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Student Competition: Metabolism and Nutrition: Feed Additives

1  Probiotic supplementation reduces intestinal permeabil-
ity and alters splenic immune cell populations without altering
performance in healthy broilers. Krysten Fries-Craft*, Meaghan
Meyer, and Elizabeth Bobeck, lowa State University, Ames, lowa,
United States.

Growing interest in the functionality of the intestinal microbiota and
limitations on in-feed antibiotic growth promotors have created a niche
for probiotic use in poultry. Feeding probiotics to enrich beneficial com-
munity members can potentially alter microbial communication with
the host immune system and mediate intestinal inflammatory responses
to impact performance. Responses to probiotic supplementation may
vary due to inclusion level, bacterial composition, and individual host
health status. Overall health in response to probiotic supplementation has
been described, but specific physiological changes remain unclear. The
objective of this study was to evaluate performance, intestinal perme-
ability, and splenic immune cell populations in unchallenged broilers fed
2 different probiotics at 0.05 or 0.1% dietary inclusion. A total of 960
1d-old Ross 708 broilers were housed in 80 floor pens (12 birds/pen) and
assigned to 1 of 5 diets for 42 d, divided into 14d starter, grower, and
finisher periods. Dietary treatments consisted of a corn-soybean meal
basal diet without probiotics (control) or containing 0.05 or 0.10% of
LactoCare® or LactoPlan®, respectively (Nutraferma Inc., Sioux City,
IA). Feed intakes were monitored and body weights were taken at the
start and end of each period to calculate FI, ADG, and FCR. On d28,
birds from 4 pens/treatment were orally gavaged with FITC-dextran +
feed restriction, and serum was collected after 1h to detect fluorescence
as a measure of intestinal permeability. Spleens from 8 birds/treatment
were collected and leukocyte populations were analyzed by multi-color
flow cytometry. Statistical analysis was performed using PROC MIXED
(SAS 9.4) with fixed effects of probiotic type, inclusion, and type * inclu-
sion and significance denoted at P < 0.05. Probiotic type, inclusion, or
the interaction did not impact broiler performance. An inclusion rate of
0.10% maintained intestinal integrity during feed restriction regardless
of probiotic type, but birds fed 0.05% LactoPlan® displayed increased
intestinal permeability (P < 0.05). Feeding LactoCare® resulted in a
15.3% increase in CD3" T cells compared with control and LactoPlan®
diets, regardless of inclusion level (P < 0.0001). Birds fed LactoCare®
had 3.9% more splenic innate immune cells (monocytes/macrophages)
and 3.2% more lipid antigen-presenting cells (CD1.1%) than those fed
LactoPlan®, regardless of inclusion (P < 0.0001).Birds fed 0.10% Lacto-
Care® had the highest percentages of splenic leukocytes (CD45) and T
cells (P <0.0001). These results indicate that probiotic supplementation
changed intestinal permeability and splenic immune cell populations
in healthy broilers without negatively impacting overall performance.

Key Words: broilers, probiotics, immunity, performance

2 Evaluation of tributryin in diets varying in lipid source and
concentration on broiler live performance and nutrient utiliza-
tion. Brooke Bodle*!, Stefan Vaessen?, Sami Dridi!, and Samuel
Rochell!, / University of Arkansas, Fayetteville, Arkansas, United
States, 2Persz‘orp AB, Perstorp, Sweden.

