. The main
metabolite of serotonin, 5-hydroxyindoleacetic acid, was
increased in cold stressed cecal tissue. lleal tissue and
content norepinephrine concentrations diverged (p<0.05)
between cold stressed and control birds. Cold stress caused
(p<0.05) the downregulation of expression of serotonin and
transporter genes in the ileum, and an increase (p<0.05) in
cecal serotonin receptor expression. Cecal microbiome
diversity was decreased in cold-stressed chickens at days 7
and 9 of age but recovered at day 21 while differences in
microbial composition remained throughout the tested
period. Conclusions: Cold stress caused immediate and
prolonged changes in the broiler cecal microbiome, as well
as gut neurochemical concentrations and related gene
expression in both the ileum and cecum. Further studies are
required to determine the implications of these findings in
mediating  stress-induced  susceptibility to enteric
colonization by foodborne pathogens.

Key Words: stress, gut, microbiome, neurochemical,
norepinephrine

53  Withdrawn.

54  Candidate genes for A and E blood group systems
in the chicken. Robert L. Taylor*!, Wioleta Drobik-
Czwarno?, Anna Wolc® 4, Janet Fulton*; West Virginia
University, Morgantown, West Virginia, United
States, 2Department of Animal Genetics and Breeding,
Warsaw  University of Life Sciences, Warsaw,
Poland, *Department of Animal Science, lowa State
University, Ames, lowa, United States, “Hy-Line
International, Dallas Center, lowa, United States.

The A and E alloantigens are two of 13 blood group systems
identified on chicken red blood cells. Variants are detected
with blood group-specific alloantisera. The gene products
and chromosomal location of the B blood group, (major
histocompatibility complex, MHC), have been identified,
but equivalent information is not known for the other blood
groups. Blood group systems A and E have seven and



eleven known alleles respectively. The twosystems are
genetically linked at 0.5cM, estimated by classical
recombination studies. The objective of this study was to
determine the chromosomal location of the genes encoding
the A and E system alloantigens. Multiple genetic resources
were available, including genomic sequences of inbred or
selected lines with known A, E or both system alleles, NI1U
DNA bank samples for which one or both systems had been
serotyped, plus DNA from Hy-Line International lines with
A system allele information. Furthermore, an A system-
specific monoclonal antibody (ISU-cA) was available to test
additional samples. Sequence information plus genome
wide association analyses of White Leghorn and Rhode
Island Red samples with differing ISU-cA antibody
reactivity, revealed the same single strong peak on
chromosome 26 at 2.6-2.7Mb (Galgal7) for both breeds.
Regression analysis of SNP from 600K Chicken Axiom
arrays from individuals of known A alleles confirmed a SNP
relationship with phenotype in the same region. Three
criteria were used to identify candidate genes; genes must
be expressed on the cell surface, SNP must be in exons, and
produce predicted change in the encoded protein. One gene
in this region fit all criteria; C4BPM (complement 4 binding
protein, membrane bound), a member of the Regulators of
Complement Activation gene cluster. SNP genotypes and
subsequent haplotypes of C4BPM determined in
independent sets of samples confirmed the association
between variation within C4ABPM and A system alleles. For
chicken chromosome 26, 0.5cM is estimated to be
equivalent to 33,750bp. While the A and E systems are
reported to be within 0.5¢cM of each other, a more inclusive
region from 4.5cM downstream to 6.8cM upstream of
C4BPA was examined in detail for possible E system
candidates. The gene LOC101748581, located 89,000 bp
(2.64cM) from C4BPM, showed the best fit between
sequence data SNP variation from samples with distinct E
system alleles and the E system phenotypes. Limited sample
numbers precluded unequivocal identification of the E
system candidate gene, so another unknown candidategene
may lie within this sparsely annotated genomic region.

Key Words: alloantigen, blood group, C4BPA, allele

55  Characterization of the effects
of Salmonella Typhimurium on circulatory exosomal
miRNA profiles in chicks. Dan Zhao?, Wenli Li* Morgan
Farnell!, Michael Kogut?, Kenneth J. Genovese?, Chuan-Yu
Hsu®, Haigi He?, Adela Oliva Chavez®, Yuhua Z. Farnell*;
'Poultry Science, Texas A&M AgriLife Research/Texas

A&M University, College Station, Texas, United
States, 2USDA-ARS, College Station, Texas, United
States, *IGBB/Mississippi State University, Mississippi

State, Mississippi, United States, “S Dairy Forage Research
Center, Madison, Wisconsin, United States, SDepartment of
Entomology, Texas A&M University, College Station,
Texas, United States.

Molecular signatures present in exosomes, especially
microRNAs (miRNA), play essential roles in intercellular
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communication and have been implicated as novel
mediators in host-pathogen interactions. However, the
mechanism of circulatory exosomes between chicken
and Salmonella Typhimurium  (ST) remains to be
elucidated. To understand the role of mMiRNA in regulating
genes involved in the host response to ST infection, next-
generation sequencing was applied to investigate
differentially expressed (DE) exosomal miRNAs in serum
of broilers after ST challenge. In this study, day-old broiler
chicks were randomly divided into two treatment groups,
orally inoculated with 0.5 mL of 10° CFU (ST challenged
group; n = 183) or PBS (Control group; n = 190). Blood
samples were collected 24 h post-challenge. Exosomes were
extracted from serum, and their morphology and
concentration were characterized by transmission electron
microscopy and Nanosight tracking analysis. The
concentration, mean size, and mode of exosomes were not
significantly different in the ST group compared to the
Control group. However, miRNA profiles in serum
exosomes of the ST group were significantly different from
those in the Control group. Seventeen miRNAs upregulated
and 12 miRNAs downregulated in the ST- infected birds
compared to the Control birds (P < 0.05). The top 6
upregulated exosomal miRNAs in ST birds belonged to
gga-miR-34b/c and gga-miR-449d/a/b/c families, the
largest set of significant clusters of miRNAs, sharing the
common two seeding sequences GGCAGUGU and
GUUAGCUG. These miRNAs were implicated to target
genes that are involved in modulating humoral, innate, and
adaptive immune responses, cytokine-mediated signaling
pathway, B cell proliferation and differentiation, activating
nature killer cells and T cells, positive regulation of
peptidyl-serine phosphorylation of STAT protein, and
Notch signaling pathway (P<0.05). Overall, the ST
infection leads to alterations of the miRNA profiles in
circulating exosomes, suggesting that exosomal miRNA act
as important modulators for host-pathogen interaction in
broilers.

Key Words: MiRNA, exosomes, Salmonella typhimurium,
broiler, next-generation sequencing

56  Efficacy of protected benzoic acid on gut histology
of broilers with or without an antibiotic as growth
promoter under commercial conditions. Raquel B.
Araujo?, Flavio A. Longo?, Ricardo A. Ivanovski?, Fabricio
B. Duarte?, Bruna L. Belote** 3, Huendy F. Moreira*, Vitor
C. Fonseca?; ‘Department of Veterinary Science, Federal
University of Parana, Curitiba, Brazil, 2Novus do Brasil
Comércio e Importacdo Ltda, Indaiatuba, Sdo Paulo,
Brazil, ®ISI Institute, Curitiba, Brazil, “Granja Brasilia
Ltda, Para de Minas, Minas Gerais, Brazil.

It is recognized that the benefits of eubiotic feed additives
are more consistently demonstrated under challenge.
Although challenges are applied in research facilities, the
effects of eubiotics under field conditions should be
evaluated. The aim of these studies was to determine the
effect of protected benzoic acid (AVIMATRIX® Novus



International, Inc., PBA, 500g/MT) product in feed on gut
histology of broilers under commercial conditions. Two
trials were conducted in commercial facilities in Brazil, in
conventional barns for 30,000 birds with similar historical
performance and challenges. In trial 1, 4 barns received
standard diets (including Halquinol as growth promoter,
Control) while 5 were supplemented with PBA (on top). In
trial 2, 3 barns were fed with Control diets and 5 received
PBA in replacement of Halquinol (30 g/MT). On day 28, in
both trials, 3 broilers per barn with the average body weight
+2% were euthanized to collect ileum samples for histology
analysis (20 villi per bird) applying the I See Inside (1SI)
method. This methodology considers the intensity of
histological lesions and the impact of each of the 8
parameters to organ function. A score is obtained for each
parameter and the sum of all scores is analyzed as well. Data
were submitted to Shapiro-Wilk normality test and Kruskal-
Wallis test at 5% using 27 samples in trial 1 and 24 in trial
2. In trial 1, the group supplemented with PBA in the diet
presented better results than Control, showing lower score
of lamina propria thickness (1.54 vs 1.79, P<0.01),
epithelial thickness (0.65 vs 0.81, P<0.01), proliferation of
enterocytes (0.66 vs 0.86, P<0.001), inflammatory cell
infiltration on epithelium (0.50 vs 0.62, P<0.01),
inflammatory cell infiltration in lamina propria (0.73 vs
0.92, P<0.05) and in the sum of all scores (5.10 vs 5.89,
P<0.05). In trial 2, broilers supplemented with PBA showed
again better results than Control group, presenting lower
score of lamina propria thickness (1.87 vs 2.08, P<0.01) and
inflammatory cell infiltration in lamina propria (0.88 vs
1.20, P<0.01). in addition, PBA tended to reduce epithelial
thickness score (0.65 vs 0.74, P<0.10) and reduced the sum
of all scores (5.52 vs 6.17, P<0.05). There were no
differences between treatments for goblet cells, congestion
and presence of oocysts in both trials (P>0.05). In
conclusion, broilers under commercial challenges and
supplemented with PBA (in diets with or without Halquinol
as growth promoter) improved gut morphology by reducing
intestinal inflammation and epithelial cell turnover, which
may positively reflect in performance due to better
absorption capacity and improved gut barrier.

Key Words: | See Inside, Avimatrix, eubiotic, small
intestine, gut health

57  Effects of in ovo co-administration of vitamins (A
and D) and probiotic lactobacilli on cell- and antibody-
mediated immune responses in newly hatched chickens.
Mohammadali Alizadeh*!, Jake Astill* 3, Nadiyah
Algazlan?, Bahram Shojadoost?, Jegarubee
Bavananthasivam?® 4, khaled Taha-Abdelaziz® 2, Nitish
Boodhoo?, Janan Shoja Doost!, Shayan Sharif';'University
of Guelph, Guelph, Ontario, Canada, ?Beni-Suef
University,  Beni-Suef,  Beni-Suef,  Egypt, *Artemis
Technologies Inc, Guelph, Ontario, Canada, “McMaster
University, Hamilton, Ontario, Canada.

Hypothesis and Objectives: Newly hatched chicks
experience stressful conditions during hatchery procedures
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that might lead to compromised immune function and
enhance the potential risk of infectious diseases in neonatal
chicks.There is some evidence that probiotic lactobacilli in
addition to essential vitamins such as vitamin A and D have
immunomodulatory properties that might strengthen the
immune system of neonatal chickens against post-hatch
infection. The present study was conducted to determine the
effects of in ovo inoculation of retinoic acid (RA), 25-
Hydroxyvitamin Ds (VitD), either alone, or in combination
with probiotic lactobacilli on cytokine gene expression,
spleen cell subsets, and antibody-mediated immune
responses in chickens. Materials and Methods: At
embryonic day 18, three hundred and sixty eggs were
randomly assigned to 9 experimental groups. Lactobacilli
(107 CFU/egg), RA (90 umol/egg), and VitD (0.6 pglegg)
were administered in ovo. In addition, some groups received
lactobacilli with either RA or VitD. Untreated control
remained uninjected. On day 5 and 10 post-hatch, 6 birds
per treatment were euthanized and spleen, and the bursa of
Fabricius were collected for gene expression and cell
composition analysis. To assess antibody-mediated immune
response, birds were immunized on days 14 and 21 post-
hatch with sheep red blood cells (SRBC) and keyhole limpet
hemocyanin (KLH), and sera were collected (12 birds per
treatment) on days 7, 14, and 21 post-primary immunization
for serological analysis. Data were analyzed using the
generalized linear model (GLM) procedure of SAS (SAS
Institute Inc., Cary, NC), and differences among treatments
means were determined using Tukey’s multiple comparison
test. Results: Lactobacilli treatment increased the number
of monocyte/macrophages (KULO1*) and CD3*CD4* T
cells in the spleen, and enhanced serum anti-KLH IgM and
IgY on day 14 post-primary immunization (P < 0.05).
However, expression of the cytokines was not affected with
either lactobacilli or VitD treatment (P > 0.05).In
ovo inoculation of RA significantly increased serum IgY
and IgM titer to KLH and enhanced expression of interferon
(IFN)-0, IFN-B, interleukin (IL)-1pB, IL-6, IL-8, IL-12, IL-
13, and transforming growth factor-B in the bursa of
Fabricius (P < 0.05). The percentage of
monocyte/macrophages (KULO1*), CD3CD8" NK cells,
and CD3*CD8" T cells was elevated in the spleen as well (P
< 0.05). Conclusions: These findings indicate that pre-
hatch administration of RA has potent immunoadjuvant
activities that might protect newly-hatched chicks against
early infection.

Key Words: In ovo, Retinoic acid, Chickens, Cytokine,
Antibodies

58  Comparison of chick quality, health, and
inflammation from two hatchery environments. Kaylin
Chasser*, Audrey F. Duff, Kate McGovern, Michael
Trombetta, Lisa Bielke; Animal Sciences, The Ohio State
University, Wooster, Ohio, United States.

Hatchery contamination can result in microbial exposure
that may negatively impact chick quality and early health.
Chicks exposed to pathobionts within hatcheries may ingest



or inhale these pathogens, resulting in modified
colonization of intestines and respiratory tract, with the
potential to influence early growth development,
inflammation, and overall health. Six experiments were
completed to compare chick quality, health, and
inflammation between two hatcheries (H1 and H2). On
embryonic d0, 45 eggs from the same breeder flock were set
at each hatchery. On day of hatch (DOH), length, abdominal
height, navel and leg abnormalities, and self-righting were
measured (36 chicks/hatchery), yolk sacs were weighed,
and crop/cloaca swabs were cultured (12 chicks/hatchery).
On d7, mid-ileum and ceca were cultured (12
chicks/hatchery). On DOH and d7, body weight (BW) and
intestinal weight was measured, lung/air sac swabs and liver
were cultured, liver and air sacs were scored for health, and
blood was collected for serum alpha-1-acid glycoprotein
(ALGP) concentrations in Exp 1 and 2 (12 chicks/hatchery).
Data was analyzed using t-test or %%, significance p<0.05.
On DOH, BW, length, yolk free BW, and intestinal weight
were greater for H2 chicks (p<0.05). Liver bacterial
recovery was decreased in H2 compared to H1 on DOH
(p<0.05) and there were fewer navel, leg, and righting
abnormalities noted in H2 (p<0.05). Decreased instances of
lactase positive Enterobacteriaceae were noted in H2 in both
crop/cloaca and lung/air sac swabs on DOH (p<0.05), as
well as fewer occurrences of alpha and beta hemolysis in
crop cloaca swabs, and alpha and gamma hemolysis in
lung/air sac swabs on DOH (p<0.05). By d7, most
differences were abated other than an increase in alpha
hemolytic bacteria in lung/air sac swabs of H2. Though
A1GP was not different between H1 and H2 on DOH or d7,
and there was no time by treatment interaction (p>0.05),
A1GP concentrations of H2 nearly doubled while H1
increased by 12%, suggestive of a change in inflammatory
status over the first week, and a potential change in
responsiveness to inflammation. Differences observed on
DOH for health metrics and microbial colonization showed
chicks from H2 to have improved health and starting quality
based on factors measured. While not sustained through d7,
differences in DOH microbial recovery, such as greater
incidence of lactase positive Enterobacteriaceae and beta
hemolysis in crop/cloaca samples, may have shifted
microbial development with the ability to influence immune
response. These experiments were able to elucidate the
importance of hatchery environment on early chick quality,
microbial colonization, generalized inflammation, and
overall chick health.

Key Words: chick quality, hatchery environment,
inflammation, microbial colonization

59  Histomonas meleagridis and cholesterol depletion
in turkeys. Vijay Durairaj*, Deborrah Higuchi, Ryan V.
Veen; Huvepharma Inc, Lincoln, Nebraska, United States.

Histomoniasis is a deadly disease in turkeys caused by the
protozoan, Histomonas meleagridis. Histomoniasis causes
severe lesions in ceca and the liver. The diagnosis of
histomoniasis is based on the pathology and isolation of the

Poult. Sci. 100 (E-Suppl 1)

31

organism. By the time of disease confirmation, most of the
affected turkeys in the flock are usually dead. Thus, an early
diagnosis of histomoniasis would be helpful. The main
hypothesis of this research is to evaluate if the serum clinical
chemistry provides any valuable information towards the
early diagnosis of histomoniasis. In study 1, day-of-hatch
poults (n=29) were assigned into three groups - Group 1
(n=9), Group 2 (n=10), and Group 3 (n=10). On study day
27, Groups 2 and 3 were challenged with H. meleagridis -
HMA at 10%organisms/dose by intra-cloacal inoculation
and cloacal-drop method, respectively. Group 1 served as a
negative control. Five poults from each group were bled and
necropsied on study day 36 (9 days post-challenge). All the
poults in Group 2 (n=5) and 3/5 poults in Group 3
experienced mortality prior to the final necropsy on study
day 41 (14 days post-challenge), preventing blood sample
collection from the dead birds. Cecal and liver lesion scores
(0-4 scale) were recorded for each poult. Group 2 and 3 had
100% histomoniasis incidences. Group 1 poults had an
average cholesterol level of 136 + 14.34 mg/dL, while
Groups 2 and 3 had average cholesterol levels of 57 + 12.65
mg/ dL and 75.6 + 13.92 mg/dL, respectively. In study 2,
day-of-hatch poults (n=34) were assigned into three Groups
- Group 1 (n=4), Group 2 (n=15) and Group 3 (n=15). On
study day 15, Groups 2 and 3 were challenged with H.
meleagridis- HMA at 10*and 10°organisms/dose,
respectively, by intra-cloacal inoculation. Group 1 served as
a negative control. Poults were bled and necropsied on study
day 24 (9 days post-challenge). Cecal and liver lesion scores
(0-4 scale) were recorded for all poults. Group 2 and 3 had
93% and 100% histomoniasis incidences, respectively.
Group 1 poults had an average cholesterol level of
195.25422.08 mg/dL, while Groups 2 and 3 had an average
cholesterol levels of 96.27+33.96 mg/dL and 61.87+17.40
mg/dL respectively. In both studies, poults infected with H.
meleagridis - HMA had significantly reduced cholesterol
levels based on one-way ANOVA analysis. In summary, H.
meleagridis challenge resulted in reduced cholesterol levels
in the poults, indicating that the serum cholesterol profile
could provide more insights in the early diagnosis of
histomoniasis prior to high mortality. Evaluation of the
serum cholesterol profile, along with existing diagnostic
tools, could help in the early detection of histomoniasis.

Key Words: Histomonas meleagridis,
turkeys, serum clinical chemistry, cholesterol

histomoniasis,

60 Impact of laying hens alternative housing systems
on the incidence of intestinal and external parasites.
Rachid Chebta* © 1, Eloise Denis!, Lila Maduro?, Laura
Franco?, Laura Guerrero', Martine Boulianne!; ‘Clinical
Sciences, Faculté de Médecine Vétérinaire, Université de
Montréal, St. Hyacinthe, Quebec, Canada, Biomedicine
Veterinary, University of Montreal, St. Hyacinthe, Quebec,
Canada.

Due to consumers demand, alternative housing systems are
rapidly expanding in Quebec and Canada. Egg farmers may
choose to invest in enriched colony housing system or



aviaries, but with the trend for free roaming hens, some ‘old’
diseases are re-emerging. Coccidiosis, caused by protozoan
Eimeria species, has an impact on intestinal integrity, and
might allow for the development of necrotic enteritis.
Nematodes, including Capillariidae, and Ascarididae, can
also affect the health of laying hens as well as egg quality,
while red mites (Dermanyssus gallinae), can cause serious
production losses. Our hypothesis is that the incidence of
pathogens and associated diseases is higher in aviaries than
in enriched colony housing systems. Objectives were to
compare Eimeria excretioncurves and the incidence of the
intestinal and external parasites between the two egg laying
housing systems between 19 to 65 weeks of age.
Experimental design: The study was carried out from fall
2017 to spring 2021. Twenty-four egg barns (12 aviaries and
12 enriched colony housing systems) were selected and
monitored between placement (19 weeks of age) and 65
weeks of age. Materials and methods: Egg farmers
collected weekly composite fecal samples for the duration
of the study. Parasitology analysis was performed on
samples from weeks 20, 24, 26, 37, 43, 57, 60, and 63. These
weeks were selected because of the lesser number of
missing samples. For intestinal parasites (Eimeria spp,
Ascaridia and Capillaria) McMaster and Wisconsin sugar
floatation tests were used for quantification, and
identification of Eimeria spp. oocysts, Ascaridia and
Capillaria was done. Red mite traps were placed throughout
twenty egg barns on week55, and collected for analysis 48
hours later. Statistical analyses were carried out with R
statistical software. Generalized mixed multivariate models
were used. Results: There was a statistically significant
effect of housing type on the presence of Eimeria spp., with
a higher number of aviaries showing larger numbers of
oocysts. Age had a significant and negative effect on the
presence of Eimeria spp, with younger hens showing larger
number of oocysts. There was no season effect. No
Ascaridia nor Capillaria eggs were found in tested egg barns
whether aviaries or enriched colony-housing systems. No
trace of red mites was detected in both systems.
Conclusions: Given the larger number of Eimeria spp.
oocysts detected in the fecal samples of hens housed in
aviaries, it would be important to properly vaccinate
replacement pullets. Surprisingly, there were a few fecal
samples from enriched colony housing systems showing
Eimeria spp. oocysts. These cases should be further
investigated and vaccination considered.

Key Words: alternative housing systems,
parasites, Eimeria, nematodes, red mites
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61 Impact of laying hens alternative housing systems
on the incidence of Clostridium perfringens and NetB
toxin. Maude Lanoie, Rachid Chebta, Lila Maduro, Martine
Boulianne*; Clinical Sciences, Faculté de Meédecine
Vétérinaire, Université de Montréal, St. Hyacinthe, Quebec,
Canada.

In Canada, the egg industry will ban all conventional cages
by 2036. Egg farmers have to choose to invest in enriched
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colony housing system or aviaries, but with the trend for
free roaming hens, greater contact of the birds with litter,
some ‘old’ diseases are re-emerging. Clostridium
perfringens (Cp) is a Gram positive bacteria found inthe
intestines of chickens. Clostridium perfringens strains have
been shown to vary in virulence with those harbouring the
NetB toxin being associated with necrotic enteritis.
Episodes of necrotic enteritis and mortality have been
reportedin hens housed in aviaries. Our hypothesis is that the
incidence of Clostridium perfringens and the NetB toxin is
higher in aviaries than in enriched colony housing systems.
Objectives were to compare these parameters for two egg
layingalternative housing systems between 20 to 65 weeks
of age. The study was carried out from the fall 2017 to
spring 2021. Twenty-four egg barns (12 aviaries and 12
enriched colony housing systems) were selected and
monitored between placement (19 weeks of age) and 65
weeks of age. Egg farmers collected weekly composite
droppings samples for the duration of the study.
Bacteriological isolation of Clostridium perfringens was
performed on samples from weeks 20, 24, 26, 37, 43, 57, 60,
and 63. DNA was extracted with Chelex and then amplified
by multiplex PCR to determine the toxinotype. A mixed
generalized linear model with housing type, age and season
as a fixed factor was used to analyze the incidence of
Clostridium perfringens as confirmed by the presence or the
cpa gene as well as NetB toxin. There was no significant
difference in the incidence of Clostridium perfringens
between the two housing systems. The cpa gene, hence
Clostridium perfringens, was detected in 85% of the
samples from enriched colony housing systems (n = 207)
and in 98% from those of aviaries (n = 216). NetB toxin was
significantly more present in aviaries than enriched cages
(Cl = 0.54 - 8.49). Presence of NetB toxin also decreased
with age (CI = -0.04 - -0.04). Finally, Clostridium
perfringens was less present in winter (Cl = -1.94 - -0.19)
while the NetB toxin was less present inwinter (Cl =-4.31 -
-0.99) and more present in summer (Cl = 0.03 - 2.70).
Episodes of necrotic enteritis were observed during the
study in a few aviaries. This was corroborated by a large
number of NetB positive Clostridium perfringens strains
observed in aviaries. These cases should be further
investigated to verify for any association with coccidiosis.

Key Words: Clostridium perfringens, cpa gene, netB toxin,
alternative housing system, laying hens
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63 Investigating intestinal integrity, endogenous
losses of amino acids, and nutrient digestibility of broiler
chickens in response to graded severity ofE.
maxima infection. Po-Yun Teng © *, Janghan Choi, Sudhir
Yadav, Yuguo H. Tompkins, Woo K. Kim; Department of

Poultry Science, University of Georgia, Athens, Georgia,
United States.

The study was conducted in two parts where the first part
investigated the impacts of graded infection severity of



Eimeria maxima on intestinal health and amino acid
digestibility, and the second part determined endogenous
losses of amino acids in broiler chickens. In the first part of
the study, there were four different levels of E. maxima-
challenged treatments: a non-challenged control group, a
low challenge dose (12,500 oocysts), a medium challenge
dose (25,000 oocysts), and a high challenge dose (50,000
oocysts). There were eight replicate cages per treatment,
with 12 birds per cage. Chickens in the challenged groups
were orally challenged with sporulated oocysts per os on d
14. Intestinal morphology, amino acid digestibility, and
gene expression of nutrient transporters and tight junction
proteins were determined at 6 days post-infection. The
orthogonal polynomial contrast within PROC GLM in the
SAS software was used to perform the linear and quadratic
statistical analyses, and the significance level was set at P <
0.05. The results showed a linear reduction in body weight
gain, jejunal villus height, and intestinal integrity withthe
graded increase in doses of E. maxima (P < 0.01).
Moreover, linear regulation of tight junction proteins
expression was a consequence of increasing Eimeria
challenge (P < 0.01). Furthermore, the expression of
nutrient transporters and apparent ileal digestibility of
amino acids were both down-regulated (P < 0.01) with
increasing E. maxima inoculation dose. The second part of
the study is a parallel experiment of the first one, except that
the chickens were fed a nitrogen-free diet (NFD) from 0 to
6 days post-infection to determine endogenous losses during
coccidiosis. The results indicated that endogenous losses of
amino acids, except tryptophan, were linearly increased in
response to the graded E. maxima challenge (P < 0.05).
However, NFD reduced intestinal lesion scores, which
might underestimate the true endogenous losses and
standard ileal digestibility of Eimeria-infected chickens. In
conclusion, increasing E. maxima infection severity linearly
reduced body weight gain, intestinal integrity, and ileal
digestibility of amino acids, and increased endogenous
losses in broiler chickens. This study validates that E.
maxima poses detrimental impacts on gut health and
nutrient digestibility, leading to retardation in growth in a
dose-dependent manner.

Key Words: coccidiosis, Eimeria maxima, endogenous
loss, digestibility, intestinal integrity

64  Changes in the mRNA abundance of the stem cell
marker gene OIfm4 following a mild Eimeria
acervulina and E. maxima challenge in broiler chickens.
Sara Cloft* ©5 1, Kate Miska?, Johanna H. Heller!, Eric
Wong?; *Animal and Poultry Science, Virginia Tech,
Blacksburg, Virginia, United States, 2Animal Bioscience
and Biotechnology Laboratory, USDA Agricultural
Research Service, Henry A. Wallace Beltsville Agricultural
Research Center, Beltsville, Maryland, United States.

Infection with the protozoan parasite Eimeria causes the
economically devastating disease coccidiosis, which is
characterized by gross tissue damage and inflammation
resulting in blunted villi. Previous studies have shown that
Eimeria infection induces crypt lengthening, which is likely
Poult. Sci. 100 (E-Suppl 1)
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to compensate for damaged villi, but no study has evaluated
stem cell expression during this time. Two studies were
conducted with 21-day old broilerchickens challenged with
a mild dose of oocysts (100,000 E. acervulina or 1,000 E.
maxima) or sham infected with sterile water. Duodenal or
jejunal samples were collected from the E. acervulina or E.
maxima groups, respectively, and their respective controls
on the day of infection (0), 3, 5, 7, 10, and 14 days post-
infection (dpi). The objective of these studies was to
characterize the change in intestinal morphology during a
mild Eimeria infection. Villus height (VH) and crypt depth
(CD) were measured on bright field microscopy images
following in situ hybridization for Olfactomedin 4 (Olfm4)
mRNA using the RNAscope methodology. The mRNA
abundance of Olfm4 was quantified by gRT-PCR and the
results were analyzed by infection status using a t-test.
Intestinal morphology data were analyzed using the non-
parametric Welch’s unequal variances test. In the E.
maxima study mRNA abundance of Olfm4 was upregulated
at 5 dpi (P =0.017); while it was unchanged throughout the
E. acervulina study. In the E. acervulina study infected birds
had shorter VH than uninfected birds at 5, 7, and 10 dpi (P
< 0.001). In the E. maxima study infected birds had shorter
VH than uninfected birds at 5 and 7 dpi; however, at 14 dpi
infected birds had greater VH than the uninfected birds (P <
0.01). In contrast, in both studies infected birds had
consistently increased CD. In the E. acervulina study, CD
increased starting at 3 dpi and continued through 14 dpi (P
< 0.001); while in the E. maxima study CD only
significantly increased at 5 dpi (P = 0.02), with a non-
significant increase in CD from 3 to 14 dpi. Interestingly,
there was not a comparable increase in Olfm4 mRNA
abundance consistent with the increase in Olfm4 expressing
stem cells in the crypt as determined by in situ hybridization
in the E. acervulina study. Further work is needed to clarify
the relationship between the Olfm4 mRNA quantification
and in situ hybridization results. The expanded area of the
Olfm4-expressing cells in the crypt is similar to the
previously observed increase in the CD. Thismay provide
an increase in stem cell populations to ensure an adequate
supply of progenitor cells to replace damaged villus cells.

Key Words: coccidiosis, Olfm4, crypt depth, Eimeria
acervulina, Eimeria maxima

65  Effects of Eimeria challenge on performance,
body composition, and intestinal health of Hy-Line W-
36 pullets. Milan K. Sharma* S, Po-Yun Teng, Yuguo H.
Tompkins, Woo K. Kim; Department of Poultry Science,
University of Georgia, Athens, Georgia, United States.

The current experiment was aimed to investigate the effects
of Eimeria challenge on performance, body composition,
and intestinal health of Hy-Line W-36 pullets. A total of
540, 16-d old pullets were randomly allocated into five
treatment groups with six replicate cages, including a non-
challenged control group. A mixed Eimeria species solution
containing 50,000 E. maxima, 50,000 E. tenella and
250,000 E. acervulina oocysts per mL was prepared and



challenged to one group as a high-dose treatment. The 2-
fold serial dilution was done to prepare the medium-high
(25,000 E. maxima, 25,000 E. tenella and 125,000 E.
acervulina), medium-low (12,500 E. maxima, 12,500 E.
tenella and 62,500 E. acervulina), and low (6,250 E.
maxima, 6,250 E. tenella and 31,250 E. acervulina) dose
treatments and inoculate the three remaining groups,
respectively. Growth performance, daily feed intake (FI)
and mortality were calculated from 0-14 d post-infection
(DPI). Dual Energy X-ray Densitometry was used to
measure the body composition of pullets on 6 DPI.
Gastrointestinal permeability (GP) was measured on 3, 5, 6,
7 and 9 DPI using fluorescein isothiocyanate dextran,
whereas intestinal lesion scoring was done on 6 DPI. Data
analyses for growth performance, body composition and GP
were performed using one-way ANOVA. In contrast, the
Kruskal- Wallis test was used for lesion score and split-plot
in time for FI. A significant level was set at P<0.05, and
means were separated using Tukey HSD. The results
indicated a significant linear reduction in average body
weight (BW; P=0.016) and body weight gain (BWG;
P=0.011). The body composition of birds (tissue weight,
muscle weight, bone mineral density, and bone mineral
content) linearly decreased with the increase in oocyst
concentration  (P<0.0001). An interaction between
treatment and DPI was observed for FI (P<0.0001). Feed
intake significantly dropped from 4 DPI and did not recover
until 12 DPI in the challenged groups. The lowest FI for
each of the challenged groups was observed on 5 DPI.
Gastrointestinal permeability increased linearly, peaking at
5 DPI and recovered back to normal by 9 DPI on challenged
groups. The intestinal lesion scores were higher in the
challenged groups than the control (P<0.05); however, no
significant differences were observed among the challenged
groups. The highest mortality was observed in pullets
challenged with the high dose followed by the med-high
dose (P<0.0001) on 5 DPI. It can be concluded that the
mixed Eimeria challenge linearly reduced the BW, BWG,
and altered body composition of pullets with an increase in
oocyst concentration. A severe effect of Eimeria on
intestinal health might be observed on 5 DPI as suggested
by GP and mortality results.

Key Words: pullets, Eimeria, coccidiosis, gastrointestinal
permeability, dual energy x-ray densitometry

66 Reduced bone formation and increased bone
resorption drive bone loss in Eimeria infected broilers.
Yuguo H. Tompkins* 1, Janghan Choi, Po-Yun Teng?,
Masayoshi Yamada?, Toshie Sugiyama?, Woo K. Kim?;
Poultry Science, University of Georgia, Athens, Georgia,
United States, 2Department of Agrobiology, Niigata
University, Ikarash, Niigata, Japan.

Coccidiosis is one of the most economically important
diseases in the global poultry industry. It can cause intestine
damage, lead to malnutrition and immune system activation,
resulting in poor growth in chickens. However, little is
known about the mechanism of bone defects caused by
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coccidiosis. To investigate this, a total of 400, day-old male
Cobb 500 broilers were randomly allocated into 4 treatment
groups: 1) an uninfected control consuming ad libitum diet;
2) a minor infected group; 3) a severely infected group; 4)
and an uninfected pair-fed group consuming the same
amounts of feed eaten by the severely infected group. Both
infected groups were orally gavaged with different
concentrations of sporulated Eimeria oocysts
(1.25x10* oocysts of E. maxima,1.25x10* of E. tenella and
6.25x10% of E. acervulina for minor infection;
5x10% oocysts of E. maxima, 5x10*of E. tenella, and
2.5x10° of E. acervuline/mL for severe infection) on day 14.
Growth performance was recorded from day 14 to 28. Blood
serum, leg bone, and bone marrow were collected on day
21. Chicken bone parameters were analyzed by uCT, blood
serum was collected for the bone resorption parameters, and
bone marrow was used for the expression of key osteogenic
and osteoclastogenic genes by real-time RT-PCR.
Histological analyses including calcein labeling and
tartrate-resistant acid phosphatase staining (TRAP) were
used for the detection of bone formation and resorption rate,
respectively. Body composition was measured by dual-
energy x-ray densitometry on day 28. One-way ANOVA
was performed, and means were compared by Tukey’s test.
Birds infected with a high dose of Eimeria displayed a
decrease in growth performance (p<0.05), feed intake
(p<0.05), fat content and fat percentage (p<0.05), bone
mineral content (p<0.05) and bone density (p<0.05),
compared with the control group. Calcein labeling and
mRNA expression also revealed that Eimeria infection
significantly decreased osteogenesis and bone growth rate,
indicating suppression of bone formation. Meanwhile,
TRAP staining and serum RANKL ELISA assay (p<0.05)
showed an increase in bone resorption. Interestingly, by
comparing RANKL/OPG ratio, different levels of
coccidiosis infection showed dissimilar effects on bone
growth and bone resorption, indicating that different
mechanisms might be involved in regards to bone
remodeling status. Taken together, our studies demonstrated
that coccidiosis-induced bone loss in broilers is associated
with both decreasing bone growth and increasing bone
resorption, providing a better insight into bone remodeling
during internal parasitic infections in poultry.

Key Words: bone health, bone resorption, Eimeria, broilers,
osteoimmunology

67  Effects of different methionine to cysteine ratios
on the growth performance, gut health, and body
composition of broilers challenged with Eimeria spp.
Guanchen Liu* ©5 %, Yuguo H. Tompkins®, Po-Yun Teng?,
Woo K. Kim?; Poultry Science, University of Georgia,
Athens, Georgia, United States, 2Poultry  Science,
University of Georgia, Athens, Georgia, United
States, *Poultry Science, University of Georgia, Athens,
Georgia, United States.

This study was conducted to investigate the effect of
different methionine (MET) to cysteine (CYS) ratios in the



growth performance, gut health, and body composition of
broilers challenged with Eimeria spp. A total of 720
fourteen-day-old male broilers were randomly distributed in
a 5x2 factorial arrangement (6 replicates/ 12 birds). Five
MET: CYS ratios (T1,100:0; T2, 75:25; T3, 60:40; T4,
25:75; and T5, 0:100) and two challenges (PBS and mixed
Eimeria spp.) were the main effects. On day 14, the
challenged group (CG) was gavaged with 25,000 E.
maxima, 25,000 E. tenella, and 125,000 E. acervulina
sporulated oocysts, and the non-challenged group (NCG)
was gavaged with PBS. Daily feed intake was recorded after
challenge. On 5 day post-infection (DPI), intestinal
permeability was measured. On 6 and 9 dpi, growth
performance was recorded. On 9 dpi, the body composition
was determined by dual energy Xx-ray absorptiometry
(DEXA). Data were analyzed by two-way ANOVA and
Duncan's multiple range test. The NCG had significantly
better (P<0.01) growth performance than the CG. The body
weight (BW), feed intake (FI), and body weight gain
(BWG) linearly decreased (P<0.01), and feed conversion
ratio (FCR) increased (P < 0.01) in theNCG as the MET:
CYS ratio decreased on both 6 and 9 dpi. For the CG, on
dpi6, there was no significant difference in growth
performance among treatments. On dpi 9, only BW, FI, and
BWG of T5 were significantly lower (P<0.01) and the FCR
was higher (P <0.01) than the other groups. There were
significant interactions of main effects (P<0.05) for BW, Fl,
and BWG on both time points. For the body composition,
the NCG had significantly higher (P<0.01) bone mineral
density (BMD), bone mineral content (BMC), fat, and
muscle percentage than the CG. There was no significant
difference in BMD in the NCG. However, in the CG, the
BMD is significantly higher (P<0.01) in T4 compared to T1
and T3. In the NCG, T2 had higher (P<0.01) BMC than T4
and T5, while in the CG, T5 had significantly higher
(P<0.01) BMC compared to T1. The fat and muscle
percentages of the NCG did not differ among treatments. In
the CG, T5 had significantly higher (P<0.01) fat percentage
but lower (P<0.01) muscle percentage than T3. In
conclusion, the growth performance was adversely affected
as the MET: CYS ratio decreased while the body
composition was largely unaffected when the broilers were
not infected with Eimeria. The impact of changing MET:
CYS ratio on growth performance was gone or less severe
while a significant effect on body composition was
observed during the infection period of Eimeria, suggesting
that MET: CYS ratio plays critical roles in modulating body
composition and nutrient partitioning during coccidiosis.

Key Words: Methionine, cysteome, total sulfur amino acid,
Eimeria, DEXA
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Eimeria infections compromise animal welfare and reduce
the productivity of poultry sector. This meta-analysis was
developed to reassess the effect of Eimeria spp. on broiler
growth performance. Methods of systematic review were
used to access studies published in scientific journals from
2000 to 2020 reported performance of broilers from 1 to 50
days old subjected to an experimental challenge by Eimeria
spp. (excluding vaccines). Data of 131 articles (162
experiments and 46,354 birds) were included in the database
(1,970 lines) and coded to limit the studied effect to the
Eimeria inoculation (excluding any special condition, such
as medication or feedadditive supplementation). Results
were analyzed as raw data, when control and challenged
groups were compared by variance analysis using mixed
models with fixed effect of challenge and random effect of
study. The percentage of response to the challenge was
calculated (A%) and the relationship between the variations
in average daily feed intake (ADFI) (A%FT) and average
daily gain (ADG) (A%G) was studied by correlation and
regression analysis. Broilers challenged by Eimeria spp.
reduced ADFI by 6%, ADG by 20%, and gain to feed (GF)
by 11% (P<0.001). Whatever the type of challenge (whole
database, type of Eimeria species, or pool of species)
showed highly significant effects. Only the challenge by E.
maxima did not influence ADFI. The greatest impairmentin
broiler performance was found for pool challenge in case of
ADFI (-9%) and for E. maxima in ADG (36%) and GF
(15%) responses. The A%G showed a linear relationship
with A%FI. The correlation between A%G and A%FI
caused by Eimeria challenge was high (r=0.705; P<0.05).
When simulating a scenario without changes in ADFI (i.e.,
A%F1 wasset to zero in the equations), the A%G was
estimated to be 6% for the overall database, 4% in
challenges caused by E. acervulina, 17% for E. maxima, 4%
for E. tenella, and 5% for pool of Eimeria. These reductions
represented 32% of total ADG impairment for the overall
database, 23% for E. acervulina, 65% for E. maxima, 18%
for E. tenella, and 26% for pool of Eimeria spp. These
results are very important since the relationship between
ADFI and ADG impairment are very difficult to quantify in
conventional experimental designs. The provided
information are also useful to further understand the effects
of health challenges in the nutritional requirements used for
animal maintenance.

Key Words: coccidiosis, challenge, feed intake, meta-
analysis, weight gain

69  Cloning bile salt hydrolase to deconjugate bile
acids for potentially intervening necrotic enteritis. Tahrir
Alenezi*©52.1 Ying Fu?, Ayidh Almansour!, Hong Wang?,
Xiaolun Sun'; 'Poultry Science, University of Arkansas,
Fayetteville, Arkansas, United States, 2Cell and Molecular
Biology, University of Arkansas, Fayetteville, Arkansas,
United States.

Huge economic loss in the poultry industry is caused
by Clostridium perfringens and coccidia infection-induced
necrotic enteritis (NE). Dietary deoxycholic acid (DCA) of



a secondary bile acid reduces NE, but with the accumulation
of less effective conjugated tauro-DCA (TDCA). Bile salt
hydrolase (Bsh) produced by gut microbiota catalyzes
deconjugation of bile acids. We hypothesized that Bsh
increased deconjugated DCA to enhance NE reduction. In
this study, based on literature and NCBI database search,
bacteria expressing Bsh were examined with DCA
precipitation assay using TDCA (0.3, 0.2, or 0.1%) plates at
pH 6 supplemented with 0.01, 0.02, or 0.03% CaCl..
The bsh genes were PCR-amplified and Sanger-sequenced.
The bsh genes were then cloned into protein expression
plasmid pET 28a as pET-bsh. After transformed pET-bsh
into E. coli DH5a and BL21 for amplification and protein
expression, Bsh protein was His-tag purified and analyzed
by Dot-Blot, SDS-PAGE, and DCA precipitation assays. As
a result, we have identified Bsh-expressing bacteria,
including two non-pathogenic bacteria Bifidobacterium
longum and Lactobacillus johnsonii. L. johnsonii and B.
longum anaerobically grew colonies surrounded with
precipitation zones on plates with 0.2% TDCA and 0.03%
CaCl2. Interestingly, no precipitation zone around colonies
was observed whenL. johnsonii grew aerobically.
The bsh genes from both L. johnsonii and B. longum had a
similar length of around 1000 bp. Upon Sanger-sequenced
the PCR products, the sequences were confirmed the same
as in the NCBI database and slightly different between each
other. After transformed and expressed pET-bsh in BL21,
Bsh protein was isolated using a His-tag purification Kit.
Bsh was verified by Dot Blot assay, showing darker black
dot from the expressed samples compared to light black dot
from the control sample. In addition, Bsh was subjected to
SDS-PAGE, and Coomassie Blue staining showed strong
bands around 32 kDa, the same size as Bsh. To evaluate the
function of the expressed Bsh, the protein was examined on
plates with 0.2% TDCA and 0.03% CaCl2, showing
crystallized DCA in the path of Bsh solution compared to
nothing in elution buffer only. Furthermore, TDCA in the
presence of the Bsh reduced C. perfringens growth in

vitro compared to without Bsh. We are cloning
the bsh genes into Bacillus subtilis for chicken
experiments. In conclusion, bsh genes from L.

johnsonii and B. longum were functional to deconjugate
bile acids and enhanced TDCA to reduce C. perfringens in
vitro growth. Bsh proteins have the potential to enhance NE
prevention in chickens fed DCA diet.

Key Words: necrotic enteritis, BSH, Bifidobacterium
longum, Lactobacillus johnsonii, taurodeoxycholic acid

70  Comparative efficacy of modern grain sorghum
for the control of necrotic enteritis caused
by Clostridium perfringens in broiler chickens. Alissa
Moritz* ¢ 1, Brett Lumpkins?, Greg F. Mathis?, Mireille
Arguelles-Ramos?, William Bridges®; Animal and
Veterinary Sciences, Clemson University, Clemson, South
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States, *Mathematical and Statistical Sciences, Clemson
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Alternative feedstuffs are of interest to reduce the
dependence on corn in poultry diets, thereby, alleviating
pressure on corn production and potentially improving
animal-production efficiencies. Modern U.S. grain
sorghum, which is 99% tannin-free, is one alternative feed
ingredient due to its nutritional equivalency to corn. Its
abundance of polyphenolic compounds associated with
antimicrobial function may have direct impacts for control
of common poultry intestinal diseases like coccidiosis and
necrotic enteritis (NE). A 28d battery cage study was
conducted to test the efficacy of modern grain sorghum
varieties (red/bronze, white/tan and U.S. No. 2 yellow) fed
to Cobb 500 male broiler chickens (n = 512) and challenged
with E. maxima and C. perfringens. All birds were fed 1 of
4 treatments (corn, red/bronze sorghum, white/tan sorghum
or U.S. No. 2 yellow sorghum) and were grouped by
challenge method (challenged with E. maxima/C.
perfringens or unchallenged). On day 14, birds in the
challenge group were orally inoculated with ~5,000 oocysts
of E. maxima and on days 19, 20, and 21, birds were given
a cultureof C. perfringens once daily. On day 21, 3 birds
were removed, examined, and scored for the degree and
presence of necrotic enteritis lesions. Birds (8 birds/cage
and 8 cages/treatment) and feed were weighed on days 0, 14,
21, and 28 to calculate average feed intake (FI), body weight
gain (BWG) and feed conversion ratio (FCR). Data was
analyzed asa 2-way ANOVA with factors of treatment,
challenge method and their interaction. On day 21, FCR was
improved for birds fed standard corn and white/tan sorghum
treatments (P<0.05) than those fed red/bronze sorghum,
while U.S. No. 2 yellow was intermediate. BWG was
highest for standard corn, white/tan and U.S. No. 2 yellow
treatments (P>0.05) compared to red/bronze. NE lesions on
day 21 were observed in standard corn and white/tan
compared to no observable lesions in red/bronze (P<0.05),
while U.S. No. 2 yellow treatment was intermediate. No
significant differences were observed among treatments for
1-28 d BWG and FI. This study demonstrated that birds fed
corn and white/tan sorghum treatments had similar
performance. Also, red/bronze grain sorghum reduced
intestinal lesions of broilers challenged with E. maxima and
C. perfringens.

Key Words: alternative feedstuff, broilers, coccidiosis,
grain sorghum, necrotic enteritis

71  Genomic analysis of avian pathogenic Escherichia
coli (APEC) isolated from broiler chickens. Priyanka
Devkota* ©51, Sabin Poudel®, Mark A. Arick 112, Chuan-Yu
Hsu?, Pratima Adhikari!, Anuraj Sukumaran?, Aaron Kiess?,
Li Zhang®; Department of Poultry Science, Mississippi
State University, Mississippi State, Mississippi, United
States, ?Institute  for Genomics, Biocomputing, and
Biotechnology, Mississippi State, Mississippi, United
States.

Avian pathogenic Escherichia coli (APEC) causes
colibacillosis. This disease is responsible for significant
economic losses in the poultry industry and is one of the



leading causes of morbidity and mortality in chickens.
There is limited information about the virulence genotype
of the APEC strain due to its complex and diverseserogroup.
The main objective of this study was to characterize the
genomic sequences of APEC strains isolated fromdifferent
organs of broiler. The whole-genome sequence (WGS) was
performed using Next Generation Sequencing approaches
including Oxford Nanopore long read and Illumina short
read sequencing methods. The genome sizes forMS1011,
MS1085, MS1118, and MS1274 were 4,881,344 bp,
6,045,026 bp, 5,125,887 bp, and 5,007,825 bp, respectively
whereas their number of predicted coding sequences (CDs)
were 4,308, 5,405, 4,469, and 4,325, respectively. The
antimicrobial resistance genes (AMRSs) were analyzed using
the Resistance Gene Identifier (RGI) web portal. The results
showed that MS1118, MS1274, MS1011, and MS1085
consisted of 12, 15, 23, and 11 resistance genes. All four
APCE isolates carried multiple AMRs conferring resistance
to tetracycline, fluoroquinolone,and macrolide, which are
widely used by the poultry industry. The serotype of
MS1118, MS1011, MS1274, and MS1085 was O5:H10,
08:H11, 0134:H21, and O178:H11, respectively. Among
O-antigen, O5 and O8 are most common in poultry, which
helps to determine the pathogenic potential of APEC. The
virulence factors (VFs) were analyzed using the Virulence
Factor Database and MS1118, MS1011, MS1274, and
MS1085, contained 31, 30, 46, and 85 VFs, respectively.
Whole-genome analysis of these avian pathogenic E. coli
isolates from our study disclosed a diverse range in genetic
composition, AMRs, serotyping, and virulence genes. This
information can be used to discover genetic features that
allow us to better understand the role virulence and
resistance genes play in colibacillosis, while also allowing
for the development of strategies to prevent this disease in
the future.

Key Words: Antimicrobial resistance genes, avian
pathogenic Escherichia coli, poultry, virulence factor,
Whole-genome sequencing

72 Molecular characterization of virulence and
antimicrobial resistance genes in avian
athogenic Escherichia coli isolated from poultry having
colibacillosis. Deepa Chaudhary* ¢, Priyanka Devkota?,
Sabin Poudel?, Linan Jia!, Anuraj Sukumaran?, Wen-Hsing
Cheng?, Aaron Kiess!, Li Zhang!; ‘Department of Poultry
Science, Mississippi State University, Mississippi State,
Mississippi, United States, 2Department of Food Science,
Nutrition and Health Promotion, Mississippi State
University, Mississippi State, Mississippi, United States.

Avian pathogenic Escherichia coli (APEC) causes
colibacillosis, resulting in significant economic losses to the
poultry industry worldwide. Numerous virulence genes are
responsible for the presence of extraintestinalpathotypes of
E. coli in chickens, causing the disease colibacillosis. The
role of virulence genes in pathogenesis is notyet clearly
understood. Thus, this study aimed to characterize typical
virulence factors and antimicrobial resistance patterns of
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APEC isolates from broiler chickens affected by
colibacillosis. A total of 102 E. coli isolates were isolated
from visceral organs of chickens with typical lesions of
colibacillosis. Samples were cultured on MacConkey agar
overnight at 37°C, and suspect bacterial colonies were
further isolated on LB agar. E. coli isolates were confirmed
by polymerase chain reaction (PCR). Positive isolates were
screened for the APEC-related genes iroN, ompT, hlyF, iss
and iutA, and E. coli isolates containing one or more of
these genes were identified as APEC-like strains.
Prevalence of tested virulence genes was iroN (76.5%),
ompT (77.5%), hlyF (77.5%), iss (76.5%) and iutA (76.5%).
Seventy-one isolates (69.6%) carried all five virulence-
associated genes. FumC and FimH based — (CH) typing was
conducted by aweb tool called CHTyper, and C13:H1507
was observed in 33 isolates (32.4%). Twenty-four
antimicrobial resistance (AMR) genes were tested by PCR.
The resistance gene against tetracycline (tetA) was the most
frequently found in 72 isolates (70.6%), followed by
aminoglycoside (aph31A) in 59 isolates (57.8%) and
quaternary ammonium compound (qacEA) in 33 isolates
(32.4%). Of all the tested heavy metal resistance genes, arsC
was the most abundant in APEC isolates (88 isolates,
86.3%). The results revealed that 11.8% of APEC isolates
carried AMR genes encoding resistance to three or more
different classes of antimicrobial agents. In conclusion,
APEC strains isolated in this study showed a high
prevalence of virulence genes and AMR genes. These
findings  will  help  characterize APEC  more
comprehensively and provide important information to
better understand its pathogenesis in poultry.

Key Words: Avian pathogenic Escherichia coli (APEC),
antimicrobial resistance, colibacillosis, poultry, virulence

73 Inflammatory and antibody responses to
intradermally administered autogenous Salmonella
vaccine isolates and content-matched Salmonella
lipopolysaccharide. Jossie M. Santamaria* ©5, Chrysta N.
Beck, Marites A. Sales, Gisela F. Erf; Department of
Poultry Science, Division of Agriculture, University of
Arkansas, Fayetteville, Arkansas, United States.

Information on cellular immune system activities to
Salmonella vaccines (SV) is limited. Using the growing
feather (GF) pulp as a test-tissue, the local inflammatory
response to intradermally (i.d.) injected test-materialcan be
monitored in an individual. The objective of this study was
to determine the local cellular- and systemic humoral-
immune responses initiated by GF pulp injection of two
autogenous, heat-killed SV (SV1 and SV2) and S.
enteritidis (SE) LPS. For this, GF of 14-wk-old Light-brown
Leghorn pullets were injected with either SV1, SV2, LPS,
or vehicle (oil emulsion); 10 pL per GF, 20 GF per bird, 4
birds per treatment. Injected GFs were collected before (0 h)
and at 6, 24, 48, and 72 h post-injection for leukocyte
population analysis by fluorescence activated flow
cytometry. Heparinized blood was sampled before (0 d)
and at 3, 5, 7, 10, 14, 21, and 28 d post GF-pulp injection.



Relative plasma levels (a.u.) of SE-specific 1gG, IgM, and
IgA were determined by ELISA. There were no treatment
differences (P = 0.663) for total leukocyte levels (% pulp
cells). Leukocyte-infiltration was highest at 6 h, declining
gradually to above pre-injection levels by 72 h (main effect
means 2.3, 40.7, 28.7, 18.0, and 14.0 % at O, 6, 24, 48, and
72 h, respectively; SEM = 2.3; P < 0.001). There were no
differences between SV1 and SV2 in the proportions of
heterophils, macrophages, T- and B-cells in the pulp at any
time-point. LPS had the highest, and vehicle the lowest,
heterophil infiltration. However, vehicle recruited much
greater numbers of T- and B-cells than the other treatments
(P< 0.001). Pulp injection of SV1 or SV2 resulted in SE-
specific IgM, 1gG, and IgA production, with the highest
plasma levels for IgM, followed by IgG and IgA. IgM levels
were maximal at 5 d, remained at this level until 15 d for
SV2 and 21 d for SV1 before declining. IgG reached
maximal levels by 10 d for SV2 and 14 d for SV1 and
remained near peak levels thereafter. IgA increased
similarly in SV1- and SV2-treated pullets with maximal
levels maintained from 7 d to 21 d. For LPS, IgM levels
were elevated at 5 d to 14 d, with peak levels lower than
those with SV1 and SV2 (P < 0.05). LPS did not result in
SE-specific 1gG and IgA. Vehicle did not affect circulating
levels of SE-specific IgM, IgG, and IgA (P > 0.05).
Analyses of samples from two-repeat studies are underway.
Simultaneous examination of local inflammatory and
systemic humoral responses to a primary i.d. administration
of SV or SE-LPS provided important new knowledge about
the immunostimulatory effects of bacterial vaccines that
may lead to protective-, and in some cases pathological-,
responses to intracellular pathogens like Salmonella.