Tributyrin (TB) is a glyceride ester of butyrate that has the potential to
improve broiler performance and intestinal development. As a triglyc-
eride, tributyrin efficacy may be influenced by dietary lipid source and
concentration. Therefore, an experiment was conducted to investigate
the interactive effects of TB and dietary lipids on broiler performance
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and apparent ileal nutrient (AID) and energy digestibility (IDE). Dietary
treatments consisted of a factorial arrangement of 2 lipid sources
(poultry fat or soy oil) x 2 lipid concentrations (standard and high) x
2 tributyrin concentrations (with or without 500 mg/kg tributyrin). For
the high lipid diets, lipid supplementation was increased from 1.89% to
3.77% equating to a 100 kcal/kg increase in AME for the soy oil diets.
Dietary treatments were fed in a single feeding phase throughout the
21 d experiment. Titanium dioxide was used as an indigestible marker
in the feed for determination of AID and IDE following collection of
ileal digesta at 21 (5 reps) or 22 (4 reps) d post-hatch. Each treatment
was replicated with 9 cages of 8 Cobb 500 male broilers. From 0 to 21
d post-hatch, broilers fed soy oil had (P = 0.039) lower FCR than birds
fed poultry fat. In addition, broilers fed the higher lipid concentration had
lower (P <0.001) FCR than broilers fed the standard lipid concentration.
However, lipid concentration x TB interactions were observed (P < 0.05)
for both BWG and FI, where TB inclusion reduced these measurements
in broilers fed the standard lipid diets but increased them in broilers fed
the high lipid diets. Increasing dietary lipid concentration from standard
to high increased AID of nitrogen (P < 0.001) and fat (P < 0.001) and
IDE (P <0.001). In addition, a lipid source x concentration interaction
was observed whereby increasing the dietary concentration of poultry
fat resulted in greater improvements in AID of nitrogen (P = 0.002), fat
(P =0.018), and IDE (P < 0.001) for broilers than did increasing the
dietary concentration of soy oil. A 2-way interaction between fat source
and TB was also observed where TB increased AID of nitrogen (P <
0.001) and IDE (P < 0.001) in broilers fed soy oil, but reduced these
measurements in broilers fed poultry fat. In conclusion, the effects of
TB supplementation on growth performance and nutrient digestibility
appear to be influenced by dietary lipid source and concentration.

Key Words: tributyrin, poultry fat, soy oil, digestibility energy, broiler

3 Evaluation of two strains of Bacillus amyloliquefaciens and
two strains of Bacillus licheniformis direct fed microbials as
viable alternatives to antibacterial treatment as measured by pro-
duction traits in broilers. Ariel Diggan*!, Rodrigo Lopez', Darin
Bennett?, Sean Griffin®, and Katy Tarrant!, ! Fresno State, Fresno,
California, United States, °California Polytechnic State University,
San Luis Obispo, California, United States, 3Osprey Biotechnics,
Sarasota, Florida, United States.

To meet the growing demand for no antibiotics ever (NAE) broilers,
producers require alternative methods of promoting poultry health and
performance. Direct fed microbials are becoming a popular feed additive
to achieve production goals. The objective of this study was to compare
the performance of broilers raised on 6 different diet, including 2 Bacil-
lus amyloliquefaciens strains (A and B), 2 B. licheniformis strains (C
and D), one Bacitracin Methylene Disalicylate (BMD) diet, and one
negative control (NC) diet. Nine replications of each diet were given
to Ross 708 broilers totaling 54 test groups. Each test group consisted
of 14 straight-run birds housed in 1.51 m? pens and vaccinated at DOT
0 for coccidiosis, for a total of 756 subjects. At d 42, live weight was
recorded in grams for each individual. Mean live weight, feed conver-
sion, and necrotic lesion scores comparing the BMD and NC diet with
Bacillusdiets A, B, C, and D were analyzed using Tukey’s HSD in JMP
v.13.0.0. At d 42, the NC diet birds had the smallest body weight (2875
+ 65). Body weight of birds fed BMD diet averaged 89 g more than
birds from NC. As compared with the NC, Bacillus average weights
compared with NC were the following: A at —164 g, B at +62 g, C +95
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gand D +125 g. All Bacillus diets reported equal or numerically lower
FC scores compared with BMD. B. licheniformis C reported the lowest
FC, 5 points (3%) lower than NC. B. amyloliquefaciens B (1.59) and
B. licheniformis C (1.57) had the best adjusted feed conversion scores,
compared with the BMD (1.60). Necrotic lesions scores did not vary
significantly between the diets. B. licheniformis probiotics did as well
as, or numerically better than, the BMD and NC in all traits measured,
while the feed conversion of B. amyloliquefaciens preformed numeri-
cally better than the BMD and NC. Results from this study indicate that
B. licheniformis and B. amyloliquefaciens strains should be considered
useful vehicles for NAE broiler production, and merit further study.