Key Words: Inflammatory response, Antibody response,
Light-brown Leghorn, Salmonella, vaccine

74 Primary and recall immune
autogenous Salmonella vaccine or Salmonella
lipopolysaccharide administration in Light-brown
Leghorn pullets. Chrysta N. Beck* ©5, Jossie M.
Santamaria, Marites A. Sales, Gisela F. Erf; Department of
Poultry Science, Division of Agriculture, University of
Arkansas, Fayetteville, Arkansas, United States.

responses to

Salmonella vaccination is extensively used in poultry
management to ensure food safety and bird health.
However, information on cellular and humoral immune
responses to Salmonella vaccines is limited. The objective
of this study was to analyze the antibody and cellular
responses to primary and
secondary Salmonella vaccinations. Specifically, 14-wk-
old Light-brown Leghorn pullets were vaccinated s.c. with
0.5 mL of autogenous Salmonella vaccines (SV1 or
SV2), S. enteritidis (SE) lipopolysaccharide (LPS), or
vehicle (V) to initiate a primary response (4
birds/treatment). Birds received the 2" vaccination 4-wks
later by injecting the respective treatments i.d. into the pulp
of growing feathers (GF; 10 pL/GF, 20 GF/bird).
Heparinized blood was collected before (0 d) and at 3, 5, 7,

Poult. Sci. 100 (E-Suppl 1)

38

10, 14, 21, and 28 d after the 1%tand 2" vaccination.
Relative SE-specific 1gG, IgM, and IgA antibodies in
plasma were quantified by ELISA. To examine the local
cellular response, GF were collected before (0 d) and at
0.25, 1, 2, 3, 5, and 7 d post-GF injection for leukocyte
populations analysis by flow cytometry. Antibody and GF
data were analyzed by a two-way ANOVA. For the primary
and recall immune responses, SV1 and SV2 yielded the
highest SE-specific IgM levels by 10 d and LPS by 5 d. For
SV1 and SV2, maximal 1gG levels were reached at 14 d and
7 d for the primary and recall responses, with much higher
levels observed during the recall response. IgA levels
increased with SV1 and SV2 during the primary response
but were not affected in the recall response. LPS did not
induce IgG or IgA, while V did not stimulate 1gG, IgM, or
IgA production. There was a time effect (P<0.05) but no
treatment effect on leukocyte, heterophil, and macrophage
levels (% pulp cells) in injected GF-pulps of sensitized
chickens. Leukocyte, heterophil, and macrophage levels
were elevated between 0.25 d and 3 d (P<0.05). Among
infiltrating leukocytes, lymphocytes were the least abundant
with SV1, SV2, and LPS injection. However, V injection
resulted in T- and B-cell recruitment with greatly elevated
(P<0.01) levels of CD4+ and y3 T cells at 0.25 d post-GF
injection. In summary, the quantitative, qualitative, and
temporal characteristics of the humoral response to SV1 and
SV2, with isotype switch to IgG and a memory phenotype,
are as expected with T-dependent antigens. The local
inflammatory response profile to Salmonellain GF of
sensitized  chickens differs from that reported
for Mycobacterium butyricum (Erf & Ramachandran, 2016)
where T lymphocytes dominated the infiltration response.
Therein, Gram-negative and Gram-positive bacteria
generate different cellular immune system activities in an
immunized host.

Key Words: Salmonella, Lipopolysaccharide, Antibody
response, Inflammation, Leukocyte recruitment

75  Glucosinolate containing ingredients (rapeseed
and canola meal) and glucosinolate metabolite (AITC)
as potential antimicrobials: Effects on growth
performance, and gut health in Salmonella
Typhimurium challenged broiler chickens. Sudhir
Yadav* 5, Po-Yun Teng, Amit Singh, Sasikala Vaddu,
Harshavardhan Thippareddi, Woo K. Kim; Poultry Science,
University of Georgia, Athens, Georgia, United States.

Poultry is the major source of foodborne salmonellosis.
Antibiotic resistance and a surge in zoonotic diseases
warrant the use of natural alternatives. Glucosinolates (GLS)
are naturally occurring antimicrobial compounds in
rapeseed and canola. This study investigated the effect of
feeding rapeseed, canola meal, and allyl isothiocyanate

(AITC; Brassica secondary  metabolites) on growth
performance (GP), gut health and the potential
antimicrobial activity  against  nalidixic  acid-

resistant Salmonella Typhimurium (STNR) in chickens. A
total of 640 one-day old male Cobb 500 broilers were



randomly allocated to 8 treatments with 8 replicated cages
and 10 birds per cage. Dietary treatments were non-
challenge control (NC, corn-SBM based), challenge
(Salmonella) control (CC), 10% rapeseed (10RS), 30%
rapeseed (30RS), 20% canola meal (20CLM), 40% canola
meal (40CLM), 500 ppm AITC (500AITC) and 1,500 ppm
AITC (1500AITC). On d 1, all the birds except NC were
orally challenged with STNR (ca. 7 log CFU/ bird). The
chickens were reared for 21 d, and their FI and BW were
recorded weekly. Salmonella cecal colonization and fecal
shedding were quantified whereas organ translocation (OT)
of STNRto the spleen, liver, and kidney was tested (1
bird/cage) on 0, 3, 6, 13, and 20-d post-challenge (dpc).
Data were subjected to one-way ANOVA and the means
were separated by Duncan’s test, except mortality and OT
data analyzed after transformation by square root of (n +1)
(P < 0.05). Overall, feeding 30RS resulted in reduced BW
(P =0.003), BWG (P =0.003), and FI (P =0.001) compared
to CC, 500AITC, and 1500AITC. Similarly, feeding
20CLM resulted in lower BW and BWG compared to CC
(P < 0.05) and increased FCR compared to 1500AITC (P =
0.03). Feeding CC resulted in higher mortality compared to
NC and 30RS (P = 0.03). Cecal colonization of STNR was
reduced (P < 0.0001) for 30RS on 6 dpc and 500AITC on
6- and 13 dpc (P < 0.0001). Although no difference in gut
permeability was observed 6 dpc (P > 0.05), OT of
STNR population was the highest for CC in the spleen (P =
0.05). In the liver, 10RS showed reduced OT compared to
20CLM on 13 dpc (P = 0.03) whereas in the kidney, 30RS
showed the lowest OT on 6 dpi. Fecal shedding was lowest
for 30RS on 6 dpc (P = 0.004). Histomorphology showed
30RS had the highest duodenum (P = 0.01) and jejunum (P
=0.02) villus height (VH) and VH to crypt depth (CD) ratio
compared to other treatments whereas 1500AITC showed
similar results to 30RS. Both 30RS and 1500AITC
contained comparatively higher functional GL metabolites
and were able to maintain gut health. Including higher levels
of rapeseed or AITC in poultry feed can
reduce Salmonella populations in  the feces and
translocation to other organs.

Key Words: glucosinolate, antimicrobial, gut health,
Brassica species, chickens

76  Horizontal transmission of histomoniasis may be
influenced by feed composition and strains
of Histomonas meleagridis. Thaina L. Barros* © 1
Christine Vuong?, Elizabeth McGill?, Samuel J. Rochell*,
Guillermo Tellez-1saias?, Billy M. Hargis!; !Center of
Excellence for Poultry Science, University of Arkansas,
Fayetteville, Arkansas, United States, 2Cargill Turkeys
LLC, Springdale, Arkansas, United States.

Histomoniasis is spread by direct contact within turkey
flocks.  Experimental reproduction of horizontal
transmission (HT) has not been reliable during recent
decades. In our area, pre-breeder turkey hens, fed low-
nutrient-density diets, are most affected by Histomonas
meleagridis (HM) infections. We compared two strains of
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HM and two low-nutrient-density diets, varying in
ingredients and nutrient composition, on HT of HM. In exp.
1, day-of-hatch poults were randomly distributed to either a
non-challenged control (NC; n=34) or HT group (n=34; 10
of which were directly challenged - seeders). Intracloacal
challenge was performed with a strain of HM (PHL) on day
18 (10° histomonads/poult); poults were fed a low-nutrient-
density diet with high levels (20%) of wheat middlings
(WM). In exp. 2, two low-nutrient-density feeds were
compared after the starter diet (d1-7): a similar WM diet as
used in exp. 1 (d7-38) or a corn-soy based diet (CS). Two
strains of HM were tested: Buford (Bu) or PHL. Day-of-
hatch poults were randomly distributed to one of six groups:
non-challenged, CS diet (CS-NC); non-challenged, WM
diet (WM-NC); HT with Bu strain and WM diet (Bu-WM);
HT with Bu strain and CS diet (Bu-CS); HT with PHL strain
and WM diet (PHL-WM); or HT with PHL strain and CS
diet (PHL-CS). On day 10, 14/45 poults in the HT groups
were directly inoculated with 10° HM/poult. Mortality was
recorded daily in both experiments. Lesion scores were
analyzed using PROC MIXED procedure (SAS 9.4).
Mortality was compared using the chi-square test of
independence. In exp. 1, mortality of the seeder turkeys
started on day 39 (21 d.p.i.). On day 44 (26 d.p.i.), all
seeders were humanly euthanized and one contact turkey
died. The exp. was terminated on day 52 (34 d.p.i.) and
lesions were scored on a scale of 0-3. From the contacts,
33% had lesions in the ceca and/or liver (7/23). In exp. 2,
mortality started 10 and 11 d.p.i. in the seeder turkeys in the
groups Bu-CS and Bu-WM, respectively, and 16 and 21
d.p.i. in the groups PHL-WM and PHL-CS, respectively.
Mortality of the seeder turkeys was 42.9% in the PHL-CS
and PHL-WM groups, 57.1% in Bu-CS, and 64.3% in Bu-
WM (p>0.05). On day 38 (28 d.p.i.), all groups were
terminated and lesions in the liver and ceca were evaluated.
Inexp. 2, HT was only observed in the PHL-CS, with 23.3%
mortality in the contact turkeys and 57% of the contacts
exhibiting lesions. In summary, HT was reproduced in two
experiments using low-nutrient-density diets, although the
WM diet did not allow successful HT in exp. 2, suggesting
that either subtle differences in diets or infrequent high-
level HM shedding from seeders are responsible for HT of
HM. Ongoing investigations will examine these hypotheses.

Key Words: Blackhead disease, horizontal transmission,
turkeys

77  Role of stress factors on histomoniasis disease
development and transmission in turkeys. Catherine
Fudge* ©5, Chongxiao Chen, Robert Beckstead; Prestage
Department of Poultry Science, NC State University,
Raleigh, North Carolina, United States.

Histomonas meleagridis infection leads to cecal and liver
lesions, severe morbidity, and high mortality in turkeys.
Few studies have researched the stress factors involved in
histomoniasis development and transmission. Two studies
were conducted to investigate the role of common stressors
during turkey production on histomoniasis development and



transmission between poults. Experiment 1(floor pen trial):
480 one-day-old poults were allocated to8 treatment groups
having 3 replicates of 20 birds each. Treatments consisted
of negative control, positive control, cold stress (15.6 C, for
12 days post-infection (DPI)), 18-hour feed withdrawal (1
DPI, 6 AM-12 PM), transportation stress (1 DPI transported
2 hours), poor poult quality (24 hour delayed placement),
increased electrolyte diet (3.5% increase), feed additive
(butipearl). At 5 weeks, 10 birds in each pen were infected
cloacally with 100,00 histomonads/birds, except negative
control pens. The trial was terminated 35 DPI. Experiment
2 (battery cages trial): 130 one-day-old poults were
allocated to 4 treatment groups having 3 replicates of 10
birds, and 1 negative control cage. Treatments consisted of
negative control, positive control, low protein diet (8%
reduction), low protein diet, and 5X vaccine dose consisting
of Eimeria adenoids and Eimeria meleagrimitis, low protein
diet, and 18-hour feed withdrawal (1 DPI, 6 AM-12 PM).
At 2 weeks, 5 birds in each treatment cage were infected
cloacally with 100,000 histomonads/bird, except negative
control cages. Poults were terminated 28 DPI. Daily
mortality was recorded throughout experimental periods.
Cecal and liver lesions caused by H. meleagridis infection
were scored on a 0-4 scale with 4 being the most severe.
Data were analyzed using the GLM procedure using SAS
(9.4) and means were separated by Duncan Multiple Range
Test with a significant difference being P < 0.05. Significant
transmission of H. meleagridis from infected to uninfected
birds was not observed during either experiment. In
experiment 1, 18-hour feed withdrawal and electrolyte
treatments had significantly higher cecal (P=0.0094) and
liver (P=0.0046) scores compared to the rest of treatments.
18-hour feed withdrawal treatment had highest mortality,
followed by salt treatment (P=0.00470). There is no
significant different in mortality between the rest of
treatments. In experiment 2, 5X vaccine and 18-hour feed
withdrawal treatments had significantly higher mortality
than positive control group (P=0.0243); ceca and liver lesion
scores between treatments were not significantly different.
Among the factors tested, feed withdrawal, high
electrolytes, and co-infection with 5X cocci vaccine
resulted in more severe disease signs at termination.

Key Words: histomonas, blackhead, transmission, stress,
parasitology

78 Fructans affects mRNA expression of pro-
inflammatory, antiviral, and antibacterial innate
immunity genes on chicken macrophages. Santiago
Uribe-Diaz* ®51, Blanca C. Martinez?, Julian Reyes?, Juan
Carlos Rodriguez-Lecompte?; tUniversity of Prince Edward
Island, Charlottetown,  Prince  Edward Island,
Canada, 2Promitec S.A, Bucaramanga, Colombia.

A study was conducted to evaluate the effects of fructans-
like  fructooligosaccharides  (FOS) and  inulin
supplementation on innate immune activation in chicken
macrophages. Methods: Chicken macrophages (HD-11)
cell line were cultured by triplicate at a concentration of
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5x10° cells / well in 24 well plates. Macrophages were
divided into three groups: 1. FOS 54.7 ug/100 ul powder; 2.
FOS syrup 1 ug/100 ul; and 3. Inulin 35.3 ug/100 ul. This
study evaluates periods of time 12- and 24-hours post-
supplementation. The research tested the effect of FOS
powdered or in syrup and inulin supplementation on
chicken macrophages gene expression of toll-like receptors
(TLR) 2, 4, 3 and 21; macrophage mannose receptor
(MMR); adapter molecules TRIF and MyD88; transcription
factor NF-B, interferon regulatory factor-7; pro-
inflammatory cytokines interleukin (IL)-1b, IL-6, IL-12, IL-
17, 1L-22 and IFN-g; anti-proinflammatory cytokines TGF-
B, IL-4, IL-10; antiviral interferon (IFN) type I-B; and
antimicrobial ribonuclease angiogenin 4 (Ang-4). They
were used as indicators of immunological cell activation.
Gene mMRNA expression was quantified in chicken
macrophages using quantitative RT-PCR with SYBR green
dye. An ANOVA model was used to compare the effects of
treatment groups, genes, and time on the natural logarithm
of Ct values; a pairwise comparison of marginal predictions
for the treatment groups were performed using Tukey’s
adjustment. Results TLR-2 and MMR  were not
significantly upregulated or downregulated (P > 0.05) at any
time or treatment group. However, TLR3, TLR4, and TLR-
21 were significant different (P < 0.05). TRIF was
significantly upregulated during the first 12 h of
supplementation in the group 1; in contrast, MyD88 and
NF-B shown no differences (P > 0.05) between groups.
IRF-7 was upregulated in group 1 at both sampling times.
Expression of IL-1b and I1L-6 were upregulated (P<0.05) at
12 h in group 1, in contrast to IL-12 upregulation (P<0.05)
at 24 h. However, IFN-g was upregulate in groups 2 and 3
in both at 12 and 24 h. 1L-10 was significantly upregulated
(P < 0.05) at 12 h. Ang 4 was upregulated in group 1 at 12
h. Conclusion: Fructans-like fructooligosaccharides and
inulin supplementation have been shown to improve
microbial balance of the intestinal ecosystem by stimulating
the growth of bifidobacterial, lactobacilli and Bacteroides.
However, the supplementation with Fructans was shown to
activate the endosomal patterns recognition receptors that
modulate the pro- and anti-proinflammatory balance in
chicken macrophages.

Key Words: Innate immunity, Macrophages, FOS, Health,
Fructans

79 Fecal and serum biomarkers for intestinal
inflammation in broiler chickens. Gabriela Cardoso Dal
Pont* 54 Bruna L. Belote?, Christos Gougoulias?, Yuhua
Z. Farnell*, Michael H. Kogut®; Veterinary Sciences,
UFPR, Curitiba, Brazil,?2Innovad NV/SA, Essen,
Belgium, S3USDA-ARS, College Station, Texas, United
States, “Poultry Science, Texas A&M University, College
Station, Texas, United States.

Gut health has been in the focus of the poultry industry for
years, specifically driven by the reduction of antibiotics in
poultry production. However, to apply measures and
products to improve gut health, the industry seeks reliable



non-invasive biomarker(s) to evaluate intestine status of the
flocks and guide interventions. Therefore, we conducted an
experiment to evaluate several proteins as non-invasive
biomarkers for gut inflammation in broilers. We used two
models of intestinal inflammation: a chemical model using
timed challenges with dextran sulfate sodium (DSS) and a
nutritional model using a high non-starch polysaccharide
diet. In the present study, 180 day-of-age chickens were
randomly divided in four treatments: 1) Control (CNT) with
no challenge; 2) two cycles of oral-gavage of 0.25mg
DSS/ml (25DSS); 3) two cycles of 0.35mg DSS/ml
(35DSS); or 4) a high non-starch polysaccharide diet (NSP)
(30% of rice bran). To confirm if the nutritional and/or the
chemical challenges produced an intestinal inflammation
histologic analyses were performed at 14, 22, 27 and 36d
post-hatch. The proteins assessed as potential biomarkers
were: calprotectin (CALP) and lipocalin (LCN-2) in the
feces, moreover ovotransferrin (OVT), and CALP, LCN-2
and LPS were measured in the serum. All the proteins were
quantified with ELISA kits. Data analysis considered the
completely randomized design, variables with non-normal
distribution were analyzed by Kruskal Wallistest, normal
distribution data were submitted to ANOVA and means
were compared by Tukey and Dunnet’s, and P<0.05 was
considered statistically significant. The three challenged
groups presented signs of inflammation under histologic
evaluation as an increase in lamina propria and epithelial
thickness, infiltration of inflammatory cells, congestion,
and proliferation of immature enterocytes. CALP
concentration in the serum was significantly greater in
35DSS group by 135% compared to CNT at 14d (P=0.036).
Calprotectin was the only serum biomarker showing
responsiveness to inflammation. Among the proteins
analyzed in the feces, CALP and LCN-2 showed statistical
differences at 28d. The 35DSS broilers showed a greater
fecal CALP concentration when compared to the CNT by
24.99% (P=0.0395). LCN-2 was 27.09% higher on the feces
of NSP broilers than the CNT (P=0.0075). OVT and LPS
were not observed as potential biomarkers. Thus, LCN-2
may be a promising fecal biomarker for intestinal
inflammation, but most importantly, calprotectin showed
the greatest potential as a novel biomarker for poultry
measured both in serum and feces.

Key Words: calprotectin, biomarker, lipocalin, intestinal
health, gut inflammation

80  Comparison between the | See Inside
methodology and measurement of intestinal villi in
broilers. Bruna L. Belote* 5 1 2 Igor Soares!, Béatrice
Hamel®, Cleverson de Souza*, Elizabeth Santin® 3;
!Department of Veterinary Science, Federal University of
Parana, Curitiba, Brazil, 2ISI Institute, Curitiba,
Brazil, 3Jefo Nutrition Inc., Sant-Hyacinthe, Quebec,
Canada, “CLS Consulting, Capanema, Parana, Brazil.

The extension of the villi surface is positively associated
with its absorptive capacity, so the classic morphometry of
the villi has become a traditional tool in animal research.
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However, this measurement may not be enough to express
all the alterations related to mucosa functionality. The aim
of this study was to compare the classic morphometry of the
intestinal villi with the I See Inside (ISI) scoring method.
Therefore, 720 male broilers were raised from 1 to 35 days
of age and randomly assigned to the groups non—challenged
(NC) and challenged with Eimeria (CH), with 24 pens per
group. At 17d, the CH birds received an in-feed inoculation
with 2x10° oocysts isolated in the field. The diet was
according to NRC. At 22d, 12 birds per group were
necropsied for jejunum sampling and histological analysis,
with both villi morphometry and ISI scoring performed on
the same villi. The villi morphometry was composed by the
measurement of villus height (VH), villus width (VW),
crypt depth (CD), crypt width (CW), and the VH:CD
relation. For the ISl scoring, the evaluated parameters were
lamina propria thickness (LPT), epithelial thickness (ET),
proliferation of enterocytes (PE), inflammatory cell
infiltration in the epithelial (IFEP), inflammatory cell
infiltration in the lamina propria (IFLP), increase of goblet
cell (GC), congestion (CG) and  presence
of Eimeria (OOC). For ISI, each parameter was scored (S)
from 0 to 3, according to the extension and intensity, which
were multiplied by the parameter impact factor (IF), which
varies from 1 to 3 according to the impact in the villi
function. The final ISI score is = ) (IF*S). Data were
submitted to the Kruskal-Wallis test (P<0.05). The
Spearman correlation’s test was performed to observe the
interaction between the ISI scores with the measurement of
the villus (P<0.05). The CH group presented a higher
(P<0.01) ISI total score in comparison to the NC group (16
vs 5.9, respectively) due to LPT, IFEP, IFLP and OOC. The
VH and VH:CD were lower in the CH group (P<0.05), but
the VW, CD, and CW measurements were higher compared
with the NC group (P<0.05). The VW had positive
correlation with LPT (r=0.59), ET (r=0.68), PE (r=0.70),
IFEP (r=0.56), IFLP (r=0.50) and ISl total (r=0.62). The
results suggest that the broader contact surface in infected
villi may result from the increased inflammation by
the Eimeria challenge, which may reduce the intestinal
absorption function. In conclusion, a larger contact surface
is not necessarily related to better intestine function, since it
might be compromised by inflammatory cell proliferation.
The histopathologic scoring is important to detect biologic
differences in treatment groups, providing more information
about gut health.

Key Words: Histopathology, Gut health, Inflammation,
Scoring method, Index

81  Changes in gene expression in the intestinal
mucus of broilers with woody breast myopathy. Linan
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Wei Zhai®, Li Zhang'; 'Department of Poultry Science,
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Woody breast is a breast muscle myopathy in fast-growing
broilers related to oxidative stress, gut barrier condition, and
inflammation. Mucus that covers and protects the
gastrointestinal tract is a dynamic system regulating
oxidative stress, gut barrier function, and immune reactions.
Previous work has shown that different dietary treatments
affect woody breast incidence differently, indicating that
gut condition changes are likely related to woody breast
myopathy. In this study, the effects of dietary
supplementation of antibiotics (bacitracin) or a probiotic
(Bacillus subtilis) on gene expression related to oxidative
stress, the gut barrier function, and inflammation in the
mucus lining the jejunum of broilers with or without woody
breast myopathy was investigated. A split-plot design was
used. The dietary treatments served as a main plot factor
with a pen as the main plot unit; woody breast myopathy
serves as a subplot factor, with a bird as the subplot unit.
Pens were blocked based on their locations. On d 41,
jejunum mucus was collected from one bird from each pen
exhibiting woody breast myopathy and an additional bird
exhibiting normal breast (4 replicates/treatments, total N =
24). Total RNA was extracted using a commercial RNA
extraction kit. The expression level of interferon-gamma
(IFN-y), Interleukin 10 (IL-10), Toll-like receptor 2A
(TLR2A), Claudin-1 (CLDNL1), superoxide dismutase
(SOD), and Mucin 6 (MUCG6) were determined by two-step
reverse-transcription  quantitative PCR  (RT-gPCR)
analysis, and the gene expression difference was determined
using the relative quantification (AACt) method after
normalizing with the reference gene (chicken 18S rRNA
gene). The fold change of each gene was analyzed using
two-way ANOVA, and the level of significance was set at p
<0.05. There were no significant interactive effects between
diet and incidence of the woody breast on any gene
expression. The expression of SOD decreased in birds fed
antibiotic diet compared to birds fed control or probiotic diet
(p < 0.0001). Diet modulation did not affect the expression
levels of other genes. Birds with woody breast myopathy
showed lower MUCG6 gene expression levels than birds with
normal breast muscles (p = 0.0009). No significant
expression differences were found between birds with
woody breast myopathy and birds with normal breasts on
the other genes. In conclusion, broiler woody breast
myopathy is related to the decreased expression of mucin in
mucus, indicating a correlation between woody breast
incidence and a lessening of gel-forming mucin secretion,
as well as a reduction in gut defense function.

Key Words: Bacitracin, Bacillus subtilis, gene expression,
breast muscle myopathy, broiler
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Brazil, 2Department of Veterinary Pathology, Federal
University of Rio Grande do Sul, Porto Alegre, Brazil.

The impact of deoxynivalenol (DON) upon intestinal tissue
of broilers was assessed by using an Ussing Chamber (UC)
with jejunal explants associated with histopathological and
immunohistochemical measurements. This method was also
applied to evaluate the efficacy of an anti-mycotoxin
additive (AMA) against DON effects in the intestinal tissue.
A total of 12 Cobb 500 male broilers were reared in battery
cages and fed a common diet free of aflatoxins, fumonisins,
zearalenone, deoxynivalenol, and T-2 toxin contamination.
At day 21, all birds were slaughtered and four jejunal
explants were immediately obtained from each bird (n=48)
for the ex vivo analysis in the UC. The 48 explants were
mounted on UC and subjected to four treatments with 12
replicates in a completely randomized block design, where
each bird was considered as block. Treatments were: T1
(control) - buffersolution (BS) without DON and AMA, T2
- BS + 10 mg/L DON, T3 - BS + 0.5% AMA, and T4 — BS
+ 10 mg/L DON + 0.5% AMA. After 120 min of exposure
in the UC, explants were removed and prepared for the
following histopathological and immunohistochemical
measurements: villi number, villi height, crypts diameter,
villi  height/crypts diameter ratio, height of apical
enterocytes and size of their nuclei, scores of villi integrity
and cytoplasmic vacuolization of enterocytes, and number
of apoptotic cells. Statistical analyses were conducted using
the software Statgraphics Centurion XV. Data were
submitted to analysis of variance and mean differences
among treatments were compared by Tukey test (P < 0.05).
Villi number, villi height, crypts diameter and villi
height/crypts diameter ratiowere not different (P > 0.05)
among treatments. When compared to the control treatment,
DON triggered a reduction (P < 0.05) on enterocytes size
and enterocytes nuclei size as well as an increase (P < 0.05)
in the scores of cytoplasmic vacuolization microvilli
integrity. Apoptotic cells count was greater (P < 0.05) in
DON-exposed explants compared to the control. It was
observed that the AMA mitigated DON harmful effects,
where BS + 10 mg/L DON + 0.5% AMA had lower
enterocytes height than the control; however, it was higher
than BS + 10 mg/L DON (P < 0.05). The AMA also
preserved the size of enterocytes nuclei, promoted a
decrease (P < 0.05) in the score of cytoplasmatic
vacuolization of enterocytes and in the apoptotic cells count.
The ex vivo model in association with histomorphometry
demonstrated the impact of DON upon intestinal explants
of broilers as well as the efficacy of an AMA in combating
some damaging effects on tissue integrity.

Key Words: Anti-mycotoxins  additive,
histopathology, intestinal integrity, Ussing chamber
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83  Role of autophagy machinery dysregulation in
bacterial chondronecrosis with osteomyelitis. Alison
Ferver* ¢ 2, Elizabeth S. Greene!, Sami Dridit; *Poultry
Science, University of Arkansas, Fayetteville, Arkansas,
United States, 2Cell and Molecular Biology, University of



Arkansas, Fayetteville, Arkansas, United States.

Autophagy has proven to be a significant mechanism for
cell survival as well as death. The conflicting nature of the
autophagy mechanism means its function or dysfunction has
been implicated in both disease states and physiological
maintenance. In the case of bacterial infections, it is both a
mode of defense via foreign identification and degradation
and a means of bacterial proliferation and consequential cell
death via manipulation or repression of autophagy
machinery. In regards to physiological maintenance,
autophagy is critical to proper cell differentiation and
proliferation in bone during both growth and healing. It is
for these reasons we hypothesized that autophagy could
play arole in the pathogenicity of bacterial chondronecrosis
with osteomyelitis (BCO). To test this hypothesis, bone
samples were taken from non-lame, male broilers raised on
clean, shaved-wood litter exhibiting no BCO lesions and
lame, male broilers reared on the wire floor model
developed by Wideman et al. 2012 exhibiting BCO lesions
(n=10/group). The samples were snap frozen in liquid
nitrogen and stored at -80°C until further analysis. Gene
expression of healthy and BCO-affected birds was analyzed
via real time quantitative PCR. Data were analyzed by one-
way ANOVA or Student’s t-test, as appropriate.
Significance was set at P<0.05. To test whether bacterial
manipulation was the cause of autophagy dysregulation,
human fetal osteoblast cells (hFOB) were challenged with
the BCO causing strain Staphylococcus agnetis 908. Cells
were grown to 80% confluency, treated with S. agneits 908
at an MOI of 50:1, along with untreated controls.. Protein
from both cells and tissue was analyzed via Western Blot
analysis on 10% acrylamide gels. Image acquisition and
analysis were performed by AlphaView software. BCO
affected bone showed decreased mMRNA and protein
expression of key autophagy markers such as LC3, ATG3
and ATG7. Challenged hFOB cells also showed decreased
cell viability and decreased protein expression of autophagy
machinery and regualtors. Global knockdown of autophagy
via two different pharmacological inhibitors, 3-
Methyladenine and Chloroquine, resulted in similar cell
viability decrease as seen in bacterially challenged cells.
These results suggest that bacterial infection induces bone
attrition via dysregulation of autophagy machinery.
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84  Generation of chicken anti-human rotavirus
recombinant monoclonal antibodies using single B-cell
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Rotavirus is the leading cause of severe gastroenteritis in
infants and young children. One of the primary structural
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features of human rotavirus (HRV) is the VP4 spike protein.
Cleavage of VP4 by trypsin is required for host cell
attachment and subsequent infection. In a previous study,
we generated high titer, neutralizing egg yolk anti-HRV
antibodies capable of preventing rotavirus infection in vitro.
The aim of this study was to generate mono- specific,
neutralizing recombinant chicken monoclonal antibodies
directed against each of three HRV-neutralizing epitopes
found on the VP4 spike protein. We expect that these
monoclonal antibodies will exhibit increased HRV
neutralizing activity and can be produced in a scalable
recombinant antibody expression system. Single B-cell
cloningwas used to develop the antibody, a technology that
has yet to be used in the production of therapeutic
monoclonal antibodies in chickens. Peripheral blood
mononuclear cells (PBMCs) were isolated from white
leghorn hens hyperimmunized with electron beam
inactivated HRV particles. Chicken B-cells were sorted by
flow cytometry using a fluorescently labeled antibody
against chicken IgY and three synthetic, biotinylated
peptides derived from neutralizing regions of the rotavirus
spike protein. Single B-cells were maintained in vitro in the
presence of chicken CD40 ligand and IL-4 for one week
before screening for HRV-specific antibody secretion by
ELISA. RNA was isolated from positiveB-cell clones using
the Zymo Mag-Bead RNA Isolation kit and used to generate
cDNA. The variable regions of the chicken heavy (VH) and
light (VL) chain were amplified using gene specific primers.
The VH and VL amplicons were cloned into the Zero Blunt
Il Sequencing vector for sequence analysis. Once
productive VH and VL sequences were obtained, the
amplicons were ligated into the pcDNA3.1 vector using a
HiFi Assembly kit for expression of the complete antibodies
in CHO cells. Three unique antibody sequences
incorporating different VV-genes were obtained by single B-
cell sorting, each directed against one of three spike protein
neutralizing epitopes. The antibodies were correctly
assembled and expressed for use in future in vitro HRV
neutralization studies.

Key Words: Antibody, Monoclonal, B-cell, Sorting,
Rotavirus

85  No presentation materials submitted.

86  Evaluation of the trade-off between molt and
innate immunity in laying hens. Andrea DeRogatis* 5,

Kirk Klasing; Animal Science, University of California,
Davis, Davis, California, United States.

For poultry, there are a variety of nutritionally costly life
stages that must be balanced with the costs of the immune
system. The process of molt is known to be expensive in
terms of nutrient requirements due to the metabolic costs
associated with producing high quality feathers quickly.
The trade-offs between investments in self- maintenance
(e.g. immunity, antioxidant defenses) and other processes
have been shown to be important during bothgrowth and
reproduction, but less is known about the relationship



between molt and immunity. The objective of this study was
to use chickens (Gallus gallus domesticus) to clarify the
impacts of molt on nutritional investment in immunity
during a lipopolysaccharide (LPS) challenge to the innate
immune system. We hypothesized that chickens undergoing
molt are likely to have a lower inflammatory response to
LPS compared to the other treatment groups. Four treatment
groups (n = 7) were used: 1) No molt control 2) No molt
control + LPS challenge 3) Molt and 4) Molt +LPS
challenge. To induce molt, laying hens were shifted from a
long-day schedule to a short-day schedule over the course
of a week and administered oral thyroxine at a dose of 1.25
mg/kg of body weight. An intraperitoneal injectionof LPS
(1.5 mg/kg) was administered three weeks after the onset of
molt. Four hours after the LPS injection; liver, spleen,
thymus, and blood samples were collected for evaluation of
cytokines using gPCR. Analysis of variance (ANOVA) was
used to calculate the effect of molt status, body weight and
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LPS injection on the spleen or thymus size.Body weight did
not affect spleen or thymus size. Molt status was found to
significantly affect the size of both the spleen (p < 0.001)
and the thymus (p < 0.001). The average size of the spleen
and thymus of a molting chicken was 2.53 and 2.05 grams
respectively. The average spleen and thymus of size of a
non-molting chicken was 1.48 and 0.41 grams respectively.
Counter to our hypothesis, chickens undergoing molt had a
stronger inflammatory response to LPS compared to other
treatment groups indicated by proinflammatory cytokine
expression levels (p < 0.05). This research helps clarify how
immunity is affected by molt and may be used to inform
subsequent research on poultry management practices to
optimize immunity during molt.

Key Words: Hens, Molt,
Immunity, Inflammation

Innate Immune System,



Management and Production

87  Protocol development for monitoring hydrogen
sulfide emitted from poultry excreta — a case study. Sam
Shen*, Hector Leyva-Jimenez, Katherine McCormick,
Michael Martin, Pai Liu; United Animal Health, Inc.,
Sheridan, Indiana, United States.

Noxious odors from animal operations are the result of
uncontrolled microbial fermentation of fecal materials.
Their impacts can range from unpleasant odors in the
environment that will impact animal performance and
health, to litigation that could lead to a license revoke and
significant financial burden for poultry companies. To
counter their harmful impact, versatile remediation
approaches including in-feed strategies are commonly used.
The effectiveness should be evaluated by odor
measurements. However, reliable odor detection protocols
that are suitable for field application are lacking. In fact,
odor results for ammonia (NHs) or hydrogen sulfide (H»S)
detected in poultry excreta can be either very variable or not
trustworthy for various reasons. While HzS is more pungent
than NHjs, it is a less researched subject. The objective of
the current case study was to develop a protocol for
monitoring H,S emitted from broiler excreta applicable to
field conditions. The presence and intensity of H,S from
animal excreta rely on the dynamic balance of its formation
and reduction, under mostly anaerobic fermentation
conditions. A measurement protocol should therefore mimic
this process. Based on our experience, predetermined
sample preparation was set for the current study. The
excreta were conditioned to contain the right amount of
moisture and a sufficient amount of sample in a sealed
incubation unit (IUT). The samples were incubated for a
fixed period under proper temperature before odor
measurement. Disposable food containers (1.4L) were used
as the IUT, and Drager® HS diffusion tubes (10-300 ppm)
as the monitoring tool. The present study was composed of
two separate trials with both trials using excreta collected
from grower age broilers. The collected excreta were an
accumulation of 10-14 days. In the first trial, there were 3
replicate IUT, whereas there were 4 IUT in the second trial.
Each IUT replicate had 400-500 g homogenized excreta
sample (Trial 2 and 1, respectively) that was conditioned
with distilled water before incubation. Excreta in IUT were
then incubated for 24 h (25-28°C), before diffusion tube
insertion. The H,S results were expressed as ppm HyS per
100 g of excreta after 1 h evaluation. Under the current trial
conditions, H,S in excreta collected from birds fed corn-
soy-DDGS diets was readily detectable and variation was
low (122.7+4.6 ppm/100 g excreta in the first trial and
129.7+£21.9 ppm/100 g excreta in the second trial). The
protocol developed from the current study allows dynamic
and quick H»S monitoring that will further offer tools for
evaluating the effectiveness of feeding strategies in odor
remediation.

Key Words: Hens, Molt, Innate Immune System,
Immunity, Inflammation

88 In vitro estimation of plant extracts for their
antimicrobial activity against Salmonella Enteritidis.
Weifeng Han, Chun-gi Gao*; College of Animal Science,
South China Agricultural University, Guangzhou, China.

The addition of antibiotics in livestock and poultry feed will
lead to safety problems such as residues. With the coming
of the era of non-resistance, it is becoming more and more
urgent to find effective substitutes for antibiotics.
Salmonella enteritidis is one of the typical pathogenic
bacteria that target intestinal epithelium, brings hugelosses
to the poultry industry every year. In recent years, studies
have shown that plant extracts can effectively inhibit the
growth and reproduction of a variety of pathogens. This
study aims to screen the plant extract that can effectively
inhibit the activity of S.E. Two experiments were conducted
to screen plant extracts that effectively inhibit S.E. In
experiment 1, the minimal inhibitory concentration (MIC)
and inhibition zone of 10 plant extracts against S.E were
tested. The 10 plant extracts contained African wild
chrysanthemum, olive, locust, dandelion, honeygrass,
eucalyptus,cinnamon, cloves, orange peel, and citronella. In
experiment 2, based on the results of experiment 1, a plant
extract with good antimicrobial effect was selected and co-
cultured with S.E and plant extract concentrations of 0.5, 1
and 2 xMIC respectively, and then the morphology and
ultrastructure changes in S.E. was observed by scanning
electron microscopy. The differences among the different
groups were analyzed by one-way ANOVA followed by
Duncan’s multiple range tests using SAS software. P-values
< 0.05 were considered statistically significant. Result
shown that, clove extract had the best antimicrobial activity
against S.E. among the 10 plant extracts, with a lowest MIC
of 0.7813 mg/mL, and the largest inhibition zone of 20 mm
(P< 0.05). According to the result of scanning electron
microscopy, and the morphology of S.E were significantly
changed supplemented with 05 x and 1 x MIC
concentration of clove extract. The S.E treated with clove
extract at the 2 x MIC concentration for 24h exhibited
several changes, including cell wall fragmentation and cell
cellular lysis (P< 0.05). In conclusion, the results suggest
that clove extracts have active against S.E. among the 10
plant extracts in vitro, it may provide reference value for
substitution of antibiotics in poultry production.

Key Words: Salmonella enteritidis, plant extract, minimal
inhibitory concentration, scanning electron microscopy

89 Effect of long-term cyclic heat stress on turkey
production and stress parameters. Benjamin N. Alig*!,
Dellila Hodgson!, Jesse Grimes!, Prafulla Regmi?;
!Prestage Department of Poultry Science, North Carolina
State University, Wake Forest, North Carolina, United
States, 2Poultry Science, University of Georgia, Athens,
Georgia, United States.

Modern turkey toms are often heavy birds that have been



selected for high body weight (BW) gain andlow feed
conversion ratios (FCR). As a result, toms can generate a
considerable amount of metabolic heat. Since most of the
top turkey producing states are in parts of the US that have
particularly hot summers, turkeys are prone tothe negative
effects of heat stress in these regions. Due to these concerns,
it is important to understand how cyclical, long term heat
stress effects the performance of modern meat turkeys. One
hundred and twenty Nicholas Select maleturkey poults were
brooded in battery style cages. At 4 wk the turkeys were
transferred to 8 totally enclosed grow rooms with 15
turkeys/room and randomly assigned to 2 treatments. Each
room contained a propane heater and ventilation system
with inlets and one exhaust fan. From 4 to 5 wk the
temperature in every room was raised to 90F for 8 hr
between 8am and 4pm every day and then lowered to
ambient temperature (between 65-75F) after 4pm. After8
wk the heat treatment was ended in half of the rooms and
these rooms were left at ambient temperature for the
remainder of the study while the other half of the turkeys
remained exposed to heat stressed until 18 wk. Production
parameters (feed consumption and individual BW) were
recorded and blood samples were drawn biweekly. At 18
wk, 2 toms/replicate were processed and carcass yield data
were collected. Statistical analysis was performed using
JMP Pro 14 and post hoc analysis was done utilizing the
student’s t-test. A p-value of p<0.05 was considered
significant while a p-value of p<0.1 was considered
trending. Non-heat stressed toms were heavier (17.95 kg)
than heat stressedtoms (16.96 kg) at 18 wk (P < 0.05). No
difference was found in feed disappearance or FCR. Based
on processing data, heat stressed turkeys had larger legs
than non-stressed turkeys by 0.66% (p<0.05). Furthermore,
heat stressed turkeys had heavier wings, lighter thighs and
lighter breast muscles by 0.66 %, 0.38% and 1.09%
respectively (p<0.1).Heat stressed turkeys tended to have
smaller testes by 0.05% (~9.37g; P < 0.1). Plasma
corticosterone concentrationwas higher in heat stressed than
non-heat stressed birds at 6 wk (p<0.05). In conclusion,
based on this study heat stress at 90F could affect
commercial tom turkey performance and carcass yield.
Further research on physiological and behavioral
parameters could provide greater insight into the
mechanisms that help turkeys cope with chronic heatstress.

Key Words: Turkey, Heat Stress, Performance, Carcass
Yield, Organ Weight

90 Heat stress and feed restriction distinctly affect
carcass and body parts yield in broiler chickens. Nima
Emami*?, Elizabeth S. Greene', Barbara Mallmann?, Estelle
Devillard?, Sami Dridi'; ‘Center of Excellence for Poultry
Science, University of Arkansas, Fayetteville, Arkansas,
United States, 2Adisseo, Commentry, France.

Global warming threatens all kinds of life on earth, and
increased frequency and severity of heat waves are
predicted over the next decades. Broiler chickens are
particularly susceptible to heat stress (HS) due to their
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unique physiology and high metabolic rates, and negative
effects of HS on performance are attributed to lower feed
intake (FI). This study was conducted to distinguish
between the effects of HS and FI depression on broiler
chicken’s performance, and carcass and body parts yield. In
total, 720 day-old male Cobb 500 broiler chicks were
randomly allocated to three treatments with 8 replicates of
28 birds/pen including: control (CTL): birds raised under
normal temperature (23 °C) from d 29-42 and had free
access to the diet; 2) heat stress (HS): birds exposed to high
temperatures (35 °C) from d 29-42 and had free access to
the diet; 3) pair-fed (PF): birds raised under the same
condition as CTL group, but fed the same amount of feed as
HS group from d 29-42. All birds were fed a corn-soybean
meal basal diet in the form of crumble for the starter (d O-
14), or pellet for the grower (d 15-28), and finisher (d 29-
42) phase. Feed and water consumption were measured
daily and body weight measured weekly. On d42 gut
integrity measured using FITC-d in 2 birds/ pen. On d42, 15
birds/pen were processed and carcass parts were weighed.
Core body temperature from 8 birds/treatment were
recorded from d 29-42 using thermologgers. Data were
analyzed using JMP (Prol5) with significance between
treatments identified by LSD. Mortality was similar in all
the treatments during the starter, grower, finisher, and
overall experimental period. Core body temperature was
increased ~1°C during the heat stress period in the HS
group, as compared to the CTL and PF birds. Body weight
(BW) and relative carcass yield was significantly higher in
CTL compared to HS and PF birds on d 42. Compared to
HS, PF birds had significantly higher BW and lower relative
carcass Yyield. Birds in the HS group has higher FITC-d in
the plasma compared to CTL group. Body parts yield data
(relative to hot carcass weight) showed significantly higher
breast yield for CTL compared to HS. In addition, breast
yield was significantly higher in PF compared to HS. In
contrast, leg quarters and wings yield were significantly
higher for HS compared to CTL and PF. Cumulatively,
these data indicate distinct effects of FI and HS on broiler
chicken’s performance, body parts yield and gut integrity.
Thus, the negative effects of HS on broiler chicken’s
performance is not limited to the lower FI during the HS,
and underlying mechanisms should be further investigated.

Key Words: Heat stress, broiler chicken, mortality, body
weight, body parts yield

91  Biosecurity practices in relation to on-farm
mortality and disease in turkey flocks. Nienke van
Staaveren*!, Emily M. Leishman!, Ben J. Wood" 2 3,
Alexandra Harlander!, Christine F. Baes # Animal
Biosciences, University of Guelph, Guelph, Ontario,
Canada, 2Hybrid Turkeys, Kitchener, Ontario,
Canada, 3School of Veterinary Science, University of
Queensland, Gatton, Queensland, Australia, “Institute of
Genetics, Vetsuisse Faculty, University of Bern, Bern,
Switzerland.

Turkey farmers use biosecurity and health management



practices to limit production losses; however,it is unclear
how these practices relate to disease and mortality in
turkeys. As part of a larger cross-sectional survey of
Canadian turkey farmers, farmers were asked to describe
their farm including biosecurity and barn hygiene practices,
health management, cumulative flock mortality, and disease
presence in the flock. Linear (mortality, %) and logistic
(disease, yes/no) regression models were used; associations
between farm characteristics, biosecurity, barn hygiene,and
health management practices with either mortality rate (72
responses) or disease presence in the flock (67 responses)
were analysed. Explanatory variables in both models
included farmer experience, flock certification, vaccination,
biosecurity and barn hygiene indexes, number of age groups
on farm, presence of other poultry and animal species, and
use of ‘hospital/sick’ pens, while adjusting for flock sex and
age. Indexes of biosecurity and barn hygiene practices were
used as explanatory variables to address if the practices used
by farmers influenced disease or mortality outcomes.
Separate models were used to analyse the effect of specific
biosecurity and barn hygiene practices. Approximately 30%
of farmers reported the presence of disease in their flock and
the average cumulative mortality was 4.1 £ 2.9% (IQR: 2.1
— 5.4%). Preliminary results showed a tendency for higher
odds of disease when turkeys were kept on a multi-species
farm (OR = 7.2, 95%Cl = 1.1-47.8, P = 0.04). Farmers who
used ‘hospital/sick’ pens tended to have a higher cumulative
mortality in their flocks (5.2 + 1.4%) compared to those who
did not (3.5 + 0.9%, P =0.08). Higher mortality was found
in flocks where dry cleaning (i.e., removal of litter, organic
matter, dust) was used (3.3 £ 0.4% vs 2.3 £ 0.4%, P = 0.02),
while mortality tended to be lower in flocks where
fumigation (2.3 + 0.4% vs 3.2 £ 0.3%, P = 0.09) was used.
However, results should be interpreted with caution, as the
differences in mortality were relatively low. Human-related
biosecurity practices (e.g., handwashing, footwear, clothing
etc.) were not associated with turkey disease or cumulative
mortality in this study, although these practices are widely
considered biosecurity standards. These results provide first
insight into how farm characteristics, biosecurity, barn
hygiene, and health management practices are associated
with disease and mortality in Canadian turkey flocks,

however, further investigation to elucidate causal
relationships is required.

Key Words: Turkey, Health, Biosecurity, Disease,
Mortality

92 Effect of housing system environment on brown

egg layer quality (internal and external). Ramon D.
Malheiros*, Kenneth Anderson; Prestage Department of
Poultry Science, NC State University, Raleigh, North
Carolina, United States.

The housing system (HSy) is an external factor that
influences both the performance of hens and the egg quality
characteristics. Conventional cages have been banned in the
EU since 2012, and the housing of laying hens is only
permitted in alternative systems enriched cages, such as
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cage free housings, aviaries or free range, these systems
which are believed to improve the welfare of the hens. The
objective of the study was to evaluate the quality of eggs
from brown laying hen strains based on HSy. The quality
analysis was made on eggs from commercialbrown strains
used in the US and EU market. Five housing systems were:
Cage Free (CF), Enrichable Cage (EC), Enriched Cage
(ErC), Conventional (CvC), and Free Range (FR). Eggs
were evaluated of three hen ages 25-28 wks.,33-36 wks.,
and 49-52 wks. In each period 744 eggs, were randomly
chosen from each HSy, equally representing each strain.
The HSy were evaluated base on the proportion of the house
size (CF 120, EC 192, ErC 192, CvC 192, and FR 48 eggs
resp.) contributing to the total sample. In each hen age all
eggs were evaluated for a set of physical characteristics:
shell color, egg weight, aloumen height, Haugh unit, yolk
color (TSS, York, England), shell strength and elasticity,
and vitellin membrane strength and elasticity (Texture
Analyzer, Surry, England). Statistical analysis was done
using JMP 15.2, and significant means differences between
hen age and HSy were determined using Tukey’s HSD. The
differences between the three ages were highly significant
(P<.0001) in all characteristic evaluated,which is expected
as hens age. Shell color was darker brown in EC, than the
others HSy (P<.0001), and in the FR system eggs were
heavier (P<.0001) than other HSy, while the Haugh unit was
lower in CF, (P<.0001). The darker yolk color was showed
in FR HSy (P<.0001). Interestingly the shell quality
characteristics showed that eggs from CF and FR HSy, have
greater shell strength and elasticity(P<.0001), followed by
EC, ErC, and CvC HSy showed a very similar shell quality,
respectively. The vitellin membrane strength and elasticity
were not affected by the HSy, with P values of 0.1182, and
0.3264, respectively. In conclusion, the housing systems of
CF and FR, appear to improve the external and internal egg
quality. This may be related to better interplay of the laying
hens within the environment, with the ability to express an
expanded behavior profile including walking, nesting,
coprophagy, and access to pastures.

Key Words: Layer Hens, Housing systems, Egg Quality

93  Enumeration of naturally occurring
microorganisms in the intestinal tract and yolk sac of
day-old chicks from commercial hatcheries. Karely
Cantu*, Craig Coufal; Poultry Science, Texas A&M
University, College Station, Texas, United States.

Previously published experiments have demonstrated that
eggs inoculated with pathogens prior to hatching can result
in day-old chicks being contaminated with those same
pathogens. Other studies have investigated the extent of
naturally occurring Salmonella contamination in day-old
chicks, but less focus has been given to other potentially
pathogenic  species  of  microorganisms.  Such
microorganisms may inhabit the chick’s gastrointestinal
tract microbiota and may lead to morbidity or early
mortality during grow-out. With many poultry companies
implementing antibiotic-free production, chick



contamination from the hatchery is of great concern. The
objective of this study was to determine the extent of
naturally occurring microbial contamination in the intestinal
tract and yolk sac of day-old chicks obtained from
commercial hatcheries. Ten chicks were obtained from 6
different hatcheries, representing primary breeder and
integrator operations, and transported to the lab for
microbial evaluation. Following chick euthanasia, aseptic
techniques were used to remove the intestinal tract
(duodenum to colon) and yolk sac from each chick and
individually placed into separate sterile bags. Sterile PBS
was added to each bag at four times the sample weight to
achieve an initial 1:5 dilution. The contents of the bags were
homogenized by manual massage. Ten-fold serial dilutions
were performed, and aliquots were plated onto various
aerobic and anaerobic media to enumerate total aerobic
microorganisms (APC), Staphylococcus spp., Escherichia
coli, total  coliforms, fungi, Clostridium spp., and C.
perfringens. For all hatcheries, the average chick intestinal
tract counts for APC, Staphylococcus spp., E. coli, total
coliforms, fungi, Clostridium spp., and C.
perfringens counts were 7.57, 5.89, 6.10, 6.95, 5.49, 7.57,
and 2.06 logiecfu/g of intestine, respectively. The average
yolk sac counts for all hatcheries were 3.15, 1.02, 2.31, 2.92,
3.33, 3.46, 1.52 logiecfu/g for APC, Staphylococcus spp., E.
coli, total  coliforms,  fungi, Clostridium spp., and C.
perfringens, respectively. The frequency of detectable
counts for  APC, Staphylococcus spp., E.  coli, total
coliforms, fungi, and Clostridium spp. for all chick
intestinal samples was nearly 100%, whereas the frequency
of detectable counts for yolk sacs was significantly lower.
The frequency of C. perfringens detectable counts in chick
intestines was 36.6%, whereasC. perfringens was
detectable in only 6.6% of the yolk sac samples. The data
obtained in this study demonstrated that the gastrointestinal
tract of day-old chicks from some commercial hatcheries
may have high counts of potential pathogens.

Key Words: chick, intestine, yolk sac, contamination,
bacteria

94  Microbiota composition of the ileum and ceca of
colony-enriched and cage-free egg layer production
systems. Dana K. Dittoe*!, Anita Menconi?, Steven C.
Ricke!; *Meat Science and Animal Biologics Discovery,
Animal and Dairy Sciences, University of Wisconsin-
Madison, Madison, Wisconsin, United States, 2Evonik
Corportion, Kennesaw, Georgia, United States.