Key Words: broiler, Bacillus amyloliquefaciens, Bacillus licheniformis,
BMD, direct fed microbials

4  In feed Bacillus subtilis 29784 benefits broiler live per-
formance similarly to antibiotic growth promoters. Patricia de
Carvalho*!, Douglas Maria!, André Favero?, Liris Kindlein!, Pablo
Ibarro!, Wanderley Quinteiro-Filho®, and Sergio Vieira!, ! University
of Rio Grande do Sul - UFRGS, Porto Alegre, Rio Grande do Sul,
Brazil, °DSA, Garibaldi, Brazil, 3Adisseo, Sdo Paulo, Brazil.

In feed probiotics have been used in animal production for a long time.
However, their development became more pronounced as antibiotic
growth promoters (AGP) have been banned or voluntarily discontinued.
The aim of the current study was to evaluate the efficiency of a Bacillus
subtilis strain (DSM 29784) on performance responses of broiler chick-
ens. Broilers in the number of 1,375 male broiler chicks were placed
in floor pens (1.65 X 1.65 m), with 5 treatments and 11 replications of
25 birds. Particular in this house is that the pens are built inside of a
commercial house populated with broilers placed at the same moment.
Treatments were in feed additives: negative control (NC) without addi-
tive; Enramycin at 10 ppm; B. subtilis DSM 29784 (Alterion® NE50)
at 500 g/Ton (1x108 UFC/kg of feed); in feed Probiotic A: B. subtilis
at 500g/Ton and Product B, commercial symbiotic product (Multistrain
probiotic + prebiotic) at 200 g/Ton. Data were analyzed using ANOVA
and, when significant, means were compared by Tukey test at 5% prob-
ability. In general, the in feed B. subtilis 29784 significantly increased
BWG compared with the NC (P < 0.05) whereas all additives, except
for product B, improved FCR compared with NC atd 7 (P < 0.05). At
d 14 and thereafter, B. subtilis 29784 and Enramycin increased BWG
compared NC (P < 0.05) and along with Product A improved FCR (P
< 0.05). Adding B. subtilis 29784 to the feeds led to improvements in
BWG and FCR throughout the study when compared with the NC. A
similarity in these responses occurred with Enramycin at 10 ppm and
Product A, alternatively at different moments. However, a differential
mode of action could not be stablished for the products when presenting
benefits since no further evaluations were conducted. Since the study
was performed in a typical commercial environment, “challenges” that
could have suppressed growth are supposedly those giving room for the
effects of the additives used.

Key Words: Bacillus subtilis, enramycin, in feed probiotic, performance

5  Effect of allicin supplementation on relative weight of organs
of the immune system, ratio of right to total ventricle weight and
productive performance of broiler chickens. Leonardo Osio-
Orihuela*3, Jaime Leon Landeros?, Elvia Martinez-Cruz?, Arturo
Pro-Martinez', Luis Salinas-Jiménez?, Jos¢ Reyes-Bello®, Edgar
Ahedo-Quedo®, Raul Argiiello-Garcia?, Eliseo Sosa-Montes?, Benito
Bello-Olivera?, and Fernando Gonzalez-Cerén’, /Colegio de Post-
graduados, Campus Montecillo., México, México, Mexico, 2Centro de
Investigacion y Estudios Avanzados del Instituto Politécnico Nacio-
nal, México, México, Mexico, 3Universidad Autonoma Chapingo,
Texcoco, Mexico, Mexico.

Broiler productive performance results from multiple factors includ-
ing nutritional profile, feeding strategy, intestinal health, activity of
the immune system, etc. Allicin is a bioactive compound of garlic that
could have beneficial effects on health of birds and improve productive
performance. The objective of the present study was to evaluate the
effect of different doses of allicin on relative weight of immune system
organs, the ratio of right to total ventricle weight (RVR) and productive
performance of broiler chickens. A total of 168 one-d-old male chickens
(Ross 308) were randomly assigned to 3 treatments (8 pen replicates
per treatment and 7 birds per pen): T1 or Control, 0 mg of allicin/kg
of body weight (BW); T2, 0.5 mg of allicin/kg of BW from 21 to 49
d of age; T3, 1 mg of allicin/kg of BW from 21 to 49 d of age. Allicin
was administrated by esophageal route using a pediatric catheter (5-Fr
caliber). All birds were fed with the same starter (1 to 21 d) and grower-
finisher (22 to 49 d) diets. BW and feed conversion ratio (FCR) were
monitored weekly during the 7-wk trial. At 35, 42 and 49 d of age, 8
birds per treatment were randomly slaughtered and the relative weight
of thymus (TMRW), spleen (SPRW) and bursa of Fabricius (BFRW)
were determined. RVR was also recorded. Data were subjected to an
ANOVA using the MIXED procedure of SAS software. No differences
(P> 0.05) were detected among treatments on TMRW (0.20 to 0.30 +
0.03%), SPRW (0.13 to 0.15 + 0.01%), BFRW (0.18 to 0.24 + 0.02%)
and RVR (0.17t0 0.21 £0.01) at 35, 42 and 49 d of age. Likewise, BW
was not different (P > 0.05) among treatments during the time allicin
was administered (4 wk, 1044 to 1097 + 34 g; 5 wk, 1345 to 1414 +
25 g; 6 wk, 1776 to 1796 + 29 g; 7 wk, 2326 to 2425 £ 75 g). A similar
pattern (P > 0.05) was observed in FCR once allicin was given (4 wk,
2.22102.59+0.16; 5 wk, 2.82t0 2.95+ 0.24; 6 wk, 2.04 t0 2.41 £ 0.10;
7wk, 2.26 t0 2.96 + 0.24). It is concluded that allicin does not influence
relative weight of thymus, spleen, bursa of Fabricius, the ratio of right to
total ventricle weight and it does not improve productive performance
of broiler chickens.

Key Words: allicin, immune system, right ventricle ratio, performance,
broilers.

Poult. Sci. 98(E-Suppl. 1)



Student Competition: Metabolism and Nutrition: Nutrition |

6  Data mining tool agrees with statistical models on the effect

of corn particle size and mineral source on turkey performance.

Karlinton Flores*, Jesse Grimes, and Adam Fahrenholz, North Caro-
lina State University, Raleigh, North Carolina, United States.

Organic or inorganic mineral sources (MS) have as a goal to provide
the required minerals at the lowest, but optimal, dietary level using least
cost by either affecting the cost per kg or digestibility of the premix.
The corn particle size (CPS) in the feed has the potential to save feed
milling cost by adding the corn after pelleting and increasing CPS with
bird age in feed phases until market age. The objective of this effort was
to compare Machine Learning (ML), Data mining (DM) and statistical
models as tools to analyze both MS and CPS effects on turkey body
weight (BW) and feed intake (FI) classifiers. Twelve hundred Nicholas
Select male poults were randomly assigned to 48 concrete-floor pens.
The experimental design was a completely randomized block design
with a 2 x 2 factorial arrangement of 2 sources of minerals (organic vs
inorganic) and 2 levels of corn particle size (coarse corn vs fine corn).
Birds’ BW, weekly body weight gain (BWG), FI, feed conversion ratio
(FCR), gut pH, gut leakage (FITC-D), cloacal temperature, density, and
others were used as variables for the ML analysis and were analyzed
in SAS 9.4 in a mixed model. A total of 38 variables were used in ML
and DM analysis. BW and FI at 18 weeks of age were classified as low,
objective and high based on a 5% for BW and 3% for FI margin of
the Aviagen male objectives for ML analysis. Support vector machine
(SMO), neural networks, and decision trees (J48) were used as the
algorithms for ML with a 20-fold validation system using WEKA 3.8.
SMO yield 85.42% correctly classified BW at 18 weeks of age with
an optimal of 14 variables, where the mineral source and corn particle
size were critical variables in the model accuracy. In comparison, SMO
correctly classified 68.75% of the FI classifications with an optimal
number of variables of 9 variables, where neither corn particle size nor
mineral source was critical for the model. These results concur with the
statistical analysis for both FI and BW. In conclusion, both statistical
and ML models agree with the data analysis results. These ML and DM
tools could be applied to turkey research and production systems by
analyzing multiple variables and be compared with statistical models.