With the continuing increase in animal welfare standards,
many egg producers have shifted their production systems
to those of colony-enriched or cage-free production
systems. However, there is still much debate on the effect
the systems have on the health and gastrointestinal (GIT)
microbial ecology; thus, research investigating the impact
these systems have on the GIT microbiota must be explored.
Therefore, the objective was to compare the microbiota
populations of layers reared in enriched and cage-free
production systems during peak production. At a
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commercial egg production facility, layers were reared in
either enriched cages (710 cm?/bird) equipped with a nest
curtain and perch bar (Hy-line W-36), or aviaries (Hy-line
Brown) within the same housing facility. A total of 30 layers
(38 wk; n =15; N = 30, k = 2) were humanely euthanized.
The distal ileum and ceca were aseptically collected, and the
genomic DNA of the contents were extracted. The 16S
rDNA targeting the V4 region was sequenced on an
Illumina MiSeq. Microbiota data were filtered and aligned
using the QIIME 2-2020.11 pipeline, with data considered
significant at P < 0.05 for main effects and Q < 0.05 for
pairwise differences. There were more observed features
(Observed Operational Taxonomic Units) and a greater
diversity (Shannon Index) of the microbiota within the ceca
of the layers reared in the enriched system (P < 0.05; Q <
0.05), while there were differences between the observed
features or diversity (Shannon Index) of the two systems on
the ileum microbiota (P > 0.05; Q > 0.05). Also, the ileum
and ceca of the cage and cage-free layers had different
microbial abundances and phylogenies, as demonstrated by
Bray Curtis and Weighted Unifrac (P < 0.05; Q < 0.05).
Using ANCOM, the analysis of the composition of
microbiomes, Canidatus Arthromitus (W =
427), commonly associated with arthropods such as beetles
and termites, was more abundant in the ileum of caged
layers than among cage-free layers. As well, ANCOM
revealed that caged birds had a higher relative abundance
of Akkermansiaceae (W = 0), a potential indicator of a
healthy GIT, and cage-free layers having a higher
abundance of Methanobacteriaceae (W = 15), an archaeal
methanogen capable of methane production. In conclusion,
there were apparent differences in the microbiota of the
ileum and ceca of commercial layers reared in enriched and
cage-free systems, with layers reared in enriched cages
having a richer and more diverse microbiota. These results
potentially indicate the potential improvement of the
microbiota of the ileum and ceca of layers reared in enriched
systems to that of cage-free egg-production systems.

Key Words: poultry, 16S rDNA, cage-free, enriched cages,
microbiota composition

95  Evaluating the effects of stocking density on the
health and behaviour of turkey hens to 11 weeks of age.
Sameeha Jhetam* ©5 !, Karen Schwean-Lardner?, Kailyn
Beaulac!; 'Animal and Poultry Science, University of
Saskatchewan, Saskatoon, Saskatchewan, Canada, 2Animal
and Poultry Science, University of Saskatchewan,
Saskatoon, Saskatchewan, Canada.

Stocking density (SD) is a key factor that impacts the health
and welfare of birds by possibly affecting chronic stress and
behaviour. Few studies exist that assess turkey health and
welfare in relation to SD, with greater focus on toms
compared to hens. This study (two trials) examined the
effects of SD on turkey hen health and wellbeing to 11 wk
of age. Nicholas Select hens (n=3550 poults/trial) were
randomly placed in one of four final estimated SD
treatments (trt) of 30, 40, 50, or 60 kg/m?with four



replications per trt. Birds were housed in open rooms
(67.5m?) and feeder and drinker space were equalized on a
per bird basis. Air quality (CO, and ammonia) were tested
daily, and ventilation was adjusted to equalize air quality
across all trt. Heterophil/lymphocyte (H/L) ratios were
evaluated at 3, 5, 8, and 11 wk of age as a measure of chronic
stress (20 birds/replicate). Behaviour was recorded and scan
sampled (field of view observations) at 8 and 11 wk of age.
Litter samples were collected at wk 8 and 11 of trial 1 only.
Samples were dried and weighed to calculate average litter
moisture. Data were analyzed using regression analysis in
SAS 9.4 (Proc Reg and Proc RSReg; SD as independent
variable). Differences were considered significant
when P<0.05. All values reported are in ascending order of
SD trt 30, 40, 50, and 60 kg/m2. At wk 3, no differences
were noted for H/L ratios. At wk 5, H/L ratios linearly
increased as SD increased (0.76, 0.85, 0.88, 0.89; P<0.01).
At 8 wk of age, H/L ratios were highest in the 40 kg/m? trt
birds (quadratic; 1.09, 1.4, 0.83, 0.89; P=0.03). At wk 11,
H/L ratios increased with increasing SD (quadratic; 0.87,
0.96, 1.13, 1.06; P<0.01). Behaviour was impacted at 8 wk
as the percent of birds feeding (P=0.04), resting (P<0.01),
and total disturbances (P=0.05) linearly increased with
increasing SD. Bird activity linearly decreased as more
birds were standing (P=0.02), walking (P<0.01), and litter
pecking (P=0.03) in 30 kg/m2trt. Aggressive behaviour
(fighting plus aggressive pecking) was highest in the low
SD trt (quadratic; 0.60, 0.34, 0.11, 0.19 %; P=0.01) at wk 8.
At wk 11, bird drinking (quadratic; P=0.02), walking
(linear; P=0.03), and head scratching (linear; P=0.02)
decreased with increasing SD. There was a tendency for
birds in the 30 kg/m? trt to perform more environmental
pecking (quadratic; P=0.07). Resting (P<0.01), feather
pecking (P=0.01) and severe disturbances (P=0.02) linearly
increased as SD increased. Litter moisture was not affected
by SD. The results indicate that bird health and welfare is
negatively affected by higher SD through increased chronic
stress and altered behaviour such as decreased mobility,
however, low SD may increase aggressive acts.

Key Words: stress, aggression, mobility behaviours, litter
moisture, heterophil/lymphocyte ratio

96 In pursuit of a better broiler: Tibia morphology,
breaking strength, and ash content in conventional and
slower-growing strains of broiler chickens. Midian
Nascimento dos Santos* ©° !, Tina Widowski!, Elijah
Kiarie!, Michelle Guerin?, Stephanie Torrey'; Animal
Biosciences, University of Guelph, Guelph, Ontario,
Canada, ?Department of Population Medicine, University
of Guelph, Guelph, Ontario, Canada.

The rapid growth rate observed in fast-growing strains of
broiler chickens has been linked to bone disorders that can
cause lameness. Thus, the use of slower-growing (SG)
strains has been suggested as an alternative for improved
bone quality. To determine the impact of growth rate on
bone traits, a total of 7,216 mixed-sex birds representing 14
strains were investigated, including 2 conventional (CONV)
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strains (strains B and C: ADGg.4s > 60 g/d), and 12 SG
strains categorized in 3 groups based on their growth rate.
The SG strains were classified as FAST (strains F, G, I, and
M; ADGo.¢2 = 53 - 55 g/d), MOD (strains E, H, O, and S;
ADGg.6,=50 - 51 g/d), and SLOW (strains D, J, K, and N;
ADGg.62 < 50 g/d). The birds were sexed at hatch and placed
in 164 pens (44 birds/pen, 30 kg/m?). Each strain was
represented in 4 pens over 2-3 production cycles, totaling 8-
12 pens per strain in a randomized incomplete block design.
From each pen, 4 birds (2 males and 2 females) were
individually weighed and euthanized at 2 target weights
(TWs) according to the time they reached 2.1 kg (TW1: 34
d for CONV and 48 d for SG strains) and 3.2 kg (TW2: 48
d for CONV and 62 d for SG strains). Tibia samples were
dissected, length and diameter recorded. Left tibia was used
for bone-breaking strength at both TWs and tibia ash at
TW2. Data were analyzed using Proc Glimmix in SAS 9.4.
For all of the models, category, strain, sex, TW, and the
interactions were fixed effects, and block and production
cycle random effects. For comparisons at the same age (48
d), category, strain, and sex were fixed effects, and the
interactions were kept if significant. At TW1, CONV birds’
tibia were narrowest and shortest (P < 0.001), yet had
similar tibia breaking strength (TBS) compared to the other
categories (P > 0.69). At TW2, categories (P > 0.50) had no
effect on tibia diameter, yet CONV birds had the shortest
tibia (P < 0.001). The CONV birds had greater TBS:BW
ratio than FAST and MOD birds at TWs 1 and 2 (P < 0.039).
The CONV birds had the lightest tibia ash weight relative to
BW (P < 0.001) and lighter absolute tibia ash weight than
FAST and MOD birds (P < 0.009), yet similar ash content
to the other categories (P > 0.22). At the same age, CONV
birds had the greatest absolute TBS (P < 0.003), yet lower
TBS:BW ratio than SLOW birds (P < 0.001). Tibiae from
CONV birds were longer than MOD and SLOW birds, and
thicker in diameter than the other categories, yet CONV
birds had the lowest relative dimensions (P < 0.001) at a
similar age (48 d). In conclusion, both genetic selection for
growth and age affected bone traits. Future studies should
investigate if the differences observed impact walking
ability and welfare of broiler chickens.

Key Words: Chickens, Slow-growth, Bone health, Growth
rate, Lameness

97 Impact of Orego-Stem® on feed, forage, weed
seed, insect and other crop contents in a range setting.
Kari L. Harding* © !, Benjamin N. Alig!, Rebecca
Wysocky?, Kenneth E. Anderson!, Ramon D. Malheiros?,
Wendy Wakeman?; !Prestage Department of Poultry
Science, North Carolina State University, Wake Forest,
North Carolina, United States, 2Anpario plc, Worksop,
Nottinghamshire, United Kingdom.

Due to consumer demand, the egg industry is moving away
from caged bird systems to cage-free and free range system.
Many products are being used to improve gut health and
effectively improve productivity in layers. Oregano
(Origanum vulgare) essential oil (OEO) contains over 100



compounds with active properties. Four key compounds are
carvacrol, thymol, p-cymene, and y-terpinene that have
been shown to have antibacterial, anti- inflammatory, and
antioxidant properties. OEO has been shown to be beneficial
for gut health, and subsequent growth and production
performance in poultry. Currently, there is limited
knowledge on how these oregano compounds may interact
with forage nutrients consumed by the birds from the range.
Three dietary treatments were utilized in this study, a
control through rearing and lay (CC), a Control through
rearing and Orego-Stem through lay (CO), and Orego-Stim
through rearing and lay (OO). Pullets were reared in a range
house on litter from 0-6 wks, then slats until 12 wks, after
which were then allowed on range. Crop contents were
collected at the start of the trial, 17 wks, and trialend, 41
wks. The components examined in this study were feed,
forage, weed seeds, insects and other (i.e. rocks, feathers,
eggshells) consumed as supplemented feed or foraged
consumables. Crop contents were excised into Nalgene
cups, placed in cooler, and brought back to the lab and dried
at 50 C for 72hr. Samples were broken apart and
components visually separated using a dissection scope for
analysis in the lab. Full crop contents were weighed, then
each component was separated under the microscope and
weighed individually to determine intake. The component
intake of each was then calculated on a dry matter
percentage basis. Data was analyzed using JMP Pro 15
using the least squares method and post hoc analysis was
done utilizing the student’s t-test. A p-value of p<0.05 was
considered significant. Crops that were sampled at wk 17,
had consumed significantly more weed seeds compared to
those sampled at wk 41. Crop contents from wk 17 showed
to have eaten significantly more insects thanthe older birds.
This could be due to the seasonal placement of the birds in
the springtime, when more weed seeds and insects are
present. This could also be a result of the birds eating all the
weed seeds and most of the insects when they were first
allowed on the range, and the prevalence of weed seeds and
insects were diminished when sampled the second time. The
treatments, however, did not have an impact on any of the
components consumed. In conclusion, birds that are placed
on range pastures do consume other nutrients aside from
their given feed and intake appears consistent across
differing diets.

Key Words: Laying hens, crop contents, free range,
oregano essential oil

98  Assessment of Pulsed Alternating Wavelength
System (PAWS) on musculoskeletal quality of market-
age Pekin ducks. Brittney Emmert* 51, Jason Suntych?,
Daren Suntych?, Marcus Reinhardt?, Darrin M. Karcher?,
Gregory S. Fraley!; *Animal Sciences, Purdue University,
West  Lafayette, Indiana, United States, 2Xiant
Technologies, Inc., Greeley, Colorado, United States.

The use of artificial lighting in poultry production is a
necessity to mimic the long day lengths needed for optimal
growth and production in enclosed housing systems. Even
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though lighting is critical for proper development of poultry,
there is minimal research on the effects of different lighting
technologies on growth and production, especially in ducks.
Pulsed Alternating Wavelength System (PAWS) is a novel
LED technology that is able to provide multiple
wavelengths of light to growing animals and may be
beneficial for their growth and welfare as opposed to
monochromatic light that has been shown to produce
undesirable effects. As with all meat birds, the fast growth
rate of ducks can lead to skeletal abnormalities and
lameness. The purpose of this study was to ensure PAWS
does not cause detriment to the skeletal system while
enhancing the growth rate of ducks. Ducks were raised on
one of five lighting recipes (40 ducks per treatment):
industry control (fluorescent light 18L:6D), PAWS 1
(Grow4 20%, 24L), PAWS 2 (Grow5 20%, 24L), PAWS 3
(Grow5 20%, 17L:7D), and PAWS 4 (Grow5 20%,
18L:6D). At 30 days of age, five ducks per treatment were
sacrificed and the keel with breast muscle, and both wings
and legs were collected. The humerus, femur, and tibia were
separated, with muscle attached, from the wing or leg,
respectively. Weight of the muscle surrounding each bone
(keel, humerus, tibia, and femur) was calculated by
weighing each piece intact (bone with muscle), cleaning all
tissue from each bone, and subtracting the cleaned bone
weight from the intact weight. Each tibia and humerus were
measured for length and width, then the right bones were
subjected to a 3-point bendingtest for breaking strength.
Subsequently, the right tibia and humerus were ashed to
determine bone mineral content. All data were analyzed
using one-way ANOVA and significance was detected at P
< 0.05. Average muscle weight of the femurs from PAWS
4 was greater than PAWS 2 (60.13 g vs. 47.07 g; P = 0.04).
PAWS 4 had longer humeri than PAWS 2 (110.43 mm vs.
103.65 mm; P < 0.01) and PAWS 3 had wider femurs than
the control (7.68 mm vs. 7.19 mm; P = 0.04). There were no
differences between treatments for all other muscle weights
and bone measurements (P > 0.05). Remaining bone quality
parameters (breaking strength and bone mineral content) of
both humeri and tibiae were similar across treatments (P >
0.05). The novel PAWS lighting does not result in an
inferior skeleton compared to conventional lighting and
may improve femur and humerus size. These results are
encouraging and further studies onthe potential benefits of
PAWS on duck production and welfare measures are
warranted.

Key Words: duck, lighting, bone, muscle, measurements

99 Increasing welfare by placing circulation fans in
commercial broiler houses. Zoie N. McMillian* ©5 1,
Jonathan Moyle?, Shawna L. Weimer?; *Animal and Avian
Sciences, University of Maryland, College Park, Maryland,
United States, 2Extension, University of Maryland,
Salisbury, Maryland, United States.

Additional air movement in commercial houses could
positively affect the welfare of broilers by reducing footpad
dermatitis prevalence and stabilizing environmental



conditions. We hypothesized that broilers raised in houses
with circulation fans would have higher welfare than
without. This study was conducted in 4 commercial organic
broiler houses on a farm in eastern Maryland. Two houses
had high-capacity circulation fans (House 1 and 2) and 2 did
not (House 3 and 4). Each house was divided into 4
quadrants for welfare assessments at 3 and 6 weeks. The
cool cells were located in quadrant 4, tunnel fans at the far
end of quadrant 1, and brooding took place in quadrants 1
and 2 until the chicks were 10 days of age. Prior to chick
placement, 2 data loggers were set to record ambient
temperature (°F) and relative humidity (%) every 15
minutes throughout each house. Litter samples were taken
from each house at week O, 3, and 6 to determine litter
moisture content (%). During each welfare assessment, 80
birds within 2 locations of each quadrant (N=10
birds/location) were weighed and scored for footpad
dermatitis, hock burn, and feather cleanliness. Ambient
volume (dB) measurements were taken at every welfare
assessment location. The transect method was also
performed in all 4 houses at the time of the week 6 welfare
assessments. Body weight, transect, andenvironmental data
was analyzed with ANOVA. Welfare data was analyzed
with chi-square test. House 4, one of the hotter houses, had
the highest number of observed small birds at week 6,
compared to the other 3 houses (P<0.04). House 4 also had
the highest litter moisture content (28%) at week 6,
compared to the other 3 houses ( P<0.0001). Environmental
data indicated that the volume (dB) in Houses 3 and 4 was
quieter, by about 6.6dB than the volume in Houses 1 and 2
at the time of the week 3 assessment (P <0.0001). As
expected, footpad dermatitis prevalence increased with bird
age. Although they can increase noise levels, high-capacity
circulation fans could potentially be acost-effective way for
producers to increase broiler welfare. More research is
needed to determine the effects of circulation fans and
adequately evaluate their benefits to broiler management
and welfare.

Key Words: Welfare, Broilers,
Circulation fans, Litter moisture
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100  Robotic poultry carcass picker. Jennifer Koch Y€ *,
Joseph Ishak, Sam Boone, EmmaL.i Clark; Biological and
Agriculture Engineering, North Carolina State University,
Clayton, North Carolina, United States.

This project includes the design, construction, and testing of
a robotic turkey carcass collector made by modifying a
commercially available remote-controlled robot. This
system was created in response to the labor shortages, the
increase in average age of poultry producers, and the
drudgery of tasks in the poultry industry with a focus on
turkey facilities. There is an opportunity within the recent
growth of robotics to modify a remote-controlled robot to
collect poultry carcasses from the poultry house and inspect
both flock welfare and equipment functionality. Ideally, this
system would enable a poultry producer to sit in their office
and control the different components of the robot remotely.
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The base robot provided is controlled by a 2.4 GHz
controller/receiver combo, around which the development
of the other components was done. To detect the turkey
carcasses in the farm, a monitoring system wasinstalled on
the base robot consisting of a total of two wide-angle
cameras mounted on the front and the back, that can be
accessed remotely by the operator. The operator can switch
between the two views using the main controller. To lift the
carcasses a front fork was designed, built, and connected to
the base robot. An electrical linear actuator, operated using
the main controller, moved the fork up and down to reach
the desired position. On top of the robot, a revolving plastic
dump bed is used to contain the carcasses until it is unloaded
by the operator. Testing was completed using a 50Ib.
sandbag in a mulched flowerbed to simulate a poultry
house. The results include the successful lifting of the test
weight and the remote navigation of the robot using the
camera system. In conclusion, a robotic system such as the
one tested could be useful to poultry growers to collect the
carcasses. Future research is needed to refine the lifting and
transportation of the carcasses as well as the range of remote
controller and camera systems. The broader impacts of the
Robotic Poultry Carcass Picker include AgrAbility and
biosecurity.

Key Words: Carcass Collection, Robotic Poultry
Management, Precision Livestock, AgrAbility, Biosecurity

101 Comparison of a standard male diet to an organic
selenium or docosahexaenoic acid (DHA) supplemented
male diet on rooster semen quality and reproductive
performance. Kelly M. Sweeney* ®5 1 Jeanna Wilson?,
Luis P. Avila?, *Poultry Science, University of Georgia,
Athens, Georgia, Georgia, ?Poultry Science, University of
Georgia, Athens, Georgia, United States.

In the US, broiler breeder males are typically fed a female
diet out of convenience, but some speculate that roosters
have specific dietary requirements not met by a hen
formulation, or that hen diets have too high a level of
calcium or protein for roosters. In this study, a basal diet
with 2720kcal/kg energy, 12% crude protein, 0.74%
calcium, and 0.15ppm of sodium selenite was mixed
(Aviagen, 2016) specific to the roosters needs. The basal
was split into three diets with the male control (MC) diet
containing a total of 0.30ppm of sodium selenite, male
organic (MO) diet having 0.15ppm of organic selenium, and
male DHA (MD) diet containing 0.28% DHA and 0.30ppm
of sodium selenite. Docosahexaenoic acid (DHA) is an
omega-3 fatty acid that is proven to improve soft tissue
development like brain tissue and testes and other omega-3
fatty acids have been proven to improve semen quality
(Hudson, 2003). Selenium is a trace mineral that is
important for testosterone metabolism and sperm motility.
The objective of this study was focused on evaluating the
dietary inclusion of organic selenium or DHA as separate
strategies would improve rooster semen production and
quality when compared to a traditional male diet. All
treatment groups were fed equal amounts of feed from



16wks to 45wks. A total of 60 Ross Yield Plus roosters were
assigned to each dietary treatment (8 replicates, 10 roosters
per replicate). During the production phase, approximately
25 to 30% of males in each treatment were weighed weekly,
with groups rotating over time. Percentage of roosters
producing semen, semen volume, sperm concentration, and
sperm mobility were measured every 5wks from 25 to
45wks. Individually caged Ross 708 hens were artificial
inseminated with 0.05 mL pooled and diluted semen from a
replicate group of males. Semen was diluted with Avian
Buffer to 7.5 x 107 sperm. Eggs were collected for 14 days’
post-insemination and incubated for a fertility analysis.
Data were analyzed by SAS 9.4 SLICE and means separated
by LSD. Significance level was P<0.05. None of the diets
had significant influence on body weight, semen volume, or
semen concentration. Sperm mobility was significantly
impacted from week 34- 45wks (P<0.05) with the males fed
the MD and MO diet having greater sperm mobility than the
mobility of the MC males. The dietary supplementations
had no significant impacts on fertility through 45wks. While
early in life fertility and semen concentrations are not
significantly impacted, further research with older males
needs to be conducted to determine if DHA or organic
selenium impacts late in life fertility and semen quality.

Key Words: Rooster Diet, Semen Quality, Fertility,
Selenium, Omega 3 Fatty Acid

102  Supervised machine learning models to predict
body weight and feed conversion ratio of broilers reared
under commercial conditions. Gustavo Quintana-Ospina*
GS 1 Edgar O. Oviedo-Rondon!, Maria C. Alfaro-
Wisaquillo?, Luis Carlos Bernal-Arango®, Gustavo
Martinez-Bernal®; 'Prestage Department of Poultry
Science, North Carolina State University, Raleigh, North
Carolina, United States, Poultry Science, North Carolina
State University, Raleigh, North Carolina, United
States, *Grupo BIOS Inc., Envigado, Antioquia, Colombia.

Machine learning (ML) models are useful tools to predict
final BW prior to slaughter age to make data-driven
decisions. This study evaluated the performance of three

supervised ML methods, multiple linear
regression (MLR), random forest (RF), and neural
networks (NN), in the prediction of BW and feed

conversion ratio (FCR) of broilers at 35d, reared under
tropical commercial conditions with control feeding.
Performance records until 21d from 1,188 male and 1,193
female Ross AP broiler flocks, housed in 85 farms were
analyzed for a total of 84 million chicks placed between
2018 and 2020. Farm management conditions were
collected using a survey. Data were divided into training
and testing in 5 folds for cross-validation to test model
predictability. RF and NN were trained with
the Caret package, and MLR was fitted with the Im function
in R software. The best m value and nodes number were
obtained from hyperparameter tunning for RF and NN,
respectively. In MLR, multicollinearity was assessed with
the variance inflation factor, thus collinear and non-
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significant variables were removed. The R? and RMSE were
calculated from the 5 testing folds. Feature importance was
determined by percentage increase in MSE using
permutation importance in RF and Connection Weights
method in NN. In MLR, variable importance was expressed
as the variable sum of squares percentage from the total sum
of squares. On chicken BW, RF resulted in R? = 0.78 and
RMSE =56.74, NN in R? = 0.73 and RMSE = 62, and MLR
in R?= 0.59 and RMSE = 76.38. RF, NN, and MLR
included within the ten first most important variables,
chicken sex, and feed intake (FI) at 14d. RF and NN also
had in common BW, FI, and BW gain at 21d, and downtime
between flocks. Other variables displayed in the feature
importance included the farm distance from hatchery, farm
altitude and stocking capacity, hatchery location, and BW,
BW gain, mortality, and ADG at 14d. On FCR, RF resulted
in R? =0.48 and RMSE = 0.041, NN in R? =0.45 and RMSE
=0.042 and MLR in R? = 0.18 and RMSE = 0.052. Variable
importance comparison indicated that FI and FCR at 21d
were considered by all FCR models. RF which accounted
for the best goodness-of-fit metrics included BW, BW gain
and FCR at 14d as important variables. Farm altitude and
farm distance from hatchery also presented higher
percentage increase in MSE. However, the low model fit
indicates that FCR 35d can be associated to nutritional and
environmental variables which were not considered in this
study. In conclusion, RF was the best model to predict BW
two weeks prior to slaughter age. Performance parameters
at 21d, sex, farm distance from hatchery, and farm altitude
demonstrated to play an important role in the broiler BW at
35d.

Key Words: Machine learning, random forests, neural
networks, broilers, body weight.

103 Verification of RFID for tracking of poultry in
multi-tiered aviary systems. Torey J. Fischer*Y®!, Cara
Robison!, Darrin M. Karcher?, Prafulla Regmi?;
!Department of Animal Science, Michigan State University,
East Lansing, Michigan, United States, 2Department of
Animal Sciences, Purdue University, West Lafayette,
Indiana, United States, 3Department of Poultry Science,
University of Georgia, Athens, Georgia, United States.

Radio frequency identification (RFID) has been used
extensively for inventory tracking and for general
traceability in warehouse management and more recently in
segments of animal agriculture. However, use of RFID has
not been explored extensively to track the movement of
birds in a multi-tiered aviary system. Verification of these
systems is especially relevant now to monitor space use and
in improving cage design to ensure bird welfare and
production efficiency as the egg industry makes the switch
to cage-free housing. The purpose of this project was to
validate an RFID system to ensure accuracy in data
collection for tracking and monitoring hens. Hens were
housed in 4 aviary rooms, each with 4 sections, at a
minimum space allocation of 929 cm? per bird. One section
in each room was selected for RFID installation. A traveling



wave RFID antenna was installed on each tier (bottom,
middle and top) of the aviary and digital video cameras were
installed to record and confirm the bird location with the
RFID tag. In that section, 40 out 144 total hens were leg
banded with an RFID tag. Video was recorded for three
consecutive days in each section. Additionally, 12 focal
birds out of the 40 in each room were tagged with uniquely
colored plastic leg bands to allow for identification on
video. Video data was correlated to RFID data to determine
if the antennas were accurately registering the bird’s
location. Times when birds appeared near antennas on the
video were marked and then cross-referenced with times
when birds were recorded near the same antenna by the
RFID reader. For each level of each room about 30 hits were
confirmed on the video data, giving a total of 400 hits
validated. There was an issue with one of the cameras part
way through recording, resulting in missing validation from
the top level of one room. Data from those confirmations
were analyzed using Proc Freq procedure in SAS 9.4. On
average, 87.3% of the birds were confirmed; however, the
top tier had the highest confirmation rate at 93.5%. It was
concluded that that the RFID system was reading
accurately. In instances where birds were not confirmed it
was typically an issue visualizing the bird on the video due
to lighting, position in the cage, or too many birds in a
frame. In the future, this type of technology could be utilized
to give producers critical information about how birds are
using these types of systems. This information is helpful in
improving cage design to be the most functional for how the
bird are using the system. Additionally, this could impact
genetic companies by identifying phenotypes of hens that
best use the systems to improve well-being and to improve
production through the reduction of mislaid eggs.

Key Words: laying hens, multi-tiered aviary systems,
RFID, video

104 Effects of growth dynamics and feed intake on the
reproductive performance of broiler breeders. Maria C.
Alfaro-Wisaquillo* ©5 !, Gustavo Quintana-Ospina?, Edgar
O. Oviedo-Rondon?, Luis Carlos Bernal-Arango?, Gustavo
Martinez-Bernal?, *Poultry Science, NC State University,
Raleigh, North Carolina, United States, 2Grupo BIOS Inc.,
Envigado, Antioquia, Colombia.

Growth patterns and feed intake of pullets influence the
reproductive performance of broiler breeders. The adequate
balance among growing parameters has not been well
explored and data analytics of commercial flocks may
reveal these relationships. This study aimed to determine the
importance of growth dynamics, cumulative feed intake
(CFI), and flock uniformity (FU) in the number of hatchable
eggs, chicks per hen housed (HH) and hatchability of Ross
308 AP broiler breeders at 55 wk reared under tropical
commercial conditions. Data evaluated contained growth
and reproductive results of 45 broiler breeder flocks housed
between 2017 and 2019 for a total of 1.4 million hens.
Partition trees were used to classify breeder flocks as low
(LP), and high (HP) performance based on the eggs per HH
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at 55 wk. Differences between groups in other reproductive
parameters were assessed by one-way ANOVA using the
student’s t-test for mean comparison. Decision trees were fit
with BW, CFI, and FU to identify critical points during
rearing that affect the reproductive performance. Significant
differences between groups were detected in all parameters
evaluated. Breeder flocks from the HP group laid 11.3
hatchable eggs more (P< 0.05) and produced 10.6
additional chicks per HH compared to the flocks in the LP
group at 55 wk. From 25 to 29 wk and 31, 37 and 44 wk of
age significant differences were observed in hatchability
percentage. The HP group had more chicks (P < 0.05) with
2% higher average hatchability than the LP breeder hens
during the whole cycle. Decision trees at 3 wk estimated that
pullets heavier than 390 g with a CFI of 605 g resulted in
10.3 fewer hatchable eggs per HH at 55 wk (R? = 0.63),
compared to pullet flocks lighter than 390 g with FU greater
than 75.5%. Similarly, pullets at 4 wk with more than 512 g
and CFI higher than 864 g laid 11.7 eggs less (R?= 0.70)
than lighter pullets with uniformity greater than 73.5%.
Pullets weighing between 686 and 697 g at 6 wk of age
(R?= 0.60), laid 11 eggs more on average compared to
pullets with BW greater than 716 g at the same age. Variable
contribution detected BW as the most important factor
during the first two and the last four wk of the rearing
period, while CFI gains importance between 3 and 18 wk of
age. In conclusion, data analytics tools helped determine
important points during rearing that affect hatchable eggs,
hatchability, and chicks per HH in broiler breeders reared
under commercial conditions. Achieving target BW and FU
during the early and late rearing to avoid greater feed
restrictions in grower and developer phases could improve
reproductive parameters in broiler breeders.

Key Words: Growth dynamics, Feed
uniformity, broiler breeders, Data analytics
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105 Effects of light intensity variation on late-lay hen
performance. Maddison L. Wiersema* ¢S, Dawn Koltes;
Department of Animal Science, lowa State University,
Ames, lowa, United States.

Lighting is known to be one of the major factors affecting
poultry productivity and behavior. Maintaining uniformity
in light intensity is crucial in maximizing production and
efficiency of flocks. However, the effects of slight
differences in light intensity associated with in-house
variation has not been characterized in laying hens. During
a late-lay hen study, visual differences were noted in light
intensity. Therefore, this retrospective study was conducted
to evaluate the effects of light intensity on egg quality,
mortality, and production in late-lay hens (60 weeks of age).
Hens were housed in 48 cages with 6 hens placed at the start
of the trial per cage. Cages were located on various tiers of
a four-tier system. Light intensity measurements were
collected at 3 locations: bird height at feeder, bird height at
the middle of the cage, and bird height at the back of the
cage. Individual egg weights (g) and hen mortality were
collected daily. Egg characteristics, albumen height (mm),



Haugh unit, shell thickness (mm), and shell strength (N),
were collected on 3 consecutive days per week. Weekly
hen-day egg production (HDEP%) was calculated. Light
measurements taken at the bird height at feeder location had
the largest variability, ranging from 4.98to 46.70 lux with an
average of 15.66 lux. Light intensity measurements taken at
bird height at the middle of the cage ranged from 0.81 to
11.88 lux with an average of 3.15 lux. Light intensity
measurements taken at bird height at the back of the cage
ranged from 0.48 to 5.67 lux with an average of 2.35 lux.
To determine relationships between light intensity and
weekly averaged hen data, Pearson correlations were
calculated in SAS. Following the 15-week study, mortality
percentage was significantly correlated with light intensity
at bird height at the middle (r = 0. 447; P = 0.001) and back
(r=0. 435; P =0.002) of the cage. Hens housed in cages
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with lower light intensity at bird height at the middle and
back of cages had lower mortality than hens housed in cages
with higher light intensity at the same location. A weak, but
significant, correlation between light intensity and egg
weight (r = -0.273; P = 0.001) and shell thickness (r = -
0.221; P = 0.007) was observed during the 3-week baseline
collection with higher light intensity at bird height at feeder
negatively associated with egg weight and egg-shell
thickness. Variations in light intensity at all 3 locations were
not significantly correlated with other traits measured. In
conclusion, variation in light intensity in group-housed
systems may contribute to hen mortality and lead to changes
in egg quality and production.

Key Words: light intensity, egg production, egg quality,
late lay hens, mortality



Metabolism and Nutrition: Amino Acids

106 Insufficient dietary sulphur amino acids
exacerbate oxidative stress in broilers reared in heat
stress and subsequently compromise broiler meat
guality. Rose Whelan*!, Johanna Zeitz?2, Anne
Fleischmann?, Tamara Ehbrecht?, Erika Most?, Denise
Gessner?, Klaus Failing®, Dieter Luetjohann*, Klaus Eder?,
tAnimal Nutrition, Evonik Operations GmbH, Birmingham,
United Kingdom, 2Institute  of Animal Nutrition and
Nutrition Physiology, Justus-Liebig-University Giessen,
Giessen, Germany, ®Unit of Biomathematics and Data
Processing, Faculty of Veterinary Medicine, Justus-Liebig-
University Giessen, Giessen, Germany, “Institute of Clinical
Chemistry and Clinical Pharmacology, University Hospital
Bonn, Bonn, Germany.

Rearing broiler chickens in high ambient temperatures
creates oxidative stress which may in turn increase
cholesterol oxidation products (COPs) in meat which have
been linked with cardiovascular disease and cancer in
humans. Glutathione is the most abundant intracellular
antioxidant and is synthesized from the essential sulphur
amino acids, methionine and cysteine (M+C). This study
investigated whether increased dietary M+C could inhibit
oxidative stress and prevent meat quality issues in broilers
raised at high temperatures. Sixty-eight, one-day old,
Cobb500 males were separated into 4 treatments with 17
broilers each and fed in three phases: starter (d 1-10),
grower (d 11- 21) and finisher (d 22-35). A thermoneutral
control (TC) group was reared with temperatures decreasing
from 27.3 to 22.5 C from day 21 — 35. TC were fed a basal
diet deficient in standardised ileal digestible (SID) M+C at
0.74, 0.65 and 0.61% in the starter, grower and finisher
phases. The other 3 treatments were reared with ambient
temperature of 27.4 C throughout day 21 to 35. A heat stress
control group (HC) was fed the same basal diets as TC.
Supplementation of basal diets with DL-methionine was
utilised to create treatments that met (DLM1) or exceeded
(DLM2) current SID M+C recommendations. The DLM1
diets contained 0.93, 0.81 and 0.76% SID M+C, while
DLM2 diets contained 1.11, 0.81 and 0.76% SID M+C in
the starter, grower and finisher phases. TC and HC
treatments were compared with a T test to determine
significant (P > 0.05) effects of heat stress. HC, DLM1 and
DLM2 were analysed with a one-way ANOVA to determine
significant (P > 0.05) effects of dietary M+C level in heat-
stressed broilers. Tocopherols in the liver were significantly
reduced from 29.0 nmol/g in TC to 23.3 nmol/g in HC.
However, DLM2 treatment had significantly higher liver
tocopherols than HC with 28.2 nmol/g. This may be due to
the significantly higher liver glutathione in DLM2 (4.17
pumol/g) compared to HC (3.04 umol/g) as glutathione can
restore tocopherol radicals created during heat stress. COPs
were higher in heat processed thigh meat from HC
compared to TC, indicating that heat stress compromises
broiler meat quality. The COPs 7a-hydroxy-cholesterol and
7-keto-cholesterol in processed thigh meat of the DLM1

(268 and 398 pmol/g, respectively) and DLM2 (308 and
4555 pmol/g, respectively) treatments were significantly
decreased when compared to HC (513 and 619 pmol/g,
respectively). In conclusion, the current dietary SID M+C
recommendations for broilers allow for sufficient
glutathione production in high ambient temperatures, which
not only ameliorates oxidative stress in the birds, but also
prevents subsequent meat quality issues.

Key Words: sulfur amino acids, heat stress, broiler,
methionine, meat quality

107  Effects of feeding varying levels of DL methionine
on meat quality of broiler chickens. Anthony Pokoo-
Aikins*1, Jennifer R. Timmons?, Byungrok R. Min2, Samuel
N. Mwangi* Chongxiao Chen?®; ‘Toxicology & Mycotoxin
Research Unit, USDA ARS, Watkinsville GA, Georgia,
United States, 2Agriculture Food & Resource Sciences,
University of Maryland Eastern Shore, Princess Anne,
Maryland, United States, 3Poultry Science, North Carolina
State University, Raleigh, North Carolina, United
States, “Agriculture & Applied Sciences, Alcorn State
University, Lorman, Mississippi, United States.

The amount of synthetic Methionine (MET) permitted by
USDA in organic broiler feed is 2 pounds/ton of feed.
Therefore, this study evaluated the effects of feeding dietary
supplemental DL-(MET) on breast meat quality of broilers
raised to a target weight of 2.72kg. Meat quality parameters
investigated were color, pH, drip loss, water holding
capacity, moisture uptake, cooking yield, texture, total
antioxidant capacity (TAC), and lipid oxidation (LO). A
total of 1,552 1-day-old Ross 708, sexed broiler chicks were
randomly distributed to 32 pens, resulting in 8 treatmentsof
4 replicates with 44 males or 53 females/pen. A randomized
complete block with a 2 x 4 factorial arrangement of
treatments (sex x 4 MET levels 0, 0.5, 1.0, and 2.0g/kg feed)
was used. The MET levels in the basal diets for starter,
grower and finisher were, 0.37, 0.31 and 0.33%,
respectively, while the MET+Cys levels in the same diets
were, 0.69, 0.67 and 0.59%, respectively. Data were
analyzed using GLMP for ANOVA. Mean differences were
determined using Tukey's all-pairwise comparison test at P
< 0.05. No significant interactions were observed between
MET and sex on meat quality except for TAC and LO of
raw meat stored for 10 days. Raw breast meat of male
broilers fed 0g MET had higher (P < 0.05) LO levels at day
10 of storage than those of males fed 0.5g and 1g MET.
Breast meat from male broilers had significantly higher
redness, TAC, firmness, and toughness but lower
yellowness (P < 0.01) than those from females. Broiler sex
considerably affected the sensory quality of the meat. MET
supplementation did not affect most of the meat quality
parameters investigated in this study. However, birds fed
0.5g MET had significantly lower drip loss (P < 0.01) than
those fed 1 and 2g MET. Males fed 0.5, 1 and 2g MET and
females fed 0 and 0.5g MET had higher (P < 0.05) muscle



TAC than females fed 1 and 2g MET. Broilers fed the basal
diet (0g MET) had significantly higher meat redness than
broilers fed 1 and 2g MET. Regardless of sex, LO in cooked
breast meat significantly decreased at days 0 and 3 of
storage (P <0.01) as MET supplementation levels increased
to 1g MET and higher. However, LO levels in the cooked
meat at day 7 of storage were not affected by the MET
supplementation. Furthermore, breast meat from birds fed 1
and 2g MET had higher (P < 0.01) cooking yield (79.04 and
78.60%, respectively) than those fed 0 and 0.5g MET (66.18
and 68.03%, respectively). These results suggest that the
supplementation of MET at 1g MET or higher for broilers
can improve oxidative stability and muscle protein
functionality and increase the cooking yield of their breast
meat.

Key Words: synthetic methionine, raw meat, cooked meat,
meat quality, broilers

108 Dietary sulphur amino acid level affects lipid
peroxidation and subsequent meat quality in broilers fed
diets high in polyunsaturated fatty acids. Rose Whelan*?,
Johanna Zeitz?, Tamara Ehbrecht?, Anne Fleischmann?,
Denise Gessner?, Silvia Friedrichs®, Marion Sparenberg*,
Klaus Failing®, Dieter Luetjohann®, Klaus Eder?; *Animal
Nutrition, Evonik Operations GmbH, Birmingham, United
Kingdom, 2Institute of Animal Nutrition and Nutrition
Physiology, Justus-Liebig-University Giessen, Giessen,
Germany, ®Institute of Clinical Chemistry and Clinical
Pharmacology, University Hospital Bonn, Bonn,
Germany, *Unit of Biomathematics and Data Processing,
Faculty of Veterinary Medicine, Justus-Liebig-University
Giessen, Gi, Germany.

Diets rich in polyunsaturated fatty acids (PUFAS), were
previously shown to induce lipid peroxidation in the tissue
of broilers which may lead to cholesterol oxidation products
(COPs) in broiler meat. COPs have been linked with
cardiovascular disease and cancer in humans. Glutathione is
the most abundant and important intracellularantioxidant
and is synthesized from the essential sulphur amino acids,
methionine and cysteine (M+C). This study investigated
whether increased dietary M+C could inhibit oxidative
stress and prevent meat quality issues in broilers fed diets
high in PUFAs. Sixty-six, one-day old, Cobb500 males
were separated into 3 treatments with 22 broilers each and
fed in three phases: starter (d 1-10), grower (d 11- 21) and
finisher (d 22-35). All three treatments were fed diets with
linseed oil as a fat source rich in PUFAs. Dietary linseed oil
inclusion was 2.76, 3.60 and 4.16% in the starter, grower
and finisher phases, respectively. The first treatment was
fed an M+C deficient basal diet (DEF) with SID M+C at
0.74, 0.65 and 0.61% in the starter, grower and finisher
phases, respectively. The other 2 treatments were fed diets
supplemented with DL-methionine to either meet (DLM1)
or exceed SID M+C recommendations (DLM2). SIDM+C
in the DLM1 diets were formulated at 0.93, 0 81, and 0.76%
in the starter, grower and finisher phases. In the DLM2
treatment SID M+C was formulated at 1.11, 0.96 and 0.90%
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for the starter, grower and finisher diets. Treatments were
compared with a one-way ANOVA and significance
determined at P < 0.05. Liver and muscle glutathione were
significantly increased in both DLM1 (3.51 and 1.39
pmol/g) and DLM2 (3.28 and 1.55 pmol/g) compared to
DEF (2.61 and 1.13 pmol/g). Thigh meat was heat processed
at 170 C for 50 min and analysed for COPs by gas
chromatography—mass spectrometry. COPS were lower in
heat processed meat from DLM1 (10.5 nmol/g) and DLM?2
(16.7 nmol/g) compared to DEF (30.3 nmol/g). Correlation
statistics showed significant negative correlations (r=-0.57,
P = 0.007) between levels of glutathione in breast muscle
and COPs in heat processed thigh meat. This suggests that
dietary M+C level as a substrate for the glutathione
antioxidant system can prevent lipid peroxidation inthe
tissues and subsequent COP formation in meat. For most
variables the current SID M+C recommendations met inthe
DLM1 diet were sufficient for glutathione production,
inhibition of dietary PUFA induced oxidative stress and
prevention from related meat quality issues.

Key Words: sulfur PUFA, broiler,
methionine, meat quality
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109 Wnt/g-catenin signaling pathway mediates
methionine promotes feather follicle stem cells
proliferation in yellow-feathered broiler chickens. Yi-
jun Chen, Meng-jie Chen, Chun-gi Gao*; College of Animal
Science, South China Agricultural University, Guangzhou,
China.

Yellow-feathered broiler chickens are facing different
degrees of abnormal feather shedding in intensive poultry
production systems, which reduces their commercial quality
traits and consumer satisfaction. Featherintegrity is related
to dietary methionine (Met) levels. However, the
mechanism of methionine controlling hair follicle
development is still unclear. Therefore, this study aimed to
explore the effects of Met on the cells proliferation, cells
cycle, cells apoptosis, and its regulation on the Wnt/p-
catenin signaling pathway, via the isolation, culture and
identification of feather follicle stem cells (FFSCs) of
Yellow-feathered broiler chickens. The FFSCs was treated
with commercial DMEM-medium (CON, the Met level is
enough), and Met-free medium (no Met medium),
respectively. MTT, cell counting and EdU assay were used
to evaluate cells viability and proliferation, and then
replenished Met (Met-rescue) or its metabolite S-
adenosylmethionine (SAM) at different time points of cell
proliferation. The cell samples were collected to analyze the
cell cycle and cell apoptotic by flow cytometry, and
detected the activity of Wnt/B-catenin by Western blotting
and immunofluorescence. Finally, iCRT3, a specific
inhibitor of the Wnt/B-catenin pathway, was used to verify
the role of Wnt/B-catenin in regulating the proliferation of
FFSCs. The differences in the different groups were
analyzed by one-way ANOVA followed by Duncan’s
multiple range test using SAS software. Results showed that
Met-free for 6 h significantly decreased cells proliferation



and cells percentage of S phase fraction, increased the cells
percentage in the G2 phase, and cells apoptotic, and
inhibited the Wnt/B-catenin signaling pathway (P < 0.05).
After Met-rescue for 24 h, cells proliferation, cells cycle,
cells apoptosis, and the Wnt/pB- catenin signaling were
significantly improved and rescued to the levels of the CON
group. However, SAM-rescue for 24 h failed to rescue the
effects (P > 0.05). Furthermore, compared with the Met-
rescue group, 20 mmol/L iCRT3 significantly decreased the
cells proliferation, as well as the expression of downstream
target proteins of -catenin (P< 0.05). These results suggest
that Met rather than its metabolite SAM accelerates the
FFSCs cycle process, improves their proliferation and
apoptosis through Wnt/B-catenin signaling pathway in
Yellow-feathered broiler chickens. [This work was
supported by the National Natural Science Foundation of
China (31972585)]

Key Words: broiler chickens, methionine, feather follicle
stem cells, cell proliferation, Wnt/f-catenin

110 DL-methionyl-DL-methionine transported by
PepT1 improves intestinal epithelial integrity via
intensifying frizzled7-mediated Wnt/B-catenin signaling
activity in domestic pigeon (Columba livia). Chen Zhong,
Di-ging Tong, Chun-gi Gao*; College of Animal Science,
South China Agricultural University, Guangzhou, China.

Currently, the mortality of young squabs is as high as 15%,
which is critically involved in intestinal development
retardation and low utilization of nutrients. Previous studies
have shown that increased methionine (Met) provision
above requirements promotes growth performance of
poultry. Desirable dietary Met interventions targeting
breeding pigeon seems to be a good strategy to improve
intestinal health status in squabs. Therefore, this experiment
was undertaken to investigate the effects of parental dietary
DL-methionine  (DL-Met) and  DL-methionyl-DL-
methionine (DL-Met-Met) supplementation on the
intestinal development of young squabs and possible
underlying mechanism. A total of 108 pairs of breeding
pigeons and 432 1-day-old young squabs were randomly
divided into 3 groups: the control group (CON) was fed a
basal diet (CP=15%) and the experimental groups were fed
a basal diet supplemented with 0.3% Met or Met-Met during
all experiment. Each pair of breeding pigeons nourished 4
young squabs, and eight squabs from each treatment were
randomly sampled on the 46th day of experiment. H&E
staining, Western blotting and immunofluorescence were
used to evaluate intestinal development. Autodock serials
software and PyMOL was used for molecular docking. The
t-test and Duncan's multiple range tests were used to
determine the differences between two groups or more
groups using SPSS. The results indicated that Met and Met-
Met supplementation improved intestinal morphology and
structure in squabs, as reflected by elevated relative
intestinal weight of each small intestinal segment and villus
height. Besides, Met and Met-Met supplementation
exhibited significantly increased protein expression of
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markers of cell proliferation (Ki67 and PCNA), villin and
tight junction proteins (ZO-1 and Claudin-1) in jejunum.
Moreover, the expression of Wnt/B-catenin signaling
pathway related proteins (Frizzeld7, p-GSK-3pB, Active B-
catenin, B-catenin, TCF4, c-Myc and Cyclin D1) and
intestinal peptide transporter 1 (PepT1) in jejunum were
considerably higher in the treatment group than that in the
CON group (P<0.05), with the Met-Met group having the
highest expression. Consistently, the molecular docking
results predicted the possibility that Met or Met-Met binds
to membrane receptor Frizzeld7. Collectively, parental
dietary 0.3% Met and Met-Met supplementation improved
the intestinal epithelial integrity in squabs by potentiating
PepT1 expression and intensifying Frizzeld7-mediated
Wnt/B-catenin signaling activity, and Met-Met is superior to
Met. [This work was jointly supported by the Natural
Science Foundation of Guangdong Province, China
(2019B1515210001)].

Key Words: Domestic Pigeon, methionine, intestinal
development, Wnt/B-catenin signaling, PepT1

111  The optimum leucine requirement of female
broilers in starter phase based on carcass traits. Saeid
Amirdahri®, Hossein Janmohammadi®, Akbar Taghizadeh?,
William Lambert*?, Elham Asadi Someh?!, Majid Oliaee?;
!Department of Animal Science, University of Queensland,
Queensland, Australia, Brisbane, Queensland,
Australia, 2METEX NOOVISTAGO, Paris,
France, *Department of Animal Science, University of
Tabriz, Tabriz, Iran (the Islamic Republic of).

Leucine (Leu) is one of the so-called functional AA, which
plays an important role on the activation of de novo protein
synthesis. However, little is known about the optimum level
of Leu in young female broiler chickens to support carcass
traits. Therefore, the purpose of this study was to determine
the optimal digestible Leu (d-Leu) in a ratio to digestible
lysine (d-Lys) in female Cobb-500 broiler chicks based on
carcass traits from 8 to 21 days of age, using broken-line
models. A total of 540 female broiler chickens of the Cobb-
500, were distributed in a completely randomized design
with 6 treatments and 6 replicates of 15 birds each. To create
Leu deficient diet, a basal diet (based on wheat grain-soy
bean meal) was formulated to meet of all nutrients (Ca =
0.8, Ava-P = 0.4, d-SAA =0.78, d-Thr = 0.76, d-Val = 0.9
% diet) according to Rostagno et al. (2011), with the
exception of d-Leu and d-Lys levels. To avoid excessive
Lys, 90% d-Lys (1.05%) was used. To obtain the different
d-Leu to d-Lys ratio in treatment diets, crystalline glutamic
acid in basal diet was gradually replaced by crystalline Leu,
and six different ratios of d-Leu to d-Lys ratio of 0.93, 0.98,
1.03,1.08, 1.13 and 1.18 were formulated in isonitrogenous
(CP =19 %) and isoenergetic (AME, = 2,889 kcal/kg) diets.
To evaluate the optimal d-Leu of female broiler chicks for
maximum carcass traits, 12 chicks from each treatment were
selected and slaughtered by Halal method on d 21 of age,
and the weights of edible carcass, breast, thigh and
abdominal fat were recorded. Body weight (BW) at the age



of 21 days varied from 709 g /bird in diet with d-Leu to d-
Lys ratio of 0.93 to 805 g/bird in diet with d-Leu to d-Lys
ratio of 1/13.Feed conversion ratio was not significantly
affected by different ratio of d-Leu to d-Lys and varied
between 1.51 and 1.48. In this study, edible carcass, breast
and abdominal fat weights were quadratically respond (P <
0.05) to the increasing level of d-Leu. Using linear broken-
line model, the optimal d-Leu to d-Lys ratio to maximize
edible carcass, thigh and abdominal fat weights were
estimated at 1.02, 1.00 and 1.02, respectively. The quadratic
broken-line model was estimate the optimal d-Leu to d-Lys
ratio for maximum edible carcass, breast, thigh and
abdominal fat weights at 1.06, 0.99, 1.09 and 1.05,
respectively. In the current study the optimal d-Leu to d-Lys
ratio to maximize carcass traits of female broilers from 8 to
21 day of age, was estimated within 0.99 to 1.09; which
were in line with the recommendations of previous reports
on male broilers.

Key Words: broiler, amino acid, leucine, carcass trait,
requirement

112 Isoleucine requirements for laying hens at peak
laying phase via a dose-response study. Nadege Hervé?,
Josselin Le Cour Grandmaison?, William Lambert?, Simon
Fontaine?, Dinesh Kumar®, Alexandre Lebel*, Adeline
Mathiaud®, Anthony Quant?; *Cooperative Research Farms,
2Ajinomoto  Animal Nutrition Europe, °Federated Co-
operatives Limited, “Sollio Agriculture, SMixscience,
®Kalmbach Feeds.

In recent years, livestock production has been identified as
one of the major causes of enviromental changes, due
among others to nitrogen (N) excretions of animals.
Reducing crude protein (CP) content in the diets of laying
hens may be a lever for reducing N excretion as well as
improving gut health of layers related to egg production.
Still, to achieve efficient diets, precise knowledge of amino
acids (AA) requirements is essential. Isoleucine (lle) has
been identified as one of the next limiting AAs for laying
hens fed with corn-soy diets. Therefore, a dose-response
trial was set up to finetune the Ile requirements of layers
when reaching the peak laying phase. Seven treatments
were distributed to 252 Dekalb white layers separated in 84
cages (3 hens per cage) with 12 repetitions per treatment.
The trial lasted from 19 to 28 weeks of age (WOA). The
seven treatments were formulated with a digestible lysine
(dLys) level of 0.75% with 7 levels of digestible isoleucine/
digestible lysine ratios (dlle/dLys; %): 60, 66, 72, 78, 84, 90
or 96. All other essential AA were above the assumed
requirements. Feed intake (FI), egg weight (EW), egg mass
(EM), laying rate (LR) and feed conversion ratio (FCR)
were measured. As analysed chemical total value of Lys
was abnormally higher in treatment 1 than in the other
treatments (total Lys = 0.85 vs 0.77)), data from this
treatment was removed from data analysis. Diets were fed
for 10 weeks, however, only the last 8 weeks were used to
measure treatment effect, the 2 first weeks served for
adaptation. Due to the strong quadratic shape of the curve
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with absence of plateau, data were analysed only using
quadratic regression models. Initial body weight (BW0),
WOA were used as covariable in the model and dlle/dLys
ratio as the continuous predictor of the response. Responses
were Fl, EW, EM, LR and FCR. Isoleucine level had
significant effect (p<0.05) on all responses except for FI for
which it only tended to be affected (p<0.10), WOA had
significant effect (p<0.01) on all responses, and BWO had
significant effect (p<0.01) on FI, EW and EM. Statistical
requirements for dlle/dLys were evaluated to be 83.5
considering FI (R?adj. =9.8%), 79.9 considering LR
(R? adj. =8.5%), 84.1 considering EW (R? adj. =55.9%),
81.3 considering EM (R?adj. =43.8%), and 80.4
considering FCR (R?adj. =20.55%). From this trial,
depending on the response factor of interest, it may be
concluded that the ideal dlle/dLys ratio for laying hens at
laying peak is 80%.

Key Words: Layer, Egg, Performance, isoleucine

113 Is the broiler response to dietary valine
modulated by the same branched-chain amino acids as
in piglets? Maroua Zouaoui!, William Lambert*2, Aude
Simongiovanni?, Marie-Pierre  Létourneau-Montminy?;
Sciences Animales, Université LAVAL, Quebec, Quebec,
Canada, 2METEX NOOVISTAGo, Paris, France.