Key Words: machine learning, data mining, corn particle size, mineral
source

7  Evaluation of different particle size analysis methods for
ground corn. Gerardo Abascal-Ponciano*, Allan Calderon, Joshua
Flees, Danny Patino, Samuel Leiva, Jorge Sandoval, Marc Presume,
Kevin Ordonez, Luis Avila, Wilmer Pacheco, and Charles Starkey,
Auburn University, Auburn, Alabama, United States.

Particle size (PS) reduction is a common feed manufacturing process
and is important for animal feed production on a global scale. The objec-
tives were to evaluate the performance of a roller mill and evaluating PS
testing methods. Corn was milled using a 2-pair roller mill (Roskamp
Champion Series 900—12) at 8 different settings: from 3 to 2 to 6-6
(top pair-bottom roller pair setting, 50.8 pm to 152.4 pm). The PS of
3 replicate samples per setting were analyzed using the ANSI/ASAE
S319.4 “Method of determining and expressing fineness of feed mate-
rials by sieving” standard using 13 sieves and an electric sieve shaker
(ANSI) and a hand-shaken 3-sieve field method developed by Kansas
State University (KSU3S). Data were analyzed using the GLIMMIX
procedure of SAS V9.4. Least squares means were separated using the
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PDIFF option at P <0.05. Particle mean diameter (PS or DgW) ranged
from 693 to 3,343 um from setting 3-2 to 66 when measured with
ANSI and from 584 to 1,702 um when the KSU3S method was used.
Modification of the formulas used in the ANSI method were made to
calculate PS using the KSU3S method and resulted in PS ranging from
640 to 3,196 um (AUM3S). As expected, using the ANSI method, PS
decreased as the bottom rollers were adjusted 25.4 um (P < 0.0001).
The KSU3S method produced similar PS values to the ANSI method
for only 2 of the 8 roller settings (P < 0.0001). However, the AU3MS
method was accurate for 6 of the 8 settings and similar to the ANSI
method, PS decreased as the bottom rollers moved in 25.4-um incre-
ments (P <0.0001). Additionally, both the ANSI and AUM3S methods
allow for calculation of standard deviation (Sgw), surface area (cm? per
g), and particles per g. With the ANSI method, there were no differences
in Sgw among roller mill settings, while the AUM3S method resulted
in different Sgw among settings (P < 0.0001). When surface area was
determined using the ANSI method, there were differences among all
settings except 5-5 and 66 (P <0.001). The AUM3S method produced
a similar pattern in surface area but differed from the ANSI method for
settings 3-2, 3-3, and 4-3 (P < 0.001). Using ANSI, no differences
were observed among settings for particles per g (P > 0.05). However,
using the AUM3S method, particles per g did differ among settings (P
<0.001). The AUM3S differed from ANSI at settings 3-2 and 3-3 (P
< 0.001). In conclusion, the different roller mill settings produced dif-
ferent PS when the bottom pair of rollers were adjusted 25.4 um at a
time. Modification of the KSU3S PS method (AUM3S) produced more
accurate PS results for ground corn compared with the standard ANSI
PS method, while also providing the additional measurements of Sgw,
surface area, and particles per gram.

Key Words: feed, particle size, roller mill, sieve, surface area

8  Effect of particle size on near infrared reflectance spectros-
copy (NIRS) nutrient analysis of ground corn. Samuel Leiva*,
Jorge Sandoval, Joshua Flees, Allan Calderon, Gerardo Abascal-
Ponciano, Kevin Ordonez, Danny Patino, Luis Avila, Marc Presume,
Wilmer Pacheco, and Charles Starkey, Auburn University, Auburn,
Alabama, United States.

Near infrared reflectance spectroscopy (NIRS) is a technology widely
used for the determination of nutrient composition of feedstuffs. NIRS
is a useful tool that can provide immediate nutrient values for formula-
tors to ensure that feeds are manufactured to specification. However, to
achieve proper readings from NIRS, samples should be handled con-
sistently and ground to a uniform and consistent particle size for each
evaluation. Particle size (PS) of the sample may affect NIRS nutrient
estimates of corn. The objective of this experiment was to evaluate the
effect of corn PS on the accuracy and ability of NIRS to provide proper
nutrient values. Corn was milled using a 2-pair roller mill (Roskamp
Champion Series 900—12) set at 8 different roller pair settings. The roller
pair spacing ranged from 50.8 um at setting 2 to 152.4 um at setting
6. Setting 3-2, 3-3, 4-3, 4-4, 5-4, 5-5, 6-5, 66 generated samples
with mean PS of 693, 882, 968, 1,750, 1,877, 2,862, 2,911, and 3,343
um, respectively. NIRS was used to determine dry matter, ash, crude
fat, crude protein, and crude fiber. In addition, a rotor grinder (Retsch
ZM 200) with a 500-mesh screen was used to grind corn to 267 pum,
which served as a control for the study based upon recommendations
from NIRS equipment companies. Three replicate samples per setting
were analyzed using a Bruker MPA II NIR spectrometer and the spectra

3



were analyzed using Adisseo PNE software. Data were analyzed with
the GLIMMIX procedure of SAS V9.4 and least squares means were
separated using the PDIFF option at P < 0.05. For ash content, differ-
ences were observed between PS, with the 3,343 um sample being the
closest to the 267 um corn value. Samples with PS of 693 (0.86%),
882 (0.89%) and, 968 (0.84%) um produced ash values below those of
larger PS samples (P < 0.0001). At a PS of 3,343 um, protein content
(8.08%) was not different (P = 0.28) when compared with 267 um
(8.22%). However, all other PS (693 to 2911) had reduced (P <0.0001)
protein percentages (6.67% to 7.56%). NIRS results for fat content for
samples ground using the roller mill were underestimated (P < 0.0001)
from 0.36% to 0.59% for PS 693 pm to 3,433 um when compared with
the 267 pm control sample. In contrast, samples from corn ground using
the roller mill resulted (P < 0.0001) in overestimations of dry matter
when compared with the 267 um control rotor ground samples (0.83%
to 3.06%). This could be due to moisture loss during the use of the rotor
grinder. While it may take some additional time and effort to properly
prepare samples for NIRS analysis, these data suggest that it is important
to do so because PS of corn samples affects the ability of the NIRS to
produce accurate proximate nutrient analysis readings.

Key Words: NIRS, corn, particle size, nutrient analysis

9  Effect of ground corn particle size and soybean oil addition
on angle of repose and flow time. Danny Patino*, Edman Mendez,
Jorge Sandoval, Joshua Flees, Allan Calderon, Gerardo Abascal-Pon-
ciano, Kevin Ordonez, Luis Avila, Marc Presume, Wilmer Pacheco,
and Charles Starkey, Auburn University, Auburn, Alabama, United
States.