Branched-chain amino acids (BCAA), that include valine
(Val), leucine (Leu) and isoleucine (lle), share the same
unique catabolism pathway, leading to strong metabolic
interactions. Excess of dietary Leu was first shown in
piglets to stimulate the degradation of all BCAA including
Val and lle, with negative consequences on feed intake and
growth. The aim of this study was thus to quantify and
compare the response of broilers and piglets to dietary Val
and the impact of the two others BCAA, Leu and lle, on this
response thanks to a meta-analysis approach. The databases
were composed of 23 articles published between 1999 and
2018 including 44 experiments and 239 treatments for
broilers, and 16 articles published between 2001 and 2018
including 23 experiments and 126 treatments for piglets.
Multiple regression models were fitted with the MIXED
procedure of Minitab software with experiment as random
effect. The Y variables were average daily gain (ADG),
average daily feed intake (ADFI) and feed conversion ratio
(FCR). For broilers, the Y variables were expressed in
percentage of the highest level intra-experiment to make the
values comparable between experiments (different ages and
genetic lines). The main X variable was the dietary
standardised ileal digestible Val level (ValSID) and the
other ones were dietary SID Leu and lle (LeuSID and
IleSID, respectively). The response of ADG and ADFI to
ValSID was linear and quadratic for broilers and piglets
(Broilers, ADG: P < 0.001, R?=0.65, ADFI:P < 0.001,
R2=0.50; Piglets, ADG: P < 0.001, R?=0.93, ADFI: P <
0.001, R?=0.97). Results showed that increasing dietary
LeuSID reduced ADG and ADFI in broilers and piglets (P <
0.05) but also that the response to ValSID was stronger with
high LeuSID levels for these 2 species (Interaction
ValSIDxLeuSID: Broilers, ADG and ADFI: P < 0.001;



Piglets, ADG and ADFI: P < 0.05). The response of ADG
and ADFI to ValSID was not modified by 11eSID. The FCR
responded linearly (P < 0.001) and quadratically (P <
0.001) to ValSID, while LeuSID and IleSID have no effect
on this response for both species. In conclusion, the current
study showed that ADG and ADFI but not FCR response to
ValSID is modulated by dietary LeuSID level. These results
indicate that Leu is the most important regulator of BCAA
metabolism that works similarly in broilers and pigs. This
quantification will facilitate the decision-making on amino
acid formulation constraints and the implementation of low
protein diets for these two species.

Key Words: broiler, valine, interaction, BCAA

114 Impact of coccidiosis on ileal digestibility of
amino acids in broiler chickens: a meta-analysis. Emily
Kim*!, Marie-Pierre Létourneau-Montminy?, William
Lambert?, Elijah Kiarie*; *Animal Biosciences, University of
Guelph, Guelph, Ontario, Canada, 2Département des
Sciences Animales, Université Laval, Québec city, Quebec,
Canada, *Metex Noovistago, Paris, France, *Animal
Biosciences, University of Guelph, Guelph, Ontario,
Canada.

Caused by apicomplexan protozoa Eimeria, avian
coccidiosis is responsible for major economic losses in the
global poultry industry. Sub-clinical Eimeria infections
impair digestive tract capacity and barrier function leading
to poor growth and feed efficiency. The objective of this
study was to use a meta-analysis approach to evaluate and
quantify the effect of an Eimeria infection on the apparent
ileal digestibility (AID) of amino acids (AA) in broiler
chickens. A database composed of 6 articles with a total of
21 experiments was built to look at effect of challenge and
type of challenge (a mix of Eimeria spp. vs E. acervulina),
while a sub database of 3 articles with a total of 15
experiments was used to evaluate the effect of dose of E.
acervulina-challenged birds. For the overall database,
regression models were fitted with the mixed model
procedure in Minitab 19 with fixed effects of challenge,
species, and their interactions. For the sub database, the
mixed model procedure was used to fit regression models
and identify a linear or quadratic response to dose.
Challenge decreased AID (P<0.05) of both dispensable and
indispensable AA except for Trp. Specifically, the largest
depression was observed for Cys, Thr, Tyr, Ala, and Val
with the magnitude of difference of 8.7, 5.4, 5.2, 5.1, and
4.9%, respectively for challenged vs. unchallenged birds.
The type of challenge affected (P<0.05) AID of AA with
exception of Cys, Tyr, Ala, Ser, Leu, Asp, Gly, and Pro. E.
acervulina challenge had larger negative effects on AID of
lle, Leu, and Val. Moreover, increasing E. acervulina dose
linearly decreased (P<0.05) AID of all indispensable and
dispensable AA except for Trp and quadratically decreased
AID of all AA except Cys, Met, Arg, and Trp. The largest
linear decrease due to effect of E. acervulina dose was seen
in AID of Cys, followed by Ala, Val, Thr, and lle. Although,
AID of Trp was not affected by E. acervulina challenge,
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mixed Eimeria species challenge decreased (P<0.05) AID
of Trp. In conclusion, the effect of Eimeria on AID of Thr
was supported by the increased secretion of mucin
associated with an Eimeria infection while Cys played a role
in oocyst sporulation. In addition, the effect of Eimeria on
branched chain AA was likely due to their involvement in
the proliferation and production of immune associated cells
and proteins. Overall, the results confirmed that an Eimeria
infection negatively impacted AA digestibility/utilization.
The ranking of the most affected AA suggested ground for
nutritional intervention during sub-clinical field Eimeria
infections or vaccination programs.

Key Words: broilers, amino acids,
digestibility, Eimeria challenge
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115 Effect of full or partial replacement of soybean
meal and crude protein reduction in the grower phase
on the performance of broiler chickens. Ahmed
Amerah*!, Henk Enting?, Josselin Le Cour Grandmaison?,
Simon Fontaine?, William Lambert?; Cargill, Velddriel,
Netherlands, 2METEX NOOVISTA Go, Paris, France.

Decreasing dietary crude protein in broiler chickens is a
strategy known to have multiple benefits suchas reducing N
excretion, positively affecting intestinal health and reducing
foot pad lesions. In addition, there is interest to increase the
diversification of feed raw materials for broiler diets and to
use more local alternative feed ingredients. This study
evaluated the effect of full or partial replacement of SBM
and crude protein (CP) reduction in the grower phase (14-
36d of age) on the performance of broiler chickens. At 14
days of age, 324 Ross 308 male broilers were randomly
allocated into 6 dietary treatments with 6 pens per treatment.
Experimental diets were: A: control at 20.7% CP with 21%-
SBM; B: 18.7% CP & 0%-SBM, C: 19.7% CP & 0%-SBM;
D:19.7% CP & 5%-SBM; E: 19.7% & 10%-SBM; F: 19.7%
& 15%-SBM. All diets were isoenergetic and iso-digestible
Lys and all the essential amino acids were at least at the
level of the assumed requirement. In the low CP diets,
inclusion of feed-grade L-Val, L-Arg & L-1le was needed to
balance the diets. In the zero or reduced SBM treatments,
SBM was mostly replaced by sunflower (SFM), rapeseed
(RSM) and some corn gluten (CGM) meal. Average daily
feed intake (ADFI), average daily gain (ADG), feed
conversion ratio (FCR) and final body weight (BWf) were
evaluated and statistically analysed by 1-way ANOVA
using BW at 14d and block as covariate. Birds were
individually weighed at d36 and the coefficient of variation
(CV) was calculated and statistically analysed. Between
diets B, D, E and F, treatments only differed by SBM
inclusion from 0 t015% and therefore SBM inclusion effects
were tested for linear and quadratic response. From day 14
to 36, there was no significant (P>0.05) difference in ADFI
(£149.3g/d), ADG (%105.8¢/d), FCR (%1.41), BWf
(x2803g) or CV (£8.1) across treatments. No significant
(P>0.05) quadratic response was observed for any studied
parameters. Reducing dietary SBM inclusion linearly
(P<0.05) reduced ADFI and tended to reduce FCR



(P=0.062). The results indicate that reducing dietary CP (by
-1%pt and -2%pt) and replacing SBM with SFM, RSM and
CGM ispossible in the grower broiler diets without negative
impact on growth performance. These findings could
support stakeholders to increase diversification of feed
ingredients as well as improvement of animal nitrogen
efficiency.

Key Words: Broiler, low crude protein, soybean meal,
amino acids

116 Effects of reducing dietary crude protein under
two different rearing conditions on performance, foot
pad dermatitis, meat yields & environmental impacts of
Ross 308 broiler chickens. Charlotte Raybaud?, Pierre
Mogquet?, Nicolas Brevault?, William Lambert*?, Stéphanie
Lecuelle’; METEX NOOVISTAGo, Paris, France,
2Mixscience, Bruz, France.

Lowering dietary crude protein (CP) has multiple proven
benefits on environmental impacts & welfareindicators of
broiler chickens. This study investigated the effects of low
CP diets under two rearing conditions on growth
performance, foot pad dermatitis (FPD), meat yields &
environmental impacts. A total of 1,305 male Ross 308 were
randomly allocated to a 3 x 2 factorial design with 3 CP
levels (Control : CTR, CTR -1 pt and CTR -2 pts) and 2
rearing conditions (Optimal: O and suboptimal: S) as
experimental factors. Each treatment was replicated 5 times.
Dietary CP levels were 21.8, 20.3, 18.3 & 17.3%, in the
starter, grower, finisher 1 & 2 CTR diets, respectively. Low
CPtreatments were formulated by reducing CP level by 1 or
2 pts in all phases. Soybean meal was gradually replaced by
wheat and feed-grade amino acids (AA). All indispensable
AA were adequately supplied at the level of assumed
requirement, digestible Lys and AMEn were kept constant
across treatments. Changes in rearing conditions were
achieved by using Paracox vaccine at 0 and 9 d of age,
removing coccidiostats, replacing wood shaving by long
strawas bedding material and increasing density from 15.4
to 18.1 bird/m2 for S kept birds. A two-way ANOVA was
used tocompare groups and P-values <0.05 were deemed
significant. Birds kept in S conditions had significantly
lower 0-42 dgrowth performance (ADG -4.6 g/d, ADFI -
5.74 g/d, corrected FCR +6 pts) and higher FPD scores than
their O kept counterparts. Dietary CP had no significant
effect on overall growth performance, irrespective of the
rearing condition. Reducing CP level by 2 pts improved
significantly mean FPD scores (+0.41 pt). Birds fed CTR -
2 pts diets tended to have lower growth performance on the
0-21 d period (e.g. ADG -3.6 g/d) and had significantly
lower breast meat yields (-0.8 pts) irrespective of the rearing
conditions. Reducing CP showed a positive impact on
environmental footprint per ton of chicken meat produced
in a dose-dependent manner (e.g. climate change -5.7%,
energy use - 3.6%, land use -5.5% for CTR -1 pt vs CTR).
Summarizing, the present study confirms the importance of
technical management and demonstrates that reducing CP
improves welfare and environmental outcomes of broiler
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production without compromising on growth performance.
Future research may be directed towards the alleviation of
the negative effect of -2 pts CP diets on starting performance
and breast meat yield.

Key Words: broiler, low protein, challenge

117 Impact of reducing dietary crude protein level on
male turkeys performance. Roshan Adhikari*, Jason T.
Lee!, Randy D. Mitchell?, Arturo Garcia®; *CJ Bio America,
Downers Grove, lllinois, United States, 2Perdue Farms,
Salisbury, Maryland, United States, *Cargill Provimi USA,
Lewisburg, Ohio, United States.

Reducing dietary crude protein (CP) while maintaining
essential amino acid ratios using free amino acids improves
litter condition, pellet quality, intestinal health,
performance, reduces nitrogen excretion and diet cost in
broilers. However, very limited research has been
conducted to understand the effect of reducing CP in heavy
turkey toms. The objective of the study was to determine the
effect of reducing dietary crude protein while maintaining
minimum essential amino acid ratios to lysine with the
addition of free amino acids (threonine, valine, isoleucine,
arginine, and tryptophan) in heavy turkey toms. Four
treatments (Control, less 3%, less 6%, and less 9% of total
CP levels as compared to Control) were allocated in a
completely randomized design to 32 pens that housed 85
Hybrid toms per pen. An eight-phase NAE vegetable dietary
program was formulated meeting or exceeding the current
breeder recommendations except for CP levels and fed to
toms for 133 days. Dietary protein reductions in the most
restrictive treatment (less 9%) were reduced by 2.5% in the
starter phase and reduced to 1.5% reduction in the WD
phase. Bodyweight and FI were determined on days 42, 84,
and 133. Data were subjected to one-way ANOVA using the
GLM procedure in SAS. Tukey’s test was used to compare
the mean separation and considered significance at P<0.05.
On day 84, bodyweight of toms fed the lowest CP (less 9%)
diet was higher than the toms fed the control (P= 0.049)
which corresponded with an increase in body weight gain
from day 42 to 84 (P=0.040). At the end of the experiment
(d133), no significant difference was seen in body weight
(P=0.292) and FCR (P=0.962). The data indicate that toms
fed reduced CP diets with a balanced amino acids ratio
could experience the same benefits of crude protein
reduction as broilers have with increased body weight gain
during the early stages of growth. The results of this
experiment demonstrate that reducing dietary CP in heavy
turkey toms does not have any negative impacts on growth
performance and FCR when dietary essential amino acids
ratio are maintained.

Key Words: Turkey toms, reduced CP, non-bound amino
acids, performance, amino acid ratios

118 Determining the digestible lysine requirement of
Cobb MV x Cobb 500 FF broilers from 28-41 days of
age and the effect of feeding varying digestible lysine
levels on performance and processing yield. Dalton



Dennehy* ©5 ! Andrew Brown?, Cesar Coto’, Leonel
Mejia®, Kelley G. Wamsley*; *Poultry Science, Mississippi
State University, Mississippi State, Mississippi, United
States, 2Poultry Science, Mississippi State University,
Gordo, Alabama, United States, 3Cobb-Vantress, Siloam
Springs, Arkansas, United States, *Mississippi State
University, Mississippi State, Mississippi, United States.

Previous research using the Cobb MV x Cobb 500 FF
broiler has determined the digestible lysine (dLys)
requirement (Req), as well as the impact of varying dLys
during the starter and grower phases on overall
performance; however, the finisher phase has yet to be
evaluated. Therefore, the objective of this study was to
determine the dLys Req of Cobb MV x Cobb 500 broilers
from d 28-41, as well as the effect of feeding varying
finisher dLys levels on performance and processing. A 2
Sex (male or female) x 8 dLys (0.72, 0.80, 0.88, 0.94, 1.02,
1.10, and 1.18% dLys) factorial arrangement was utilized.
Chicks were obtained from a commercial hatchery, vent
sexed, and fed common starter, grower 1, and grower 2 diets
(1.22, 1.12, and 1.02% dLys, respectively) consisting of
corn and soybean meal. On d 28, birds were individually
weighed and placed into one of 11 weight classes. One bird
from each weight class was allocated to one of 96 floor pens
containing used litter. Initially, three basal finisher diets
were formulated: LOW (0.72% dLys); HIGH (1.18% dLys);
and practical control (0.94% dLys). Intermediate dLys
levels were obtained by blending calculated proportions of
the LOW and HIGH basal diets. Birds and feeders were
individually weighed at d 28, 35, and 40 to measure BWG,
FCR, and ADFI. Additionally, on d 41, 3 birds/pen +/- 100
g of the mean BW/pen were processed. In general, male
broilers improved performance and processing yield when
compared to female broilers (P<0.05). Sex x dLys was
significant for d 28-40 BWG and FCR, whereas males fed
>0.80% dLys improved BWG (P=0.049) and males fed
1.18% had decreased FCR but similar to males fed 1.10%
dLys (P=0.012). For d 28-40 ADFI, a stepwise decrease was
observed as % dLys increased (P<0.0001). Breast yield was
greatest in birds fed 1.10% but similar to those fed 0.94,
1.02, and 1.18% dLys (P=0.015). Various regression
models were tested to estimate dLys Req for each sex
(quadratic regression, 95% of the asymptote; quadratic
broken line). The dLys Req was estimated for fewer female
metrics; however, for d 28-35 and 35-40 FCR, the estimated
dLys Req ranged from 1.18 to 1.29% when using both
models (P<0.05, R?=0.99). For female carcass weight, both
models estimated the dLys Req to be 1.06% (P<0.05,
R?=0.83). For male d 28-35 and 28-40 BWG, the estimated
dLys Req ranged from 0.98 to 1.08% for both models
(P<0.05, R?=0.91-0.95). For d 28-35 and 28-40 FCR, the
dLys Req ranged from 1.17 to 1.32% for FCR using both
models (P<0.05, R?=0.98-0.99). For male breast yield, the
estimated dLys Req using both models ranged from 1.01
and 1.10% (P<0.05; R?=0.77-0.80). Our study concludes
that dLys Req from 0.98 to 1.32% optimized broiler
performance and processing.
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119 Determining the optimal digestible isoleucine to
lysine ratio of Ross 708 x Ross YP male broilers from 28
to 42 days of age. Andrew Brown* ©5 1 Jason T. Lee?
Roshan Adhikari?, Keith Haydon?, Kelley G. Wamsley?;
Poultry Science, Mississippi State University, Mississippi
State, Mississippi, United States, 2CJ America Inc.,
Downers Grove, lllinois, United States.

Previous research within our laboratory determined the
optimal dlle:dLys ratio for the starter and grower phases to
be 70 and 68% for Ross 708 x Ross YP male broilers. Thus,
the objective of this study was to reevaluate the finisher
phase in order to determine the optimal dlle:dLys ratio to
maximize growth performance. On d of hatch, 2,400 chicks
were equally allocated to 96 pens and a common starter (dO-
14;70% dlle:dLys) and grower diet (d14-28;68% dlle:dLys)
was provided. All birds were weighed at d28 and pen
weights were equalized by block (12
replications/treatment). Experimental finisher diets (d28-
42) were created from a common deficient (54% dlle:dLys)
corn/soybean meal-based diet. After batching, half of the
deficient was retained for the creation of the summit (84%
dile:dLys), through the addition of crystalline lle. The
remaining 5 experimental diets ranged from 59-79%
dlle:dLys and were blended proportions of the deficient and
summit diets. A practical control diet (PRAC-CON; 69%
dile:dLys) was manufactured separately to verify the
blended control diet (50 deficient:50 summit blend;
BLEND-CON; 69% dlle:dLys). For statistical analysis, the
authors utilized the analyzed values and multiplied them by
the calculated digestible estimate for lle and Lys relative to
the analyzed total estimate for each ratio. The adjusted
analyzed ratios are: 58, 62, 65, 68 (BLEND-CON), 73, 74,
79, and 71 (PRAC-CON) % dlle:dLys. Birds were
individually weighed, and feed intake was recorded on d42
to determine average BW, BW gain, bird uniformity, feed
intake/bird (FI), and FCR. All dlle:dLys ratios were
estimated using quadratic regression (QR; 95% of the
asymptote), as well as linear and quadratic broken line
models (LBL;QBL). The QR model for BW (P=0.004;
R?=0.88) and BWG (P=0.010; R?=0.90) suggests the ratio
for dlle:dLys to be 66%. When utilizing LBL and QBL, the
ratio was estimated to be 62% (P=0.077, 0.098; R?=0.50,
0.45). Additionally, for d28-42 FCR, QR estimated the ratio
to be 66% dlle:dLys (P=0.001; R?=0.97), LBL estimated it
to be 63% (P=0.066; R?=0.74), and QBL estimated it to be
66% (P=0.066; R?=0.74). Based on the estimated ratios
produced by the multiple regression models for all variables
(BW, BWG, and FCR), these data suggest that the optimum
grower dlle:dLys ratio for male Ross 708 x Ross YP
broilers is 66%. Future research should utilize established
optimums from previous phases to reevaluate the optimal
dlle:dLys ratio of male Ross 708 x Ross YP broilers for the
WD phase.

Key Words: Isoleucine, Optimal Ratio, Finisher Phase,
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120 Determination of the optimal digestible arginine
to lysine ratio in Ross 708 male broilers. Jose 1. Vargas*
GS 1 Alejandro Corzo?, Jason T. Lee®, Marcelo Silva?,
Wilmer J. Pacheco®; *Poultry Science, Auburn University,
Auburn, Alabama, United States, 2Aviagen, Huntsville,
Alabama, United States, °C.J. Bio America, Downers
Grove, Illinois, United States.

This study was conducted to establish the optimal digestible
arginine (dArg) to digestible lysine (dLys) ratio of YPM x
Ross 708 male broilers from 1 to 14 d of age, 1 to 25 d of
age (experiment 1), and 25 to 42 d of age (experiment 2)
based on live performance, feed utilization, and processing
yields. A total of 1080 (experiment 1) and 1008 (experiment
2) 1 d old male chicks, were sorted in 72 floor pens in a
randomized block design, and subjected to diets with 6
dArg/dLys levels, with 12 replicate pens, each containing
15 and 14 chicks, for experiment 1 and experiment 2,
respectively. The experimental diets were comprised of
corn, wheat middlings, corn gluten meal, poultry meal, and
soybean meal, and formulated to meet limiting amino acids
requirements, except for dArg. Diets were formulated to
95% of the recommended dLys requirements to prevent
overconsumption of dLys, and to ensure dArg would only
be biologically efficient up to the slightly suboptimal lysine
level. The calculated dArg/dLys value was formulated
during all feeding phases studies to have a minimum level
of 77, and 10-point increments were added to the basal diet
in the form of L-arginine at the expense of an inert filler.
Optimum dArg/dLys values for live performance and
carcass traits for each experimental period, were calculated
via quadratic broken line methodology based on adequacy
of the fit, following the NLIN procedure of SAS 9.4. In
experiment 1, the dArg/dLys ratio for optimizing BW gain
and feed conversion ratio (FCR) was determined to be 106
for both variables from 1 to 14 d of age, and 105 and 108
from 1 to 25 d of age, respectively. In experiment 2, the
optimum dArg/dLys value was estimated to be 129 and 116
for BW gain and FCR, respectively, during the 25 to 42 d
period. Optimum dArg/dLys values for breast weight and
breast yield were estimated to be 112 and 109, respectively.
Absolute and relative weights of thighs increased linearly(P
< 0.001) with progressive increases in dArg/dLys. The
results of this study suggest that the optimum dArg/dLys
value necessary to maximize growth performance and
carcass traits increases as the bird matures, likely due to
considerably higher maintenance values of dArg in broilers.

Key Words: arginine, lysine, growth performance, carcass
traits, optimization

121 Efficiency of lysine and arginine utilization in
broilers. Bernardo R. Nogueira* © 2, Luis Filipe V. de
Freitas?, Matheus D. Reis?, Gabriel S. Viana', Nilva
Sakomura?; *Luke, Jokioinen, Finland, 2Animal Science,
Paulista State University, Jaboticabal, SP, Brazil.

To determine the efficiencies of Lysine (Lys) and Arginine
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(Arg) utilization, twelve dose-response assays were
conducted to describe male and female broiler chicken
responses to Lys or Arg intake, as well as estimate the
efficiency of both amino acids utilization for growth. In
each assay, 1280 Cobb 500® broiler chicks (640 males and
640 females) in the starter (1 to 14 days old), grower (15 to
28 days old), and finisher (29 to 42 days old) phases were
randomly assigned to one of 8 dietary treatments with four
replicates of 20 birds each. The experimental diets were
formulated using the dilution technique, where the
concentration of digestible Lys investigated ranged from
8.70 to 17.5 g Lys/kg feed in the starter phase, from 7.8 to
15.7 g Lys/kg feed in grower phase, and 6.4 to 12.8g Lys/kg
feed in finisher phase, and the content of digestible Arg
ranged from 9.3 to 18.7 g Arg/kg feed in the starter phase,
from 8.4 a 16.8 g Arg/kg feed in grower phase, and 6.8 to
13.7g Arg/kg feed in finisher phase. An additional treatment
was included in all the assays to confirm whether Lys and
Arg were the limiting amino acids in the feeds. The
deposition of protein, Lys, and Arg in the feather-free body
and feathers was measured using the comparative slaughter
technique. The efficiency of Lys and Arg utilization was
estimated, for each phase and gender, as the slope of the
first-degree linear regression equation: AAdep=R+k*AATi,
where AAdep is the investigated amino acid deposition, B is
the intercept, and AATI is the amino acid intake above
maintenance requirement, calculated as the total intake of
each evaluated amino acid minus its need for maintenance
(36 mg of Arg and 45 mg of Lys). The efficiencies were
compared using a linear regression with groups (GenStat,
VSN International, 2017), the differences were considered
statistically significant at 5% of probability. The efficiency
of Lys utilization was estimated in 0.80, 0.81, and 0.81 for
starter, grower, and finisher male broilers respectively, and
in 0.78, 0.76, and 0.78 for females in the same phases. The
efficiency of Arg utilization for male broiler chickens was
estimated in 0.63, 0.63, and 0.62 in starter, grower, and
finisher phases, respectively, while females had an
efficiency of utilization for Arg estimated in 0.61, 0.63, 0.61
in starter, grower, and finisher phases, respectively. Our
findings demonstrated that the efficiency of Lys and Arg
utilization was not affected by either age or gender (P>0.05).
Overall, Lys and Arg were utilized for growth at 0.79 and
0.62, respectively.

Key Words: amino acids, comparative slaughter, efficiency
of utilization

122 Influence of dietary valine and leucine levels on
the live performance, carcass traits, and meat quality of
Cobb MV x 500 males broilers from 32 to 45 d. Craig W.
Maynard* ¢, Garrett Mullenix!, Clay J. Maynard?, Jason
T. Lee?, Shivi Rao®, Joseph Hiltz!, Sara Orlowski*, Michael
T. Kidd!; Poultry Science, University of Arkansas,
Fayetteville, Arkansas, United States, 2CJ America-Bio,
Downers Grove, lllinois, United States, *Cobb-Vantress,
Inc., Siloam Springs, Arkansas, United States, “Poultry
Science, University of Arkansas, Springdale, Arkansas,
United States.



Recent data has indicated that interactions among the
branched-chain amino acids, specifically valine and leucine,
can negatively influence broiler performance and carcass
traits. Therefore, an experiment was conductedto observe
the interactive effects between dietary valine and leucine on
live performance, carcass traits, and Pectoralis major
myopathies of Cobb MV x 500 broilers. A corn/soybean
meal basal diet was formulated to contain Val/Lys and
Leu/Lys ratios of 72 and 130, respectively, with a digestible
lysine level of 1.05%. Graded amounts of feed-grade L-
valine and L-leucine were added in order to produce 12
experimental diets consisting of a 4 (Val/Lys: 72,77, 82, 87)
x 3 (Leu/Lys: 130, 150, 170) level factorial design. Diets
were fed to eight replicate pens of 21 male broilerchicks.
Body weight gain, feed intake, and feed conversion were
determined for the 32 to 45 d finisher period. At d 46,four
birds per pen were processed for determination of carcass
traits and the incidence and severity of woody breast in P.
major fillets. All data were analyzed by two-way ANOVA
using SAS 9.4. Statistical significance was considered at P
< 0.05 and means were separated using a repeated t-test,
when appropriate. No differences were observed for any
live performance or carcass trait variable in response to
dietary valine level, leucine level, or their subsequent
interaction. Concerning woody breast, a significant
interaction (P < 0.05) was observed for average score and
the distribution of scores 1 and 2. These data indicate that
within the valine and leucine levels tested, branched-chain
amino acid antagonism did not negatively influence broiler
performance and carcass traits. The appearance of an
interaction between valine and leucine for woody breast
parameters was surprising and the mechanism behind the
interaction is currently unknown.

Key Words: Valine, Leucine, Branched-chain amino acids,
Woody breast, Factorial

123 Effects of dietary sulfur amino acid
supplementation on broiler chickens exposed to acute
and chronic heat stress. Albaraa Sarsour* ©%, Mike Persia;
Virginia Tech, Blacksburg, Virginia, United States.

Non-fatal heat stress (HS) can result in oxidative damage
from increased reactive oxygen species. One method for
alleviating these chronic effects of HS is the
supplementation of sulfur amino acids (SAA) which can be
metabolized to produce glutathione, one of the more
important antioxidant systems used by poultry. Therefore,
the objective of this experiment was to alter dietary SAA
content of the diet of broiler chickens exposed to HS from
28 to 35 d to determine the effects on broiler performance,
body temperature, intestinal permeability, and oxidative
status. Serum concentrations of FITC-Dextran was used to
quantify intestinal permeability and oxidative status was
determined by reduced glutathione to oxidized glutathione
ratio (GSH: GSSG). Four experimental treatments
generated from 2 x 2 factorial arrangement of treatments
consisting of HS (6 h at 33.3 °C followed by 18 h at 27.8 °C
from 28 to 35 d of age) and Thermoneutral (TN: 22.2 °C
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continuously from 28 to 35 d) and 2 dietary concentrations
ofSAA (0.80 and 1.04% digestible SAA that correspond to
100 and 130% of breeder recommendations). Diets fed
during HS were formulated to contain 3,200 kcal/kg ME,
19.7% CP, and 1.06% digestible Lys and 0.71% digestible
Thr. A total of 648 Ross 708-day-old male chicks were
placed in 36 pens with 18 chicks/pen and 9 replicates per
treatment. Data were analyzed as a 2 x 2 factorial in JMP 14
(P < 0.05). Cloacal temperature was increased by 1.7, 1.4
and 1.2 °C with HS at 28, 31, and 35 d, respectively (P <
0.05). No interaction effects were observed on broiler live
performance (P > 0.05). As expected, HS reduced BWG by
929 and increased FCR by 11 points from 28 to 35 d of age,
respectively (P < 0.05). The additional supplementation of
SAA had no effect on live performance (P > 0.05). At28d
of age, there was an interaction where supplementation of
SAA to birds exposed to HS was able to reduce the intestinal
permeability similar to the TN group (P > 0.05). The
interaction was lost at 31 d, but HS still increased intestinal
permeability (P < 0.05). By 35 d, broilers were able to
restore intestinal function and intestinal permeability was
not altered by HS or diet (P > 0.05). Additionally, SAA was
able to reduce oxidative damage by reducing the
GSH:GSSG ratio by 0.41 and 4.91 at 28 (P = 0.08) and 35
d (P = 0.05). These data suggest that intestinal damage
occurs acutely and is possibly maximized within three days,
but oxidative damage is more chronic building over the
entire 7 d HS period. Increased dietary Met might have
some protective effect on these responses to HS although no
direct effects on bird performance were reported.

Key Words: Sulfur amino acids, Broilers, Heat stress,
Intestinal permeability, Oxidative stress

124 Practical assessment of methionine
supplementation regimen for 2 commercial broiler
strains on 41 d performance and processing. Perri A.
Purvis*Y¢l Andrew Brown!, Dalton Dennehy!, Kyle
Smith?, Kelley G. Wamsley?; Mississippi State University,
Mississippi  State, Mississippi, United States, 2Evonik
Corporation, Kennesaw, Georgia, United States.

The current study was conducted with a commercial poultry
integrator to help identify potential improvements for their
methionine (Met) regimen (MR) utilized for two broiler
strains they commonly use (fast growing (FG) vs. high
yielding (HY)). Thus, two common sources of synthetic
Met supplements were tested: a dry form, DL-Met (DLM),
and a liquid form, Met Hydroxy Analogue (MHA). A 2
strain (FG or HY) x 6 MR (1 - 100% MHA to meet HY
Breeder Spec for digestible TSAA; 2 - DLM at 65% of
MHA used in 1; 3 - MHA at 150% MHA used in 1; 4 - DLM
at 65% of MHA used in 3; 5-MHA at 50% of MHA used in
1; and 6-DLM at 65% of MHA used in 5) factorial
arrangement was employed. All diets were analyzed and
within target for DLM and MHA. Day old males (n=2700)
were randomly assigned to treatment/pens by location (0.07
m?/bird); 9 replicates/treatment. Average BW, BW gain
(BWG), feed intake (FI), and FCR were evaluated at d 17,



28, and 40. On d 41, 4 birds/pen (+/- 100 g of average
BW/pen) were processed for carcass and breast weights.
Data were analyzed using SAS; means were separated using
Fisher’s LSD where P<0.05. Strain impacted performance
(P<0.05); overall, FG and HY birds finished behind breeder
specs by ~2 and 1 d, respectively. Due to the strain x MR
interactions being of primary interest and none detected
(P>0.05), only the impact of MR will be discussed. Birds
fed MR5 had the highest d 17 BW (0.59 kg; P=0.027) but
similar to MR 2, 4, and 6; those fed MR3 had the lowest BW
(0.56 kg), though similar to MR 1 and 2. Day 0-17 BWG,
FI, and FCR were increased when feeding MR 5 (P<0.05);
MR4 had intermediate BWG and FI, but also the lowest
FCR. Day 28 BW and 0-28 BWG was maximized when
feeding MR5 and 6 as compared to MR1-4 (P<0.05).
However, MR5 had the highest 0-28 d FCR (1.42), followed
by MR6 (intermediate), the lowest FCR was found for MR3
(1.38; P=0.001). Day 40 BW and 0-40 BWG was
maximized by feeding MR6 (2.56 kg), however birds fed
MR5 were similar for both BW and BWG, and MR2 was
similar for BW (P<0.05). For 0-40 d FCR, MR3 had the
lowest (1.51), while MR1, 2, and 4 had the next lowest
(~1.53; P<0.0001). Birds fed MR6 were intermediate
(1.56), and MR5 had the highest FCR (1.57). Carcass
weight was maximized by MR®6, though similar to MR2;
MR1, 3, and 4 had the lowest carcass weight (P=0.001).
Total breast weight was maximized by MR4, though MR2
and 3 were similar (P=0.002). Birds fed MR5 had the lowest
total breast weight, but similar to MR1, MR6 was
intermediate. Data suggests MR6 birds compensated for
reduced Met via increased FI and FCR. These data provide
nutritionists with insight for MR application to optimize
performance and economics and reveal no MR x Strain
concerns under these parameters.

Key Words: amino acid, broiler, performance, methionine

125 An investigation into the influence of age on the
standardized amino acid digestibility of wheat and
sorghum in broilers. Mukti Barua* © ! M. Reza
Abdollahit, F. Zaefarian!, T.J. Wester?, C.K. Girish?, Peter
V. Chrystal®, V. Ravindran!; Monogastric Research
Center, School of Agriculture and Environment, Massey
University, New Zealand, Palmerston North, Manawatu,
New Zealand, Nutrition and Care, Animal Nutrition,
Evonik (SEA) Pte. Ltd., Jurong Island, West Region,
Singapore, 3Baiada Poultry Pty Ltd, Baiada, Pendle Hill
2145, New South Wales, Australia.

The present study was conducted to determine the
standardized ileal digestibility coefficients (SIDC) of
nitrogen (N) and amino acids (AA) in wheat and sorghum
at six different ages (d 7, 14, 21, 28, 35, and 42) of broilers.
Two assay diets were formulated to contain 938 g/kg of each
grain as the sole source of AA in the diet. Titanium dioxide
(5 g/kg) was added as an indigestible marker. Each assay
diet was fed to six replicate cages housingl4 (d 7), 12 (d
14), 10 (d 21), 8 (d 28), 8 (d 35), and 6 (d 42) birds per cage
for four days prior to digesta collection from the lower half
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of the ileum. The apparent ileal digestibility coefficients
(AIDC) were calculated and standardized by using age-
appropriate basal ileal endogenous AA losses determined in
a previous study by feeding a N-free diet and collecting
digesta on d 7, 14, 21, 28, 35, and 42. Data were analyzed
by using GLM procedure of SAS with cage means as the
experimental unit. Orthogonal polynomial contrasts were
performed to determine the linear and quadratic effects of
broiler age. In the case of wheat, AIDC of N and all AA
increased (linear or quadratic, P < 0.05- 0.001) with
advancing age. No age effect was noticed on the SIDC of N,
average of indispensable (IAA) and dispensable AA
(DAA), though the average of total AA tended (linear, P =
0.09) to be increased by age. In sorghum, the AIDC of N,
average of IAA and DAA were unaffected (P > 0.05) by age.
The AIDC of Met, Trp, Cys, Asp increasedlinearly (P <
0.01) as the birds grew older. However, the SIDC of N,
average SIDC of IAA, DAA and total AA were higher atd
7, reduced at d 14 and then plateaued. Among the 1AA, the
SIDC of Arg, His, Thr and Val decreased (quadratic, P <
0.05 to 0.01) with age. A linear decrease (P < 0.05 to 0.001)
was observed in the SIDC of lle, Leu, Lys, and average of
IAA with higher values on d 7. The SIDC of all individual
DAA (except for Cys) and the average of DAA decreased
with age (linear or quadratic, P < 0.05 to 0.001) with higher
values on d 7. Overall, the SIDC of AA increased in wheat
and decreased in sorghum with advancing age. The current
findings suggest that broiler age influences the AIDC and
SIDC of most AA in both wheat and sorghum, and that the
age effect may need to be considered in practical feed
formulations. The age effect on the AA digestibility in
broilers is variable depending on thegrain type and specific
AA. Acknowledgement: We acknowledge the
“AgriFutures Australian Chicken Meat Program” for
funding the project.
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126  Determining amino acid digestibility of soybean
meal from different Midwest soybean varieties and
growth performance when fed to broilers. Kara
M. Dunmire* ©5, Michaela B. Braun, Caitlin E. Evans,
Charles R. Stark, Chad B. Paulk; Grain Science and
Industry, Kansas State University, Manhattan, Kansas,
United States.

Two studies were conducted to determine apparent ileal
digestibility (AID) of amino acids (AA) and growth
performance of broilers fed soybean meal (SBM) from
different soybean varieties. Both studies used 1 of 4 soybean
sources varying in quality defined by analyzed crude protein
(CP) content. Two sources consisted of soybeans from
similar regions processed conventionally or experimentally.
Other sources included a low quality and high-quality
soybean, experimentally solvent extracted at Texas A&M
University. Therefore, dietary treatments consisted of a
conventionally processed SBM (CSBM; 47% CP) or
experimentally processed SBM 42SBM (42% CP), 49SBM
(49% CP), or 52SBM (52% CP). In Exp. 1, 240 one-day old



Cobb500 male broilers were placed in battery cages with 6
broilers per cage and 10 replicates per treatment. A common
corn-SBM crumble starter diet was fed from d 0 to 10 with
experimental diets fed from d 10 to 18 with SBM as the only
source of AA. Dietary treatments were dextrose and SBM-
based and consisted of 1 of 4 SBM sources included in diets
formulated to 20% CP. On d 18, broilers were euthanized
by CO;inhalation and ileal samples were collected to
determine AID of AA. In Exp. 2, 360 one-day old Cobb500
male broilers were placed in battery cages with 6 broilers
per cage and 15 replicates per treatment. Dietary treatments
consisted of the same SBM used in Exp. 1 and were
formulated to 90% digestible Lys, balanced using digestible
AA values determined in Exp. 1. All data were analyzed
using the GLIMMIX procedure in SAS 9.4, with cage as the
experimental unit, cage location as the blocking factor and
adjusted using Tukey-Kramer multiple comparisons. In
Exp. 1, increasing the CP content of experimentally
processed SBM from 42SBM, 49SBM, to 52SBM increased
(P <0.05) AID of total AA (80.3, 84.9, 87.3%, respectively;
CSBM 87.6%), Arg, His, Lys, and Thr with no evidence for
differences between AID of CSBM and 52SBM. Broilers
fed CSBM, 49SBM, and 52SBM had increased (P < 0.001)
lle, Met, Phe, and Trp compared to 42SBM. The AID of Leu
and Val increased (P < 0.001) with increasing CP with
CSBM intermediate to 49SBM and 52SBM. In Exp 2., from
d 0 to 18, ADG and d 18 BW increased (P < 0.001) in
broilers fed CSBM (37.7; 688 g) compared to 42SBM (31.9;
635.7 g), 49SBM (32.6; 640.0 g), and 52SBM (31.1; 635.0
g). Broilers fed the CSBM (45.6 g) had increased (P <
0.001) ADFI compared to 42SBM (40.8 g) and 52SBM
(40.0 g) with 49SBM (42.2 g) intermediate. In conclusion,
SBM from high CP soybeans (52SBM) had increased amino
acid digestibility compared to SBM from 42SBM and
49SBM with no differences between 52SBM and CSBM.
However, broilers fed CSBM had improved d18 BW, ADG,
and ADFI.

Key Words: broiler performance, amino acid digestibility,
soybean meal

127 Effects of different heat stress models on ileal
nutrient digestibility and molecular markers of protein
metabolism. Jean-Rémi Teyssier* © 2, Aurélie Preynat®,
Pierre Cozannet!, Elizabeth S. Greene?, Sami Dridi?,
Samuel J. Rochell?; 'Adisseo France S.A.S., Commentry,
France, °Center of Excellence for Poultry Science,
University of Arkansas, Fayetteville, Arkansas, United
States.

Heat stress (HS) is a major stressor for commercial poultry,
and we previously reported that feed intake (FI), body
weight gain (BWG), and breast meat yield of broilers were
decreased under HS compared with those under
thermoneutral conditions. Pair-feeding (PF) revealed that
approximately 81% of the reduction in BWG under constant
HS was caused by decreased FI, with the remaining 19%
directly associated with the physiological changes induced
by HS. This experiment aimed to characterize the effects of
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3 HS models, constant, cyclic and acute, on nutrient
digestibility and markers of protein metabolism. A total of
720 Cobb 500 male chicks were allocated into 12
environmentally controlled chambers. From d20 to d41, 4
chambers were set to 35°C (coHS), 4 chambers were set to
35°C for 12h and 24°C for the next 12h (cyHS), and the 4
remaining were set to 24°C. Within the 24°C chambers,
one-half of the birds was PF to equalize FI of coHS birds
(TNer) and the other half was fed ad-libitum (TN). At d41,
16 TN birds were exposed to 35°C for 2 hours (aHS). Breast
tissue and ileal digesta from 8 birds per treatment were
collected on d41. For the cyHS groups, breast samples were
taken before (cyHS:) and after (cyHS2) 6h of HS (35°C).
RT-qPCR was performed on breast samples to evaluate the
mRNA expression of different markers of protein
metabolism. lleal digesta was used to determine the
apparent ileal digestibility (AID) of dry matter, ether
extract, nitrogen (N), amino acids (AA) and energy. Data
were analyzed by 2-way ANOVA and means were
separated using Tukey’s HSD. Compared with TN birds, the
AID of N of coHS birds was reduced (P < 0.05; -5.3%).
Only coHS reduced (P < 0.05) digestibility of essential AA
(His, Leu, Phe, and Met; 2.7 to 6.3 percentage units)
compared with TN birds. Both MAPK and IGF1/PI3K/AKT
signaling pathways regulating mTOR were impacted. IGF1
was lowered (P < 0.001) with cyHS;and coHS, and
upregulated in TNpr birds compared to coHS birds. PI3Ka
was upregulated (P = 0.002) under aHS, cyHS,, coHS and
TNpe. AMPKal, a marker of energy deficit, differed (P <
0.05) among treatments and was lowest for TN birds.
Downstream of mTOR, S6K1 and MyoG were
downregulated (P < 0.01) under coHS, and TNerand
cyHS; also decreased expression of S6K1. MuRF1, a
marker of muscle atrophy, was decreased (P < 0.01) under
TNer, cyHS1, and cyHS,, but increased by coHS. These
results suggest that coHS has a greater impact on AA
digestibility and protein metabolism than cyHS. However,
reduced AA digestibility appeared to only partly contribute
to impaired performance induced by HS beyond that
explained by lower FI, whereas a more important role may
be played by alterations in regulatory mechanisms of
protein metabolism.

Key Words: Heat stress, Protein, Metabolism, Breast,
Digestibility

128 Effect of amino acid supplementation to reduced
crude protein diets on growth performance, organ
weights and nutrient digestibility of broiler chickens
exposed to sub-clinical enteric health challenges. Marwa
A. Hussein* ¢ 1 2 Farina Khattak!, Lonneke Vervelde?,
Spiridoula  Athanasiadou®, Jos Houdijk!; SRUC,
Edinburgh, United Kingdom, 2The Roslin Institute and
R(D)SVS, University of Edinburgh, Midlothian, United
Kingdom.

The ideal protein (IP) concept represents the ratio of
digestible essential amino acid (AA) to lysine where all
essential AA are equally limiting. However, sub-clinical



enteric challenges may increase specific AA requirements
for immune responses and AA  malabsorption
compensation. Here, we assessed effects of threonine (Thr),
arginine (Arg) and glutamine (GIn) supplementation to low
crude protein (CP) diets on bird resilience to sub- clinical
enteric challenges, organ weights and digestible CP intake.
Ross308 day-old male broilers (14 birds/pen) underwent
two challenge treatments factorially combined with four
feeding treatments (n=9 pens per challenge-diet
combination). Birds were either unchallenged (placed on
clean litter; gavaged with water) or challenged (placed on
reused litter; gavaged with 2500 Eimeria maxima oocysts at
d14). Diets were high-CP (D1, 22.3% CP; Thr 0.86%; Arg
1.37%; GlIn: 4.36%), low-CP (D2, 20.3% CP; Thr 0.86%,
Arg 1.37%; GIn 3.67%), D2 with glycine (Gly) (D3, 21.7%
CP; Thr 0.86%; Arg 1.37%; GIn 3.72%; Gly 2.23%), and
D3 supplemented with extra Thr, Arg and Gln at the
expense of Gly (D4, 21.9% CP; Thr 1.08%; Arg 1.70%; Gln
4.82%; Gly 0.72%). Birds were fed starter mash (d0 to d10)
and grower pellets (d10 to d28), with D1 and D2 formulated
to IP concept. On day 28, empty gizzard weight and ileal CP
digestibility were assessed to calculate digestible CP intake
(d25-28). Treatment effects were assessed via 2x4 ANOVA
using d10 body weight (BW) as a covariate for d10-28 data;
Tukey-adjusted multiple comparisons located effects at
P<0.05. Feeding and challenge treatments did not interact.
By d10, challenge increased BW (205 vs 212 g; s.e.d. 3) and
reduced feed conversion ratio (FCR; 1.37 vs 1.31; s.e.d.
0.03), both P=0.018), whilst D1 birds were heavier than D2,
D3 and D4 birds (219, 207, 204 and 202 g, respectively;
s.e.d. 4; P<0.01). By d28, subsequent E. maxima challenge
reduced final BW (1480 vs 1242 g; s.e.d. 17), increased d10
to d28 FCR (1.30 vs 1.40; s.e.d. 0.02)and reduced gizzard
weight (29.5 vs 26.3 g; s.e.d. 0.68), all P<0.001. D1 birds
were heavier than D2, D3 and D4 birds(1430, 1363, 1333
and 1318 g, respectively; s.e.d. 24) and had greater
digestible CP intake (26.8, 23.9, 24.8 and 23.1 g/d,
respectively; s.e.d. 0.71), all P<0.001. In our study, AA
supplementation to IP based reduced CP diets did not
improve resilience to sub-clinical enteric challenges,
potentially due to AA imbalances. The reduced CP ration
may have underperformed due to limiting non-essential AA,
subclinical acidosis due to dietary electrolyte imbalance, or
reduced ability to apply IP concept successfully during the
starter phase.

Key Words: Ideal protein, broiler, reused litter, coccidiosis,
resilience

129 Broilers administered a live coccidiosis vaccine or
fed a chemical anticoccidial responded similarly to
increased dietary amino acids contributed by soybean
meal or feed-grade sources. Trevor Lee* ©5 1 Jason T.
Lee?, Samuel J. Rochell*; University of Arkansas,
Fayetteville, Arkansas, United States, 2CJ America -Bio,
Inc., Downers Grove, lllinois, United States.

This experiment evaluated responses of broilers under
different coccidiosis control programs when fedelevated
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amino acid (AA) concentrations achieved with increased
dietary soybean meal (SBM) or feed-grade essential AA.
Ross 708 male chicks were allocated in a 2x4 factorial
design (24 birds/pen, 12 replicate pens/treatment) with 2
coccidia control methods (1x live vaccine dose or in-feed
zoalene) and 4 experimental diets fed during the starter (0-
12 d) and grower (12-26 d) periods: 1) a control diet (CTL),
2) an increased AA density diet containing increased SBM
(H-SBM), 3) an increased AA density diet containing CTL-
level SBM but increased feed-grade Met, Lys, Thr, Val, lle,
and Arg (H-FG), or 4) the CTL with only Thr, Val, and Arg
increased by feed-grade sources to the same levels as the H-
SBM and H-FG diets (CTL). Digestible Lys was 1.24 and
1.11% for the CTL diet and increased in the H-SBM and H-
FG diets by 6 and 7% in the starter and grower phases,
respectively, with other digestible AA/Lys ratios at or above
breeder specifications. Common diets were fed during the
finisher 1 (26-33 d) and 2 (33-40 d) phases. Feed intake (FI),
BW gain (BWG), and FCR were measured during each
phase, and fecal oocysts were counted at d 12 and 26.
Intestinal segment length and weight were assessed at d 12.
At d 40, 6 birds/pen were randomly selected for processing.
Data were analyzed by a 2-way ANOVA and means
separated by Tukey’s test (P<0.05). No interactions
(P>0.05) between coccidia control method and diet were
observed. At d 12, oocyst counts and intestinal length and
weight were increased (P<0.001) with vaccination, with no
diet effect. From d 0-26, vaccination impaired (P<0.001)
BWG and FCR (1.19 vs. 1.22) compared with zoalene, but
FI (P>0.05) was unaffected. Broiler BWG and FCR were
better (P<0.001) for the H-SBM and H-FG groups
compared with the CTL and CTL+ groups. Broiler FI was
similar (P<0.001) among the CTL, H-SBM, and H-FG
groups but reduced with CTL+. From d 0-40, FCR, but not
FI or BWG, was impaired (P<0.001; 1.55 vs. 1.56) by
vaccination compared with zoalene. Broiler FI (P<0.001)
was highest for H-SBM and H-FG, moderate for CTL, and
lowest for CTL+. Birds fed the H-SBM and H-FG diet had
improved (P<0.001) BWG and FCR compared to those fed
CTL and CTL+. Coccidia control method did not affect
(P>0.05) deboned partsyields. Breast meat yield (P<0.001)
was greater for the H-SBM and H-FG groups than for the
CTL and CTL+ groups. In conclusion, performance and
yield of broilers given a vaccine or in-feed zoalene benefited
from increased dietary essential AA regardless of source
(SBM or feed-grade AA). However, these benefits were not
observed when only ratios of Thr, Val, and Arg were
increased.

Key Words: vaccination, coccidiosis, amino acids, protein
density, broiler

130 Impact of Eimeria challenge on ileal endogenous
losses and standardized ileal digestibility of amino acids
in single and mixture of feed ingredients fed to broiler
chickens. Emily Kim* 51 John Barta?, William Lambert?,
Elijah Kiarie*; *Animal Biosciences, University of Guelph,
Guelph, Ontario, Canada, Pathobiology, University of
Guelph, Guelph, Ontario, Canada, 3Metex Noovistago,



Paris, France, “Animal Biosciences, University of Guelph,
Guelph, Ontario, Canada.

The negative effect of an Eimeria challenge on amino acid
(AA) digestibility has been investigated, however, such
studies primarily reported apparent ileal digestibility (AID)
AA in diets. Thus, an experiment was conducted to
determine standardized ileal digestibility (SID) of AA in
major poultry feed ingredients fed to broiler chickens
challenged with Eimeria. A total of 840 male day-old Ross
x Ross 708 chicks were fed a commercial starter diet for 8
days. On day 9, birds were weighed, placed in 82 cages (10
birds per cage), and allocated to either a nitrogen-free diet
(NFD) or one of the 6 test diets formulated to contain a
single or mixture of feed ingredients as the sole source of
AA (n=12). The test diets were: 1) corn, 2) wheat, 3)
soybean meal (SBM), 4) pork meal (PM), 5) corn, SBM,
and PM (CSP), and 6) wheat, SBM, and PM (WSP). All
diets had 0.3% TiO- as the indigestible marker. On day 10,
6 replicates per diet were challenged with 1 mL of E.
acervulina and E. maxima mixture via oral gavage and the
other 6 replicates were given sham. On day 15, birds were
bled for plasma AA and necropsied for intestinal lesion
scores, and ileal digesta samples. The data was analyzed
using a 3-way ANOVA, with treatment, challenge, and diet
completeness (single vs. mixture) as fixed factors.
Challenge (P < 0.05) decreased plasma concentration of
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Arg, His, Thr, Asp, GIn, and Tyr and increased
concentration of Lys, lle, Leu, and Val. There was a
challenge and diet completeness interaction (P < 0.05) on
duodenum and jejunum lesion scores with challenged birds
fed the mixed diet exhibiting more severe lesions compared
to birds fed the single ingredients. The challenge increased
(P<0.05) basal endogenous losses of all AA except for Ala.
There was a challenge and diet completeness interaction
(P<0.05) on total ileal endogenous flow (IEF) of AA with
exception of His, Met, Ala, Asp, Cys, Gly, Pro, and Ser,
such that challenged birds fed the mixed diets, particularly
WSP, had higher IEF of AA compared to the single
ingredients. Consequently, challenge decreased (P < 0.05)
SID of most AA except for Met, Asp, and Cys with the
largest impact seen on Lys, His, Ser, and Thr. An effect (P <
0.05) of diet completeness was seen on SID of most AA
with exception of Arg, Thr, Asp, and Cys, such that values
were higher in the mixed compared to the single ingredient
diets. In summary, the effect of an Eimeria challenge and
diet completeness can significantly influence ileal AA
digestibility. The results showed that while challenge had a
greater impact on the mixed diets, this may be due to AA
intake which may influence Eimeria pathogenicity.

Key Words: amino acid, endogenous loss, SID, Eimeria,
broilers
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131 Effect of a novel consensus bacterial 6-phytase
variant on phytate degradation in broilers fed diets
containing different phytate levels. Abiodun Bello*?,
Yueming Dersjant-Lit, Trine Christensen?, Mehdi
Toghyani®, Peter V. Chrystal*, Sonia Liu® %, Peter H. Selle?;
!Danisco Animal Nutrition - IFF, Oegstgeest, 2342 BH,
Netherlands, 2Danisco Animal Nutrition Aps - IFF,
Brabrand, DK-8220, Denmark, 3School of Life and
Environmental Science, Faculty of Science, The University
of Sydney, Sydney, New South Wales, Australia, “Baiada
Poultry, Pendle Hill, New South Wales, Australia, *Poultry
Research Foundation, The University of Sydney, Camden,
New South Wales, Australia.

This study evaluated the effect of a novel consensus
bacterial 6-phytase variant (PhyG) on apparent ileal
digestibility (AID) of phosphorus (P) and degradation rate
of phytic acid (inositol hexa-phosphate, IPs) in broilers. A 3
x 5 factorial arrangement which was based on 3 phytate-P
(PP) levels (low: 2.45 g/kg, mid :2.95 g/kg or high:3.45
g/kg) and 5 PhyG doses (0, 500, 1000, 2000 and 4000
FTU/kg) was utilized. A total of 1,800 (Ross 308) day-old
male chicks were randomly allocated to 90 battery cages
with 6 replicate cages per treatment. Diets were based on
wheat, corn, soybean meal, rapeseed meal and rice bran
with Cellite (20 g/kg) as indigestible marker and were fed
ad lib in pellet form in two phases (starter 0-10d: 2.60 g/kg
dig P and 7.6 g/kg Ca and grower 11-21d: 2.10 g/kg dig P
and 6.4 g/kg Ca). On day 21, ileum samples were collected
from six birds per cage, pooled per cage for measuring P
digestibility and I1Ps degradation. Data were analyzed as 3x5
factorial arrangement and phytase dose response was tested
using exponential curve fitting (JMP 14). The analyzed PP
content was 2.98, 3.45 and 3.85g/kg respectively in low,
medium and high PP diets. No interaction between phytase
dose and PP level was seen for ileal IPscontent and
IPs degradation. Increasing phytase dose exponentially (P <
0.0001) reduced ileal IPscontent and increased
IPs degradation regardless of PP levels. At 4,000 FTU/kg
PhyG, the ileal IPscontent was reduced (P<0.05) from
2.45% to below limit of quantification at the low PP, and
from 2.52% to 0.14% at mid PP and 2.81% to 0.16% (freeze
dried-DM basis) at mid and high PP level, respectively,
which corresponded to IP6 disappearance of 100%, 97.2%
and 97.1% at each of low, mid, and high PP, respectively.
At the 2,000 FTU/kg, the I1Ps disappearance was 97.2, 92.7,
92.2% respectively at low, medium and high phytate P,
which culminated into 2.82, 3.05, 3.36 g/kg of phytate P
release estimation based on the sum of P3¢ degradation for
low, mid and high phytate diets, respectively. Phytase dose
and PP level interaction was found for both AID P and ileal
digestible P as g/kg. Phytase increased (P < 0.001) ileal
digestible P (g/kg) and the improvement in response to each
phytase dose was higher in the high PP diets than in the
medium or low PP diets. In conclusion, while the
supplementation of PhyG at 2,000 FTU/kg dose degraded

over 92% of phytate at each PP levels, the use of the phytase
in diet up to 4,000 FTU/kg exponentially increased ileal
IPs degradation in commercial broiler diets. The usage of
the novel consensus bacterial 6-phytase variant in
commercial broiler diets enables optimal phytate P
degradation and utilization in broilers.

Key Words: broiler, phosphorus, novel consensus bacterial
6-phytase variant, inositol hexa-phosphate degradation,
digestibility

132 A novel consensus Dbacterial 6-phytase
variant improved growth performance and feed
efficiency and lowered production cost in turkeys.
Abiodun Bello*!, Yueming Dersjant-Li*, Arun Kumar?;
!Danisco Animal Nutrition - IFF, Wilmington, Delaware,
United States, 2School of Agriculture and Food Science,
University of Queensland, Gatton, Queensland, Australia.

The effects of a novel consensus bacterial 6-phytase variant
(PhyG) were evaluated in turkeys fed diets with nutrient
reduction. Three hundred Nicholas male turkey poults (10
birds x 10 pen replicates) were assigned to three treatments.
Diets were based on corn, soybean meal, canola meal, and
wheat bran and were fed in four dietary phases of 0-21, 22-
42, 43-63 and 64-84 d. The diets were a nutrient adequate
positive control (PC); a negative control reduced by 0.18%
available P, 0.21% Ca, 74.5 kcal/kg ME, 0.02-0.06% dig
AA, and 0.05% Na (based on 2,000 FTU/kg phytase
contribution: NC) vs PC; and the NC supplemented with
PhyG at 2,000 (NC+PhyG) FTU/kg. Growth performance,
feed efficiency, and production cost were determined on the
cumulative 0-42d and 0-84d. The study was conducted in a
completely randomized setting, while the generated data
were analyzed using the Fit Y by Xfunction of JMP 15.1 and
treatment means were compared using Tukey HSD test. The
0-42d body weight gain (BWG) was reduced (P<0.001) by
the NC (2.88 kg) vs the PC (3.29 kg), which was completely
restored by the NC+PhyG (3.26 kg). The 0-42d FCR was
worsened (P<0.05) by the NC (1.598) vs the PC (1.484),
while the FCR was improved by NC+PhyG (1.424) vs each
of the PC and NC diets (P<0.05). The 0-42d feed cost per
kg BWG was decreased (P<0.001) by NC+PhyG (0.370
USD/kg) compared to the PC (0.408 USD/kg). Relative to
the 0-84d BWG by the PC (11.11 kg), BWG was also
decreased (P<0.001) by the NC (9.97 kg) and restored by
the NC+PhyG (10.91 kg). The 0-84d FCR was also
worsened (P<0.05) by the NC (1.990) vs the PC (1.930), and
it was improved (P<0.05) by NC+PhyG (1.912). Feed cost
per kg BWG for the 0-84d was also lowered by NC+PhyG
(0.487 USD/kg) relative to thePC (0.520 USD/kg). These
findings demonstrated the efficacy of the novel consensus
bacterial 6-phytase variant to support efficient production of
turkeys. The PhyG supplementation at 2,000 FTU/Kg in
commercial turkey diet compensated for reduction of 0.18%
in available P, 0.21% in Ca, 74.54 kcal/kg in ME, 0.02-
0.06% in dig AA, and 0.05% in Na, maintained or improved



growth performance and feed efficiency compared to
positive control, resulted in production cost saving through
84 d of age.

Key Words: Turkey, phosphorus, growth performance,
feed efficiency, economic benefit

133 Performance and tibia ash response of Ross 708
broilers to increasing concentrations of two commercial
phytase products post pelleting. Kristina M. Bowen*?,
Elizabeth Lynch?!, Tim Boltz!, Victoria Ayres!, Mark
Jackson?, Joe Moritz?; *Nutritional and Food Sciences, West
Virginia University, Morgantown, West Virginia, United
States, 2Huvepharma, Peachtree City, Georgia, United
States.

Mixer added phytases must retain efficacy post conditioning
and pelleting. Heat from saturated steam and friction upon
pellet die extrusion may deactivate phytases. In addition,
increasing phytase concentrations in diets may increase
nutrient release from phytate. The objective of this study
was to assess two commercially available phytases that were
concentrated at 500, 1,000, or 2,000 FTU/kg in mixed mash
post steam conditioning at 82°C for 30 sec andextrusion
through a 4.8 x 38mm pellet die on 0 to 44d Ross 708 male
broiler performance and tibia ash responses. The phytase
products were Quantum Blue, derived from E. coli and
expressed in Trichoderma Reesei, and Optiphos Plus
derived from E. coli and expressed in Pichia pastoris. A 3
(Phytase level) x 2 (Phytase product) factorial arrangement
of treatments within a randomized complete block design
was utilized. A positive control and negative control diet
were also manufactured and analyzed within a multiple
comparison. The negative control diet and diets containing
phytase contained available phosphorus and calcium levels
0.2% less than the positive control. Crumbled and pelleted
diets were fed to 8 replicate pens of 30 chicks in three
phases. Live performance, D20 and D44 tibia ash, and D44
hot boneless, skinless breast weight were measured.
Analyzed phytase activity did not drop below 75% of the
formulated values for any treatment within each feeding
phase. Analyzed phytase activity did not differ among
products. Day 44 live weight gain and both D21 and D44
tibia measures increased for all phytase concentrations
relative to the negative control (P<0.05). Phytase products
did not differ in effect on live performance or breast yield
with the exception of live weight at 20 days where birds
provided with Optiphos were significantly heavier (P<0.05).
Day 20 tibia ash increased for 1,000 and 2,000 FTU/kg
concentrations compared to 500 FTU/kg concentration
(P<0.05). There was a phytase product by phytase level
interaction for D44 tibia ash (P<0.05). Optiphos Plus
increased D44 tibia ash to the highest treatment level with
concentrations above 500 FTU/kg (P<0.05), while Quantum
Blue D44 tibia ash did not respond to varying concentration
resulting in a higher overall tibia ash percentage for
Optiphos Plus (P<0.05). The assessed phytase products
showed similar benefit to live performance and breast yield
but varied in response to D44 tibia ash at 1,000 and 2,000
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FTU/kg concentrations.

Key Words: Phytase, Mixer added, Tibia ash, Live bird
performance, Thermostability

134 Effect of two commercially available phytases,
supplemented at two different dose rates, on
performance of broilers fed diets reduced in minerals,
energy and amino acids. Gilson A. Gomes*!, Xaviere
Rousseau?, Zuzanna Wisniewska?, Sebastian Kaczmarek?;
IAB Vista, Marlborough, United Kingdom, 2Department of
Animal Nutrition, Poznan University of Life Sciences,
Poznan, Poland.

Even if the use of phytase in broiler diets is ubiquitous, there
is still opportunity to optimize its usage through defining
best dose rate via phytate-P analysis and taking advantage
of the extra-P benefits of phytase supplementation thereby
reducing broiler production cost. Eight hundred and twenty-
eight male day-old Ross 308 were assigned to 7 treatments
as follows: Positive control (PC), formulated to be
nutritionally adequate in all nutrients; another positive
control diet was also added to the trial, this time with the
inclusion of 500 FTU/kg Phy QB (PC 500) and formulated
taking into consideration it’s mineral matrix contribution; a
negative control diet (NC) reduced by 0.22%avP, 0.24% Ca,
0.05% Na, 75kcal/kg AME, 0.025% dLys and other amino
acids was fed and used as basal to which two commercially
available phytases (Phy QB and Phy AP) were
supplemented at either 750 or 1,500 FTU/Kg. Diets were
wheat, corn, soybean meal, rapeseed meal and sunflower
meal based, fed as pellet (crumbled at starter phase),and
feed and water provided ad libtum. Mortality was recorded
daily, with livability being calculated (Liv), and weight of
dead birds recorded. Body weight (BW), average daily gain
(ADG), average daily feed intake (ADFI), mortality
corrected feed conversion ratio (FCR) and body weight
corrected FCR (bwcFCR) were calculated. Data were
submitted to ANOVA (Livability analyzed using Chi-
Square) and means separated using Student’s T-test
(P<0.05). Additionally, linear and logarithmical orthogonal
contrasts were tested using the NC, and the two different
dose rates of each phytase tested, taking into consideration
the analyzed values of phytase in the feed. Significance is
accepted when P<0.05, while trends are discussed when
P<0.10. Livability was not affected by treatments in any
stage of the trial (P>0.10). Birds fed the NC diet showed
reduced performance (BW, ADG and ADFI) during the
whole trial (P<0.05). Both phytases improved performance
of birds at all tested ages (BW, ADG, ADFI) in a linear and
logarithmical manner, and for most of the variables the
logarithmic equations described data better than the linear
(P<0.05). When looking at the logarithmical regressions,
Phy QB showed a steeper slope when compared to Phy AP
on BW, ADG and ADFI for all ages. The bwcFCR tended
to be affected by dietary treatments (P=0.06), and Phy QB
was the only phytase capable to improve in a linear manner
bwcFCR (P<0.05). In conclusion, Phy QB was the only
phytase to recover performance to similar levels of positive



control fed birds when supplemented at 1,500 FTU/kg in a
negative control diet reduced by 0.22% avP, 75 kcal/kg
AME, 0.025% dLys and other nutrients.

Key Words: linear contrast, logarithmical contrast, body
weight corrected FCR, production cost, performance

135 Application of Buttiauxella phytase and a
combination of xylanase and B-glucanase improved
long-term performance, egg quality, and production
cost of laying hens. Emma White*!, Abiodun Bello?, Leon
Marchal®, Rachael Hardy?, Ceinwen Evans?, Julien
Kanarek3, Arun Kumar?; 'Danisco Animal Nutrition- IFF,
Marlborough, SN8 1NY, United Kingdom, ?School of
Agriculture and Food Science, University of Queensland,
Gatton, Queensland, Australia, ®3Danisco Animal Nutrition
(NL) - IFF, Oegstgeest, 2342 BH, Netherlands.

The effects of a Buttiauxella phytase (PHY) with or without
a combination of xylanase and B- glucanase (XB), with
application of substrate-based energy and nutrient matrices,
were evaluated on performance, egg quality, and production
cost in laying hens from 24-72 weeks of age (woa). At 24
woa, 576 ISA Brown hens (4hens x 48 cage replicates) were
assigned to three dietary treatment groups. Diets were based
on corn, wheat, soybean meal, canola meal, and rice bran.
Three commercial layer diets were reduced in 1) minerals
only (MO) by 0.18% available P (AvP) and 0.20% Ca with
600 FTU/kg PHY inclusion (MO+PHY); 2) MO + energy
and amino acids (FULL) 75 kcal/kg ME, and 0.01-0.04%
dig AA with 600 FTU/kg PHY inclusion (FULL+PHY);
and 3) FULL + 63 kcal/kg ME (COMBO) with 600 FTU/Kkg
PHY and XB (616 U/kg xylanase and 76 U/kg B-glucanase)
inclusion (COMBO+PHYXB). Whilst Phytate P was
maintained in alldiets (0.35%), soluble NSP was 1.83% in
MO+PHY, 1.86% in FULL+PHY and 1.91% in
COMBO+PHY XB. Egg production was recorded daily and
feed intake, egg weight and egg quality were recorded every
four weeks. Bodyweight was measured every eight weeks.
Data was analysed across age and treatment by analysis of
variance. Means were compared using Tukey’s test.
Average hen-day egg production (24-72 woa) was increased
(P<0.001) in the COMBO+PHYXB group (95.2%)
compared to FULL+PHY (94.1%) and MO+PHY (93.4%).
Average egg mass (24-27 woa) was increased (P<0.001) in
the COMBO+PHYXB (62.9 g) group, vs FULL+PHY (61.7
g) and MO+PHY (61.3g). The COMBO+PHYXB hens
maintained FCR at similar level vs FULL+PHY and
MO+PHY hens. There was no effect of diet (P>0.05) on
liveability, bodyweight change, eggshell breaking strength,
albumen height, yolk colour, abnormal, dirty, peewee, shell-
less or soft-shelled eggs. COMBO+PHYXB tended to
improve (P=0.054) Haugh unit compared to MO+PHY'. Egg
shell thickness was increased (P<0.001) in the
COMBO+PHYXB hens (0.504 mm) compared to
FULL+PHY (0.500 mm) and MO+PHY (0.500 mm).
Similarly, feed cost/dozen eggs was further lowered (by
3.1% and 6.1%) in the COMBO+PHYXB group (€0.31)
compared to FULL+PHY (€0.32) and MO+PHY groups
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(€0.33). The supplementation of PHY at 600 FTU/kg and
XB in laying hen diets, reformulated according to substrate-
based matrices, efficiently improved productivity
performance, egg quality and lowered production cost from
24 1o 72 woa.

Key Words: Layers, substrate-based matrix application,
xylanase, B-glucanase, phytase

136 Feeding broilers total inorganic phosphorus free
diets with phytase maintained normal performance as
shown in 4 independent trials. Leon Marchal*2, Abiodun
Bello?, Eric B. Sobotik®, Gregory S. Archer?, Enric Esteve?,
Carla R. Creus*, Cees Kwakernaak®, Ellen v. Eerden®,
Yueming Derjant-Li%; *Animal Nutrition, Wageningen
University & Research, Wageningen, Netherlands, ?IFF,
Oestgeest, Netherlands, *Poultry Science, Texas A&M
University, College Station, Texas, United States, *Animal
Nutrition, IRTA, Constanti, Spain, Poultry Nutrition,
Schothorst Feed Research, Lelystad, Netherlands.

There is a global growing sustainability awareness on the
proper use of finite resources like inorganic phosphorus (P)
and reduction of pollution. Broiler meat production uses
millions of tons of inorganic P, with each ton emitting ~ 750
kg CO.. In 4 independent studies it was investigated if it is
possible to feed broilers a diet without any inorganic P and
have normal growth characteristics in all growth phases.
Nutrient adequate, but not over-specified, 3 (SFR:0-10-22-
37d) or 4 (TAMU 1&2, IRTA:0-10-21-35-42d) phase diets
were used. Different levels of corn, wheat, soybean meal,
rapeseed and sunflower meal, rice and wheat bran were used
to provide enough substrate (i.e. phytate). Oat hulls were
also added to provide additional structure and calcium
levels were relatively low for the different phases. The setup
was 24-26 (TAMU 1&2), 52 (IRTA) and 820 (SFR) Ross
308 birds/pen with stocking density at endpoint of 25-30
(TAMU 1&2), 33 (IRTA) and 39 (SFR) kg/m2. TAMU 1
was mixed (50-50 per pen), TAMU 2 all male, IRTA 50-50
with 100% male and 100% female pens and SFR mixed as
hatched. In the inorganic P free treatment (IPF), a novel
consensus bacterial 6-phytase variant (PhyG) added at 3000
(starter), 2000 (grower), 1000 (finisher 1&2) FTU/kg and
with reduced Ca (0.2-0.3% unit). The positive control was
formulated with mono-calcium phosphate (MCP), without
phytase. Inthe IRTA trial all treatments and in the SFR trial,
one PC and one IPF treatments were with 2000 XU/kg
xylanase (-71 resp.-75 kcal/kg ME). The phytate-P level
was >0.33% through all phases in TAMU1&2, with graded
reduction at each phase for IRTA (0.34,0.33,0.29, 0.28% in
4 phases) and SFR (0.33, 0.32 and 0.26% in 3 phases). In all
4 studies, IPF treatments maintained or improved
performance and bone ash/bone strength vs respective PC
in each phase. The final BW (g) in IPF treatment vs PC was:
2984 vs 2770 for TAMUL (P<0.05), 3140 vs 2994 for
TAMU2 (P<0.05), 2811 vs 2704 for IRTA (P<0.05), 2302
vs 2291 across diets with/without xylanase. Overall body
weight corrected FCR was consistently lower in IPF
treatment vs respective PC (P<0.05), with average of 3.9%



improvement (1.5-6.7%). This corresponds to a reduction of
feed cost (including enzyme costs) per kg BWG by average
of 4% (2-6.3%). In conclusion, these 4 studies provided
strong evidence that an efficient phytase together with
proper feed formulation and management enables
formulating diets without inorganic P and this can lead to
more cost effective and sustainable broiler production.

Key Words: broilers, inorganic phosphor free,
sustainability, novel consensus 6 phytase, production
benefit

137 The effects of a multi-component protease alone
or in combination with a micro-encapsulated blend of
organic acids and essential oils on growth performance
and gut health of broilers fed low-digestible feed

ingredients. Pattaveekan Preesong*!, Glenmer B.
Tactacan?,  Akaradet ~ Seemacharoensri?,  Yuwares
Ruangpanit®; Animal Science, Kasetsart University,

Kamphangsaen, Nakhon Pathom, Thailand, 2Research and
Development, Jefo, Saint-Hyacinthe, Quebec, Canada.

The fluctuating costs of traditional feed ingredients have
limited their use in broiler diets in favor of cheaper raw
materials. However, due to their relatively lower
digestibility, diets formulated with these raw materials often
lead to poor animal performance and gut health. A study
was conducted to investigate the effects of a multi-
component protease alone or in combination with a micro-
encapsulated blend of organic acids and essential oils on the
growth performance and gut health of broilers fed low-
digestible feed ingredients. A total of 1400-one-day-old
Ross 308 male broiler chicks, in a completely randomized
design study were assigned to receive 1 of 4 dietary
treatments: 1) Positive control (corn-soybean meal-based
diet, PC), 2) Negative control (corn-wheat-soybean meal-
corn DDGS-based diet, NC), 3) NC + 125 g/t protease
(NC+P), 4) NC + 125 g/t protease + 300 g/t micro-
encapsulated organic acids and essential oils (NC+P+EOS).
Each treatment consisted of 14 replicates with 25 birds per
replicate. All chicks were provided feeds and water ad
libitum for 35 days. Growth performance, gene expression
of jejunal tight junction proteins, and cecal fermentation
metabolites were determined at the end of the study. Data
were subjected toANOVA using the PROC GLM procedure
of SAS and differences between means were determined
using Tukey's honestly significance difference test. At 35d,
body weight gain was similar among treatment groups, but
birds fed diets with low-digestible feed ingredients (NC,
NC+P, and NC+P+EQS) had significantly increased feed
intake (P<0.05) than birds fed the PC diet. Consequently,
feed conversion ratio (FCR) was significantly increased
(P<0.05) inNC than PC (1.529 vs. 1.466), but was similar to
NC+P and NC+P+EOS (1.529 vs. 1517 and 1.498,
respectively). In terms of the gene expression of the tight
junction proteins, occludin and claudin-1 genes were
upregulated (P<0.05) in birds fed the NC+P and
NC+P+EQS, respectively, as compared to PC and NC.
Cecal ammonia was significantly increased (P<0.05) in all
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diets with low-digestible feed ingredients (NC, NC+P,
NC+P+EQS) relative to PC, but cecal putrescine and
cadaverine in NC only was significantly increased (P<0.05)
as compared to PC, NC+P, and NC+P+EOS. Overall,
feeding broiler chickens with diets containing low-
digestible feed ingredients negatively affected feed
efficiency, intestinal integrity, and concentrations of protein
fermentation metabolites in the cecum. On the other hand,
the supplementation of a multi-component protease alone or
in combination with a microencapsulated blend of organic
acids and essential oils alleviated these negative effects and
appeared to offer benefits on both animal performance and
gut health.

Key Words: Protease, Organic acid, Essential oil, gut
health, broilers

138 Evaluating the benefits of a novel multi-
component protease supplementation in broiler
chickens fed sufficient or low-protein diets. Anhao
Wang*, Rob Patterson, Anangelina Archile; CBS Bio
Platforms, Calgary, Alberta, Canada.

Two studies were conducted to evaluate the effects of
dietary supplementation of a novel multi- component
protease (Pro) on broiler chicken performance and the
apparent total tract digestibility (ATTD). Study 1 was a 28-
d feeding trial where 600 newly-hatched male Cobb 500
chicks were randomly assigned to one of six dietary
treatments: standard protein control (SP); low protein
control (LP); LP with 125 mg/kg Pro (125 Pro); LP with 250
mg/kg Pro (250 Pro); LP with 200 mg/kg single-component
protease-1 (SCP-1) and LP with 500 mg/kg single-
component protease-2 (SCP-2). The diets were corn-wheat-
soybean meal (SBM)-based with SP diets formulated to
meet nutrient requirements and had 0.6 - 0.8% higher CP
than their LP counterparts. Performance was measured at
12, 21 and 28-d. The ATTD of crude protein (CP), dry
matter (DM) and gross energy (GE) were measured at 28-d.
Study 2 was a 35-d feeding trial where 400 newly-hatched
male Cobb 500 chicks were randomly assigned to one of
four dietary treatments: high protein control (HP); SP; SP
with 125 mg/kg Pro (125 Pro), and SP with 250 mg/kg Pro
(250 Pro). The diets used in study 2 were corn-SBM-based
with copra meal and feather meal added as additional
protein sources. The HP diets contained 0.6 - 0.8% more CP
than their SP counterparts, respectively. Performance was
measured at 12, 21 and 35-d. In both studies, each treatment
was replicated in 10 identical floor pens with 10 birds/pen.
Furthermore, all diets contained phytase at 500 FTU/kg and
deployed treatments utilizing a completely random design.
In both studies, body weight (g), average daily gain (g/d)
and average daily feed intake (g/d) were not affected by
treatments at the end of trials (P > 0.05). In study 1, protease
supplementation reduced feed conversion ratio (FCR)
during the 28-d trial period (P = 0.017) such that 250 Pro-
fed birds had significantly lower FCR than LP-fed birds
(1.392 vs 1.423), while 250 Pro-fed birds had higher (P <
0.05) ATTD for CP than LP-birds (73.39 vs. 71.80%).



Additionally, ATTD GE was greater (P = 0.047) in 250 Pro-
fed birds (77.01%) than those fed SCP-1 (76.08%) and SCP-
2 (75.92%), respectively. In study 2, Pro supplementation
reduced FCR during the entire 35-d feeding period (P<
0.001) such that SP birds had significantly higher FCR than
250 Pro-fed birds (1.489 vs 1.469). In both studies, FCRdid
not differ between 125 and 250 Pro-fed birds (P > 0.05).
Taken together, supplementing Pro in phytase-containing
diets (both nutrient sufficient and low crude protein diets)
reduced FCR. The improved FCR observed in multi-
component protease-fed birds is likely due to increased
nutrient digestibility.

Key Words: multi-component protease, protein density,
broiler chicken performance, digestibility

139 Effects of a multi-component protease
supplementation on growth performance and carcass
yield of Indian River broiler chickens. Mohiuddin Amirul
Kabir Chowdhury*!, Sumiya Akter?, Subhash Chandra
Das?, Bapan Dey?, Glenmer B. Tactacan'; *Research and
Development, Jefo, Saint-Hyacinthe, Quebec,
Canada, ?Animal  Science, Bangladesh  Agricultural
University, Mymensingh, Bangladesh.

The use of nutrient matrix values in diet formulation is
successfully practiced worldwide to maximize the effect of
protease enzymes. An experiment was conducted to
evaluate the effects of a dietary multi-component protease
on growth performance and carcass characteristics of broiler
chickens fed a standard or a reduced diet reformulated
considering the recommended nutrient matrix of the
supplemented protease with reduced crude protein (CP),
amino acids, and metabolizable energy (ME). Standard or
positive control diet (PC) was formulated with no
supplemental protease containing 23.2 and 21.8% CP, 3000
and 3100 kcal/kg ME, and 1,28 and 1.15% dig. Lys and 0.51
and 0.47% dig. Met for starter and grower diets,
respectively. The reduced or negative control diet (NC)
contained 22.6 and 21.2% CP, 1.25 and 1.12% dig. Lys, and
0.50 and 0.46% dig. Met., and 2975 and 3075 kcal/kg ME
for starter and grower diets, respectively. Three other diets
were formulated by supplementing protease to the diets:
PC+125 = PC supplemented with 125 ppm protease;
NC+125 = NC diet supplemented with 125 ppm protease;
and NC+200 = NC diet supplemented with 200 ppm
protease. A total of 630 one day old Indian River male
broiler chickens were randomly assigned to five treatments
with 7 replicates each and 18 birds per replicate. The birds
were fed experimental diets for 28 days. Performance data
were recorded weekly while carcass yield was determined
on day 28. The data were subjected to ANOVA using the
PROC GLM procedure of SAS and differences between
means were determined using Tukey’s honest significance
test. Feed intake (FI) was similar among the treatments
except in the 2" wk where protease supplemented groups
had higher (P<0.05) FI than those fed the PC diet. Body
weight (BW) and body weight gain (BWG) were not
different among the treatments at 1%t and 2" wk, however,
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at 3@ and 4" wk, broilers supplemented with the protease
were heavier (P<0.01) than those fed the PC and NC diets.
A similar trend was observed at 1%and 2wk on feed
conversion ratio (FCR), however, at 3" and 4" wk, birds
supplemented with protease was only better (P<0.05) than
birds fed the NC diet. The percentage weights of thigh,
breast, and heart in birds fed the NC + 200 diet were greater
(P<0.05) as compared to those fed the NC diet. The result
indicated that the supplementation of a multi-component
protease either on a standard or a reduced diet improved the
overall production performance of a commercial broiler
chicken. The carcass yield can also be improved by protease
supplementation to the cost-effective reduced diet bringing
significant economic benefit to the farmers.

Key Words: protease, growth performance, carcass yield,
feed cost, broiler

140 Hen response to B-mannanase addition on top to
a feed formulated with phytase and xylanase feed
enzymes. Sergio R. Fernandez*!, Marco A. Martinez?,
Diego Puron?, Raul Santamaria®, Nutritionals, Elanco
Animal Health, Guadalajara, Jalisco, Mexico, 2Centro de
Investigacion Animal Aplicada de Yucatan, Merida,
Yucatan, Mexico.

Practically, at present day, all poultry feeds are formulated
with phytase and xylanase (PX) feed enzymes activities,
therefore, the evaluation of feeds without these enzyme
activities addition has become irrelevant, however, the
presence of the antinutritional factor B-mannan in vegetable
feedstuffs, opens the possibility to include a B-mannanase
activity in combination with PX in poultry feeds. So, to
evaluate the hen response to these activities, 144 30-week-
old Bovans White laying hens were randomly assigned to 2
treatments with 6 replicates each, and 12 hens per replicate
(3 hen cages with 4 hens/cage). Trial lasted 20 weeks.
Treatments were as follows: 1. A corn-SBM feed + 600
FTU/kg E. coli phytase + 16,000 BXU/kg Trichoderma
reesei with 100 kcal/kg formulation matrix value,
formulated to fulfil the Bovans White hen nutritional
requirements, and 2. As 1 + 52,800 B-mannanase
U/kg Paenibacillus lentus (Hemicell HT®). Data was
analysed as a Completely Randomized Design (CRD) with
2 treatments and 6 replicates per treatment. The following
variables were not affected (P > 0.05) by treatment; egg
production, 93.7%, feed intake, 94.5 g/h/d, hen mortality,
0.25%, hen final weight, 1.671 kg, shell strength, 4.566 kg,
Haugh units, 95.4, and yolk colour, 12.1 DSM Yolk fan,
whereas the following variables were statistically different
as follows: feed conversion rate (FCR), as feed intake/egg
mass: 1.781 vs 1.720 (P < 0.03), cumulative egg mass
(CEM), 7.462 vs 7.659 kg/hen (197 g extra/hen, P < 0.02),
shells stained with hen excreta (EXCR) 6.2% vs 4.4% (P <
0.04) for TRT1 and TRT2 respectively. In conclusion,
degradation of the antinutritional factor B-mannan, allowed
the hen to show better response for FC, CEM, and EXCR,
on a feed already with phytase-xylanase activities. Due to
the response on FCR, whereas feed formulation cost was



0.9% more expensive for the treatment with B-mannanase
on top (0.343 vs 0.346 dollars/kg of feed), egg production
cost was statistically the same for both treatments, 0.603
dollars/kg of egg (P > 0.05).

Key Words: Hens, B-mannan, B-mannanase, Phytase,
Xylanase

141 The efficacy of xylanase and DFM combination in
disease challenged floor raised broilers. Yun-mei A.
Lin*1, Basheer Nusairat?, Rasha Qudsieh?, Jeng-Jie Wang?,
Nasser Odetallah!; 'BioResource International, Durham,
North Carolina, United States, 2Department of Animal
Production, Jordan University of Science and Technology,
Ar-Ramtha, Jordan.

The approach of supplementing poultry feed with a
combination of xylanase and direct-fed-microbials (DFMs),
along with other management practices, to improve gut
health is gaining increased attention as feed-additive
alternatives to replace growth promoting antibiotics (AGP).
The objective of this study was to evaluate the efficacy of
various combinations of different endo-xylanases and
multi-strain Bacillus spp.  products  from  different
commercial sources upon supplementation to corn-soy-
based broiler diets based on live performance, gut lesion
score, and microbial load of broilers challenged
with Clostridium perfringens and Eimeria Spp. A total of
3,120 Ross 708 mixed-sex broiler chicks were randomly
assigned to 1 of 6 dietary treatments with 10 floor pens per
treatment, and 52 birds per pen. The 6 treatment were: (PC)
standard control diet with no disease challenge; (NC)
standard control diet with disease challenged; (NC+A) the
NC + xylanase 1 (10 XU/g of feed) + DFM blend 1 (>
105 CFU/qg of feed); (NC+B) the NC + xylanase 1 (10 XU/g
of feed) + DFM blend 2 (> 10% CFU/qg of feed); (NC+C) NC
diet + xylanase 2 (15 XU/g of feed) + DFM blend 1 (>
10° CFU/qg of feed); (NC+D) NC diet + xylanase 2 (15 XU/g
of feed) + DFM blend 2 (> 10° CFU/g of feed). The
xylanases and DFMs are commercial products from
different manufactures. The dose tested in this trial was in
accordance with the manufacturer's recommended dose. A
one-way ANOVA analyses was performed, and the
significance was accepted at P < 0.05 for all parameters. NC
+ A and NC + D performed similarly to PC, increased
(P<0.01) BW, improved FCR and flock uniformity, and
reduced mortality, as well as reduced (P<0.01) lesion score,
and microbial load (E.Coli, APC, Salmonella incidence,
and digesta C. Perfringens) at 42 days of age compared with
NC, while NC+B and NC+ C demonstrated intermediate
outcomes. The findings in this study confirm that
supplementation of the proper endo-xylanase and multi-
strain Bacillus spp. combination is an effective technology
to improve gut function and gut protection, reduce the
pathogen load and environmental contamination, while
alleviating the negative effects on growth performance, feed
efficiency, and mortality in the presence of a disease
challenge scenario such as Clostridium
perfringens and Eimeria Spp. The selection of the correct
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xylanase and DFM to use in combination is key to achieve
such functions.

Key Words: Xylanase, DFM, lesion score, pathogen load,
antibiotic free

142  Diets with varying inclusion rates of phytase and
energy levels influence broiler performance from 1 to 42
days of age. Joseph P. Gulizia* ©%, Susan M. Bonilla, Jose
I. Vargas, Santiago J. Sasia, Leah C. Smith, Wilmer J.
Pacheco; Department of Poultry Science, Auburn
University, Auburn, Alabama, United States.

Phosphorus (P) plays an important role in bone formation
and energy metabolism. Inorganic P sources are used in
broiler production to fulfill P requirements, but they are
predicted to be depleted in less than 50 years. Inorganic P
sources can be reduced by utilizing exogenous phytase,
which breaks down phytate molecules inherent to plant-
based feedstuffs and increase P digestibility. The objective
of this study was to evaluate the effects of OptiPhos Plus,
which is an intrinsically heat stable form of phytase, with
varying inclusion rates and energy levels on broiler
performance from 1 to 42 d of age. A total of 1,250 d-old
Ross x YPM 708 male broilers were randomly distributed
to 50 floor pens assigned to 5 dietary treatments with 10
replicates per treatment. A negative control (NC) diet was
formulated to contain -0.20% less Ca and avP at each
feeding phase. A positive control (PCP) was formulated to
be sufficient in P with the addition of inorganic P sources.
A PC for energy (PCF) was formulated to contain +100
kcal/kg than the other treatments. Treatments consisted of
PCP, PCE, NC, NC + 500, and NC + 1500 FTU/kg Optiphos
Plus. Feed intake and BW were determined at 14, 28, and
42 d of age and FCR corrected for mortality. Data were
analyzed using the GLM procedure of JMP and means were
separated by Tukey’s HSD with statistical significance
considered at P < 0.05. During the entire trial, broilers fed
the NC had the lowest BW compared to the other treatments
(P<0.05). Increasing 100 kcal/kg in the PCE treatment
improved FCR by 5 points compared to remaining
treatments between d 1 to 42 (P<0.05). Overall, providing
phytase at 500 or 1500 FTU/kg in P reduced broiler diets
can result in comparable d 42 BW, feed intake, and FCR to
PCP sufficient in P (P>0.05). However, the addition of
phytase was not able to improve FCR to the level of the
PCE from 1 to 42 days of age.

Key Words: uncoated phytase, broilers, energy, phosphorus

143  Effects of protease addition on varying levels of
CP/AA on performance, egg parameters and apparent
amino acid digestibility in 50-70 wk old Hy-Line W36
laying hens. Victoria R. Williams-Hodge!, Kelley G.
Wamsley?, Kevin Roberson?, Pratima Adhikari**; *Poultry
Science, Mississippi  State  University, Starkville,
Mississippi, United States, 2CSA Animal Nutrition, Dayton,
Ohio, United States.

Supplementing exogenous protease may promote amino



acid (AA) utilization in low crude protein (CP) diets. This
study was conducted to determine the effects of reducing
CP/AA in diets with or without a commercially available
protease on post-peak laying hen performance, egg quality,
and apparent ileal digestibility (AID). A 20-week study was
conducted using 672 Hy-Line W36 laying hens (50-week-
old at the beginning of the study), which were equally and
randomly placed into 96 cages as experimental units (raised
wire cages). There were 12 replicate cages per treatment
with a stocking density of 871.4 cm?/hen. Each replicate
cage (7 hens) was fed one of the 8 diets from the 4 AA levels
(100, 95, 90, or 85% of breeder recommendation) x 2
protease inclusions (without or with). The adequate (100%)
diet was based on corn, soybean meal, and DDGS and
formulated based on digestible Lys: digestible AAs (dMet,
dThr, dTrp, dTSAA, dlle, and dVal) for 100% of the Hy-
Line W36 recommendation. Data were subjected to 2-way
ANOVA (PROC GLM procedure, SAS 9.4). There were
significant AA level x protease interactions for hen-day egg
production (HDEP), percent yolk, and AID for CP, dMet,
dThr, dlle, and dVal (P <0.05). For HDEP, 95% without
protease was significantly higher than both levels of
protease at 85 and 90%, along with 95% with protease
(P=0.0069). The percent yolk for 100% with and 95%
without protease were significantly higher than those fed
90% with and 85% without protease (P=0.0011). The AID
for CP was significantly higher for 100% without protease
than for 95% and 85% with and 90% without protease
(P=0.0026). However, Met at 100% without protease was
significantly higher than for 90 and 85% with and 85%
without protease (P=0.0145). For both Thr and lle, 100%
without protease had higher AID than 95 and 85% without
protease (P=0.0064 and 0.0022). Similarly, the AID of Val
was higher for 100% without than 90% without protease.
The main effect of the AA level significantly affected
multiple parameters. As such, egg weight (EW) was higher
in hens fed adequate AA level vs. those fed other AA levels
(P=0.0003). A significant decrease in egg mass was
observed when the AA level decreased from 90 to 85%
(P<.0001). Furthermore, hens fed 85% AA level diets had a
significantly higher FCR than those fed all other levels
(P<.0001), and Haugh units significantly increased as the
AA level decreased (P<.0001). No interactions or effects
were found for feed intake, specific gravity, shell thickness,
percent albumen, or total solids. Since no main effect of
protease was observed, it may not effectively promote AA
utilization in low CP diets for commercial laying hens.

Key Words: amino acids, egg quality, layers, protease,
performance

144 Effects on phytase and coccidial vaccine on
growth performance, bone mineralization and nutrient
digestibility of broilers fed with nutrient-reduced diets.
Hanyi Shi* ©8, Jinquan Wang, Woo K. Kim; Poultry Science
Department, University of Georgia, Athens, Georgia,
United States.

An experiment was conducted to evaluate effects of phytase
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and coccidial vaccine on growth performance, bone
mineralization and nutrient digestibility in broilers fed
regular diets or nutrient-reduced diets. The experiment was
conducted in a 2 x 4 factorial arrangement with 6 replicates
per treatment and 10 birds per replicate. Two main factors
were coccidial vaccine and dietary treatments: 1) a positive
control (PC; 0.90% Ca and 0.45% avP); 2) a negative
control (NC; 0.75% Ca, 0.30% avP, 95% essential amino
acid (EAA) and 95% crude protein relative to PC); 3) NC +
500 FTU/kg of phytase; and 4) NC + 1500 FTU/kg of
phytase. Data were analyzed using SAS by two- way
ANOVA via GLM procedure. P < 0.05 was considered
significant, and means were further separated using Tukey’s
Test. No interaction effect of phytase and coccidial vaccine
on growth performance nor on bone ash or on apparent ileal
digestibility (AID) was observed, whereas main effects
were observed. Birds fed NC diet showed lower (P =0.007)
BWG during d 0-21 compared to PC birds, whereas
supplementing 500 or 1500 FTU/kg phytase increased
BWG to the same level as PC. During d 0-21, vaccinated
birds had lower (P < 0.001) FI and (P = 0.045) FCR
compared to unvaccinated birds. For bone ash, NC diet
resulted negative effects on bone volume (P = 0.021), fat
free dry bone weight (P = 0.012), ash weight (P = 0.005),
ash percentage (P < 0.001) and ash concentration (P =
0.019) at d 21 compared to PC, whereas supplementing
phytase at 500 or 1500 FTU/kg in NC diet was able to
improve these bone parameters to the same level as PC;
however, vaccination did not have any effect on bone ash.
The AID of N was increased (P < 0.001) by vaccination.
The NC and supplementing phytase at 500 FTU/kg or 1500
FTU/kg groups increased (P = 0.001) AID of Ca compared
to the PC. The AID of P in NC diet was the same as PC diet,
and supplementing phytase at 500 FTU/kg or 1500 FTU/kg
improved (P < 0.001) AID of P. Additionally, NC had a
lower AID of DM compared to PC, and supplementing
phytase at 500 FTU/kg or 1500 FTU/kg improved DM
digestibility. In conclusion, supplementation of phytase at
500 or 1500 FTU/kg improved growth performance, bone
mineralization and nutrient digestibility regardless of
vaccination.

Key Words: phytase, coccidial vaccine, nutrient-reduced
diet, broiler

145 Nutrient utilization and expression of nutrient
transporter and tight junction genes in Eimeria-
challenged broilers fed diets with different dietary levels
of fiber, protein and enzymes. Yang Lin* ©51, Oluyinka
Olukosi?; *Poultry Science, University of Georgia, Athens,
Georgia, 2Poultry Science, University of Georgia, Athens,
Georgia, United States.

A total of 360 Cobb 500 male broiler chicks were used in
two 21-d experiments to study the possibility of exogenous
enzymes helping to recover nutrient utilization losses in
Eimeria-challenged broilers by regulating intestinal nutrient
transporters and tight junction genes. In Expt. 1, 180 birds
were allocated to 6 treatments in a 3x2 factorial



arrangement (3 diets with or without Eimeria challenge).
Each treatment had 6 replicates with 5 birds per replicate.
The 3 diets were based on high fiber-adequate protein
(HFAP; 4% ADF, 13.5% NDF, 20.3% crude protein, 2752
kcal/kg ME) basal diet. The basal diet was supplemented
with no enzyme, xylanase alone or combined with protease.
Experiment 2 had the same experimental design with Expt.
1, but had lower fiber and protein content (LFLP;3.15%
ADF, 8.8% NDF, 17.1% crude protein, 2988 kcal/kg ME)
supplemented with no enzyme, protease alone, or combined
xylanase. The challenged group were inoculated with a
solution containing oocysts of E. maxima, E. tenella,and E.
acervulina on day 15. Excreta and ileal digesta were
collected on d 21 for nutrient utilization measurement.
Jejunal tissue was collected on d 21 for real-time PCR
analysis. In both experiments, Eimeria challenge decreased
(P< 0.01) ileal and total tract N utilization as well as AME.
Enzyme supplementation had no significant effect on
nutrientutilization. In Expt.1, with HFAP diets, Eimeria
challenge upregulated (P < 0.05) gene expression of claudin
1, the glucose transporters (GLUT1 and SGLT1) and
peptide transporter (PepT1); but downregulated (P < 0.05)
the glucose transporters (GLUT2 and GLUTS5), and amino
acid (AA) transporters SLC7A2 and solute carrier SLC7AL.
On the contrary, the combination of xylanase and protease
downregulated (P < 0.05) gene expression of claudin 1 and
SGLTL. In Expt. 2, in which birds were fed LFLP diets,
Eimeria challenge upregulated (P < 0.05) the expression of
claudin 1 and PepT1 but downregulated (P < 0.05) the
expression of AA transporters rBAT (neutral and basic AA),
cationic AA transporter, SLC7A2 and solute carrier
SLC7AL whereas enzyme supplementation had no effect on
the expression of tested genes. In conclusion, Eimeria
challenge triggered changes in expression of tight junction
and nutrient transporter genes as well as reduced intestinal
nutrient utilization capacity irrespective of the diet type.
Potential of supplemental enzymes helping to recover the
nutrient utilization losses or reversing the gene expression
changes were more obvious in birds receiving the HFAP
diet.

Key Words: xylanase, protease, broiler, transporters, tight
junction

146  The effect of enzymatically-modified canola meal
on growth performance, nutrient utilization and
intestinal bacterial population of broiler chickens.
Yanxing (Stella) Niu* ©51, Anna Rogiewicz!, Lan Shi?, Rob
Patterson?, Bogdan A. Slominski!; ‘Department of Animal
Science, University of Manitoba, Winnipeg, Manitoba,
Canada, 2CBS Bio Platforms Inc., Calgary, Alberta,
Canada.

Canola meal (CM) is a valuable source of protein for
poultry, despite containing substantial amounts of dietary
fibre components, including non-starch polysaccharides
(NSP). Supplementation of poultry diets containing CM
with enzymes is an effective mean to improve its nutritive
value. In our earlier research, the optimal composition of
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ingredient-specific carbohydrase to target the NSP of CM
was determined in vitro. The most effective blend
containing pectinase, xylanase, and invertase activities lead
to depolymerization of 47.9% of NSP with the production
of bioactive NSP-hydrolysis products and was used to
produce enzymatically modified CM (ECM). Compared
with CM, ECM contained less NSP, NDF, total dietary
fiber, sucrose, oligosaccharides, and phytate P.
Moreover, Lactobacillus spp. were highly abundant in
ECM when compare to CM (~300 fold increase), suggesting
that ECM might offer not only the prebiotic benefits to
animals but may also serve as a source of probiotic
organisms. The objective of this study was to evaluate the
effects of replacement of CM with ECM on growth
performance, nutrient utilization and intestinal bacterial
population in broilers. Four-day-old Ross 308 broiler
chickens were assigned to 3 dietary treatments, each
consisting of 8 pens of 8 birds each, and were raised under
controlled environment for 21 days. Birds were fed the
starter (4-14d) and grower (14-21d) Control diets containing
10% and 20% of CM, respectively, and the experimental
diets, where ECM replaced 5% for starter and grower diets,
or entire 10% of CM for the starter and 20% of CM for the
grower diets. The trial was set up as completely randomized
design with pen as an unit. All the statistical analysis was
conducted by the SAS program (version 9.4, SAS Institute
Inc., Cary, NC). Means were separated by Tukey’s honestly
significant difference. All statements of significance were
based on P<0.05. Replacing CM with ECM did not affect
growth performance, but it significantly increased overall
total tract digestibility of NSP and dietary AMEn, and
decreased sialic acids secretion during the grower
period. Lactobacillus spp. were present in much larger
counts (P < 0.01) in ileal and cecal digesta of birds fed the
ECM diets. The abundance of E. coli was significantly
lower in the cecal digesta of the high ECM diets compared
to the Control. Modification of CM with enzymes
significantly changed the composition and structure of CM
fiber. Replacing CM with ECM improved nutrient
digestibility and increased the presence of probiotic
organisms in poultry. Therefore, enzymatically-enhanced
CM can improve gut health and could support the antibiotic-
free feeding programs in broiler chickens.

Key Words: carbohydrase, canola meal, prebiotic, non-
starch polysaccharides, broiler

147  Multi-experiment  evaluation of increasing
phytase activity from Optiphos® and Optiphos Plus® on
21-day broiler performance and tibia mineralization.
Victoria Ayres* 51 Mark Jackson?, Staci Cantley?, Samuel
J. Rochell?, Cole Crumpacker?, Trevor Lee, Brooke Bodle?,
Wilmer J. Pacheco®, Martha Rueda Lastres*, Christopher A.
Bailey®, Kimberly N. Gardner®, Tim Boltz?, Joseph Moritz;
tAnimal and Nutritional Sciences, West Virginia University,
Morgantown, West Virginia, United States, 2Huvepharma,
Inc., Peachtree City, Georgia, United States, *Poultry
Science, University of Arkansas, Fayetteville, Arkansas,
United States, *Poultry Science, Auburn University,



Auburn, Alabama, United States, °Poultry Science, Texas
A&M University, College Station, Texas, United States.

Phytase is used in nearly all broiler diets at varying levels
and new commercial sources have been developed in recent
years. A series of five experiments at four different
universities were conducted to investigate broiler
performance metrics and tibia mineralization from two
mixer-added, Escherichia coli-derived, 6-phytases,
Optiphos®, a coated phytase, and Optiphos Plus®, a recently
developed phytase product selected to be intrinsically heat
stable, independent of a coating. Treatments for each
experiment included a negative control (NC) and the NC +
varying dosages of Optiphos®and Optiphos Plus® up to
1500 FTU/Kkg. Experimental diets were fed to male broiler
chicks for 21 days. On d 21, broilers were euthanized and
tibiae were excised to determine tibia mineralization.
Experiments 1-4 utilized pelleted diets while Experiment 5
utilized a mash diet. For each experiment, treatments were
arranged by a formulated phytase level and source factorial,
using a randomized complete block design. In addition,
slope-ratio models were created using data from all
experiments to evaluate responses to analyzed phytase
levels. Live performance metrics and tibia mineralization
responses to phytase activity were increased in all five
experiments (P<0.05). Performance and bone mineral
metrics continued to improve up to approximately 1,500
FTU/kg in a curvilinear fashion, demonstrating a value of
super-dosing, the degree employed being dependent on the
product used and the cost-benefit economics of
implementation. When comparing non-linear response
slopes across all analyzed phytase levels and experiments,
the data showed that efficacy of Optiphos Plus® was
approximately 20% higher than that of Optiphos® at similar
analyzed levels (P<0.05).

Key Words: Broiler, Phytase Source, Super-Dosing, Meta-
Analysis

148 Influence of adaptation length and assay method
on metabolizable energy of barley supplemented with or
without glucanase. Shravani Veluri* ¢ 1 Oluyinka
Olukosi?; Department of Poultry Science, University of
Georgia, Athens, Georgia, United States, 2Poultry Science,
University of Georgia, Athens, Georgia, United States.

This study was conducted to investigate the influence of
adaptation length (AL) and assay methods; total collection,
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(TCM) or index method (IM) on apparent metabolizable
energy (AME) and nitrogen corrected AME (AMEn) of
barley supplemented with or without glucanase (EZ). Cobb
500 broiler chicks at 0 d were randomly assigned to 12
treatments (3 x 2 x 2 factorial) with 6 replicates and 3
birds/replicate. The factors were three days of AL (10, 7, or
4 d), two enzyme levels (with or without), and two diet
types, wheat-SBM basal diet used to determine AME and
AMEn of barley and wheat-barley-SBM test diet (TD) in
which barley was added to the RD at 300 g/kg inclusion.
Birds on 10, 7, or 4 d AL received experimental diets
starting from d 11, 14, and 17 of age, respectively. Total
excreta associated with feed intake were collected every 8
hours on d 20 and 21. Diets AME and AMEn assay was
done by TCM or IM, and barley AME and AMEn were
calculated by the difference method. Barley AME and
AMERN data calculated using IM or TCM were analyzed for
each method as a 3 x 2 factorial (3 AL and 2 EZ levels)
using Mixed Model procedure of JMP. There was no
significant AL x EZ interaction for AME and AMEn
determined byeither method. For both methods, AME and
AMERN of barley was higher in test diets supplemented with
glucanase (P < 0.001). For AME and AMEn calculated by
TCM, 10 d of adaptation produced higher (P < 0.001) AME
and AMEn values compared to 7 or 4 d adaptation. For
comparison of AME and AMEn determined by both assay
methods, the data were analyzed as a 3 x 2 x 2 factorial to
determine the influence of AL (10, 7, or 4 d), assay methods
(IM or TCM), and EZ (with or without). There was no
significant 3-way interaction, but there were significant
assay methods x AL and assay methods x EZ interactions
(P < 0.001) for AME and AMEn. AME and AMEn
calculated by TCM after 10 d adaptation produced higher (P
< 0.001) values than 7 or 4 d adaptation, whereas there was
no significant effect of AL on AME and AMEn determined
by IM. In addition, glucanase supplementation improved
AME and AMEn of barley assayed by TCM, but not IM.
AME (P < 0.001) and AMEn (P < 0.001) of barley was
higher when determined by TCM compared with IM. In
conclusion, feeding barley for 10 d rather than 7 or 4 d gave
higher AME and AMEn with or without enzymes, and the
effect of AL and enzyme supplementation was more
pronounced in TCM compared with 1M.

Key Words: barley, glucanase, adaptation length, index
method, total collection method
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149 Remediation of hydrogen sulfide emissions from
poultry excreta by dietary supplementation of a
proprietary microbial product. Sam Shen!, Hector
Leyva-Jimenez*!, Katherine McCormick!, Derek Haag?,
Beth Galbraith?; United Animal Health, Inc., Sheridan,
Indiana, United States, 2Microbial Discovery Group,
Franklin, Wisconsin, United States.

Management of offensive odors from intensive poultry
production is a requirement for many poultry companies,
particularly in densely populated regions. Hydrogen sulfide
(H2S) is one characteristically noxious gas yet sparse
research is available on its production or emission control.
Detrimental impacts on birds including gut inflammation
and depressed performance have been reported when birds
are exposed to H,S for prolonged periods at relatively high
concentrations. To reduce odors, multifaceted approaches
can be applied, ranging from farm engineering to feed
manipulation. Feeding direct-fed microbial (DFM) is one
strategy with the potential to reduce odor. The current study
used a  proprietary Bacillus formulation,  Novela®
(United™ Animal Health, Sheridan, IN), to address this
issue. It was hypothesized that Bacillus strains would
outcompete some naturally present but undesired microbes
in the intestine and in the excreta, therefore reducing H,S
formation and emission. The present study employed two
treatments, an untreated control and a DFM supplemented
group distributed in a complete randomized block design.
Male by-product broiler chicks were raised in an
environmentally controlled facility equipped with stainless-
steel battery units. All birds were fed a typical corn-soy-
DDGS diet and Novela ® was supplemented at
7.35x10* CFU/g of complete feed. There were 9 pens per
treatment and 6 birds per pen. The effectiveness of Novela®
in odor reduction was evaluated by monitoring the H,S
emitted from excreta of grower-age birds. Briefly, pooled
representative excreta samples from randomly selected pens
were homogenized, conditioned with distilled water, and
incubated (24 h) under controlled conditions (25-28°C).
Drager® H,S diffusion tubes (10-300 ppm) were used as the
monitoring tool post-incubation. There were 7 incubation
units per treatment. Results were analyzed via 2-tailed
independent-samples t-test. Hydrogen sulfide emitted from
excreta of the control group reached 129.7+21.9 ppm/100 g
of excreta while dietary inclusion of Novela® reduced H,S
to 73.9+27.2 ppm/100 g of excreta, a ~43% reduction (P <
0.01). Compared to the control, excreta collected from the
Novela® group was observed to have less stickiness during
homogenization, potentially due to enhanced microbial
fermentation and enzyme activity. The current study
demonstrates that a proprietary DFM could beneficially
impact the intestinal microbiota to effectively reduce H,S
emission.

Key Words: Hydrogen sulfide,
microbial, excreta, odor remediation

broiler, direct-fed

150 Evaluating the effects of a synbiotic (probiotic +
prebiotic) feed additive on performance of broilers
compared to a chemical coccidiostat during a necrotic
enteritis challenge. Chasity M. Pender*!, Shelby Ramirez?,
G. R. Murugesan®, Brett Lumpkins?, Greg F. Mathis?;
!Biomin America Inc., Overland Park, Kansas, United
States, 2Southern Poultry Feed & Research, Inc., Athens,
Georgia, United States.

The transition to antibiotic-free broiler production has
driven a need for the poultry industry and researchers to
seek non-antibiotic solutions for disease challenges
including necrotic enteritis. The objective of this study was
to evaluate the effects of a synbiotic (probiotic + prebiotic)
feed additive on performance of broilers during a necrotic
enteritis challenge as compared to a commercially available
chemical coccidiostat. A total of 800 day-old Cobb 500
broiler chicks were randomly allocated to one of four
treatment groups, which consisted of a non-challenged
control, a challenged control, a challenged group
supplemented with a chemical coccidiostat (zoalene, 125
ppm), or a challenged group supplemented with
PoultryStar® BRO (BIOMIN America, Inc., Overland Park,
KS; 500 g/MT). Each group consisted of eight replicate
pens with 25 birds per pen. Birds were raised on used litter
and on days 19, 20, and 21, 1x108 CFU of Clostridium
perfringens were administered via the feed. The trial was
conducted over a 42-day period. Data were analyzed using
the GLIMMIX procedure of SAS with significance reported
at P < 0.05. The challenge significantly impaired bird
performance in the challenged control as seen by a 5.9%
reduction in final body weight (P < 0.05) and a 9 point
increase in overall FCR (P < 0.05) compared with the non-
challenged control. Final body weight and FCR were
significantly improved (P < 0.05) in the zoalene and
PoultryStar® BRO supplemented groups compared to the
challenged control and were similar to each other as well as
the non-challenged control. Mortality was significantly
improved in the zoalene and PoultryStar® BRO
supplemented groups compared to the challenged control
(0.0% and 0.5% vs. 4.5%, respectively; P < 0.05). Overall,
broilers fed PoultryStar® BRO performed similarly to birds
provided the chemical coccidiostat zoalene indicating that
PoultryStar® BRO may be a valuable tool to combat
necrotic enteritis in broilers.

Key Words: necrotic enteritis, vaccine,
probiotic, coccidiostat

synbiotic,

151 Evaluating the combined effects of a synbiotic
(probiotic + prebiotic) feed additive and coccidiosis
vaccine on performance of broilers compared to a
vaccine alone during a necrotic enteritis challenge.
Chasity M. Pender*!, Shelby Ramirez!, G. R. Murugesan?,
Brett Lumpkins?, Greg F. Mathis?, Biomin America Inc.,
Overland Park, Kansas, United States, 2Southern Poultry
Feed & Research, Inc., Athens, Georgia, United States.



Limitations on use of antibiotics and ionophores have more
producers looking towards coccidiosis vaccines to reduce
incidence of coccidiosis and necrotic enteritis. Though use
of vaccines has been shown to reduce disease incidence,
they have also been known to have detrimental effects on
performance. The objective of this study was to evaluate the
effects of a synbiotic (probiotic + prebiotic) feed additive in
combination with a coccidiosis vaccine as compared to
vaccine administration alone on performance of broilers
during a necrotic enteritis challenge. A total of 800 day-old
Cobb 500 chicks were randomly allocated to one of four
treatment groups, consisting of a non-challenged control, a
challenged control, a challenged group administered a
coccidiosis vaccine, or a challenged group administered a
coccidiosis vaccine and supplemented with
PoultryStar® BRO (500 g/MT). Groups consisted of eight
replicate pens with 25 birds per pen. Vaccine was spray
administered using the recommended dosage at placement,
birds were raised on used litter, and on d19, 20, and 21,
1x108 CFU of Clostridium perfringens were administered
via the feed. The trial was conducted over a 42-day period.
On d21, three birds per pen were euthanized and intestinal
lesion scoring was conducted. Fresh feces from the litter
were collected for analysis of oocysts shedding on d14, 21,
28, and 35. Data were analyzed using GLIMMIX procedure
of SAS with significance reported at P < 0.05. The vaccine
only group had impaired performance as seen by an 11 point
increase in overall FCR compared with the non-challenged
control (P < 0.05), while the FCR of the challenged group
was intermediate with a 6 point increase over the non-
challenged control (P > 0.05). Synbiotic supplementation
was able to improve FCR by 7 points compared to the
vaccine alone group (P < 0.05) and the FCR was similar to
the non-challenged control. Body weight was not
significantly affected by treatment, though overall there was
a numerical increase of 120g in the synbiotic group
compared to the vaccine alone group. Lesion scores were
increased in the vaccine only group compared with the non-
challenged control, while lesion scores of the challenged
group were intermediate. Synbiotic supplementation was
able to improve lesion scores compared to the vaccine alone
group (P < 0.05) and were statistically similar to the non-
challenged control. Oocyst shedding was observed on d14
and d21 in both groups administered the vaccine, suggesting
normal cycling of the vaccine oocysts had occurred.
Overall, PoultryStar® BRO may be a valuable tool in the
toolbox to help alleviate the negative effects on FCR
associated with coccidiosis vaccination during a clostridial
challenge.

Key Words: coccidiosis,
synbiotic, probiotic
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152 Probiotics as a potential strategy to mitigate
bacterial chondronecrosis with osteomyelitis lameness
in broilers. Adnan K. Alrubaye?, Douglas Rhoads?, Amer
Hasan® 3, Khwlah Alharbi!, Abdulkarim Shwani!, Sonali
Lenaduwe Lokuge!, Kyle Burks!, G. Raj Murugesan® 4,
Basharat Syed*, Shelby Ramirez*5; 'Poultry Science,
Poult. Sci. 100 (E-Suppl 1)
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University of Arkansas, Fayetteville, Arkansas, United
States, 2Department of Biological Sciences, University of
Arkansas, Fayetteville, Arkansas, United
States, *University of Baghdad, Baghdad, Irag, “BIOMIN
Holding GmbH, Getzersdorf, Austria, SBIOMIN America
Inc., Overland Park, Kansas, United States.

Bacterial Chondronecrosis with Osteomyelitis (BCO)
lameness is a major animal welfare issue that affects the
commercial broilers industry. BCO lameness results from
mechanical stress leading to bacterial infection of the
proximal growth plate of the fast-growing tibia and femur.
A variety of bacteria can translocate from the respiratory
system and/or the gastrointestinal tract into the bloodstream
and eventually colonize bone microfractures leading to
necrosis. Consequently, this severe necrotic damage
reduces the birds’ ability to walk or stand. The objective of
this trial was to evaluate PoultryStar® BRO (BIOMIN
America, Inc. Overland Park, KS) as a strategy to reduce
BCO in broilers. A total of 180 birds were assigned to each
of 3 treatments: 1) control, wire-floor (CW; n=2), 2) control,
fresh-litter (FL; n=3) and 3) dietary supplementation of
PoultryStar® BRO (500 g/MT), fresh-litter (BRO; n=3) with
60 birds per pen. The CW pens were the source of the BCO
infection as growth on wire flooring is the gold standard for
inducing BCO lameness. The CW pens were nearest the
cooling pads to allow airflow to travel from the CW raised
birds to the remaining treatment pens arrayed in a random
block design relative to the CW pens. The intention of this
design was to spread the aerosolized bacteria from the birds
raised on CW to birds on fresh-litter as a method to induce
BCO lameness. The CW treatment was not considered in
the statistical analysis as they were only included as a source
of BCO pathogenic bacteria. Lameness was assessed daily
from d21 to d56 by evaluating ability to walk. Birds that
were clinically lame were euthanized and femur and tibia
lesions were recorded. Body weights were collected on d56.
The effects of BRO supplementation were analyzed using
the GLIMMIX procedure of SAS 9.4 (Cary, NC) with
LSMeans for means separation when treatment means were
statistically different (P<0.05). Body weight on d56 and
overall FCR were not different (P>0.05) between FL and
BRO. Overall incidence of lameness was reduced (P<0.05)
in BRO birds (35%) compared with FL birds (65%).
Femoral head separation (FHS) and tibial head necrosis
(THN) bone lesions were reduced (P<0.05) in BRO birds
compared with FL birds. Although there were numerical
reductions in BRO birds for femoral head transitional
degeneration (FHT), femoral head necrosis (FHN), and
kinky back (KB) compared to FL birds, these were not
statistically different (P>0.05). The CW model used in this
trial was successful in inducing BCO in the FL birds. The
supplementation of BRO was able to reduce BCO in this
trial by 46% compared with FL birds and may be a viable
strategy to reduce lameness in broilers.

Key Words: probiotics, lameness

153 Performance of broilers fed diets differing on



soluble arabinoxylan content, with or without stimbiotic
supplementation. Gilson A. Gomes*, Xaviére Rousseau,
Tiago T. dos Santos; AB Vista, Marlborough, United
Kingdom.

The objective of this trial was to evaluate the effect of
dietary NSPs and soluble arabinoxylans (SAX) increase
when compared against a corn/SBM diet. A total of 2,184,
day-old male Cobb 500 broilers, were assigned to 12
treatments, with 7 pen replicates of 26 birds each. Trial
design was a 6x2, consisting of 5 graded levels of sAX
(from more sAX [100%M, formulated based on wheat,
soybean meal, wheat bran, canola meal and sunflower meal]
toless SAX [100%L, formulated based on corn, soybean
meal, corn DDGS and rice bran], with the 3 intermediate
levels obtained from mixing the 2 basal diets), and a corn-
soy based diet that served as a reference, with or without
stimbiotic (STB, Signis, AB Vista, Marlborough, UK).
Average daily gain (ADG), average daily feed intake
(ADFI) and mortality were calculated at the end of every
feeding phase. Feed conversion ratio was calculated and
corrected by mortality (FCR) and by body weight
(bwcFCR), and European Production Efficiency Factor
(EPEF) calculated. Data was submitted to two-way
ANOVA (except livability which was analyzed by Chi-
square) and means separated using Student’s T-test.
Additionally, linear and quadratic orthogonal contrasts were
performed using the treatments with graded levels of SAX,
with or without STB. Significance was accepted when
P<0.03, and trends discussed when P<0.10. There was no
effect of treatments on livability throughout the whole trial
(P>0.10). Several interactions were seen on performance,
with birds presenting different responses to dietary sAX
content depending on age and supplementation of STB.
Overall, performance was optimized when diets with more
sAX content were fed to birds, butinitially some detrimental
effects were seen without STB supplementation, while at
later ages the intermediate levels of sAX delivered the
highest body weight improvements. Irrespective of that
STB improved the performance of birds and further
improved the response to SAX. No interactions were noted
on EPEF (P>0.10), and no diet effects either (P>0.10), with
STB improving EPEF by 12 points (P<0.05). A trend for
interaction was observed on bwcFCR (P<0.10), where birds
fed diets supplemented with STB showed a linear
improvement of bwcFCR when going from diets 100%Lto
100%M (P<0.05), whilst no effects of increasing levels of
sAX were seen on birds fed diets devoid of STB (P>0.10).
In conclusion, SAX can temporarily be detrimental for bird
performance, but overall feeding diets with higher sAX
would exert more benefits than not. The use of STB
improved performance, showing to be a pivotal strategy to
improve dietary fiber utilization.

Key Words: non-starch polysaccharides, soluble fiber,
linear contrast, quadratic contrast, performance

154 Effect of stimbiotic supplementation and litter
reutilization on broiler chickens. Gemma Gonzalez
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Ortiz*!, Kirsi Vienola?, Teemu Rinttila2, Juha Apajalahti?,
Mike Bedford!; 'R&D, AB Vista, Marlborough, Wiltshire,
United Kingdom, 2Alimetrics Ltd, Espoo, Finland.

The mode of action of a stimbiotic relies on the provision of
xylo-oligosaccharides as an immediate compound for
microbiota metabolism and xylanase to hydrolyze dietary
arabinoxylans into small oligosaccharides utilized by
beneficial bacteria in the gut. A 2 x 3 factorial experiment
was used to evaluate the effect of stimbiotic
supplementation (Signis, AB Vista) and litter reutilization
on performance, short-chain fatty acids (SCFA) and
microbialpopulations in the caeca of broiler chickens. Nine
hundred Ross 308 broiler chicks (1-day-old) were allocated
to six experimental treatments: 1) control diet on fresh litter
(CTR_FRESH); 2) the control diet supplemented with 100
g/ton of stimbiotic on fresh litter (STB_FRESH); 3) control
diet on reutilized control litter (CTR_CTR); 4) stimbiotic
diet on reutilized control litter (STB_CTR); 5) control diet
on reutilized stimbiotic litter (CTR_STB); and 6) stimbiotic
diet on reutilized stimbiotic litter (STB_STB). Each
treatment had ten replicates of 15 animals. Starter and
grower diets, basedon wheat and soybean meal, and water
were available ad libitum. Body weight gain (BWG), feed
intake (FI) and mortality corrected feed conversion ratio
(FCR) were measured from 0-35 days. The profile of SCFA
and the microbialpopulations (by % guanidine and cytosine
[G+C]) on days 21 and 35 were analyzed. Statistical
comparisons were performed using a two-way ANOVA
(JMP Pro 15). Litter reutilization did not influence BWG.
Birds supplemented with stimbiotic gained 50g more than
control birds (P =0.082). A significant interaction (P < 0.05)
was observed for Fl and FCR. CTR_FRESH had the highest
FI while CTR_CTR and STB_STB had the lowest intake,
being the other treatments intermediate. FCR of
CTR_FRESH birds was the highest (1.639) and the
supplementation with the stimbiotic (STB_FRESH)
reduced this by 9 points (P < 0.05). The reutilization of the
litter, regardless of the origin, resulted in better FCR
compared to fresh litter, however the stimbiotic numerically
improved FCR in types of litter. No interactions or litter
effects were observed in any of the SCFA concentrations
measured at 21 and 35 days of age. Stimbiotic reduced cecal
lactic acid on d21 (P = 0.047) and increased butyric acid on
d35 (P = 0.036). The reutilization of the litter did not
influence the microbial populations compared to the use of
fresh litter at any of the ages measured.Some shifts in the
microbial populations were observed on d21 with STB but
no effects were observed at 35 days of age. Supplementation
of broiler diets with the stimbiotic improved performance,
which may be due to a promotion of amore fermentative
environment in the gut by the action of very minor bacterial
species.

Key Words: stimbiotic,
fermentation, microbiota, broiler

performance, intestinal
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156 Protected organic acids and essential oils
improves the intestinal health of broiler chickens raised
under field conditions. Cristiano Bortoluzzi*!, Ludovic
Lahaye!, Jared Oxford!, Derek Detzler!, Cinthia Eyng?,
Nicolle Barbieri®, Elizabeth Santin', Michael Kogut*; 1Jefo
Nutrition, College Station, Texas, United States, 2Western
State Parana University, Mal Candido Rondon,
Brazil, *Population Health, University of Georgia, Athens,
Georgia, United States, “USDA-ARS, Southern Plains
Agricultural Research Center, College Station, Texas,
United States.

The objective of the present study was to evaluate the effect
of protected organic acids and essential oils [P(OA+EQ)] on
the intestinal health of broiler chickens raised under field
conditions. The study was conducted on 4 commercial
farms. Each farm consisted of 4 barns, 2 barns under a
control diet and 2 tested barns supplemented with
P(OA+EOQ), totaling 16 barns (8 control and 8 under
P(OA+EQ). The control group was supplemented with
antibiotic growth promoters (AGP; BMD (50 g/ton) during
starter, grower and finisher 2, and flavomycin (2 g/ton)
during finisher 3). The tested group was supplemented with
636, 636, 454, and 454 g/ton of P(OA+EO) during starter,
grower, finisher 2 and 3, respectively. Both groups were
supplemented with narasin (63 and 72 g/ton, for grower and
finisher 2, respectively) and vaccinated against coccidiosis
(ADVENT®) at the hatchery. A total of 80 birds were
necropsied (40/treatment; 20/farm; 5/barn) to collect blood
for cytokine array analysis and calprotectin (CALP)
concentration, jejunal tissue for | See Inside® (I1SI) analysis,
and cecal contents to analyze the microbiota and the
frequency of antimicrobial resistant (AMR) genes. The data
were submitted to ANOVA (P<0.05) or Kruskal-Wallis’
test and the frequency of AMR genes was analyzed by Chi-
Square test (P<0.05). It was observed that the
supplementation of P(OA+EQO) reduced (P<0.05) the ISI
scores related to intestinal inflammation, such as the
infiltration of inflammatory cells in the epithelium and
lamina propria and tended (P=0.09) to reduce the serum
concentration of CALP. The supplementation of
P(OA+EO) reduced the serum concentration of IL-12
(P=0.0001), IL-16 (P=0.001), and Pentraxin-3 (P=0.04).
Additionally, P(OA+EO) maintained the cecal microbiota
similar to birds receiving AGP, without significant changes
in its diversity and composition. The removal of AGP and
inclusion of P(OA+EO) reduced (P<0.05) the frequency of
five AMR genes, related to gentamicin (3 genes),
tetracycline (1 gene), and aminoglycoside (1 gene). Overall,
the inclusion of P(OA+EQ), and removal of AGP, in the
diets of commercially raised broiler chickens beneficially
changed the phenotype of the jejunum as shown by the
lowered ISl scores which characterizes an improved
intestinal health. Furthermore, P(OA+EQO) significantly
reduced the serum concentration of several inflammatory
biomarkers, while maintaining the diversity and
composition of the cecal microbiota similar to AGP fed
chickens and reducing the prevalence of AMR genes. It can
be concluded that P(OA+EQ) improved the intestinal
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mucosa health, maintaining the balance of the microbiota
and reducing AMR genes, which provides practical
advantages for broilers raised without antibiotics.

Key Words: antimicrobial resistance genes, biomarkers,
broiler, essential oils, organic acids

157  Assessing the efficacy of bacteriophage therapy to
reduce Salmonella colonisation in broiler chickens.
Anisha M. Thanki*!, Steve Hooton!, Robert Atterbury?,
Natasha Whenham?, Mike Salter’, Mike Bedford®, Helen
Masey O’Neill*, Martha R. Clokie!; Genetics and genome
biology, University of Leicester, Leicester, Leicestershire,
United Kingdom, 2School of Veterinary Medicine and
Science, University of Nottingham, Sutton Bonington,
Leicestershire, United Kingdom, *Ab Vista, Marlborough,
United Kingdom, “Ab Agri, Peterborough, United Kingdom.

Objective: Bacteriophages (phages) are natural viruses of
bacteria and can be used as an alternative to antibiotics to
treat bacterial infections. The objective of this study was to
determine if a phage cocktail delivered in feed is able to
reduce Salmonella colonisation in experimentally-
challenged chickens. Experimental design: In this study
672 Ross 308 male broilers were used, and the trial was
conducted at Drayton Animal Health, UK. Chickens were
divided into six treatments groups and each group included
112 chickens. The treatment groups were T1 (control birds);
T2 (birds fed the phage diet at a dose of 10° PFU/g); T3
(challenged birds); T4 (birds fed the phage diet at a dose of
10° PFU/g and challenged); T5 (birds fed the phage diet at
a dose of 108 PFU/g and challenged); and T6 (birds fed the
phage diet at a dose of10” PFU/g and challenged). The
phage cocktail was mixed with starter (0-13 days), grower
(14-27) and finisher (28-42) diets. Chickens were
challenged via oral gavage on day 4 with S. Typhimurium
strain 4/74 at a dose of 5 x 108 CFU/per bird. Pooled faecal
samples from each pen were collected on days 6, 7, 8, 9, 10,
14, 28 and 42 (last day of the trial) to
determine Salmonella and phage counts. Methods and
materials: Xylose Lysine Deoxycholate agar media
(Sigma) was used for enumeration of S. Typhimurium from
faecal sample and lysogeny broth media was used for phage
counts. Statement of statistical analysis: Differences in
log transformation were compared between treatment
groups. Results: In faecal samples collected on days 6, 7
and 8 the Salmonella counts were not significantly different
in the challenged treatment groups. On day 9 the average
faecal Salmonella counts from chickens in T6 were 6.33 x
10*CFU/g, which was significantly lower than the counts
from group T3 (8.40 x 10°CFU/g) (p< 0.01).
Furthermore, Salmonella was only isolated from 4/16 pens
in T6 versus 12/16 pens in treatment group T3. Further
significant reductions in Salmonella counts were observed
in phage treated groups T4, T5 and T6 (~2.4 x 10 CFU/qg)
versus T3 (=6 x 10* CFU/qg) in faecal samples collected on
day 28 (p< 0.01). By day 42 no Salmonella was detected in
the faecal samples collected from group T4 given the lowest
phage dose, and in groups T5 and T6 Salmonella was only



isolated from 3/16 and 2/16 pens respectively. In
comparison Salmonella was isolated from 7/16 pens in T3.
Conclusions: We showed delivering phages via feed was
effective at reducing Salmonella colonisation in chickens.
The lowest phage dose was the most effective and
reduced Salmonella counts to below detection limits by the
end of the trial. Our study highlights phages offer a
promising tool against Salmonella infections in poultry.

Key Words: Salmonella, poultry, bacteriophages, phages,
antimicrobials

158 Effects of guanidinoacetic acid (GAA) on growth
and body composition in broilers. Chongxiao (Sean)
Chen*!, Dima L. White?, Yuguo H. Tompkins?, John E.
Thomson?®, Ulrike Braun®, Woo K. Kim? !Prestage
Department of Poultry Science, North Carolina State
University, Raleigh, North  Carolina, United
States, 2Poultry Science, University of Georgia, Athens,
Georgia, United States, 3AlzChem LLC, Canton, Georgia,
United States, “AlzChem Trostberg GmbH, Trostberg,
Germany.

Creatine is an essential biomolecule for the proper function
of energy transfer and supply. It is known to support muscle
growth and strength, shifting whole body composition
toward leaner and less fat tissue. Creatine may also benefit
bone strength as a result of a more lean body mass.
Guanidinoacetic acid (GAA) is the direct endogenous
precursor of creatine and, as a feed additive, is an effective
source of creatine. The current study evaluated the dietary
supplementation of GAA (Creamino®) on growth
performance, body composition, bone strength, and gait
score in broilers. A total of 648 1-day-old male parent stock
Cobb 500 chicks were randomly allocated (12 replicates x
18 birds) to three dietary treatments: control (0%), 0.06%,
and 0.12% GAA added to basal Corn/SBM diets formulated
in four phases (starter (Str), d 0-14; grower (Grw), d 15-28;
finisherl (F1), d 29-42; finisher2 (F2), d 43-56). Birds were
raised in floor pens (1.78 m?, wood shavings). Feed intake
(FI), body weight (BW), and mortality were recorded at the
end of each phase. Gait scoring was performed at d 54. Atd
56, creatine concentration was measured in breast and leg
muscles. The whole-bird composition was measured by
dual-energy x-ray absorptiometry (DEXA). Tibias were
subjected to breaking strength test and bone ash analysis.
Data were analyzed by one-way ANOVA with Duncan's
Multiple Range Test for mean separation and P < 0.05 as the
threshold of significance. Treatment effects on growth
performance differed only at the end of F1, where BWG for
the 0.12 % GAA group was higher (+53 g) than control (P
= 0.015). Cumulative FCR was consistently lower than
control for 0.06% GAA at the end of Grw (0.03 % points)
and for 0.12 % GAA at the end of Grw, F1 and F2 though
differences did not attain significance. GAA increased
creatine concentration in breast muscle (p=0.011), while leg
muscle creatine was numerically increased. In both muscles,
0.06 % GAA was as effective as 0.12 % GAA. Creatine was
higher in the breast than in the leg muscle (p<0.0001). For

Poult. Sci. 100 (E-Suppl 1)

81

the whole bird composition, the DEXA results confirmed
the hypothesis: 0.12% GAA in the diet decreased the fat%
(17.83 % vs 19.38 % in control) but increased lean% (82.18
% vs 80.61% in control). There was no difference observed
in whole-body bone mineral density, bone mineral content,
or strength assessment. However, the gait scoring analysis
showed adding 0.06% of GAA in the diets increased the gait
score 0 ratios and decreased the Gait score 1 ratio compared
to the other treatments. In summary, adding 0.06% or 0.12%
of GAA to the broiler diet could improve growth
performance and muscle development. Furthermore, 0.06%
GAA could alleviate lameness in heavy broilers.

Key Words: guanidinoacetic acid, creatine, performance,
bone quality, gait score

159 Metabolomics shows that guanidinoacetic acid
improves breast weights without aggravating breast
muscle myopathies through changes in energy
metabolism. Martina Klinemann*, Juliano C. de Paula
Dorigam; Animal Nutrition Research, Evonik Operations
GmbH, Hanau, Germany.

Modern breeds of broilers have been heavily selected for
high growth rate and breast-meat yield, which has
contributed to the onset of Breast muscle myopathies
(BMM). A high BMM incidence of ~85% is common in
broiler production and nutritional strategies have been used
to reduce this problem. It has been reported that while
guanidinoacetic acid (GAA) supplementation commonly
improves growth performance!2it is also sometimes
associated with an improvement of BMMs?2. To test whether
GAA affects BMMs we supplemented 0.06% GAA to very
low crude protein diets in broilers with high breast meat
yield genetics. The low CP diets might reduce BMM
incidence to a level where both directions (decrease and
increase) can be investigated as otherwise an incidence of
85% only leaves room for improvements but not
deteriorations. We tested 340 male Ross 708 broilers with
17 birds/pen and 10 pens per treatment for 49 days. Broilers
were fed a corn-soy diet with crude protein levels ~2.5%
below the specification in Ross 708 guidelines but with all
AA requirements fulfilled. Pen body weights and feed were
weighed on day 14, day 25, day 39 and day 49. At final day
birds were slaughtered and weights and vyields of
commercial cuts and BMM scores were determined.
Additionally, one bird/pen at day 22 was sacrificed to take
blood plasma samples from the right brachial vein for
metabolomics. Performance data were subjected to one-way
ANOVA and t-test at 5% probability, while score data were
analyzed using chi-square test in R. We found that on
average GAA fed birds gained 91g more weight (p <0.05)
and had 27g heavier breasts (p <0.05). As expected, we
found that heavier breasts had a higher BMM incidence (p
<0.01). However, breasts with same BMM score were
significantly heavier in GAA fed birds (p <0.05) while GAA
did not negatively affect proportion of BMM scores (p
>0.05). Metabolomics of blood plasma showed no strong
systemic effect of GAA when evaluated using Principal



Component Analysis. Still, 4 out of 629 measured plasma
metabolites change in response to GAA treatment: GAA,
acetylcarnitine, methyl imidazolelactate and methyl
thioadenosine (p <0.01). We conclude that GAA increased
number of heavy breasts without increasing BMM scores.
We suggest that GAA causes these results through increased
overall energy metabolism, increased methionine salvage
metabolism and reduced protein degradation while not
disturbing healthy normal metabolism.

Key Words: guanidinoacetic acid, breast meat myopathy,
low crude protein diet, metabolomics, energy metabolism

160 Muscle creatine content and severity of woody
breast in male broilers fed varying levels of
guanidinoacetic acid. John E. Thomson*!, Randy D.
Mitchell?, Ulrike Braun®; *Animal Nutrition, AlzChem LLC,
Alpharetta, Georgia, United States, 2Technical Services,
Perdue Foods LLC, Salisbury, Maryland, United
States, Animal Nutrition, AlzChem GmbH, Trostberg,
Germany.

The objective of this trial was to explore the effects of
guanidinoacetic acid (GAA) supplementation on
performance, meat quality and muscle creatine (CRT) and
creatinine (CRN) in broilers. Day-old male, Ross 708
chicks were allocated 46/pen to 30 pens blocked on
location. Ten pens were randomly assigned to each of three
treatments (T1, control (corn/SBM); T2, as T1 + 0.06%
GAA,; T3, as T1 + 0.06% GAA in Starter (Str) and Grower
(Gro)and as T1 + 0.08% GAA in Finisher I (FI) and Finisher
Il (FII)). Feeding phases were Str, d1 — 13; Gro, d14 - 27,
FI, d28 — 41; and FIl, d42 — 53. Feed and water were
available ad libitum. Feed intake and live weight were
recorded on d27, 41 and 53. After processing on d53, six
birds/pen were randomly selected for breast meat yield and
CRT and CRN analysis; a sample of breasts (30, 46 and 33
in T1, T2 and T3, respectively) were evaluated for Woody
Breast (WB). Performance data were analyzed as a linear
mixed model with Pen within Block as a random effect.
Breast meat quality effects were compared by Fisher’s
Exact Test. Muscle CRT and CRN versus WB and treatment
were analyzed as one-way ANOVA. Day 27 gain and
mortality were not different between treatments (p = 0.218,
p = 0.572). Treatment effect was significant for d27 FCR
(T1, 1.378; T2, 1.355; T3, 1.324 kg/kg; p = 0.043);
however, mortality adjusted FCR was not significant (p =
0.141). Because of a mixing error, FCR differences were not
carried on to d53. Analyzed diet protein content in T1 was
1.5 and 2.5 % (absolute) higher than T2 and T3 in FI and
FIl. Final body weights did not differ by treatment. Mean
live weight of birds with WB = Hard was 304 g higher than
the average of birds rated Semi-Hard or Normal (p = 0.001).
WB rated as “Normal”, “Semi-Hard” and “Hard” was not
different between treatments (p = 0.161); however, T3 and
T2 had 5 to 9% lower percentage of Hard muscle than T1
(20.0, 10.9, and 15.2% in T1, T2 and T3, respectively),
suggesting a tendency towards muscle protection from
GAA. Breast meat CRT was lower for T1 (4580 mg/kg)
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than T2 (4855 mg/kg) (p = 0.042) and greater for T3 (5197
mg/kg) than T2 (p = 0.006). Breast CRN was low and
marginally affected by treatment (12.86, 14.89 and
15.84mg/kg in T1, T2 and T3, respectively). Hard breast
meat had lower CRT (4318 mg/kg) than Semi-Hard (4826
mg/kg) (p = 0.002) or Normal(5054 mg/kg; p<0.001). A
similar trend was observed for breast CRN with 12.03,
14.54 and 15.26mg/kg for Hard, Semi-Hard and Normal (p
=0.006 for Normal vs Hard). Increasing severity of WB was
associated with higher live weight and lower muscle CRT
content. GAA supplementation raised muscle CRT content
and resulted in a numerically lower proportion of breast
meat classified as Hard.

Key Words: guanidinoacetic acid, creatine, myopathy,
creatinine, GAA

161 Effects of glucosamine-derived caramels on
performance and bone health of broilers. Emanuele C.
Goes*, Mirko Betti, Doug Korver; Agricultural, Food and
Nutritional Science, University of Alberta, Edmonton,
Alberta, Canada.

The rapid growth predisposes broilers to locomotor
problems due to excessive stress on immature cartilage.
This can reduce broiler welfare and performance, causing
economic losses for the industry. This study aimed to
evaluate the potential of glucosamine-derived caramels to
prevent tibial and femoral head lesions and enhance the
performance of broiler chickens from 0 to 42 d. A total of
1,120 broilers were randomly assigned to 14 treatments with
8 replicate cages of 10 birds each. The treatments were:
Control (C; commercial-type diet), C + Glucosamine
(GIcN; no caramelization), and 4 glucosamine-derived
caramels: Light Caramel (LC; produced at 50°C), Brown
Caramel (BC; produced at 90°C), LC+fructose, and
BC+fructose; each product was included at 0.08, 0.16 or
0.24% of the diet. Feed intake (FI), body weight gain
(BWG), and feed conversion ratio (FCR) were measured at
10, 25, and 38 d of age. Tibial and femoral head gross lesion
scores were evaluated at 42 d. Parametric data were
analyzed by ANOVA with means compared by Tukey’s test
at P < 0.05, and non-parametric data were analyzed by
Kruskal-Wallis. At 10 d of age, birds fed LC at 0.24% had
greater weight (232.82 +5.26 g), BWG (19.34 £ 0.55 g), and
lower FCR (1.31 = 0.04 g) than those fed LC+fructose
(195.79 £ 19.23 g; 15.78 £ 1.93 g and 1.51 + 0.16 g,
respectively), but was similar to the other treatments,
including C. At 25 d of age, LC at 0.16% resulted in greater
weight (979.90 + 43.39 g; P = 0.02) than LC+fructose at
0.08% (828.37 + 105.20 g) but was similar to the other
treatments. For the entire period (0 to 38 d), birds fed LC at
0.16% were heavier at 38d (2,043.5 + 129.3 ¢g; P = 0.04)
than treatments LC+fructose at 0.08% (1,797.3 + 146.5 g),
LC at 0.08% (1,885.1 + 140.6 g), BC+fructose at 0.16%
(1,823.1£147.5g) and BC at 0.16% (1,823.0 £ 188.6 g) but
was similar to the other treatments, including C. There were
no treatment effects on the tibial head lesion scores. The
femoral head lesion scores tended to be significant (P=



0.07), with LC included at 0.08 responsible for the highest
frequency of birds with healthy femurs (87.5% with score 1)
or with minimal lesions (12% with score 2), while the C
group had 75% of the birds with healthy femurs and 25%
with femoral head transitional degeneration (scores 3 and
4). Light glucosamine-derived caramels might be part of a
strategy to enhance performance and bone health in broilers;
however, more analyses and further studies are required to
understand better the mechanism of action.

Key Words: Broiler chickens, glucosamine caramels,
locomotor problems, performance, welfare

162 The effect of adacitic tuff breccia (Azomite®) in
corn, soybean, and DDGS based diets that vary in
inorganic phosphate source on pellet mill production
rate and pellet quality. Tim Boltz*!, Jon Ferrel*, Kristina
M. Bowen?, Kari L. Harding®, Victoria Ayres®, Joe Moritz?;
West Virginia University, Morgantown, West Virginia,
United States, 2Nutritional and Food Sciences, West
Virginia University, Morgantown, West Virginia, United
States, Animal and Nutritional Sciences, West Virginia
University, Morgantown, West Virginia, United
States, “Azomite Mineral Products, Inc., Nephi, Utah,
United States, °North Carolina State University, Raleigh,
North Carolina, United States.

Feed mill pellet production rate is of great importance to
integrated meat bird production. Ingredients such as dried
distillers grains with solubles (DDGS), inorganic phosphate
source (IPS), and fat influence production rate and feed
quality due to their composition. The naturally abrasive
properties of an IPS may scour the pellet die and affect feed
production rate. The objective of the study was to evaluate
the effect of a dacitic tuff breccia (Azomite®) inclusion in a
corn, soybean meal, DDGS based diet with either 1.70 %
dicalcium (DCP) or 1.75% tricalcium (TCP) on pellet mill
production rate, hot pellet temperature, and pellet quality.
The assessment included four experimental treatments in a
two (DCP or TCP) x two (Azomite (AZM) or no AZM)
factorial Latin Square Design across four manufacturing
days with complete blocks in each day. Data were analyzed
in a mixed-model analysis using the GLIMMIX procedure
of SAS with alpha set at P < 0.05 and a trend defined at P <
0.10. Average temperature and humidity were 16C and
67%, respectively. There was a six percent increase in
production rate when AZM was added to DCP diets
(0.99 versus 1.05 MT/hr; P<0.001) and an eight percent
increase in production rate when AZM was added to TCP
diets (1.10 versus 1.19 MT/hr; P<0.001), demonstrating a
significant IPS by AZM interaction. The increased
production rate that favored AZM and TCP diets may be
associated with an additive effect of pellet die scouring. IPS
and AZM interacted to affect pellet quality (P<0.021)
demonstrating that increased production rate decreased
pellet quality; however, the greatest amount of the observed
change (three percent), would likely have little effect on
bird performance based on past research.

Key Words: feed manufacture, tuff breccia, production
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163  Antimicrobial effects against Salmonella
typhimurium and protein precipitation capacity of
tannic acid in an in vitro chicken gut pH model and in
simulated feed pelleting temperature. Janghan Choi*,
Sudhir ~ Yadav, Sasikala Vaddu, Harshavardhan
Thippareddi, Woo K. Kim; Department of Poultry Science,
University of Georgia, Athens, GA, Georgia.

This study was conducted to determine minimal inhibitory
concentration  (MIC) and minimal  bactericidal
concentration  (MBC) of tannic acid (TA)
against Salmonella typhimurium nalidixic acid resistant
strain (STNR) and to evaluate protein precipitation capacity
and antimicrobial effects of TA in anin
vitro gastrointestinal tract pH model (stimulated gastric pH:
3.5 t0 4.0 and stimulated intestinal pH: 6.5 to 7.0 and 7.0 to
7.5) and after being subjected to simulated feed pelleting
temperature (40°C, 50°C, 60°C, 70°C, 80°C, and 90°C).
Antimicrobial effects with/without bovine serum albumin
(BSA) and protein precipitation capacity at different pH
values (2.0 to 8.0) of TA and gallic acid (a major component
of TA) were evaluated. The MIC and MBC of TA were
determined using a micro-dilution method. To compare
antimicrobial effects of TA, the agar well diffusion method
was used. Protein precipitation capacity of TA and gallic
acid was measured using BSA. Unpaired t-test was used to
compare antimicrobial effects of TA with/without BSA at
different pH points. Two-way ANOVA (Factors: Time and
pH) was used in the in vitro gastrointestinal tract pH model
study, and one-way ANOVA followed by a Dunn’s multiple
comparison test was used for the simulated pelleting study.
Nearly 100% of TA formed complexes with BSA at pH 3.5
to 4.5, and antimicrobial effects of TA were restricted at pH
2.0 to 2.5 and 2.5 to 3.0 with BSA (P < 0.05). Gallic acid
did not show protein precipitation and antimicrobial effects.
The MIC and MBC of TA against STNR was 40 pug/mL and
700 pg/ml, respectively. Precipitated TA with BSA in
simulated gastric pH was released free in the simulated
intestinal pH depending upon time and pH factors
(Time: P < 0.05; pH: P < 0.05). Approximately 65% and
97% of TA-BSA complexes were detached at 120 min at pH
6.5to 7.0 and 7.0 to 7.5. Antimicrobial effects of TA-BSA
in the simulated intestinal pH showed statistically similar
(P> 0.05) antimicrobial effects with pure TA while
antimicrobial effects were limited at pH 6.5 to 7.0 compared
to pH 7.0 to 7.5 (pH: P < 0.05). Stimulated feed pelleting
temperature (60°C and 70°C) increased the antimicrobial
effects of TA (P < 0.05), while protein precipitation
capacity was not affected (P > 0.05). Therefore, when only
pH was considered, TA has potential to exhibit
antimicrobial effects in the lower intestine (pH 6 to 7) of
broilers, and simulated feed pelleting temperature increased
antimicrobial effects of TA. In the future studies, TA as an
antimicrobial agent against STNR should be validated using
an in vivo chicken model.

Key Words: Tannic acid, tannins, Salmonella
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164 A blend of protected organic acids + essential oils
improves intestinal health indicators and reduces
intestinal permeability of laying hens raised under
commercial conditions. Mariana Lemos de Moraes*!,
Marcia de Souza Vieiral, Francisco Bertolini Junior?,
Guilherme Moreira de Melo Silva?, Jodo Marcos Novaes
Tavares?, Carlos Yassuharu Nakamatsu?, Leticia Cury
Rocha Veloso Arantes?, Elizabeth Santin®; Jefo, Saint
Hyacinthe, Quebec, Canada, 2Grupo  Mantiqueira,
Primavera do Leste, Brazil, 3Safeeds, Toledo, Brazil.

We investigated the dietary supplementation of Protected
Organic Acids + Essential Oils P(OA+EO) in laying hens
raised under commercial conditions. A total of 208,000
laying hens at 2-weeks-old were assigned to receive 1 of 2
treatments for 20 weeks: T1: control, T2: P(OA+EQ) at 300
g/t (Jefo - fumaric, sorbic, citric and malic acids + thymol,
eugenol and vanillin). At weeks 6, 12 and 21, 12
hens/treatment were used for blood sampling and necropsy
for the ISI-1 See Inside Scoring System Methodology
(Kraieski et al., 2017). A completely randomized design
consisting of 2 treatments, each with 12 replicates of 1
hen/replicate, was used. To evaluate intestinal permeability,
birds were inoculated with FITC-d (fluorescein-
isothiocyanate labelled dextran) and blood samples were
collected after one and half h. FITC-d is a molecule with
high molecular weight that is only detected in the blood
when the intestinal mucosa is damaged. The macroscopic
ISI alterations were classified to be presented as: macro-
total I1SI (sum of the scores given for intestine, liver,
proventriculus, annex glands, locomotor and respiratory
system) and macro-intestinal ISI (sum of the scores given
for duodenum, jejunum, ileum and cecum). The histologic
IS alterations were evaluated in the ileum. A low ISl index
represents better health status. Data were subjected to one-
way ANOVA and T test was used for parametric and
Kruskal Wallis for non-parametric data (XLSTAT
software). Hens on Jefo P(OA+EO) had lower (P<0.001)
level of FITC-d recovered in the blood, which can be
interpreted as better integrity of the intestinal mucosa and
reduced chances of bacterial translocation. They also
presented lower (P<0.05) total macro- ISI score of
alterations at weeks 6 and 12, lower (P<0.05) macro-
intestinal ISI score at weeks 6 and 21 and, lower histologic-
ileum ISI score of alterations at weeks 6 (P<0.10), 12, and
21 (P<0.05). In addition, at week 21, hens on P(OA+EQ)
didn’t present Eimeria oocysts while the control treatment
did (P<0.001). In conclusion, the blend of Protected Organic
Acids + Essential Oils evaluated can be used to improve
intestinal and overall health status in commercial laying
hens.

Key Words: essential oil, intestinal health, intestinal
permeability, laying hen, organic acid

165 The effects of oregano essential oil on layer hen
performance and egg quality. Kenneth E. Anderson*,
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Ramon D. Malheiros!, Emma Lund? Wendy Wakeman?;
'Poultry Science, North Carolina State University, Raleigh,
North Carolina, United States, 2Anpario plc, Worksop,
United Kingdom.

Oregano (Origanum vulgare) essential oil (OEQ) contains
over 100 compounds with active properties. Four key
compounds are carvacrol, thymol, p-cymene, and 7v-
terpinene that have been shown to have antibacterial, anti-
inflammatory, and antioxidant properties. Oregano essential
oil has been shown to be beneficial for gut health, and
subsequent growth and production performance in poultry.
The purpose of this research was to investigate the effects
of feeding an oregano essential oil throughout the rearing
and laying period of Dekalb White laying hens. The study
was conducted at the North Carolina Dept. of Agriculture &
Consumer  Services, Piedmont Research Station in
conjunction with North Carolina State University. The
pullets were randomly allocated at day-old to one of three
groups: CC, basal diet (Control) in rearing and lay periods;
CO, basal diet in rearing, and basal in laying plus 300g/t
Orego-Stim® provided in the feed (5% OEO on an inert
carrier, Anpario plc, UK); and OO, in rearing and laying
basal plus 300g/t Orego-Stim® provided in the feed (5%
OEO on an inert carrier, Anpario plc, UK). The pullets were
moved at 16 weeks and housed indoors in conventional
cages of 24 hens per replicate, with 18 replicates per group
(432 pullets per group). Space allocation was 80 inches? per
hen throughout laying phase from 17 through 73 weeks of
age. Feed composition was dictated by the feed
consumption and productivity of the hens and water was
supplied Ad libitum. Egg production and feed consumption
were recorded daily then summarized every 28 days, and
egg quality was examined the 3™ week of each production
period. Statistical analysis was performed with GLM, the
means separated (Tukey’s t-test) using JMP software
(JMP®, Version 14. SAS Institute Inc., Cary, NC, 1989-
2019). There were no differences between the treatment
grops at 16 weeks of age. Feed consumption on the OO
group was higher (p<0.0001) than the OC or CC groups.
Percent HD production and egg weight in the OO and CO
groups were greater (p<0.001) than the CC hens. The egg
quality nor egg size distribution were affected by OEO in
the diet. However when combined with production and egg
weight the daily egg mass produced from the OO and OC
hens greater than the CC treatment. Hens supplemented
with OEO had an overall better HD% egg production and
daily egg mass produced compared with control hens even
though the OO groups had the lowest body weight at 73
weeks and the CO groups were intermediate with the CC
hens being the heaviest. In Conclusion, individual hen
reproductive fitness appears to positively influence
productivity with more daily egg mass and improved HD%
laying performance.

Key Words: white egg layers, egg production, egg quality

166 Evaluation of probiotic and organic chromium on
productive performance and energy utilization of laying



breeder hens. Otoniel F. Souza®, Catarina Stefanello?,
Barbara Moreiral, Carine Adams?, Jessica C. Agilar?, Elisa
Francois*?, Kelen Zavarize?, *Animal Sciences, Federal
University of Santa Maria, Santa Maria, Brazil, 2Kemin
Industries Inc., Valinhos, SP, Brazil.

This experiment was conducted to evaluate productive
performance and total tract metabolizability of nutrients and
energy of laying breeder hens fed corn-soybean meal diets
supplemented with probiotic (Bacillus subtilisPB6), organic
chromium (Cr propionate) or their combination. A total of
32 Rhodes Island Red and 32 White PlymouthRock breeder
hens at 55 weeks of age were allocated in individual cages
using a completely randomized block design with 16
replicates (8 per strain). After a 28-d period of adaptation,
hens were fed 4 experimental feeds in 4 periods of 28 days
each, from 55 to 70 wks. Experimental feeds were a Control
diet (formulated with corn, soybean meal and wheat bran
without additives), Control + Probiotic (supplemented with
500 g/ton of Bacillus subtilis PB6; CLOSTAT); Control +
Cr (50 g/ton of organic Cr; KemTRACE), and Control +
Probiotic + Cr (with both additives). Productive parameters
were evaluated per period and in the overall period as: egg
production, egg mass, egg loss and dirty eggsas well as feed
intake and feed conversion ratio. Excreta moisture was also
evaluated per period, and at 70 wk 1% celite was included
in the experimental diets to evaluate digestibility. Excreta
were collected per cage in the last two days of the
experiment and total tract metabolizability of dry matter,
nitrogen and energy as well as apparent metabolizable
energy (AME) were calculated. Data were subjected to one-
way analysis of variance using the MIXED procedure of
SAS Institute and significance was accepted at P < 0.05.
Means were compared by Tukey test. No effect was
observed between the hens’ strain, which was previously
blocked with the experimental design, and treatment was
considered as independent variable. Treatments did not
affect daily feed intake, egg loss and dirty eggs (P > 0.05);
however hens fed Control + Probiotic or Control + Probiotic
+ Cr had higher (P < 0.05) egg production and egg mass
from 63 to 66 wk, 67 to 70 wk and in the overall period.
From 59 to 62 wk and 63 to 66 wk, hens fed Control +
Probiotic + Cr had decreased (P < 0.05) excreta moisture
than hens the Control; however, from 67 to 70 wk, no
difference was observed in excreta moisture. Hens fed
Control + Cr had higher AME compared to hens fed the
Control (P < 0.05). In conclusion, diets supplemented with
probiotic, organic chromium or their combination resulted
in improved productive performance, decreased excreta
moisture and increased energy utilization of laying breeder
hens from 55 to 70 weeks of age.

Key Words: Bacillus subtilis, breeder hen, chromium
propionate, egg production, excreta moisture
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168 Microencapsulation of ajowan essential oil within
alginate:  Effects on performance and intestinal
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microflora of broilers. Tahereh Mersadi, Maziar Mobhiti-
Asli*, Hassan Darmani-Kuhi; Department of Animal
Science, University of Guilan, Rasht, Iran (the Islamic
Republic of).

Essential oils (EOs) are natural volatile products extracted
from plants, with antimicrobial properties proven in in vitro
trials. The biological activity of EOs can be lost due to
volatilization or degradation of active components, limiting
their commercial application. Microencapsulation is the
process of building a functional barrier between the core and
wall materials to prevent chemical and physical reactions
while preserving the biological, functional, and
physicochemical features of the core materials. The
objective of the current study was therefore to preserve EO
of ajowan (Trachyspermum ammi) by microencapsulation
in sodium alginate, as well as to assess the effects of
different dietary doses of free and encapsulated forms of this
EO on broilers growth performance and the population of
certain intestinal bacteria. A total of 320 one-day-old Ross
308 chicks were randomly assigned to 32 floor pens. A
completely randomized design with a 2x4 factorial
arrangement of treatments consisting of 2 administration
forms of EO (free and encapsulated) and 4 inclusion rates
of EO to the diet (0, 50, 100 and 150 mg/kg feed) was used
in this study. Each treatment had 4 replicates with 10 birds
per pen. Birds were fed their respective experimental diets
from 1 to 42 d of age. Growth performance traits were
measured in this period. On d 42, two birds from each pen
were slaughtered and ileal content were collected from the
distal ileum for bacterial count enumeration. Results were
analyzed using GLM procedure of SAS, followed by
Tukey’s HSD test when main effects were significant (P <
0.05). No interaction between the main effects was observed
for any measured traits. Broilers fed encapsulated EO in the
diet had a greater ADFI (P < 0.01) than those fed free EO in
the diets, probably due to the strong odors of free EO which
reduces palatability. Broilers fed 100 mg/kg EO of ajowan
compare to the control had higher (P < 0.05) ADG (61.8 vs.
56.5 g), ADFI (105 vs. 99.7 g) and European production
efficiency factor (313.7 vs. 282.5). The ileal count of E. coli
and coliforms were lower (P < 0.05) in broilers fed
encapsulated EO than those fed free EO. The lowest (P <
0.05) ileal count of E. coli and coliforms was observed in
broilers fed 150 mg/kg EO of ajowan in the diet, however
Lactobacillus count was not affected (P > 0.05). In
conclusion, inclusion of 100 mg/kg EO of ajowan to the
broiler’s diet can improve growth performance and reduce
ileal E. coli and coliform count, with the benefits being more
evident for the encapsulated essential oil.

Key Words: broiler, essential oil, encapsulation, intestinal
microflora, performance

169 The hepatoprotective effects of dietary
herbaceous mixture supplementation on liver injury in
laying hen through alleviating hepatic lipid deposition
and oxidant stress. Yao Zhu* ®5, H.Y Zhang, Y.Q. Huang,
W Chen; College of Animal Science and Technology, Henan



Agricultural University, Zhengzhou, China.

Hepatic steatosis is the most common disease in laying hen,
leading to a decrease in egg production and an increase in
mortality. Herbs recently are approved to exert a powerful
influence on fat metabolism, anti- inflammation and
antioxidant. Hence the potential of herbaceous mixture
(HM, containing 20% ocimum basilicum, 35%
andrographis paniculata, 10% silybun marianum, 20%
azadirachta indica and 15% glycine) in alleviating liver
injury and its mechanisms were studied. A total of 720 394-
day-old Hyline laying hen were subjected to 28 days feeding
of three experimental diets: (1) Corn-soybean commercial
diet (Ctrl), (2) Ctrl+300 mg/kg HM, and (3) Ctrl+1000
mg/kg choline chloride (CC, as positive control diet). Each
diet was fed to 8 replicates of 30 birds. The datawas
analyzed by one-way the analysis of variance (ANOVA)
followed by Tukey’s multiple comparisons. P < 0.05 was
identified significant. Results showed that the laying rate
was increased (P < 0.05) by dietary HM as relative to Ctrl
birds. The outcome of hematoxylin-eosin staining indicated
that the area and diameter of steatosis vacuoles was notably
decreased by HM and CC administration. Dietary HM and
CC supplementation reduced hepatic lipid deposition,
evidenced by Oil-red. The birds fed HM diets exhibited
considerably decreased (P > 0.05) lipogenic genes including
fatty acid synthase and acetyl-CoA carboxylase, and
significantly upregulated (P < 0.05) the mRNA expression
of hormone-sensitive lipase and lipoprotein lipase.
Similarly, dietary HM treatment notably decreased serum
low-density lipoprotein cholesterol level and increased
high-density lipoprotein cholesterol concentration when
compared to Ctrl diet (both P < 0.05). Furthermore, dietary
with HM or CC significantly enhanced (P < 0.05) the
activity of superoxide dismutase and glutathione peroxidase
in liver. These data revealed that supplementing 300 mg/kg
HM efficiently protects liver injury by attenuating lipid
deposition and hepatic oxidant stress in laying hens.

Key Words: herbaceous mixture, liver injury, oxidant
stress, lipid deposition, laying hen

170 Effects of a direct fed microbial on pullet
performance and body composition. Jordyn Samper* 5%,
Miloud Araba?, Miguel Ruano?, Troy Lohrmann?, Mike
Persial; Virginia Tech, Blackshurg, Virginia, United
States, 2Quality Technology International INC, Elgin,
[llinois, United States.

Direct fed microbials (DFM) have been used to improve
animal health and performance, with the reduced antibiotic
use within the poultry industry. This experiment was
conducted to determine the effects of a DFM on pullet body
weight, feed intake, Mortality corrected Feed Conversion
Ratio (FCRm), and dual-energy x-ray absorptiometry
(DXA). The DFM, Q-Biotic™ 1DP, is a Bacillus subtilis
strain. Two experimental treatments (Control without DFM
and Treatment with 300,000 CFU of DFM per g of feed,
both of which were confirmed every time feed was mixed)
were composed of 12 replicates of 24 Hy-Line W-36 chicks
Poult. Sci. 100 (E-Suppl 1)
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resulting in 576 chicks to start the experiment.Chicks were
fed ad libitum for the first 3 weeks, then provided a
controlled amount of feed daily to mimic feed intake
according to the Hy-Line performance objectives. At 6 and
12 weeks of age, 6 chicks from each cage were randomly
removed to reduce stocking density over time. At 17 weeks
of age, 3 birds per cage were euthanized for DXA analysis
to determine lean and fatty tissue content. Data were
analyzed for ANOVA and repeated measurement analysis
usingthe MIXED procedure in SAS 9.4 (SAS Institute Inc.,
Cary, NC). If significance was detected, LSMEANS were
separated using Tukey’s honestly significant difference test.
DFM-treated pullets reduced feed intake over the length of
the experiment. Control pullets consumed 5.63 kg per bird
compared to 5.55 kg per bird in DFM-fed pullets (P <0.01),
but resulted in similar body weights of 1.23 kg per 17 week
old pullet, regardless of treatment (P = 0.98). The similar
body weight with the reduced feed intake resulted in
improved FCRm when repeated measures were used (P =
0.03) with an overall 17 week FCRm of 4.232 and 4.259 for
DFM treated and control fed birds, respectively. Such
FCRm improvement was equivalent to $5/ton feed value at
a $265/ton weighted average feed cost. At 17 weeks of age,
no difference in lean or fat tissue were observed (P > 0.10).
Overall, DFM treatment allowed for more efficient use of
the feed consumed, but did not alter the accretion of body
tissue over the 17-week pullet growth period.

Key Words: pullet, DFM, performance, body composition,
Q-Biotic

171 Invitro screening of drinking water acidifiers and
their effects on broiler performance, serum
biochemistry and intestinal development. Yujun Guo* &5
!, Bo Chen?, Huaiyong Zhang?, Y.Q. Huang?, Peng Li?, W
Chen?; College of Animal Science and Technology, Henan
Agricultural University, Zhengzhou City, Henan Province,
China, 2Novus International, Shanghai, China.

Combining with the global demand for safe human food and
the production of environmentally friendly poultry
products, acidifiers are natural organic acids and salts that
have received considerable attention as animal- feed
additives. In experiment (Expt.) 1, the effects of different
concentrations of acidifier on the acidity and hardness of
water, as well as the bacteriostasis was firstly evaluated. The
results from the one-way analysis of variance (ANOVA)
showed that the addition of different doses (0.02%-0.20%)
of acidifier significantly reduced the pH of water with
comparable hardness of water (P < 0.01). Additionally, the
bacteriostatic diameters of salmonella and staphylococci in
the 0.20% acidifier group were significantly larger than
those in the 0.00% group. To define the response of the
performance to acidifier (Expt. 2). A total of 600 1-day-old
mixed-sex broilers was weighed individually and allocated
to five treatment groups with six replicate pens (10 females
and 10 males birds/pen) for 42 days, which consisted of the
drinking water with acidifier at 0.00%, 0.05%, 0.10%,
0.15% or 0.20%, respectively. The water with 0.15% or



0.20% acidifier resulted in liner and quadratic higher body
weight at 42 days, average daily gain and water
consumption during 1 to 42 days (P < 0.05). Subsequently,
Expt. 3 was conducted to evaluate the impact of acidifier on
intestine development and tibia mass. With this aim, a total
of 250 1-d-old male broilers were weighed individually and
allocated to five treatment groups with five replicate pens
(10 males/pen) for 42 days, i.e. the basal diet with 0.00%,
0.05%, 0.10%, 0.15%, or 0.20% acidifier in drink water.
Data were analyzed using one-way ANOVA, and showed
that supplementing 0.10% and 0.20% acidifier to drink
water resulted in increased weight, villus high and the ratio
of villus high to crypt of duodenum and ileum for 42-day-
old broiler. 0.20% acidifier added to drinking water
significantly increased tibial calcium content when
compared to 0.00% group. In addition, drink water with
0.10-0.20% acidifier decreased the activity of aspartate
aminotransferase and alanine aminotransferase, both
important indicators for hepatic health. Thus, we conclude
that drink water with 0.10-0.20% acidifier promoted the
performance, intestinal development, hepatic health of
broilers.

Key  Words: acidifier, bacteriostasis, intestine
development, serum biochemistry, broiler

172 Effects of direct-fed microbial inclusion on
production parameters and intestinal microbial

population changes in Nicholas Select tom turkeys.
Logan S. Erb* ©5 1 Alyssa Lyons?, Courtney Poholsky?,
Brian Dirks*, John W. Boney?®; *Animal Science, Penn State,
State College, Pennsylvania, United States, 2Animal
Science, Pennsylvania State University, State College,
Pennsylvania, United States, 3Penn State University,
Howard, Pennsylvania, United States, “Quality Technology
International, Inc., East Norriton, Pennsylvania, United
States, *Animal Science, Penn State University, University
Park, Pennsylvania, United States.

The dietary inclusion of direct-fed microbials (DFM) is
becoming more common as antimicrobial use for growth
promotion is no longer approved. The effects of various
DFM on poultry performance have been studied; however,
limited research has been conducted on the DFM Bacillus
subtilis C-3102 in turkeys. Therefore, performance and
microbial population responses to Bacillus subtilis C-3102
were investigated using 720 Nicholas Select tom turkeys.
The experiment was conducted between May 2020 and
September 2020. Diets were formulated to be nutritionally
identical aside from DFM inclusion and were provided in a
six-phase feeding program. Diets containing the DFM were
formulated to contain 500,000 cfu/g from d1-35 and
300,000 cfu/g of the DFM from d36-133.Digestible lysine
was provided at 90% of breed recommendations and all
other amino acids were provided at recommended ratios to
digestible lysine. Prior to poult placement the barn was
neither cleaned nor disinfected. The combination of high
ambient temperatures, reduced amino acid plane, and
potential challenge vectors from previous flocks were used
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to create an environment suitable for potential performance
uplift from DFM inclusions. Each diet was provided to 12
replicate pens of 30 turkeys arranged in a randomized
complete block design. The experimental unit was one pen
of turkeys. Microbial population (MP) changes were
evaluated by collecting fecal and litter samples the d prior
to each feeding phase change. Composite fecal samples
were collected from eight fresh droppings per penand
composite litter samples were collected from nine defined
areas per pen. Data was analyzed using the GLM procedure
of SAS. Performance results from d1-133 showed birds
provided the DFM exhibited a 0.08 improvement in FCR
(P<0.0001) and tended to improve BW (P=0.0999)
compared to those fed the control. MP analyses of fecal and
litter samples indicated higher concentrations of Bacillus
subtilis C-3102 and total Bacillus in DFM fed birds
(P<0.05). Fecal MP analysis results from d132 indicated
that the ratio of Lactobacillus to total anaerobes of birds
provided the DFM increased 13.3% compared to those fed
the control (P=0.0330). Interestingly, turkeys provided the
DFM had lower body weights for the first four phases of
this study. When ambient temperatures increased during the
last two phases, both BW and the ratio of Lactobacillus to
total anaerobes increased for DFM fed turkeys.
Furthermore, DFM supplementation reduced overall feed
cost by $0.20 per bird. These data indicate that Bacillus
subtilis  C-3102 inclusions improved tom turkey
performance, contributed to a beneficial change in intestinal
microbial populations, and reduced feed costs.

Key Words: direct-fed microbials, feed efficiency,
performance, microbial population changes, feed cost

173 Broiler intestinal health, immunity, and
performance responses to an algae-based ingredient
vary between basal diet compositions. Krysten Fries-
Craft* ©5 1 Ryan Arsenault?, Elizabeth A. Bobeck!;
!Department of Animal Science, lowa State University,
Ames, lowa, United States, 2Department of Animal and
Food Sciences, University of Delaware, Newark, Delaware,
United States.

Bioactive algae-based ingredients provide health-promoting
compounds and have been primarily investigated in
corn/soybean meal-based broiler diets. Wheat is
incorporated into rations as a protein and energy source;
however, its nutrient profile may result in disparate
physiological responses when formulated with algae
ingredients. The objective was to evaluate performance,
intestinal health, and immune responses to a proprietary
algae ingredient (ZIVVO Biosciences Inc., Keego Harbor,
MI) when wholly substituting wheat for corn in broiler
diets. Ross 308 broilers were randomly assigned to 4
treatments consisting of a corn- or wheat-based diet +
0.175% algae ingredient formulated to meet breed
standards. Birds were housed in 80 floor pens (14/pen) for
a 42d study divided into 14d starter, grower, and finisher
periods. Body weight was measured weekly and feed
disappearance recorded throughout. Intestine, spleen, and



liver samples were collected from 10 birds/treatment at the
end of each 14d period for intestinal histomorphology, flow
cytometric analysis of splenic immune cell populations, and
tissue kinome arrays. A FITC-dextran intestinal
permeability assay was performed on d28 and 29 with a 12h
feed restriction challenge per replicate day. Data were
analyzed with fixed effects of diet type, algae inclusion, and
diet x algae interaction using the MIXED procedure (SAS
9.4; significance at P<0.05). Wheat-based diets, regardless
of algae inclusion, reduced splenic CDZ1.1* antigen-
presenting and CD3* T cells in the first 14d (P<0.0001),
reduced serum fluorescence 6.8% on d28/29 (P=0.0002),
and improved 42d FCR by 5 points compared to corn-based
diets (P<0.0001). Improvements due to the algae ingredient
were only observed when included in corn-based diets
where it improved 42d FCR by 5 points and increased
duodenal and jejunal villus height 10.0 and 15.2%
compared to the corn-based control on d28 and 42,
respectively (P=0.006 and <0.0001, respectively). Feeding
corn-based diets + algae ingredient altered splenic T cell
subpopulations  through  13.4-27.5%  reductions in
CD3*CD8a* cells compared to the corresponding control on
d28 and 42 (P<0.0001). Kinome results show a significant
innate immune TLR response via MyD88 due to algae
inclusion at d14 in both small intestine and liver. By d42,
this response shifts to a more growth factor and adaptive
immune-oriented response with concurrent signaling
changes indicative of lipid metabolism due to algae
inclusion. When formulated in corn-based diets, the algae
ingredient may improve broiler health and performance, but
requires further evaluation in wheat-based diets,
emphasizing the need for comparative study of novel feed
ingredients in varying basal diet compositions.

Key Words: Broiler, Intestinal Health, Immunity, Algae,
Wheat

174 Comparative evaluation of conventional and
alternative gut health management programs on growth
performance, breast meat attributes, and ceca digesta
short chain fatty acid profiles in broiler chickens. Lisa
Bean Hodgins* %1, Mohsen Mohammadigheisar?, Chaoyue
Wang?, Shai Barbut?, Elijah Kiarie!; *Department of Animal
Biosciences, University of Guelph, Guelph, Ontario,
Canada, ?Food Science, University of Guelph, Guelph,
Ontario, Canada.

Under current Canadian regulations, the majority of
commercial broilers are reared according to three gut health
management programs: 1) conventional, where some
medically important antibiotics (MIA) allowed (CON), 2)
raised without MIA (RWMIA), and 3) raised without
antibiotics (RWA). However, little is known on
comparative growth performance and physiological
responses of birds reared on these programs. Therefore we
investigated growth performance, breast meat traits, and
ceca digesta microbial activity in broilers reared under these
programs. lso-nitrogenous and caloric basal diets were
formulated for starter (d 0-14), grower (d 15-28), and
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finisher (d 29-42) phases. For medication, CON had
bacitracin in all phases and RWMIA had avilamycin in
starter and grower phases. For coccidiosis control, CON had
nicarbazin in the starter and narasin for the remaining
phases while RWMIA had nicarbazin and salinomycin in
starter and grower phases and narasin in the finisher.
Anticoccidial vaccine (Coccivac) was administered to
RWA birds at hatch. RWMIA and RWA had supplemental
butyric acid and bacillus based probiotic and RWA was
further supplemented with acidifier, yeast and essential oils.
2,304 d old Ross x Ross 708 chicks (equal @ and &) were
placed in 48 floor pens and allocated to treatments (n=8, sex
and program combination) based on initial BW. Feed intake
(FI) and BW were monitored by phase. On d 28 and 41, 2
birds/pen were necropsied for breast weight, myopathies,
and cecal digesta for short chain fatty acids (SCFA). Data
were analyzed for the main effects of program, sex, and
associated interactions. There was no interaction (P>0.05)
between sex and program. Birds on RWMIA and RWA had
better (P<0.05) growth and feed conversion (FCR) than
CON birds in starter phase. However, there were no
program (P>0.05) effects on overall (d 0-42) growth
performance. Sex effect (P<0.05) on growth performance
was such that Q performed better in starter and ' in grower
and finisher phases and overall (d 0-42). Relative to CON
and RWA, RWMIA birds exhibited (P< 0.04) heavier
relative breast weight (g/100g BW) and lower incidences of
woody breast (WB) and white striping (WS). Pullets had
heavier (P=0.01) breast on d 28 and presented
lower (P<0.03) incidences of WB and WS on d 41 than
cockerels. Treatment effect on SCFA was only noted on d
28 with CON birds exhibiting higher (P<0.04)
concentration of acetic and propionic acid than RWA birds.
Overall growth performance was similar among the
programs, however differences in breast meat attributes and
transient ceca microbial activity warrant further study.
Further investigations should be extended in commercial
farm settings to document biological and economic
performance.

Key Words: antibiotics, broiler chickens, gut health,
growth performance, myopathies

175 Effects of tannic acid on the growth performance,
gastrointestinal permeability, antioxidant capacity,
oocyst shedding, and nutrient digestibility of broiler
chickens infected with Eimeria maxima. Janghan Choi*
G5, Yuguo H. Tompkins, Po-Yun Teng, Woo K. Kim;
Department of Poultry Science, University of Georgia,
Athens, Georgia, United States.

The purpose of this study was to investigate the effects of
tannic acid (TA) on the growth performance,gastrointestinal
barrier integrity, antioxidant capacity, oocyst shedding, and
nutrient digestibility of broilers infected with Eimeria
maxima. A total of 420 one-day-old male Cobb 500 broilers
were randomly allocated to 5 treatments with 7 replicates of
12 birds. The five treatments were: 1) Sham-challenged
control (SCC; birds fed a control diet and orally gavaged



with PBS); 2) Challenged control (CC; birds fed a control
diet and inoculated with 10"4 of E. maxima on D 15) 3)
TAO0.5 (CC + 0.5 mg/kg of TA); 4) TA2.75 (CC + 2.75
mg/kg of TA); and 5) TA5 (CC + 5 mg/kg of TA). On 5
days post-infection (dpi), gastrointestinal permeability was
measured by using fluorescein isothiocyanate-dextran (4
kDa). On 6 and 13 dpi, growth performance was measured,
and tissue and digesta samples were collected for analyzing
intestinal health parameters. Oocyst shedding and fecal
moisture were measured from 5 to 11 dpi and 3 to 13 dpi,
respectively. The E. maxima inoculation effects (SCC v.
CC) were compared by unpaired t-test, and the effectsof TA
in broilers infected with E. maxima were compared using
the PROC MIXED with a post-hoc analysis (Tukey’s test)
in a completely randomized design. The TA5 group had
lower body weight (BW) compared to those fed CC (P <
0.05) during the pre-challenge period. From 0 to 6 dpi,
Eimeria infection significantly decreased BW and average
dailyfeed intake, and birds fed TA0.5 had significantly
higher body weight compared to those fed TA5. From 6 to
13 dpi, birds fed TA5 had significantly lower BW compared
to those fed CC (P < 0.05). From 7 to 9 dpi, higher oocyst
shedding per gram in feces from birds fed CC were observed
compared to those fed TAO0.5, TA2.75, and TA5 (P < 0.05).
On 5 dpi, Eimeria infection significantly increased
gastrointestinal permeability, and the TA2.75 group had
significantly lower gastrointestinal permeability compared
to the CC group. On 13 dpi, birds fed TA2.75 significantly
lowered jejunal total glutathione (GSH) and reduced-GSH
(GSSG) compared to birds fed TAO0.5. Digestibility of dry
matter and ash on 13 dpi were significantly higher in the
TA2.75 group compared to the CC group. In summary, 0.5
mg/kg and 2.75 mg/kg of TA decreased gastrointestinal
permeability and oocyst shedding and enhanced nutrient
digestibility in broiler chickens infected E. maxima,
whereas 5 mg/kg of tannic acid reduced growth
performance and nutrient digestibility. Thus, tannic acid at
an appropriate dosage (0.5 to 2.75 mg/kg) can be used to
control oocyst shedding and to enhance gut health of broiler
chickens infected with E. maxima.

Key Words: Eimeria maxima, tannic acid, tannins, gut
ecosystem, oocyst shedding

176 Dietary grape pomace - Effects on growth
performance, intestinal health, blood parameters, and
breast muscle myopathies of broiler chickens. Taiwo J.
Erinle* 5, Samson Oladokun, Janice Maclsaac, Bruce
Rathgeber, Deborah I. Adewole; Animal Science and
Aquaculture, Dalhousie University, Bible Hill, Nova Scotia,
Canada.

The search for alternatives to antibiotics in poultry
production is still on-going and has been directed towards
investigation of the efficacy of different potential
alternatives. However, it is important that the sought
alternatives are cost-efficient and have no negative impact
on meat quality, for ease of adoption and profit
maximization. This study aimed at exploiting an agro-
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industrial waste, grape pomace (GP) as an alternative to in-
feed antibiotics and assessing the effects on growth,
intestinal morphology, ceca microbiota, ceca short-chain
fatty acid (SCFA) concentration, blood biochemical
parameters, and breast muscle myopathies of broiler
chickens. A total of 576 one-day-old Cobb-500 broiler
chicks were randomly allotted to three dietary treatments —
Negative control (NC, a corn-wheat soybean-based diet),
NC + 0.05% bacitracin methylene disalicylate (BMD), and
NC + 2.5% grape pomace (GP). Each treatment was
assigned to eight replicate pens with 25 birds per pen.
Bodyweight (BW), feed intake (FI), and feed conversion
ratio (FCR) were determined weekly, and mortality was
recorded daily. On d 36, two chickens/pen were euthanized
for measuring blood biochemical parameters, ceca SCFA,
and ceca microbiota. White striping (WS) and woody breast
(WB) incidence were assessed in 4 chickens/pen on d 42.
The GP diet increased (P<0.05) average FI throughout the
feeding phases compared to the other treatments, but overall
FCR was similar. Birds in the GP treatment had higher
(P<0.05) villus height (VH) and increased VH:crypt depth
ratio in the duodenum and jejunum compared to other
treatments. Ceca SCFA concentrations and the incidence of
WS and WB were similaracross treatments. Plasma Ca and
P were significantly higher (P<0.05) in birds fed GP and
BMD, compared to the NC. Birds in the GP treatment had
significantly  reduced (P<0.05) plasma aspartate
transaminase than other treatments. Birds receiving GP had
a higher (P<0.05) relative abundance of the phylum
Bacteroidetes and reduced (P<0.05) Firmicutes compared to
other treatments. The relative abundance of Bacteroides and
Lactobacillus genera were higher (P<0.05) among birds fed
GP compared to other treatments. Inclusion of 2.5% GP in
broiler chicken diets improved gut morphology and
modified the cecal bacterial community and blood
biochemical profiles with no adverse effect on growth
performance and meat quality.

Key Words: grape pomace, broiler chickens, growth
performance, gut morphology, ceca microbiota

177 Optimizing cost and growth performance of
broiler chickens fed diets with a bio-emulsifier based on
lysophospholipids. Vitor Santos Haetinger* 5 !, Catarina
Stefanello?, Yuri Katagiri Dalmoro?, Guilherme L. Godoy?,
Carine Adams!, Kelen Zavarize?, Elisa Frangois?;
!Department of Animal Science, Federal University of
Santa Maria, Cachoeira Do Sul, RS, Brazil, 2Kemin
Industries Inc., Valinhos, Sdo Paulo, Brazil.

This study was conducted to evaluate the effects of a
lysophospholipid-based bio-emulsifier (LPL) added to corn
and soybean basal diets on growth performance, carcass
yield, and return on investment (ROI) of broiler chickens. A
total of 1,400 Cobb 500 male chicks were distributed to 56
floor pens in a completely randomizeddesign. Broilers were
fed 8 dietary treatments, with 7 replicates and 25 birds each
from d O to 43 posthatch. Treatments consisted of 6
degummed soybean oil based diets: positive control (PC1);



PC1 formulated with 500 g/ton LPL (PC1+LPL on top);
PC1 formulated with 60 kcal LPL matrix (PC1+LPL60);
PC1 formulated with 100 kcal LPL matrix (PC1+LPL100);
and two negative controls NC-60 and NC-100 with
reductions of 60 and 100 kcal/kg ME, respectively. Two
other diets were formulated with acidulated soybean oil:
positive control 2 (PC2) and PC2 formulated with 60 kcal
LPL matrix (PC2+LPL60). The formulated ME in the PC1
and PC2 were 3,000; 3,100; 3,200 and 3,250 kcal/kg for pre-
starter, starter, grower and finisher feeds, respectively.
Growth performance was evaluated from d 0 to 42, and on
d 43 carcass and abdominal fat yields were calculated. Data
were subjected to one-way analysis of variance using the
GLM procedure of SAS and when significant means were
compared by Tukey test (P <0.05). The ROI was calculated
considering the net income difference between PC1+LPL
ontopvs. PC1; PC1+LPL60vs. PC1; PC1+LPL100 vs. PC1
or PC2+LPL60 vs. PC2, divided by the investment with the
emulsifier product for eachtreatment until 42 d. There were
no effects of soybean oil sources in any parameter (P >
0.05). From d 0 to 21 and d O to 42, birds fed PC1+LPL on
top feed had higher BW gain and lower FCR as well as
decreased abdominal fat compared to NC-60 or NC-100
feeds (P < 0.05). For the overall period, birds on
reformulated diets, PC1+LPL60 and PC1+LPL100, had
lower FCR compared to NC-60 and NC-100 feeds,
respectively (P < 0.05). Considering the gains in revenue of
the slaughtered broilers in relation to the investment with
LPL in feed, the use of LPL on top had a ROI of 8:1 vs.
PC1, whereas the reformulated diet having 60 kcal/kg from
LPL demonstrated reduced feed costs and increased ROI
(3). In conclusion, a lysophospholipid-based bio-emulsifier
improved performance and return on investment of broilers
fed standard or reformulated feeds. The LPL product may
be added to feed formulations to decrease the usage of costly
added dietary fat or to maximize growth performance.

Key Words:
performance

biosurfactant, broiler, lysophospholipid,

178 The effect of a dacitic tuff breccia (Azomite®) in
corn, soybean, and DDGS based diets that vary in
inorganic phosphate source on pellet mill energy
consumption, live bird performance and amino acid
digestibility. Kristina M. Bowen* ©51, Elizabeth Lynch?,
Tim Boltz!, Victoria Ayres!, Jon Ferrel?, Joe Moritz?;
INutritional and Food Sciences, West Virginia University,
Morgantown, West Virginia, United States, 2Azomite
Mineral Products, Nephi, Utah, United States.

Past research has shown that Azomite (AZM) can increase
pellet mill throughput in diets that include inorganic
phosphate sources (IPS) of dicalcium phosphate (DCP) or
tricalcium phosphate (TCP). We hypothesized that if
production rate were held constant then pellet mill energy
consumption would decrease for diets that contained AZM
due in part to a pellet die scouring effect. This could
decrease dietary amino acid exposure to friction and
pressure within the pellet die, maintaining amino acid
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conformation, and amino acid digestibility. The objective
was to determine the effect of AZM (0.25%) in diets with
DCP and TCP on pellet mill energy consumption and
subsequent live bird performance and amino acid
digestibility when fed to broiler chicks for 21 days. Feed was
manufactured using a Latin square design with four
replications. Post manufacture, three hundred twenty-day-
old Hubbard x Ross 708 males (0.038 + 0.0014 SD) were
allocated by weight to 8 replicates per treatment, 10 chicks
per raised wire cage, in arandomized complete block design.
Dietary treatments were arranged in a 2 x 2 factorial: DCP
without AZM, TCP without AZM, DCP with AZM, and
TCP with AZM. On d21 ileal contents were collected for
amino acid and titanium dioxide analysis. Statistical
analysis (Glimmix, SAS 9.4) was performed on the factorial
arrangement of treatments and multiple comparison of all
treatments with post-hoc by Tukey’s. Pellet mill motor load
decreased in diets containing TCP compared to DCP (5%;
42.91vs 44.97, p<0.001, respectively), and when AZM was
included (1%; 44.19 vs 43.69, p<0.001). Decreased motor
load suggests that feed was subjected to less friction and/or
pressure through the die. Digestibility of lysine, cysteine,
and isoleucine were affected by the interaction of IPS and
AZM inclusion (P<0.05), demonstrating that processing
with AZM increased digestibility in DCP diets but not TCP
diets. Despite increased amino acid digestibility, AZM in
DCP diets increased feed conversion ratio (FCR) by 0.02
(1.284 vs 1.303, P<0.05). However, AZM did not affect
FCR in TCP diets (1.294 vs 1.285, P>0.05). Main effect
differences for IPS in ADFI (P<0.02) and ADG (P<0.03)
favoring DCP occurred. Decreased pellet mill motor load
that resulted from AZM inclusion likely reduced feed
exposure to friction pressure that preserved amino acid
conformation, but the improvement was not translated to
growth efficiency.

Key Words: Phosphate, Azomite, Motor load, Amino acid
digestibility, Feed conversion ratio

179  Successive delivery of essential oil via in ovo and
in-water route improves broiler chicken blood
biochemical and antioxidant status without altering
growth performance. Samson Oladokun* ©5, Janice
Maclsaac, Bruce Rathgeber, Deborah 1. Adewole;
Department of Animal Science and Aquaculture, Dalhousie
University, Truro, Nova Scotia, Canada.

As the poultry industry recedes from the use of antibiotic
growth promoters, the need to evaluate possible alternatives
and the delivery method that maximizes their effectiveness
arises. This study evaluated the effect of an essential oil
blend (containing star anise, cinnamon, rosemary, and
thyme oil) and its delivery routes on broiler chicken growth
performance, blood biochemistry, immune and antioxidant
status. A total of 670 Cobb 500 hatching eggs were
incubated for 21 days. On d 12 of incubation, viable eggs
were randomly allotted to 3 groups: non-injected group, in
ovo saline group, and in ovo essential oil + saline group. On
d 18 of incubation, 0.2 mL of essential oil + saline (dilution



ratio 2:1) or saline was injected into the amnion. At hatch,
chicks were re-allotted to 6 new treatment groups: in ovo
essential oil + in-water essential oil (IWEQ), in ovo essential
oil (IEO), in ovo saline (IS), in-water essential oil
(0.25mL/L water-WEQ), in-feed antibiotics (Bacitracin
methylene disalicylate-55 mg/kg), and a negative control
(NC; corn-wheat-soybean diet) in 8 replicate cages (6
birds/cage) and raised for 28 d. Hatch parameters were
assessed on d 0, and body weight (BW), and feed intake (FI)
weekly. On d 28, 2 birds/cage were euthanized, and immune
organs weighed. Plasma and serum samples were collected
for plasma biochemistry, antioxidant activity, and serum
immunoglobulins (1gG, IgM) analysis. Data were analyzed
in a completely randomized design using the one-way
ANOVA model. While the IEO group recorded 4 and 18%
reduction (P<0.05) in chick lengthand hatchability (%),
respectively, compared to the NC group at hatch; there was
no difference in BW gain, Fl, and feed conversion ratio
among all groups for the 0-28 d period. The IWEQO group
showed a tendency (P=0.07) for increased relative weight of
liver and plasma calcium level. All in ovo groups had
reduced (P<0.05) plasma creatine kinase (CK) levels, while
all essential oil groups had reduced (P<0.05) plasma
aspartate aminotransferase (AST) levels. The IWEO group
recorded 47 and 22% lower levels of CK and AST,
respectively than the NC group. No treatment effect was
found for serum 1gG and IgM levels. The IWEO group total
antioxidant capacity (mM uric acid equivalents) was 80%
higher (P<0.05) than the NC group. Conclusively, a
combination of in ovo and continuous in- water delivery of
essential oil offers the potential to improve broiler chicken
biochemical and antioxidant status withoutaltering growth
performance. This novel delivery strategy presented might
portend an effective way to eradicate antibiotics use in the
poultry industry.

Key Words: In ovo, essential oil, blood biochemistry,
antioxidant, broiler chicken

180 Chitosan oligosaccharides as potential antibiotic
replacements in broiler diets. Emanuele C. Goes* ©5,
Lingyun Chen, Doug Korver; Agricultural, Food &
Nutritional Science, University of Alberta, Edmonton,
Alberta, Canada.

The removal of antibiotic growth promoters (AGP) from
animal diets impairs control of necrotic enteritis (NE) and
thus broiler chicken performance, resulting in economic
losses. Dietary shellfish chitosan oligosaccharides (COS)
were screened as potential AGP replacements on
performance, NE intestinal lesion scores, and carcass traits
of broilers from 0 to 38 d of age. A total of 1,152 birds were
randomly distributed across 8 treatments with 8 replicates
of 18 hirds each. Following a pilot study, treatments were
COS 95 kDa at 0.2 and 5 g/kg, COS 180 kDa at 0.2, 2, and
5 g/kg, COS 110 kDa at 5 g/kg of the diet, a positive control
(PC; with antibiotic and coccidiostat) and a negative control
(NC; without antibiotic and coccidiostat). A natural sub-
clinical NE challenge model was applied to all birds, with a
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15X oral coccidiosis vaccine dose at 12 d and a 24-hour feed
removal at 18 d. Feed intake (FI), body weight gain (BWG),
and feed conversion ratio (FCR) were measured at 10, 25,
and 38 d of age. Intestinal NE lesion scores were measured
at 22 and 38 d, and carcass yield at 38 d. Parametric data
were analyzed by ANOVA with means compared by
Tukey’s test at P < 0.05, and non-parametric data by
Kruskal-Wallis. There were no significant differences
between the PC and NC treatment for performance, NE
lesions, or carcass traits. After the challenge, animals fed
COS 95 kDa at 5 g/kg had a higher BW (904.77 + 34.33 g)
than those fed COS180 kDa at 5 g/kg (838.99 + 43.24 g; P
= 0.03). PC treatment had higher BWG (44.41 + 1.95
g/day/bird; P = 0.02) and lower FCR (1.573 + 0.07; P =
0.05) than birds from COS 180 at 5 g/kg group (39.82 + 2.96
g and 1.703 £ 0.13, respectively), but were similar to the
other treatments. From 0 to 38 d, birds fed COS 95 kDa at
5 g/kg were nearly significantly heavier by 81.6 g than birds
from the NC group and by 45.6 g than birds from PC group
(P < 0.08). No significant treatment effects were found for
NE gross lesion scores at 20 d or 40 d. Birds from the NC
group had a higher drumstick yield (16.03%; P = 0.03) than
those fed COS 110 kDa (14.56%), but similar to the other
treatments.COS 95 kDa may show some promise to replace
AGP; however, complementary analyses and further studies
are required to understand the mechanism of action.

Key Words: Antibiotic replacement, broiler chicken,
chitosan oligosaccharide, necrotic enteritis, performance

181 Effect of dietary ginger root extract on growth
performance and delayed-type hypersensitivity
response of broiler chicks. George Dosu* 5, Shengmin
Sang, Temitayo Obanla, Yewande Fasina; North Carolina
A&T State University, Greensboro, North Carolina, United
States.

The continued increase in consumer demand for antibiotic-
free poultry meat necessitates incessant search for
alternative growth promoters. Ginger contains phenolic
components that helps to alleviate gastrointestinal diseases
and support immune functions and may therefore have
potential to replace antibiotics in broiler diets. A 6- week
experiment was conducted to evaluate the effect of dietary
ginger root extract (GRE) on growth performance. Also,
delayed-type hypersensitivity (DTH) response was
evaluated as an indicator of  cell-mediated
immunocompetence. A total of 432 day-old chicks (Ross
708 strain) were obtained from a commercial hatchery,
weighed, and randomly assigned to six dietary treatments of
varying ginger concentrations as follows: Treatment CON
(fed corn-soybean meal (SBM) basal), Treatment MX (fed
basal diet containing bacitracin methylene disalicylate
(BMD) at 0.055 g/kg diet), Treatment GRE1 (fed basal diet
containing 0.37% GRE), Treatment GRE2 (fed basal diet
containing 0.75% GRE), Treatment GRE3 (fed basal diet
containing 1.5% GRE), and Treatment GRE4 (fed basal diet
containing 3% GRE). Each treatment consisted of 6
replicate pens, with each pen housing 12 chicks. Body



weight (BW), body weight gain (BWG), feed intake (FI),
and feed conversion ratio (FCR) was monitored over the 6-
week period. DTH response was evaluated by measuring
toe-web swelling as an indicator of T cell-induced DTH
response following intradermal injection of Phaseolus
vulgaris (kidney bean) agglutinin (PHA-P). Compared to
MX (3.32 Kg), BW was lower (P < 0.05) for birds in GRE4
(2.92 Kg), but similar (P > 0.05) for birds in GRE1 (3.38
Kg), GRE2 (3.27 Kg), and GRE3. FCR was superior for
birds given diets supplemented with BMD (1.317) and GRE
(1.328 to 1.413; P <0.05) compared to CON birds (1.702).
Furthermore, FCR was similar (P > 0.05) for MX, GRE1,
GREZ2, and GRE3 birds. At 24 hours post-PHA-P injection,
birds in all GRE-supplemented treatments had DTH
response (0.80 mm to 1.02 mm; P > 0.05) that was similar
to that of MX (0.72 mm). However, CON birds had lower
DTH response (0.25 mm;P < 0.05) compared to GREL,
GRE2, and GRE3 birds. It was concluded that
supplementation of GRE up to 1.5% level of the diet
enhanced cell-mediated immunity (DTH response) without
compromising bird growth.

Key Words: Ginger root extract, Bacitracin methylene

disalicylate, Growth performance, delayed-type
hypersensitivity
182 Beneficial effects of A. niger-fermented tomato

pomace on the growth performance and antioxidant
capacity in broiler chickens. Emrah Gungor* ¢S, Aydin
Altop, Guray Erener; Ondokuz Mayis University, Samsun,
Turkey.

Finding new natural antioxidants for broiler diets has
become more important due to growing customerconcerns
about synthetic antioxidants. Tomato pomace (TP) is an
agricultural by-product having the potential to be a feed
additive considering its antioxidative effects. Fermentation
has become a useful method for the utilization of agri-
industrial residues. Solid-state fermentation refers to the
microbial growth in moistened solid substrates. Aspergillus
niger used as a probiotic in broiler diets can increase the
antioxidant capacity of agricultural residues through solid-
state fermentation. The effects of TP and fermented tomato
pomace (FTP) on the growth performance and antioxidant
status in broiler chickens were investigated in the present
study. Tomato pomace was fermented with Aspergillus
niger (ATCC 9142) for seven days. Totally, 140 one-day-
old male broiler chickens (Ross 308) were assigned to four
treatment groups with five replicates of seven birds per
replicate. Birds were fed for a period of 42 days with a
soybean-corn-based diet, diets supplemented with 10 g/kg
TP, 10 g/kg FTP, and 0.25 g/kg synthetic antioxidants (AO;
5%  butylated hydroxytoluene, 1%  butylated
hydroxyanisole, and 11% ethoxyquin). Data were analyzed
in a completely randomized design by one-way ANOVA
using SPSS statistical software. Means were separated with
Duncan’s multiple range test at 0.05 significance level.
Dietary FTP and AO improved (P = 0.025) the feed
conversionratio, although dietary inclusion of TP did not
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affect the growth performance of broiler chickens. Serum
glutathione peroxidase (P = 0.047) and superoxide
dismutase (P = 0.009) were increased with dietary
supplementation of TP, FTP, and AO. These results showed
that FTP has the potential to be used in broiler diets as an
alternative to synthetic antioxidants with improving the
growth performance and antioxidant capacity of broiler
chickens. (This study was supported by Ondokuz Mayis
University, PYO.ZRT.1901.18.008).

Key Words: tomato pomace, natural antioxidant,
Aspergillus niger, broiler chickens, antioxidant capacity

183 Efficacy of a phytogenic formulation as a replacer
of antibiotic growth promoters at improving growth,
performance, carcass traits and intestinal morphology
in broiler chicken. Naveen S. Murikipudi* 52 %4 Anil k.
chittithoti®, Susmitha Thulimalli*, Aswani Kumar?, Bhaskar
Ganguly®, Ravikanth Kotagiri®; Veterinary Biochemistry,
Sri Venkateswara Veterinary University, Vijayawada,
India, 2Animal Biochemistry, NDRI, Karnal, Haryana,
India, Animal Nutrition, Sri Venkateswara veterinary
university, Vuayawada, Andhra Pradesh, India, *Poultry
Science, Sri  Venkateswara Veterinary University,
Vijayawada, Andhra Pradesh, India, SResearch &
Development, Ayurvet Limited, Baddi, Himachal Pradesh,
India.

The current study aimed to investigate the effects of dietary
supplementation of broiler chicken with a phytogenic
formulation as a replacer of antibiotic growth promoters on
their growth, performance, carcass traits and intestinal
morphology. Two hundred and ten (210) one-day-old,
straight run Cobb chicks were randomly assigned to either
of seven equal groups (T0-T6), each having three replicates,
and reared for 42 days in deep-litter system at Institutional
Poultry Farm, Gannavaram (16.54° N, 80.80° E) during
February to March, 2018 without environmental control
(mean ambient temperature 26°C, relative humidity 73%).
TO, receiving a standard basal diet without any growth
promoting, antimicrobial or anti-coccidial agents, served as
the negative control. T1 received a phytogenic growth
promoter, Nbiotic™ (Ayurvet Limited, India) at 500 ppm in
feed, T2 received Brand A (amoxycillin 50%) at 250 ppm,
T3 received Brand B (ciprofloxacin 25%) at 500 ppm, T4
received Brand C (neomycin 10% + doxycycline 10%) at
500 ppm, T5 received Brand D (oxytetracycline 50%) at
500 ppm, and T6 received Brand E (tiamulin 10%) at 500
ppm of feed. Different parameters pertaining to growth,
performance, carcass traits and intestinal morphology,
including ultrastructural studies, were recorded in the birds
and, unless stated otherwise, the statistical significance of
the differences between group mean values were
ascertained by one-way analysis of variance (ANOVA) at
P<0.05. Besides significantly better FCR than groups TO,
T3, T5 and T6, and comparable FCR to groups T2 and T4,
group T1showed significantly better weight gain than group
TO and comparable growth to all other groups. Group T1
showed significantly higher values of serum albumin, serum



total protein, height of ileal villi and depth of ileal crypts as
compared to the unsupplemented control and the antibiotic-
supplemented groups. Group T1 also showed significant
improvements in body weight gain, muscle protein content,
ileal villous width, jejunal villous height and width, jejunal
crypt depth, and blood glucose over the unsupplemented
control TO and most of the antibiotic-supplemented groups.
It could be concluded that under the conditions of the study,
the phytogenic formulation Nbiotic™ is an efficacious
natural growth promoter for broiler chicken and that it could
be used to successfully replace antibiotic growth promoters
in broiler feeds for improving growth, performance, carcass
traits and intestinal morphology.

Key Words: Antibiotics, Growth promoters, Broiler
chicken, Nbiotic, Phytogenic

184  Protective efficacy of quercetin supplementation
on the dietary-induced fatty liver syndrome in broiler
chicken model. Abhishek B. Parmar* 521 Vipul R. Patel?,
Jignesh M. Patel’, Umed V. Ramani4, Dhruv N. Desai®;
tAnimal Nutrition Research Station, College of Veterinary
Science & Animal Husbandry, Anand Agricultural
University, Anand, Gujarat, India, Anand, Gujarat,
India, Department of Animal Nutrition, College of
Veterinary Science & Animal husbandry, Navsari
Agricultural  University, Navsari, 396450, Gujarat.,
Navsari, Gujarat, India, ®Department of Veterinary
Pathology, College of Veterinary Science & Animal
husbandry, Navsari Agricultural University, Navsari,
396450. Gujarat., Navsari, Gujarat, India, “Department of
Animal Biotechnology, College of Veterinary Science &
Animal husbandry, Navsari Agricultural University,
Navsari,  396450.  Gujarat., Navsari, Gujarat,
India, ®Department of Veterinary Microbiology, College of
Veterinary Science & Animal husbandry, Navsari
Agricultural ~ University, Navsari, 396450.Gujarat.,
Navsari, Gujarat, India.

Fatty liver syndrome (FLS) is a type of metabolic disorder
related to lipid metabolism that is regulated by various
stresses in chickens. Flavonoid compound, quercetin, is
having the potential to modulate oxidative stress and lipid
metabolism. The present study was designed to investigate
the protective effect of quercetin in broiler chickens
challenged with high-fat diet (HFD). A total of 192-day old
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Vencobb-400 broiler chicks were randomly allocated to
four dietary treatments with four replicates (12
birds/replicate) per treatment following a completely
randomized block design. Four treatments included corn
soya-based basal diet without any supplementation
[ME(kcal/kg);3080.56(2-3 weeks), 3185.25(4-6 weeks)],
basal diet+quercetin (1g/kg) [ME(kcal/kg);3080.56(2-3
weeks), 3185.25(4-6 weeks)], high-fat diet supplemented
with  vegetable oil [34g/kg,ME(kcal/kg);3385.45(2-3
weeks), 35g/kg,ME(kcal/kg);3490.31(4-6 weeks)], high-fat

diet supplemented with vegetable oil
[34g/kg,ME(kcal/kg);3385.45(2-3 weeks),
35g/kg,ME(kcal/kg);3490.31(4-6  weeks)]+  quercetin

(1g/kg) in T1, T2, T3, and T4 groups, respectively for the
age of 2-3 (starter) and 4-6 (finisher) weeks (35 days
duration). Various zootechnical parameters were evaluated
daily and weekly basis. Blood was collected on the last day
of experiment for the biochemical and antioxidant status
assessment. At the end of experiment, birds were ethnized
with humane method for carcass and organs studies. The
mean of the generated data was subjected to one-way
ANOVA and the statistical significance (P<0.05) using the
package SPSS, version 20.0. The improvement was
observed in the growthperformance and feed conversion
ratio in broilers with the treatments (P<0.05). HFD
supplemented group showed increased (P<0.05) levels of
metabolic stress, explicated by the elevated level (P<0.05)
of cortisol, MDA, and reducedserum/liver SOD and GPx
activity. Moreover, lipotoxicity was found due to the
accumulation of fat, and lipid peroxidation caused various
injuries to the vital organs like liver and kidney which were
manifested by histopathological findings and also
upregulated (P<0.05) the hepatic inflammatory IL-1f, IL-6,
and TNF-o mRNA expression in T3(HFD) group. HFD
combination with quercetin in T4 treatment attenuates the
altered serum metabolic markers, lipid peroxidation, and
subsequent rise in endogenous enzyme activity (P<0.05). In
addition, it exhibited lipolytic action by lysis of
accumulated fat and ameliorate the pathomorphic alteration
in vital organs and downregulation of hepatic IL-1, IL-6,
and TNF-o mRNA expression. Thus, it is concluded that
quercetin has the potential to protect against the adverse
effects induced by high-fat diet consumption in broilers.

Key Words: Broilers, High fat diet, Lipid peroxidation,
Pathomorphic, Quercetin
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185 Correlation between data on proximal
composition, protein quality indicators, and amino acid
profile of commercial samples of soybean meals
analyzed by wet chemistry or estimated by NIRS
technology. L. Dardabou, H. Kadardar, L. Camara*,
Gonzalo Mateos; UPM, Madrid, Madrid, Spain.

A total of 26 commercial soybean meal (SBM) samples
were randomly collected in different locations at European
crushing plants by specialized personnel and analyzed by
wet chemistry and near-infrared spectroscopy (NIRS) for
DM, ash, CP, amino acids, ether extract after previous
hydrolysis (EEh), crude fiber (CF), neutral detergentfiber
(NDF), gross energy, phosphorus (P), and protein quality
indicators [PDI, protein dispersibility index; KOH
solubility, and TIA, trypsin inhibitor activity]. All wet
analyses were performed by the same laboratory using
official methods. The NIRS values of the SBM samples
were obtained in a second laboratory using their own
calibration data.As fed wet chemistry values, independently
of the origin of the SBM, varied (% as fed bases) from 85.7
to 91.1 for DM, 6.1 to 6.9 for ash, 44.5, to 49.8 for CP, 1.40
to 3.01 for EEh, 4.1 to 5.2 for CF, 9.8 to 12.9 for NDF, and
from 0.58 to 0.69 for total P. When the SBM were sorted by
the origin of the beans, the CP as fed wet chemistry values,
varied from 45.2 to 46.8 % for ARG, 44.7 to 49.8 % for
BRA, and 44.45 to 46.9 % for USA meals. Similarly, the
protein quality indicators varied from 8.2 to 19.0 % for PDI,
from 59.6 to 85.7 for KOH, and from 1.10 to 2.80 mg/g for
TIA. The Pearson correlation (r) analyses using the CORR
procedure of SAS (SAS Institute Inc., 1990) were used to
study the correlations between the values obtained by the
two methods (wet chemistry and NIRS technology),
independently of the origin of the SBM effect. Sample of
SBM was considered the replicate with a total of 26 samples
(USA =8,BRA =9, and ARG =9). The highest correlations
(P < 0.001) between the two methods were recorded for DM
(r=0.930), CP (r=0.860), CF (r =0.610), NDF (r = 0.690),
and gross energy (r = 0.740). Also, the correlation was
significant for ash (r = 0.580; P < 0.01) and phosphorus (r =
0.490; P < 0.05). The most limiting AA in non-ruminants
diets that showed significant correlation between wet
chemistry and NIRS were lle (r = 0.580), Leu (r = 0.590)
with P <0.01, and Lys (r = 0.380), Thr (r = 0.440), and Arg
(r=0.460) with P < 0.05. However, no correlations between
wet chemistry and NIRS for EEh and protein quality
indicators were found. The correlations found were lower
than expected for many of the variables compared because
the data on wet chemistry and the NIRS analyses were
conducted in two different labs. It is concluded that the
NIRS technology could be an alternative for the estimation
of the chemical constituent of commercial SBM, including
that of certain amino acids. However, more studies are
neededto improve the accuracy of values obtained by NIRS
for EEh and protein quality indicators.

Key Words: amino acids, near-infrared spectroscopy

technology, protein quality indicators, proximal chemical
composition, soybean meal, wet chemistry

186 Effect of genetically modified DP-3@5423-1
(305423) soybean on immune response and fatty acid
metabolism markers of broilers. Ali Calik*> !, Nima
Emami? 4, Mallory B. White?, Rami A. Dalloul?* 3; *Animal
Nutrition and Nutritional Diseases, Ankara University
Faculty of Veterinary Medicine, Ankara, Turkey, ?Avian
Immunobiology Laboratory, Department of Animal and
Poultry Sciences, Virginia Tech, Blacksburg, Virginia,
United States, *Poultry Science, University of Georgia,
Athens, Georgia, United States, “Center of Excellence for
Poultry Science, University of Arkansas, Fayetteville,
Arkansas, United States.

Soybean plants containing the event DP-3@5423-1 were
generated by introducing the gm-fad2-1 gene fragment and
the gm-hra gene. The endogenous fatty acid desaturase-2
enzyme (FAD2-1) is highly expressed in the developing
soybean seed especially during the period of oil deposition
and is responsible for the conversion of oleic acid to linoleic
acid. Transcription of the gm-fad2-1 gene fragment
suppresses endogenous FAD2-1 resulting in higher levels of
oleic acid and reduced levels of linoleic acid, linolenic acid,
and to a lesser extent palmitic acid in the seed. The aim of
this study was to evaluate the nutrient composition of high-
oleic transgenic full-fat soybean meal (FFSBM; DP-
3@5423-1) and near isoline non-transgenic control FFSBM,
and also assess their feeding effects on mRNA abundance
of immune response and fatty acid metabolism markers in
broilers. Prior to trial initiation, proximate, fatty acid and
amino acid analyses of these FFSBMSs were determined and
no differences were observed except for fatty acid
composition. As expected, transgenic FFSBM contained a
substantially higher proportion of oleic acid (C18:1;
76.37%) and lower proportion of linoleic and linolenic acids
(18:2; 6.44%, C18:3; 2.03%) compared to the control
FFSBM (C18:1; 18.17%, C18:2; 52.25%, C18:3: 10.58%).
A total of 480 day-of-hatch chicks (Ross 308) were
randomly allocated to 24 floor pens in a 2x2 factorial
arrangement that included diet and gender (6 pens/group).
Birds were fed isocaloric and isonitrogenous diets
containing 20% of either DP-3@5423-1 or control FFSBM
for 35 days. Ond 35, two birds from each replicate were
selected based on average pen BW. Spleen and liver tissue
samples were excised to assess the mRNA abundance of
immune response and fatty acid metabolism related genes,
respectively. Data were subjected to a 2-way ANOVA using
the GLM procedure of JMP (Prol3). There was no main
effect of diet or gender on mRNA abundance of IL-1p, IL-
2, IL-6, IL-12b, IFNy, TNF-a, and NF-kB. Liver malic
enzyme 1 (ME1) mRNAlevel was significantly lower in
birds fed transgenic FFSBM diets. However, dietary
treatment had no significant impacton ACCa, FAS, MTTP,
SREBF, PPARa, PPARy, and AMPK mRNA levels in the



liver. In conclusion, our results showed that genetically
modified DP-3@5423-1 soybean is nutritionally equivalent
to non-transgenic near-isoline counterpart with a
comparable genetic background as evidenced by feed
analyses except for fatty acid composition. Furthermore,
transgenic FFSBM has no adverse effect on mRNA
abundance of cytokines, transcription factors, and liver fatty
acid metabolism markers.

Key Words: broiler, DP-3@5423-1, high-oleic soybean,
mRNA abundance, transgenic soybean

187 Evaluation of increasing levels of enzyme-treated
soy protein on turkey poult live performance. Kyle D.
Brown*!, Alfred Blanch?, Meghan Schwartz®, Hannah
Robinson?, Simone H. Rasmussen?; *Hamlet Protein, Inc.,
Findlay, Ohio, United States, 2Hamlet Protein A/S,
Horsens, Denmark, *Applied Poultry Research LLC,
Louisburg, North Carolina, United States.

Soybean meal (SBM) is the preferred protein source in
poultry dietary formulations due to its favorable amino acid
profile. However, with increasing popularity of all
vegetable diets, higher inclusion rates of SBM to satisfy the
high protein requirements of turkey poults contributes
concerning levels of anti-nutritional factors (ANF) that may
have a detrimental effect on health and growth performance
of these immature birds. One nutritional strategy to mitigate
the negative effects associated with soy-ANFs is to include
an alternative vegetable protein source and decrease the
amount of SBM included in the diets. An experiment was
conducted to evaluate live performance of increasing levels
of enzyme-treated soy protein (ESP) in young turkey diets.
480 day-old female Nicholas Select poults were placed in
64 battery pens (7 or 8 birds/pen; 0.5 ft?/bird). A randomized
complete block design was utilized, and replicate pens were
assigned to one of four dietary treatments: 0%, 5%, 10%, or
20% ESP. Poults were fed a two-phase feeding program
consisting of a starter (0-21 days) and grower (21-42 days).
Dietary treatments in each phase were formulated to be iso-
caloric and contained similar amino acid ratios relative to
digestible lysine based off breeder recommendations. All
data were analyzed using one-way ANOVA and means
deemed significantly different at p<0.05 were separated
using Student’s t-test. Quadratic broken line and quadratic
polynomial regressions were used to estimate optimal dose
response of ESP. A significant effect of ESP inclusion was
observed on FCR at 7 (p=0.011), 28 (p=0.020), 35
(p=0.003), and 42 (p=0.030) days of age. At each of these
evaluation periods, a significant reduction in FCR was
observed with 10% ESP compared to 0 and 5% with 20%
ESP inclusion being intermediate. The quadratic
polynomial regression was significant (p=0.04) for BW at
day 42, with a breakpoint at 11.52% ESP, whereas the
quadratic broken-line regression was not significant
(p=0.50). For FCR in the grower period (21-42 days), the
quadratic broken-line regression showed a near-significant
trend (p=0.09) with a breakpoint of 5.9% ESP, whereas the
quadratic polynomial regression did not (p=0.35). In
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conclusion, these data demonstrate the benefits of including
10% ESP in young poult diets through 42 days of age. The
quadratic regressions estimate an optimal dose of ESP to be
between 10-12% during the starter phase (0-21 days) and 5-
12% during the grower phase (21-42 days).

Key Words: enzyme-treated soy protein, soybean meal,
growth performance, turkey poults

188 Effects of dietary corn germ meal levels on
growth performance, meat quality, serum biochemical
indices, and intestinal morphology in Pekin ducks. Ying
Y. Qi*, Keying Zhang, shiping Bai, Xuemei Ding, Jianping
Wang, Yue Xuan, Zhuowei Su, huanwei peng, Qiufeng
Zeng; Sichuan Agricultural University, Cheng du, China.

The experiment were carried out to determine the effects of
dietary corn germ meal (CGM) levels on growth
performance, carcass characteristic, meat quality, serum
biochemical indexes, and intestinal morphology in Pekin
ducks from 10 to 42 d of age. A total of 504 10-day-old
Cherry Valley ducks were randomly allotted to 6 treatments
with 6 replicate pens per treatment and 14 ducks per pen
based on mean body weight. Six isonitrogenous and
isocaloric experimental diets were formulated on a
digestible amino acid basis to produce diets in which
containing 0%, 3%, 6%, 9%, 12%, and 15% CGM,
respectively. One-way analysis of variance (ANOVA) was
performed for significance analysis among groups. All
statistical analyses were performed using SAS 9.2 (SAS
Institute Inc., Cary, NC) with P < 0.05 considered
statistically significant, and post hoc comparisons of group
means were carried out with Duncan’s test when the
ANOVA was significant. Results showed as follows:
Compared with other groups, ducks fed 12% CGM
significantly increased (P < 0.05) the feed to gain ratio and
numerically increased the mortality. The percentage of
breast meat weight and the content of crude protein in breast
meat presented a lineardecrease (P < 0.05) with the increase
of dietary CGM levels. Serum biochemical indices (alanine
aminotransferase, aspartate aminotransferase, glucose, high
density  lipoprotein  cholesterin, total cholesterol,
triglyceride, total protein and urea) showed no significant
differences among all groups (P > 0.05). However, the
serum content of low density lipoprotein cholesterin in 15%
groups was significant lower (P < 0.05) than that in other
groups. The jejunal crypt depth and the ileal ratio of villous
height to crypt depth linearly increased (P < 0.05), but the
ileal crypt depth and the jejunal ratio of villous height to
crypt depth linearly decreased (P < 0.05) with the increase
of dietary CGM levels. These results suggested that the
optimal levels of CGM in diets for meat duck aged from 10-
42d were 3% to 9%.

Key Words: corn germ meal, Pekin duck, growth
performance, meat quality, optimal level

189 Influence of heat stress and the inclusion of
sodium-butyrate in the diet, on growth performance,
body weight uniformity, and intestinal morphology in



broilers from 0 to 39 d of age. V. Bernad?, G. Fondevila*?,
B. Saldafia?, J.L. Archs® 2 L. Aguirrel, AFF. de Juan,
Gonzalo Mateos!; tUPM, Madrid, Madrid, Spain, 2Nutega
S. L., Madrid, Spain.

The objective of this research was to study the effects of the
inclusion of a protected form of sodium-butyrate in the diet
on growth performance and morphology of the
gastrointestinal tract in broilers from 0 to 39 d of age. The
additive used was Butirex C4 (Novation 2002, Spain) a Na
protected salt that contained by analyses 54% of butyrate
and 21% of sodium. The feeding program consisted in three
periods (0 to 20 d, 21 to 30 d and 31 to 39 d of age) and in
each period the birds were fed one of two experimental
diets. The two had the same composition and nutrient
content with the only difference being the inclusion or not
of 0.10% of sodium-butyrate. From 30 to 39 d of age, all
birds were kept under a mild heat stress that consisted in
increasing the average ambient temperature of the barn from
20 + 2 t0 30 + 2°C. The experimental design was completely
randomized with 2 treatments and 18 replicate pens of 20
broilers each per treatment. BW gain, feed intake, and feed
conversion ratio were analyzed by feeding period and
cumulatively (0 to 39 d of age) using the MIXED procedure
of SAS. The Tukey test was used to make pairwise
comparisons to separate treatment means. At 29 and 39 d of
age (beginning and end of the heat stress period) the birds
were weighed individually and uniformity of the BW was
estimated indirectly as the coefficient of variation (%) of the
individual BW of the birds within each replicate. In
addition, body temperature was measured in the cloaca in
two birds per pen at 29, 32, and 39 d of age to measure the
short-term (3 d) and long-term (10 d) response of the birds
to heat stress. Also, villus height and the associated crypt
depth of the jejunal mucosa were measured in two birds per
replicate at 29 and 39 d of age. Sodium-butyrate increased
BW gain from 0 to 21 d of age (P < 0.05) with most of the
benefit observed for the first two weeks of life. At 39 d of
age, one the birds were for 9 days under a mild heat stress
situation, supplementing the diet with sodium-butyrate
improved BW uniformity of the birds (P < 0.05) but did not
affect the temperature of the cloaca or the morphology of
the jejunal mucosa. In summary, the inclusion of Na-
butyrate in the diet increased broiler performance for the
first 2 wk of life. At 39 d of age, after 9 days of a mild heat
stress, Na-butyrate improved BW uniformity of the birds
although broiler growth was not affected.

Key Words: body weight uniformity, broiler, heat stress,
intestinal morphology, sodium-butyrate

190 Multiple dietary supplementations of omega 3
fatty acids and calcidiol on growth performance, health
status, and tissue enrichments of broiler chickens. Sahil
Kalia*, Tao Sun, Andrew Magnuson, Zigiao Sun, Xin Gen
Lei; Animal Science, Cornell University, Ithaca, New York,
United States.

The average US diet does not contain adequate long chain
polyunsaturated fatty acids (PUFA), in particular omega 3
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fatty acids DHA and EPA, and 25-hydroxy vitamin
D3 (calcidiol). Chicken meat is one of the most consumed
animal-sourced proteins and an excellent candidate for
enriching these nutrients. The present study was to
determine effects of feeding microalgal DHA oil (Onavita,
ADM, Decatur, IL), EPA-rich Nannochloropsis sp CO18
(MAGIC, Duke University, Beaufort, NC) and calcidiol
(DSM, Parsippany, NJ) on growth performance, health
status, and tissue enrichment of these nutrients in broiler
chickens. Day-old Cornish male broiler chicks (total = 180)
were divided in to 5 treatment groups (6 cages/treatment, 6
birds/cage). Birds were fed: Diet 1 = a corn-soybean meal
basal diet (BD, control); Diet 2 = BD + DHA (1.5 g/kg for
0-3 wk and 3.0 g/kg for 4-6 wk); Diet 3 = Diet 2
+ Nannochloropsis sp CO18 (0.3 g/kg for 0-3 wk and 0.6
g/kg for 4-6 wk); Diet 4 = Diet 2 + calcidiol (6,000 1U/kg
for 0-3 wk and 12,000 1U/kg for 4-6 wk); and Diet 5 = Diet
3 + calcidiol ( 6,000 1U/kg for 0-3 wk and 12,000 1U/kg for
4-6 wk). Growth performance was recorded weekly. Blood,
liver, breast, thigh, and adipose tissue were collected at wk
3 and 6 (2 chicks/cage) for biochemical analyses. Data were
analyzed by one-way ANOVA. Birds fed Diet 3 had higher
(P < 0.05) body weight gain and birds fed Diet 2 had higher
(P < 0.05) gain:feed ratio (3.1-16%) at wk 6 than the other
groups. Birds fed Diets 2-5 had higher (P < 0.05) DHA and
n-3 PUFA concentrations (4-18-fold) and n3/n6 ratios (4-
28-fold) in the liver, breast, and thigh than those in the
control group at wk 6. Birds fed Diet 3 also had lower (P <
0.05, 8%-54%) concentrations of triglycerides, cholesterol,
and non-esterified fatty acids in the plasma, liver, breast,
and thigh than the control. Birds fed Diet 2 had lower (P <
0.05) concentrations of plasma (22%) and tissue
phospholipids (31%-47%) than the control. The mRNA
abundance of vitamin D metabolism genes (CYP2R1,
CYP24A1, VDR) and lipid metabolism genes (FASN,
SREBP1, CPT1) was upregulated in the liver by Diets 2-5
compared with the control at wk 3, whereas these genes
were downregulated in breast, thigh and adipose tissue by
Diets 2-5 compared with the control. Expression of VDR,
SREBP1 and CPTL1 in the liver, thigh, and adipose tissue
was upregulated by Diets 2-5 compared with the control diet
at wk 6. In conclusion, feeding chicks with supplemental
omega 3 fatty acids and calcidiol improved growth
performance, health status, and tissue accumulation of DHA
of broiler chickens (Supported by DOE MAGIC grant DE-
EE0007091, USDA grant 2019-69012-29905, and Cornell
University Hatch grants NYC-127302).

Key Words: Broiler chicks, Calcidiol, DHA, Growth
performance, Omega 3 fatty acids

191 No presentation materials submitted.

192 Effects of dietary DDGS levels on growth
performance, serum biochemical indices, and intestinal
morphology in Pekin ducks. Ying Y. Qi*, Keying Zhang,
Shiping Bai, Jianping Wang, Xuemei Ding, Zhuowei Su,
Yue Xuan, Qiufeng Zeng, Huanwei Peng; Sichuan
Agricultural University, Cheng du, China.



This study was investigated to the effects of dietary corn
distillers dried drains with solubles (DDGS) levels on
growth performance, serum biochemical indices, and
intestinal morphology in Pekin duck from 10 to 42 d of age.
A total of 672 10-day-old Cherry Valley ducks were
randomly allotted to 6 treatments with 7 replicate pens per
treatment and 16 ducks per pen based on mean body weight.
Six isonitrogenous and isocaloric experimental diets were
formulated on a digestible amino acid basis to produce diets
in which containing 0%, 5%, 10%, 15%, 20% and 25%
DDGS, respectively. One-way analysis of variance
(ANOVA) was performed for significance analysis among
groups. All statistical analyses were performed using SAS
9.2 (SAS Institute Inc., Cary, NC) with P < 0.05 considered
statistically significant, and post hoc comparisons of group
means were carried out with Duncan’s test when the
ANOVA was significant. Results showed as follows: The
mortality in 25% DDGS group (23.21%) was significantly
higher (P < 0.05) than that in other groups, and the mortality
of 10% DDGS group (1.79%) was the lowest among all
treatments. Compared with 0%, 5%, 10% and 15% DDGS
groups, the BW (d 42), ADG (d 10-42) and ADFI (d 10-42)
in the 20% and 25% groups significantly reduced (P < 0.05),
and feed to gain ratio significantly increased (P < 0.05).
There was no significant difference (P > 0.05) on the growth
performance of meat ducks in the 0%, 5%, 10% and 15%
groups. No significant differences (P > 0.05) was observed
on the contents of alanine aminotransferase, aspartate
aminotransferase, glucose, high density lipoprotein
cholesterin, low density lipoprotein cholesterin, total
protein and urea in serum among all groups. However, the
content of total cholesterol in 20% DDGS groups was
significant higher (P < 0.05) than that in 0% and 5% DDGS
groups, and the serum triglyceride contents in 0% and 5%
DDGS groups was significant lower (P < 0.05) than in 15%
and 20% DDGS groups. There was also no difference (P >
0.05) in the villous height of jejunum and ileum, the crypt
depth of jejunum, and the ratio of villous height to crypt
depth of jejunumand ileum among all treatments. Compared
with other groups, the crypt depth of ileum significantly
increased (P < 0.05) in 25% DDGS group. These results
suggested that the optimal levels of DDGS in diets for meat
duck aged from10-42d were 5% to 10%.

Key Words: DDGS, Pekin duck, growth performance,
serum biochemical indices, intestinal morphology

193 A comparison of statistical methods to estimate
zinc bioavailability In chickens. Thi Thanh Hoai Nguyen?,
Robert A. Swick?, Shubiao Wu?, Gene M. Pesti*> 1, Lynne
Billard®; School of Environmental and Rural Science,
University of New England, Armidale, New South Wales,
Australia, 2Poultry  Science, University of Georgia,
Greensboro, Georgia, United States, 3Statistics, University
of Georgia, Athens, Georgia, United States.

Ross 308 male broiler chicks (784) were fed 6 known levels
of Zn hydroxychloride in a wheat/soybean meal-based basal
starter (0 to 14 d) diet to form a standard curve (7 replicates
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per level) with another 7 replicates fed a combination of 50
mg/kg Zn as ZnO and 50 mg/kg Zn as ZnSO4 (Industry
Reference Control) to compare responses to the standard
curve. Various responses were measured when the chicks
were 14 and 35 d old. Measured amounts of Zn (mg/kg) in
starter were 31.0 to 135 the standard curve samples and
127.3 in the test sample. Of the various growth performance
and tissue minerals measured, the most linear and highest
R? (0.51) response was to tibia Zn concentration at 14 d.
Using one-way ANOVA and Duncan’s Multiple Range
Test, no significant differences were found from birds fed
the Reference Control Zn diet and ones fed 135 nor 73 mg
Zn/kg from Zn Hydroxycholride. Using normal regression
and inverse prediction, the Reference Control sample was
estimated to contain 107.5 + 15.7 mg Zn/kg diet (mean +
SEM). Using reverse regression and normal prediction, the
Reference Control sample was estimated to contain 96.0 +
8.1 mg Zn/kg diet. Using normal regression and Graybill’s
(1976) Abductive Method prediction, the Reference Control
sample was estimated to contain 107.5 + 6.1 mg Zn/kg diet.
Since the abductive method is the only one to consider tibia
Zn as a function of dietary Zn, and includes variation in the
standard curve in its calculations, it is the most appropriate
one to use. Relative bioavailability of the Industry
Reference Control sample was 107.5 / 127.3 = 84.1%
compared to the Zn hydroxychloride standard. This
indicates higher bioavailability of (100/84.1 =) 119% for Zn
hydroxychloride as compared to the commonly used
combination of 1:1 ZnO and ZnSO4.

Key Words: Zinc, Bioavailability, Statistics, Design,
Calibration

194  An assessment of the variation in limestone grit
originating from North and South America and
implications for laying hen nutrition. Anneleen
Swanepoel*!, Gareth Wilks? 5, Janet Remus®, Mauricio S.
Cunha®, Peter W. Plumstead®, Rosalina Angel*; Poultry,
Chemuniqué (Pty) Ltd, Lanseria, Gauteng, South
Africa, 2Poultry, Chemunique, Johannesburg, Gauteng,
South Africa, 3Chemunique PTY LTD, Lanseria, South
Africa, “Animal and Avian Sciences, University Of
Maryland, College Park, Maryland, United
States, SDepartment of Animal and Wildlife Sciences,
University of Pretoria, Pretoria, South Africa, ®Danisco
Animal Nutrition (IFF), Cedar Rapids, lowa, United States.

Limestone (LS) is the primary source of Ca in laying hen
diets, contributing as much as 94% of the Ca consumed by
a hen. A large portion of the LS in commercial diets is
supplied as large particle grit that is expected to be slowly
soluble to provide Ca in the intestine at the time of shell
formation. Since previous research has shown LS particle
size and solubility to be negatively correlated with eggshell
and bone quality in laying hens, it was of interest to
understand the variation in grit LS used in commercial feed
mills. Grit samples (109) with a geometric mean diameter
(GMD) >1000 um were collected from South America (SA)
and North America (NA). Samples were subjected to



moisture analysis and nine minerals (Ca, Cu, Fe, Mg, Mn,
P, K, Na, Zn) following the AOAC (2002), and AOAC
(2016), adapted for ICP-OES. Particle size was determined
using a shaker and a set of 14 sieves ranging from 3,35mm
to 0,25mm plus a base pan. A 100g sample of each LS was
subjected to 6 minutes of shaking and the GMD of LS
particle by mass (dgw) was determined by using the
equations as described by Wilcox et al. (1962). The
solubility of each LS was determined in duplicate by
making use of the dynamic solubility assay as described by
Kim et al. (2019) at 30, 90, and 150 minutes (min). All data
were analyzed using JMP® statical package, Version 15.0.
Analyzed Ca in SA LS was 37.1 + 2.0% and 37.9 £ 1.4%
for NA samples. The range in GMD particle size was 1001.3
t03590.2 and 1095.84 to 3139.2um for SA and NA samples,
respectively. Solubility at 30-min ranged from 23.7 to
94.0% for SA samples and 16.6 to 86.3% for NA samples.
The weak negative correlation between GMD particle size
and 30-min solubility (r-0.49) indicated that particle size
could only explain approximately 50% of the variation in
solubility. For example, one LS sample from NA with a
GMD of 2017 pm had a 30 min solubility of 71.3%; while
a second sample with GMD of 2106 um had a 30 min
solubility of 45.0%. The poor correlation between GMD
particle size and solubility, as well as large observed
differences in the 30 min solubility of LS with a similar
particle size emphasizes the shortcoming of only using LS
GMD particle size as the sole criteria to select LS grit used
in commercial laying hen diets.

Key Words: Limestone, Laying hen, Grit, Particle size,
Shell quality

195 No presentation materials submitted.

196 Effects of dietary metabolizable energy and
standardized ileal digestible lysine content of the diet on
performance and egg quality of brown-egg laying hens
from 18 to 41 weeks of age. R. Scappaticcio?, H. Herrera?,
G. Fondevila!, AF. de Juan!, L. Camara!, Gonzalo
Mateos*!; UPM, Madrid, Madrid, Spain, 2Camar
Agroalimentaria S.L., Toledo, Spain.

The influence of energy (AMERN, kcal/kg) and standardized
ileal digestible lysine (SIDLys) content of the diet on egg
production and egg quality traits was studied in brown-egg
laying hens from 18 to 41 wk of age. The experimental
design was completely randomized with 10 treatments
organized as a 2 x 5 factorial with two energy concentrations
(2,750 and 2,700 kcal/kg) and five AMEn to SIDLys ratios
(3.48, 3.62, 3.77, 3.93, and 4.10). Each treatment was
replicated 10 times and the experimental unit was the cage
with 10 hens for all measurements. To ensure that the
SIDLys content of the diet was limiting hen production in
all cases, all diets were formulated to exceedby at least 2
percent units the desired ratio between key indispensable
AA and SIDLys content. Birds had free accessto feed and
water throughout the trial. Production data (egg rate, feed
intake, egg weight, egg mass, FCR, BW gain, and mortality)
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were collected and analyzed by period (6 periods of 4 wk
each) and cumulatively (18 to 41 wk of age). Egg quality
traits (egg weight, Haugh units, and shell resistance to
breakage) were measured in 8 eggs randomly selected from
each replicate in the last 2 days of each of the 6 experimental
periods. Data were analyzed as a completely randomized
design using the MIXED procedure of SAS, with energy
concentration, AMEn to SIDLys ratio,and the interaction as
main effects. In addition, the effects of the level of SIDLys
on the variables studied were partitioned into its lineal (L)
and quadratic (Q) components. All differences were
considered significant at P < 0.05. Nointeractions between
AMER and SIDLys level of the diet were found for any of
the variables studied and therefore, only main effects are
presented. An increase in the AMEn content of the diet from
2,700 to 2,750 kcal/kg increased egg weight (P < 0.05) but
did not affect the number of eggs produced or feed
conversion ratio. A decrease in the AMEn to SIDLys ratio,
increased linearly egg weight (P < 0.05) and egg mass
production (P < 0.05) and tended to improve feed
conversion ratio (P = 0.100). Feed intake and BW gain,
however, were not affected. Neither energy nor AMEn to
SIDLys ratio affected any of the egg quality traits studied.
However, shell resistance to breakage increased linearly (P
< 0.05) as the AMEN to SIDLYys ratio of the diet decreased.
In conclusion, an increase in the energy content of the diet
from 2,700 to 2,750 kcal AMEn/kg did not affect egg
production but increased egg weight and egg mass
production. The data indicate that brown laying hens require
no more than 769 mg SIDLys/d to optimize egg production.
However, when the objective is to maximize egg weight, at
least 806 mg SIDLys/d are needed.

Key Words: egg production, energy, egg weight, laying
hens, standardized ileal digestible lysine

197 Egg quality and serum biochemical profile of
laying breeder hens fed diets supplemented with
probiotic and organic chromium. Otoniel F. Souzal,
Catarina Stefanello!, Willian Graf!, Beatriz N. Rodrigues?,
Geovana Miiller', Elisa Frangois?, Kelen Zavarize*?
tAnimal Sciences, Federal University of Santa Maria, Santa
Maria, Brazil, 2Kemin Industries Inc., Valinhos, SP, Brazil.

The objective of this study was to evaluate the effects of
probiotic (Bacillus subtillis PB6), organic chromium (Cr
propionate) or their combination on egg and eggshell
quality as well as serum biochemical profile of laying
breeder hens. A total of 32 Rhodes Island Red and 32 White
Plymouth Rock breeder hens at 55 weeks of age were
allocated in individual wire cages (0.33 m x 0.46 m x 0.40
m) using a completely randomized block design with 16
replicates. Hens were fed 4 experimental feeds in 4 periods
of 28 days each, from 55 to 70 wks. Experimental feeds
were a Control diet (formulated with corn, soybean meal
and wheat bran without additives), Control + Probiotic
(supplemented with 500 g/ton of Bacillus subtilis PB6;
CLOSTAT); Control + Cr (50 g/ton of organic Cr;
KemTRACE),and Control + Probiotic + Cr (with both



additives). In the last 4 days of each experimental period, all
eggs were collected to evaluate: egg weight, specific egg
weight, percentage of albumen, yolk and shell, yolk index
and Haugh unit as well as shell thickness and shell strength.
Blood was collected from 8 birds per treatment every period
to determine cortisol, albumin, glucose, total cholesterol,
and triglycerides serum concentration. Data were subjected
to one-way analysis of variance using the MIXED
procedure of SAS Institute and significance was accepted at
P < 0.05.Means were compared by Tukey test. No effect
was observed between the hens’ strain, and only dietary
treatments were considered as independent variable.
Treatments did not affect eggs weight, Haugh unit, yolk
index, total solids and percentage of aloumen and yolk (P >
0.05). From 63 to 66 wk, 67 to 70 wk and 55 to 70 wk, hens
fed Control + Probiotic, or Control + Cr or Control +
Probiotic + Cr had higher (P < 0.05) shell percentage than
hens fed the Control. In all evaluated periods, shell strength
increased when hens were fed Control + Cr or Control +
Probiotic + Cr compared to the Control not supplemented,
also having higher specific weight and shell thickness.
There were no differences (P > 0.05) among periods and
dietary treatments on cortisol, aloumin and triglycerides;
however, in the overall period, cholesterol and glucose
serum concentration decreased (P < 0.05) when hens were
fed Control + Probiotic + Cr compared to the Control. In
conclusion, laying breeder hens fed diets supplemented with
probiotic, organic chromium or their combination produced
eggs with increased eggshell quality, presenting increased
shell strength, shell thickness and specific weight, without
modifying the main serum biochemical parameters.

Key Words: Bacillus subtilis, breeder hen, chromium
propionate, cortisol, eggshell quality

198 Apparent metabolizable energy and performance
of broilers and Japanese quail fed selected modern grain
sorghum varieties. Alissa Moritz* © ! Shanice
Krombeen?!, Michael Blair?, Bob Buresh® Richard
Kaminski4, William Bridges®, Mireille Arguelles-Ramos?,
Tiffany Wilmoth!; Animal and Veterinary Sciences,
Clemson University, Clemson, South Carolina, United
States, 2United Animal Health, Sheridan, Indiana, United
States, Novus International, St. Charles, Missouri, United
States, “Department of Forestry and Environmental
Conservation, Clemson University, Clemson, South
Carolina, United States, *Department of Mathematical and
Statistical Sciences, Clemson University, Clemson, South
Carolina, United States.

Intensive pressures on corn production for poultry and
gamebird diets are a major concern due to the increased
competition among human, animal and industrial users. To
reduce these pressures, alternative feedstuffs are of great
interest. An alternative feedstuff that is comparable to corn
is grain sorghum (milo). Modern varieties of U.S. grain
sorghum are nearly 99% tannin-free; however, limited data
are available to support using modern varieties as an
alternative feedstuff to effectively replace corn in poultry
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and gamebird feeds. The objective of this study was to
determine the apparent metabolizable energy (AME,)
content of red/bronze, white/tan and U.S. No. 2 yellow
varieties of grain sorghum for feeding commercial broilers
and Japanese quail. AME,response was evaluated during
two phases of grow-out for commercial broilers (n = 224;
22-24 day of age; 43-45 day of age) and Japanese quail (n =
314; 18-20 day of age; 36-38 day of age). Both species of
birds were phase-fed 1 of 4 corn basal diets with 20% of the
calories for the gross energy of corn replaced by the
equivalent calories of the gross energy of milo for treatment
diets or dextrose for the control diet. During each phase,
feed intake and excreta was measured for nitrogen and gross
energy content. AME, was determined using the difference
method. Weekly measures of mean body weight and feed
consumption were used to calculate body-weight (BW),
feed intake (FI), and feed conversion ratio (FCR). Analyses
were based on a 2 x 4 factorial treatment design with age
(grower and finisher-phases) and grain types (corn-
dextrose, red/bronze, white/tan, and U.S. No. 2 yellow)
defining the treatments, and a randomized complete block
experiment design with cage and trials defining the block.
For broilers, the AME,values were significantly different
(P<0.05) among treatments for both phases, while FI and
FCR were significantly different (P<0.05) in the grower
phase only. For the Japanese quail, AME, values were
different (P<0.05) among treatments in the grower phase.
Overall, the mean AME, values of milo varieties were 3,420
kcal/kg (white/tan), 3,181 kcal/kg (U.S. No. 2 yellow), and
3,363 kcal/kg (red/bronze) for broilers. In Japanese quail,
mean AME,values of milo varieties were 3,266 kcal/kg
(white/tan), 2,988 kcal/kg (U.S. No. 2 yellow), and 3,449
kcal/kg (red/bronze). Results suggest the potential for using
these respective milo varieties as a replacement for corn in
diet formulation without adverse effects on growth
performance factors.

Key Words: apparent metabolizable energy, broiler, grain
sorghum, gamebird, Japanese quail

199 Effect of select modern grain sorghum varieties
on the growth performance and carcass traits of broiler
chickens. Alissa Moritz* ¢S, Michael Blair®, Bob Buresh?,
William Bridges?, Mireille Arguelles-Ramos!; *Animal and
Veterinary Sciences, Clemson University, Clemson, South
Carolina, United States, 2Department of Mathematical and
Statistical Sciences, Clemson University, Clemson, South
Carolina, United States, *United Animal Health, Sheridan,
Indiana, United States, “Novus International, St. Charles,
Missouri, United States.

Corn constitutes 60-70% of poultry diets, and its direct
competition with human and industrial users makes it
favorable to seek more sustainable, alternative feed
ingredients. U.S. grain sorghum, which is 99% tannin- free,
may be a viable alternative to corn due to its similar
nutritional profile. Assessment of growth performance
parameters may elucidate perceived issues and offer
producers an adequate recommendation for use of grain



sorghum as an alternative feed ingredient in poultry
production. The objective of this study was to evaluate the
effect of modern varieties of grain sorghum (red/bronze,
white/tan, and U.S. No. 2 yellow) and validate their
previously determined nutrient profiles on the growth
performance and carcass traits of Cobb 500 x Hubbard male
broilers (n = 640) at full-substitution of corn. Birds (20
birds/pen and 8 pens/treatment) were fed 1 of 4 treatments
(corn, red/bronze sorghum, white/tan sorghum or U.S. No.2
yellow sorghum) of crumble/pellet feed according to a
three-phase feeding program: starter (1 to 14 d-of-age),
grower (15 to 28 d-of-age) and finisher (29 to 41 d-of-age).
Group body weight (BW) and feed intake (FI) were
recorded weekly and mortality weighed and recorded daily
to calculate average BWG,FI and adjusted feed conversion
ratio (AdjFCR). On day 41, 2 birds from each pen/treatment
was randomly selected for slaughter and further processing
to obtain carcass yield (CY) and breast yield (BY). The
model effects were assessed with one-way ANOVA based
on the treatment and experiment design, and Fisher’s Least
Significant Difference procedure was used to determine
specific differences among the grain type means. At 41 d-
of-age, birds fed the corn treatment were heavier (P<0.05)
than those fed white/tan sorghum, while red/bronze and
U.S. No. 2 yellow sorghum treatments were intermediate.
FI was higher for standard corn treatment, when compared
to red/bronze, white/tan and U.S. No. 2 yellow sorghum
treatments (P<0.05). No significant differences were
observed for AdjFCR, CY and BY among treatments. This
study indicated that modern grain sorghum varieties may be
an adequate alternative to corn in poultry diets without
negatively impacting performance and carcass parameters.

Key Words: alternative feedstuff, broilers, grain sorghum,
growth, performance

200 Effect of beak trimming at hatch and oat hulls
inclusion in the diet on growth performance, pecking
behavior, and digestive tract traits of brown-egg pullets
from hatch to 15 weeks of age. J. Ben Mabrouk* ©5,
Gonzalo Mateos, A.F. de Juan, B. Carrefio, V. Bernad, L.
Camara; UPM, Madrid, Madrid, Spain.

The influence of oat hulls (OH) inclusion in the diet on
growth performance, pecking behavior, and gastrointestinal
tract traits were studied in brown pullets with intact or
infrared-trimmed beak at hatch from 0 to 15 wk of age. The
experiment was conducted as a completely randomized
design with 4 treatments arranged as a 2 x 2 factorial with
beak treatment (intact beaks vs. trimmed at hatch) and OH
inclusion (0 vs. 3%) as main effects. Each treatment was
replicated 20 times and the experimental unit was an
enriched cage with 10 birds. Pullet performance, [feed
intake, BW gain, and feed conversion ratio (FCR)] were
determined by period (0 to 6, 6 to 10, and 10 to 15 wk of
age) and cumulatively. Also, energy intake (kcal AMEN/d)
and energy conversion ratio (kcal AMEn/g BW gain) were
estimated at same ages. Feed preference behaviour was
determined at 6 wk of age by measuring the difference in
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geometric mean diameter and the geometric standard
deviation of the feeds at 08.00 am (lights on) and 24 hours
after. The exploratory pecking behavior was evaluated at 8,
10, 12, and 14 wk of age as a) time elapsed from the
introduction of a ballpoint pen in the lateral panel of the
cage until a first pullet pecked it and b) number of pullets
within each cage that pecked the ballpoint pen in less than 5
seconds. Also, at 10 and 15 wk of age, two birds per
replicate were selected at random, sacrificed, and weighed
individually. The proventriculus, gizzard, the small
intestine, and the large intestine were excised for further
determinations. Data were analyzed for beak trimming and
OH inclusion as main effects, and their interactions using
the MIXED procedure of SAS. No interactions between
maineffects were detected for any of the traits studied and
therefore, only main effects are presented. From 0 to 15 wk
of age, beak trimming improved FCR (P < 0.01) but did not
affect any other trait. Beak trimming increased (P < 0.05)
mortality from 0 to 6 wk but not thereafter. Oat hulls
inclusion tended to improve energy efficiency (P = 0.084)
and BWuniformity (P = 0.090) but did not affect BW gain.
Preference for coarse particles was reduced in trimmed
birds. Beak trimming and OH feeding reduced pecking
activities at all ages (P < 0.05). QOat hulls increased the
weight of the gizzard and the small and large intestine at all
ages (P < 0.05). In summary, beak trimming at hatch
improved FCR and reduced the exploratory pecking
behavior of the birds. Oat hulls increased gizzard weight at
all ages and improved energy efficiency but did not affect
BW gain. In addition, OH reduced the exploratory pecking
behavior of the birds.

Key Words: beak trimming, brown pullet, gastrointestinal
tract trait, oat hull, pecking behavior

201 An assessment of the variation in limestone
quality originating from North and South America and
implications for broiler nutrition. Gareth Wilks* 51 4,
Anneleen Swanepoel?, Janet Remus®, Mauricio S. Cunha®,
Peter W. Plumstead?, Rosalina Angel?; *Chemunique PTY
LTD, Lanseria, South Africa, 2Animal and Avian Sciences,
University of Maryland, College Park, Maryland, United
States, ®Danisco Animal Nutrition (IFF), Cedar Rapids,
lowa, United States, “Department of Animal and Wildlife
Sciences, University of Pretoria, Pretoria, South Africa.

In vegetable-based broiler diets, limestone (LS) can
contribute up to 70% of the total dietary Ca supplied to
broilers. Recent research has further shown that LS particle
size and solubility alters both Ca digestibility and phytase
efficacy in broilers. This makes it of interest to quantify
variation in LS included in commercial broiler diets. A total
of 200 fine LS samples with a geometric mean diameter
(GMD) of <1000um were collected from feed mills across
North America (NA) and South America (SA). Of these 200
samples, 64 of the samples originated from 6countries in SA
with the remainder being sourced from the USA and
Canada. Samples were analyzed for moisture and nine
minerals (Ca, Cu, Fe, Mg, Mn, P, K, Na, Zn) following the



AOAC (2002), and AOAC (2016), adapted for ICP-OES.
Particle size was determined using a shaker and a set of 14
sieves ranging from 3,35mm to 0,25mm plus a base pan. A
100g sample of each limestone was subjected to 6 minutes
of shaking and the GMD of limestone particle by mass
(dgw) was determined using the equations as described by
Wilcox et al. (1962). The solubility of each LS was
determined in duplicate by making use of the dynamic
solubility assay as described by Kim et al. (2019) at 5, 15,
and 30 minutes (min). All data were analysed using JMP
statical package, version 15.0. Analyzed Ca for NA was 37.9
+1.7% and 37.2 £ 2.3% for SA with a range of 31.6-40.0%
and 30.4-39.9%, respectively. The respective GMD particle
size of LS from NA and SA was 378,55 and 300,51 microns,
respectively. Only 15% of the LS sampled were less than
150 micron indicating the coarser nature of fine LS used .
Solubility of LS at 5, 15,and 30 min was 60.0 = 17.2%, 80.9
+ 11.7% and 90.8 £ 7.3% respectively. There was a
moderate negative correlation (r-0.59) between GMD
particle size and solubility at 5 min for all 200 samples,
indicating that as particle size increased solubility
decreased. However, there were many exceptions to the
rule. For example, two samples one from Costa Rica and
another from Canada had very different GMD particle size
(457.7 vs 283.8) but both solubilized 59.7 % at 5 min. This
shows that in addition to particle size, differences in the
limestone rock geology can influence solubility rate. The
large variation in GMD particle size and dynamic solubility
of LS used in commercial broiler diets can be expected to
contribute to differences in Ca and P utilization by the bird,
and should be considered in practical diet formulation.

Key Words: Calcium, Limestone quality, Particle size,
Solubility, Broiler

202 Effects of encapsulated cinnamaldehyde on
intestinal digestive and absorptive functions, meat
quality and gut microbiota in broiler chickens. Chongwu
Yang* 5!, Moussa Diarra?, Janghan Choi?, Argenis Rodas-
Gonzalez!, Dion Lepp? Shangxi Liu®, Peng Lu!, Marion
Mogire!, Qi Wang? Joshua Gong? Chengbo Yang;
'Animal Science, University of Manitoba, Winnipeg,
Manitoba, Canada, 2Agriculture and Agri-Food Canada,
Guelph, Ontario, Canada.

Essential oils are potential antimicrobial alternatives and
their applications in animal feeds are limited due to their fast
absorption in the upper gastrointestinal tract. The objective
of this study was to investigate the effects of encapsulated
cinnamaldehyde (CIN) at 50 mg/kg or 100 mg/kg on organ
weights, meat quality, intestinal morphology, jejunal gene
expression, nutrient digestibility, and ileal and cecal
microbiota. A total of 320 male day-old broiler Cobb-500
chicks were randomly allocated to 4 treatments with 8 pens
per treatment (10 birds per pen): 1) basal diet (negative
control, NC); 2) basal diet supplemented with 30 mg/kg
avilamycin premix (positive control, PC); 3) basal diet with
50 mg/kg encapsulated CIN (EOL); 4) basal diet with 100
mg/kg encapsulated CIN (EOH). The data was analyzed by
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one-way analysis of variance (ANOVA) followed by
Tukey’s multiple comparison test (SAS 9.4). Despite birds
fed EOH tended to increase (P = 0.05) meat pH at 24 h, all
pH values were normal. Similar to the PC group, meat from
birds fed EOL and EOH showed a reduced (P < 0.05)
Warner-Bratzler force shear (WBFS) compared to the NC
group. The highest villus to crypt ratio (VH/CD; P < 0.05)
was observed in broiler fed either EOL or EOH, with an
average being 14.67% and 15.13% in the duodenum and
15.13% and 13.58% in the jejunum, respectively. For
jejunal gene expressions, only six out of the 11 studied
genes showed statistical differences among the dietary
treatments. Gene expressions of cationic amino acid
transporter 1 (CAT-1) and neutral amino acid transporter 1
(B°AT-1) were upregulated in EOH-fed birds compared to
PC and NC-fed birds (P < 0.05), respectively; while
expression of proliferating cell nuclear antigen (PCNA) was
downregulated in EOL-fed birds when compared to NC
birds (P < 0.05). Nonetheless, the expressions of cadherin 1
(CDH-1), zonula occludens 1 (ZO-1), and maltase-
glucoamylase (MG) were all upregulated (P < 0.05) in
EOH-fed birds compared to PC-fed birds. The apparent ileal
digestibility (AID) of dry matter, crude protein, crude fat
and of all 18 tested amino acids increased in EOL-fed birds
(P < 0.01). Additionally, relative abundances (%) of ileal
Proteobacteria decreased, while ileal and
cecal Lactobacillus increased in EOH-fed birds (P < 0.05).
In conclusion, dietary encapsulated CIN improved meat
quality and gut health by reducing meat WBFS, increasing
VH/CD in intestines, jejunal gene expressions, AID of
nutrients, and beneficially ileal and cecal microbiota
composition.

Key Words: Antimicrobial alternatives, Broiler chickens,
Encapsulated essential oils, Gut health, Meat quality

203 Supplemental dietary omega 3 fatty acids and
calcidiol improved intestinal integrity and function of
broiler chickens. Tao Sun © * Sahil Kalia, Andrew
Magnuson, Xin Gen Lei; Animal Science, Cornell
University, Ithaca, New York, United States.

Previous research demonstrated the beneficial effects of
supplementing omega 3 fatty acids (DHA & EPA), vitamin
D, or microalgae alone on intestinal health of broiler
chickens. The present study was to determine collective
effects of supplemental microalgal DHA oil (Onavita,
ADM, Decatur, IL), EPA-rich Nannochloropsis sp CO18
(Duke University, Beaufort, NC) and/or calcidiol (DSM,
Parsippany, NJ) on intestinal integrity of broilers. Day-old
Cornish male broiler chicks (total = 180) were grouped into
5 treatments (6 cages/treatment, 6 birds/cage) and fed: Diet
1: a corn-soybean meal basal diet (BD, control); Diet 2: BD
+ DHA oil (1.5 g/kg); Diet 3: Diet 2 + Nannochloropsissp
CO18 (0.3 g/kg); Diet 4: Diet 2 + calcidiol (6,000 1U/kg);
or Diet 5: Diet 3 + calcidiol (6,000 1U/kg) for 3 wk. Blood,
duodenum, jejunum and ileum tissues were collected (2
chicks/cage) at the end after orally gavaged with 2
sequentialdaily doses of dextran sulfate sodium (0.5 g per



chick), followed by 1 dose of fluorescein isothiocyanate
dextran (FITC-d, 8.32 mg/kg body weight) as the indicator
of gut permeability. Data were analyzed by one-way
ANOVA. Diets 2-5 decreased (P < 0.05) serum FITC-d
concentrations by 24% to 33% compared with Diet 1. Diet
2 increased (P < 0.05, 29%) jejunal crypt depth and Diet 3
increased (P < 0.05, 12%) jejunal villi height than the
control. However, Diet 2 decreased (P < 0.05) ileal crypt
depth and villi height by 13% and 24%, respectively, than
the control. Gene transcripts of tight junction proteins
including claudin-1, claudin-5, zonula occludens-1 (ZO-1),
Z0-2, junctional adhesion molecule 2 (JAM-2) and JAM-3
in the small intestines were affected by Diets 2, 4 and(or) 5
compared with the control. Diets 2, 4, and 5 decreased
MRNA levels of jejunal claudin-1gene (37%-40%, P <
0.05), and Diet 5 decreased those of JAM2 and JAM3 (P <
0.05, 35% - 47%). Diet 5 also caused similar decreases (P <
0.05, 40%) in mRNA levels of duodenal claudin-1
compared with the control. In contrast, Diets 2, 3, and 4 up-
regulated (P < 0.05, 61% to 1.9-fold) mRNA levels of ZO-
1 and ZO-2 in the ileum than the control. Diets 4 and 5
elevated (P < 0.05) duodenal claudin-1 protein by 29 to 47%
over the control. Diets 2, 3 and 4 up-regulated (P < 0.05)
duodenal ZO-1 protein by 54% to 82% over the control. In
conclusion, the double and triple supplementations of DHA,
EPA, and calcidiol into diets for broiler growers improved
intestinal integrity and enhanced its resistance to exogenous
insults via up-regulating functional expression of tight
junction proteins in the small intestines (Supported by DOE
MAGIC grant DE-EE0007091, USDA grant 2019-69012-
29905, and Cornell University Hatch grant NYC-127302).

Key Words: broiler chicks, gut integrity, microalgae,
omega 3 fatty acid, tight junction protein

204 Complete replacement of soybean meal with
black soldier fly larvae meal in feeding program for
broiler chickens depressed growth performance from
placement through to 49 days of age. Hannah M. Facey*
651 Munene Kithama?, Mohsen Mohammadigheisar?, Lee-
Anne Huber?, Anna Kate Shoveller!, Elijah Kiarie®; Animal
Biosciences, University of Guelph, Guelph, Ontario,
Canada, 2Animal Biosciences, University of Guelph,
Guelph, Ontario, Canada, Animal Biosciences, University
of Guelph, Guelph, Ontario, Canada.

Black soldier fly larvae meal (BSFLM) is an appealing
ingredient possessing good quality protein andadditional
functional attributes. However, there is limited data on the
inclusion of BSFLM in practical broiler rations. Therefore,
we examined the influence of partial to complete
replacement of soybean meal (SBM) with BSFLM in a
broiler feeding program. A total of 1,152 d-old male Ross x
Ross 708 chicks were allocated to 48 floor pens and
assigned to one of six diets in a randomized complete block
(room) design (n=8). The diets were a basal (0% BSFLM)
corn-SBM diet (A) with no prebiotic, probiotic,
anticoccidial or antimicrobial growth promoting substances,
four BSFLM diets formulated to replace SBM in A diet by
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12.5% (B), 25% (C), 50% (D), and 100% (E), and diet (F),
diet A plus coccidiostat (Monteban) and antibiotic. To
provide similar energy among treatments, soy oil was used
for diets A and F and black soldier fly oil for the other diets.
The mash diets had similar nutrient specifications and were
prepared for three phases: starter (d 0-10), grower (d 11-24),
and finisher (d 25-49). Body weight (BW), feed intake (FI),
and mortality (dead and compromised birds) were recorded
on a per pen basis for calculation of BW gain (BWG) and
mortality-corrected FCR. The data were analyzed using the
Glimmix procedures of SAS with fixed effect of diet and
random effect of block. Tukey’s test was used to separate
LSmeans and linear and quadratic contrasts were applied for
BSFLM responses. In the starter phase, birds fed diets B, C
and F had higher (P<0.01) BWG than birds fed diets A, D,
and E, however, birds fed diet E had lower (P<0.01) BWG
than birds fed diets A or D. Birds fed diets D and E had
lower (P<0.05) BWG than birds fed other diets in the
grower and finisher phases. Birds fed diet F had higher final
BW (3,257 g) than birds fed other diets. The final BW of
birds fed diets A (2,997 g), B (3,068 g), and C (3,068 g)
were similar but higher (P<0.01) than for birds fed diet D
(2,749 g) and E (2,450 g). Overall (d 0-49), replacement of
SBM with BSFLM linearly decreased (P<0.01) BWG and
FI and increased (P<0.01) FCR and mortality. The BWG
and FI ofbirds fed 50 and 100% BSFM diets was 96 and
92%, 90 and 82% of birds fed 0% BSFLM (diet A),
respectively. The data indicated that birds fed lower levels
of BSFLM (12.5% and 25%) outperformed the basal diet
fed birds and could provide some growth promoting effects
commensurate to coccidiostats and antibiotics. However,
replacing SBM with greater amounts (>50%) of BSFLM
reduced growth linked to depressed feed intake. Further
research is warranted to explore physiological basis of
depressed growth when birds are fed higher amount of
BSFLM.

Key Words: Broiler chickens, Black Soldier Fly Larvae
Meal, Growth Performance

205 Energy values of Tenebrio molitor larvae meal for
broiler chickens determined using the regression
method. Yuri Katagiri Dalmoro* ®S, Carine Adams, Lidiele
Bairros, Guilherme L. Godoy, Beatriz N. Rodrigues, Marina
Botega Lang, Catarina Stefanello; Department of Animal
Science, Federal University of Santa Maria, Santa Maria,
RS, Brazil.

Insect meal represents a new field of study as an ingredient
for animal nutrition. This ingredient is rich in protein and
energy and can be produced under a sustainable view. In the
current study, the ileal digestibility energy (IDE), apparent
metabolizable energy (ME), and nitrogen-correction ME
(ME,) of Tenebrio molitor larvae meal were determined
using the regression method. A total of 189 slow feathering
Cobb 500 male broilers were fed 3 experimental diets with
9 replicate cages of 7 birds each, in a completely
randomized design. Broilers were fed a corn-soybean meal
reference diet (RD) and 2 test diets (TD) from d 14 to 21



post-hatch. The TD consisted of Tenebrio molitor larvae
meal that partly replaced the energy sources in the reference
diet at 100 or 200 g/kg, such that equal rations were
maintained for all energy-containing ingredients across all
experimental diets. Excreta samples were collected twice
daily from d 19 to 21, and ileal digesta were collected on d
21. Data were analyzed using the GLM procedure of SAS.
Regressions of the test ingredient-associated IDE, ME, or
ME, intake in Kkilocalories against kilograms of test
ingredient intake for cage of birds was conducted using
linear regression following SAS statements. Apparent ileal
digestibility of dry matter (DM), nitrogen (N), and amino
acids as well as the total tract metabolizability coefficients
of DM, N, and energy were calculated. The addition
of Tenebrio molitor larvae meal to the RD linearly
increased (P < 0.05) ileal and total tract of DM and N
digestibilities as well as IDE, ME, and ME, (P < 0.05). The
inclusion of increasing levels of Tenebrio molitor larvae
meal to the RD did not result in quadratic effects for all
evaluated performance responses (P > 0.05). The IDE, ME,
ME, values of Tenebrio molitor larvae meal for broilers
were 5,140, 5,238, and 4,925 kcal/kg of DM, respectively.
In conclusion, the current study showed that broilers can
utilize a considerable amount of energy and amino acids
from tilapia byproduct meal; however, as with many new
products, the nutrient can vary, and more data is needed to
create databases to formulate diets for broilers chickens.

Key Words: broiler, digestibility, insect meal, nutrition,
Tenebrio molitor

206 Spirulina (Arthrospira) platensis ingredient
characterization and amino acid digestibility in male
Cobb 500 broilers. Garrett Mullenix* © 1, Craig W.
Maynard®, Samuel J. Rochell!, Walter G. Bottje!, Roy
Brister?, Michael T. Kidd*; Poultry Science, University of
Arkansas, Fayetteville, Arkansas, United States, 2Tyson
Foods Inc., Springdale, Arkansas, United States, *Poultry
Science, University of Arkansas, Fayetteville, Arkansas,
United States.

Spirulina Platensis, a blue green-micro algae, is growing in
interest as feed ingredient for poultry as ittypically has a
higher protein level than soybean meal while also being
dense in vitamins, minerals, and pigments. Three
experiments were conducted to determine apparent
metabolizable energy corrected by nitrogen (AMEn),
apparent ileal amino acid digestibility (AIAD), standard
apparent ileal amino acid digestibility (SIAD), and
Spirulina efficacy. The AMEn and SIAD values determined
were used to conduct the subsequent Spirulina efficacy
experiment via a titration. Both digestibility experiments
were ran on wire floored metabolic cages (277 x 24” x 157)
with Cobb 500 by-product males. Three hundred and
eighty-four chicks were reared in group cages
(8/chicks/cage) and fed a standard starter ad libitum until
14d. Each cage was then randomly allocated to a
digestibility trial for AMEn determination through the total
excreta collection method or to amino acid analysis through
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the indigestible biomarker titanium oxide method. For the
titration experiment 720 male Cobb 500 chicks
(12/birds/pen) were reared in (3’ x 4’ x 2’) floor pens and
fed a standard starter ad libitum until 14d. The experimental
diets were formulated to be iso-caloric and iso-nitrogenous
while containing Spirulina at 0-5% (0,1, 2, 3, 4 and 5%) to
49 d of age. Performance parameters, carcass yields, meat
quality, meat colorimetric and footpad scores were
calculated (n=5). Data analysis was performed by using
JMP Prol5 statistical analysis software (SAS Institute,
2018) for ANOVA with P<0.05 indicating significant
differences. Linear regression was further used to determine
the AMEn and analyze breast meat color. Two batches of
Spirulina were sourced from the same supplier for these
experiments and average proximate analysis was 93% DM,
65% CP, 8% ash, 0.5% crude fat and 1% fiber. The
calculated AMEnN for Spirulina was 2,656 kcal’kg (DM
basis), and apparent ileal digestibility coefficients were:
70.4% Lys; 68.5% M + C; 71.3% Thr. There was no
statistical impact on performance parameters, processing
yields, fat pad or breast myopathies from increased
inclusion of Spirulina in 49d broilers. There was however a
9-point increase in FCR when algae inclusion reached 3%.
Redness (P=0.011) and yellowness (P<0.001) in the
pectoralis major increased linearly with Spirulina inclusion.
The performance results validate the calculated digestibility
coefficients. The linear increase in breast meat color
indicates that pigmentation will continue to increase as
larger rates of algae are included. Spirulina can be
formulated into broiler diets at low inclusion levels with
minimal impacts on performance and can provide increases
in carcass pigmentation.

Key Words: Spirulina, digestibility, broilers, pigmentation,
formulation

207  Energy expenditure in broiler chicks under health
challenges. Rosiane D. Camargos* ©5, Rony Riveros
Lizana, Guilherme F. Teofilo, Luis Filipe V. de Freitas,
Bruno Balbino Leme, Nilva Sakomura; Animal Science, Sao
Paulo State University, Jaboticabal, Sao Paulo, Brazil.

Understanding the mechanism of energy expenditure under
a health challenge in birds to supply the energy and
attenuate the effects of the sanitary problems is essential.
This study aimed to evaluate the daily energy expenditure
in growing broiler chicks under health challenges. Forty-
eight day-old male Ross 308 broiler chicks 13-day-old were
allocated into open-circuit chambers. The birds were
randomly distributed in two treatments (Challenge with E.
maxima and C. perfringens - Cand no challenge pair-
feeding group - PF), with three replicates of eight birds,
each with the same body weight. On the 14-old-day, the
birds of the challenged treatment were inoculated with 1ml
of Eimeria maxima (7x10% oocysts/ml) by oral gavage. On
days 18, 19, and 20 was inoculated 2.5x10°% CFU
of Clostridium perfringens. The PF group was inoculated
with 1 ml of saline solution. The gas exchange was
measured daily during the feeding condition from 14 to 22-



old-day. Also, was measured body weight (BW) and the
feed intake (FI) to calculate the feed efficiency (FE). The
heat production (HP) was obtained from the oxygen
consumption (VO2) and carbon dioxide production (VCO,),
using the Brouwer (1965) equation, and the respiratory
quotient was obtained from VCO,/VO; ratio. The data was
analyzed by ANOVA two-way considering each day as a
longitudinal factor, using Minitab v.20 statistical software.
The FI was similar between treatments, for the FE was
shown an interaction between treatment and age (P<0.01).
The difference (P<0.01) was shown on the first day before
the E. maxima were inoculated (14, 15, and 16).
The PF report hight wvalues than C treatment (P<0.01)
during all observation periods. The birds of the C group had
a lower BW compared to PF (P<0.001). Challenge birds
had a significantly higher HP (P=0.013) than PF treatment,
with a difference of 32.1 KJ/kg0.75/d, but no interaction
was observed. Also, the RQ was not different between
treatments (P=0.593), but it was affected by the longitudinal
factor (P<0.001) and was shown interaction (p=0.034).
During the challenge period (between 18-21 d), RQ was
higher than 1 in challenged birds. In conclusion, a moderate
health challenge affects feed efficiency utilization and
increases energy expenditure, representing energy loss.

Key Words: Clostridium perfringens, Eimeria maxima,
energy expenditure, growing birds, heat production

208 Evaluation of semi-purified diets for glucose
recovery in order to estimate endogenous losses of
energy in broiler chickens. Stephanie Philpot* 1, Aaron
Cowieson?, William A. Dozier, 111%; *Poultry Science,
Auburn University, Auburn, Alabama, United States, 2DSM
Nutritional Products, Kaiseraugst, Switzerland.

Standardization of metabolizable or digestible energy for
basal endogenous losses of energy (EEL) may reduce
variability of energy assays or increase assay sensitivity.
Two experiments were designed to evaluate suitability of
diets for estimating EEL by evaluating presence of glucose
in the terminal ileum. In both experiments, day-old YP x
Ross 708 male chicks were placed into 32 battery cages (9
chicks/cage) and were provided a common starter diet from
1to 17 D of age. At 18 D of age, birds were weighed and
provided with semi-purified experimental diets. In
experiment 1, diets primarily consisted of dextrose, dextrose
and cellulose, dextrose and starch, or dextrose, starch, and
casein. In experiment 2, diets were dextrose-based with 5%
cellulose and 0, 5, 10, and 15% casein. All diets contained
titanium dioxide as an indigestible marker and included
supplemental vitamins and minerals to balance nutrients and
dietary electrolyte balance. Excreta were collected
quantitatively at 21 and 22 D of age and birds and feed were
weighed at 22 D of age. Birds were necropsied for collection
of duodenal, jejunal, and upper and terminal ileal digesta at
23 D of age. Glucose recovery, titanium dioxide
concentration, and gross energy were determined in excreta
and terminal ileal digesta samples. Glucose content was
analyzed in all digesta samples. Each experiment was
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conducted as a randomized complete block design with 8
replicates per diet. Growth performance characteristics and
EEL were analyzed with one-way analysis of variance.
Additionally, preplanned orthogonal contrasts were utilized
in experiment 1, and regression analysis was utilized in
experiment 2. Glucose presence in the terminal ileum was
analyzed as a one-sample one-tail T-test where Ho= 0. In
experiment 1, birds provided with the dextrose diet had
insufficient digesta for analysis, while glucose was
recovered in ileal digesta of chicks provided diets
containing starch (P < 0.0171). Chicks fed the diet
containing casein had increased BW gain compared with
chicks fed the dextrose and cellulose diet (8 g vs. -50 g, P <
0.0001). No glucose was recovered in terminal ileal digesta
in chicks provided with any diet in experiment 2 (P > 0.09).
Body weight gain was maximized in chicks provided with
10 or 15% casein (P < 0.0001). Casein inclusion rate did not
affect EEL (P = 0.38). These experiments demonstrate that
broilers have a measurable basal EEL which may affect
additivity of ingredients in diet formulation. Additionally,
these experiments indicate that a dextrose-based semi-
purified diet with 5% cellulose and 10% casein is
appropriate for estimating EEL in broilers.

Key Words: Assay, Broiler, Endogenous loss, Energy,
Semi-purified diet

209 Effect of beak trimming at hatch and the inclusion
of oat hulls in the diet on water intake, preference
behavior for coarse particles, and gastrointestinal tract
traits of brown-egg pullets from 0 to 5 weeks of age. N.
L. Corrales* ©5, J. Ben Mabrouk, N. Garcia, A.F. de Juan,
Gonzalo Mateos, L. Camara; UPM, Madrid, Madrid, Spain.

The effects of infrared beak trimming (BT) at hatch and the
inclusion of oat hulls (OH) in the diet on water intake,
preference behaviour for coarse particles, and the
development of the gastrointestinal tract (GIT) were studied
in brown-egg pullets from 0 to 5 wk of age. The
experimental design was completely randomized with 4
treatments arranged as a 2 x 2 factorial with 2 beak
treatment procedures (intact beak vs. beak trimming) and
the inclusion or not of 3% OH in the diet as main effects.
Each treatment was replicated 20 times and the
experimental unit was a cage with 10 pullets. The control
diet was based on corn and soybean meal and contained
2,960 Kcal AMENn/Kg, 19% CP and 0.98% digestible Lys.
Water to feed intake ratio was determined by week and
cumulatively. Inaddition, the preference for consuming
coarse particles was measured at 4 wk of age as the
difference of the geometric mean diameter (GMD) and the
geometric standard deviation (GSD) between the original
feed at the start ofthe experiment and the residuals 24 hours
after feed provision. Immediately after the last control (5 wk
of age), two birds per replicate were selected randomly,
sacrificed, and used to measure GIT development. Data
were analysed asa completely randomized design using the
MIXED procedure of SAS with BT and OH inclusion as
main effects and their interaction. When the data was



significant, the Tukey test was used to separate treatment
means. From 0 to 5 wk of age, no interactions between beak
trimming and OH inclusion were detected for any trait, and
therefore, only main effects are presented. Water intake and
water to feed intake ratio were greater for the non-treated
than for the beak- trimmed pullets (P < 0.001). The
preference for coarse particles was greater for the intact beak
birds than for the beak-trimmed birds (P < 0.001). Diet did
not affect any of the GIT traits studied (P > 0.05). An
interaction between beak trimming and age was observed
for water intake and water to feed intake ratio. Non-treated
pullets drank morewater and had higher water to feed intake
ratio than beak-trimmed pullets from 0 to 4 wk of age.
However, no differences were detected thereafter. In
summary, infrared beak trimming at hatch reduced water
intake and water to feed intake ratio but did not affect GIT
development. Non-trimmed pullets showed a clear
preference for coarse particles compared with treated pullets
as indicated by the higher percentage of fine particles (< 315
pm) in the residual feeds. The inclusion of OH in the diet
did not affect water intake or GIT development but
increased the preference of the pullets for coarse particles (P
< 0.001).

Key Words: beak trimming, oat hulls, preference
behaviour, pullets, water intake
210 Feed processing technologies on Camelina

sativa and its effect on performance in laying hens. Kiana
A. Rieger* ©5, Rex Newkirk; Animal and Poultry Science,
University of Saskatchewan, Saskatoon, Saskatchewan,
Canada.

Incorporating Camelina sativa (camelina) meal into poultry
feed provides an alternative ingredient to flax in order to
produce an omega-3 egg. However, anti-nutritional factors
limit the inclusion level to 10% in laying hen formulations,
reducing its efficacy for use in omega-3 egg production. It
was hypothesized that heat treating camelina would reduce
anti-nutritional factors and increase feed efficiency and egg
production, and that cold-pressed camelina meal would
result in similar egg production and feed efficiency to flax
meal. A total of 1,080 Lohmann LSL Lite laying hens were
fed one of ten experimental treatments ad libitum in a 112-
day trial consisting of a 5x2 factorial design including five
experimental meals (extruded camelina, pelleted camelina,
cold-pressed camelina, hot-pressed camelina, flax) by two
inclusion levels (10% and 20%). Each treatment was
replicated 9 times, with 12 birds per replication.
Experimental diets were formulated to reach the omega-3
polyunsaturated fatty acid composition required to produce
an omega-3 claim (>300 mg/egg). Hen performance was
measured through feed consumption, egg production, and
visual assessment of the eggs. Egg production was assessed
5 days a week and analysed as percentlay, visual assessment
was recorded during daily egg collections, and feed was
weighed back every 28 days. The data was analysed as a 2-
way ANOVA in a completely randomized block design as
a 5x2 factorial with statistical significance being declared at
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P < 0.05. The 20% flax meal treatment was terminated after
4 weeks of the study due to excessive reductions in body
weight and egg production. At 10% inclusion, flax meal and
cold-pressed camelina meal resulted in the lowest average
percent lay for the overall period (84.4% and 83.3%,
respectively). Hot pressing and pelleting camelina meal
numerically increased production over both flax and cold-
pressed camelina meal (91.4% and 90.7%, respectively).
Flax meal resulted in the highest feed intake but the lowest
egg production. However, pelleting and hot pressing tended
to increase feed intake suggesting that reductions in anti-
nutrition