Particle size (PS) reduction is an important component of feed manu-
facturing that impacts pellet quality, mixability, feed flowability, and
animal performance. However, reducing particle size too fine can result
in reduced flowability of the ground corn. Measuring particle size using
funnels, to obtain an angle of repose (AOR) as well as a flow time (FT),
can differ greatly depending upon the opening of the funnel used. The
objective of this this experiment was to analyze how fractionation and
increasing added concentrations of soybean oil (SBO) affected flowabil-
ity of ground corn for the measurements of AOR and FT using funnels
with different diameter openings (FDO). A complete block randomized
design experiment with an 8 x 6 x 3 factorial treatment arrangement
was conducted with 3 replicates per treatment. Corn was ground using a
2-pair roller mill (Roskamp Champion Series 900—12) using 8 different
settings: 3-2, 3-3,4-3,4-4, 5-4, 5-5, 6-5, and 66, where the roller pair
spacing ranged from 50.8 pum at setting 2 to 152.4 um at setting 6. The
settings generated samples with mean PS of 693, 882, 968, 1,750, 1,877,
2,862, 2911, and 3,343 um, respectively. The ground corn produced
from each roller mill setting was mixed with SBO to achieve 0, 2, 4, 6,
8, and 10% added fat. The flowability of any material is dependent on a
set of parameters, one of which is the angle of repose (AOR). Therefore,
the angle of repose was used as an indication of flowability and was
analyzed on triplicate samples of each PS and SBO combination using
the ASTM/C 1444 “Standard Test Method for Measuring the Angle of
repose.” For this study, 3 different FDO used were: 13 mm, 18 mm, and
31 mm, and were placed at a height of 30 cm. One-hundred g of each
sample was allowed to flow through each funnel and allowed to freely
form a cone. The AOR and the FT were measured 3 times for each PS
and SBO and FO combination. Data were analyzed using the GLIM-
MIX procedure of SAS (V9.4). Means were obtained different when
P < 0.05. An interaction was observed among the fixed effects of PS,

SBO and FDO for both AOR and FT (P < 0.0001). Samples with 0%
added SBO had decreasing AOR as FDO increased with the exception
of samples with a PS of 3,343 (P < 0.0001). FT decreased as the FDO
increased from 13 to 18 mm; however, this was not consistent when
FDO changed from 18 to 31 mm. As PS increased, additions of 2 or 4%
SBO increased AOR, while addition of 6% SBO decreased AOR, and 8
or 10% SBO addition increased AOR (P < 0.0001). In conclusion, PS,
SBO, and FDO all have important implications for flowability.

Key Words: particle size, funnel, flow time, fat addition

10  Assessment of angle of repose as a tool to measure the flow-
ability of different particle size ground corn with and without
added soybean oil. Marc Presume*, Jorge Sandoval, Gerardo Abas-
cal-Ponciano, Allan Calderon, Danny Patino, Kevin Ordonez, Luis
Avila, Samuel Leiva, Joshua Flees, Wilmer Pacheco, and Charles
Starkey, Auburn University, Auburn, Alabama, United States.

Flowability of ingredients is an important factor in feed manufacturing
that can impact batching time, mixability, and conveyance throughout
the system. Flowability in ground corn is often affected by factors such
as particle size (PS), cohesive forces between particles, relative humid-
ity, temperature, and bulk density. One method to assess the flowability
of a material is to measure the angle of repose (AOR), which is the
angle formed between the horizontal and the slope of a pile. The AOR
is inversely proportional to flowability. The objective of this study was
to assess the effects of PS and soybean oil (SBO) addition on AOR,
and thus flowability, of ground corn. This randomized complete block
experiment with an 8 x 6 factorial treatment structure with 3 replicates
per treatment was conducted. Corn was ground using a 2 pair roller
mill (Roskamp Champion Series 900—-12) at 8 different roller settings
to produce samples with mean PS of 693, 882, 968, 1,750, 1,877, 2,826,
2,911, and 3,343 pum. The roller pair spacing ranged from 50.8 um at
setting 2 to 152.4 um at setting 6. After milling, SBO was added to
sample of each PS to achieve 0, 2, 4, 6, 8, and 10% fat. A transparent
box with a 5.08-cm opening was used to determine AOR and 200-g of
sample was poured into the box using a funnel with a 31.75-mm open-
ing. Then, the right and the left angles of the pile were measured with
a protractor to determine the AOR for each sample. Data were analyzed
using GLIMMIX procedure of SAS (V.9.4) and means were separated
using the PDIFF option at P <0.05. An interaction was observed between
PS and SBO additions (P < 0.0001). For samples containing no added
SBO, the AOR did not differ for any PS (P < 0.0001). In every case,
increasing additions of SBO increased the AOR (P < 0.0001). For corn
with PS of 882, 968, 1,750, 1,877, 2,911, and 3,343 pm, the addition
of 2% and 4% SBO, AOR was similar but was differed for 693 and
2,862-pm PS corn (P <0.0001). Increasing the SBO addition from 4%
to 6% did not alter AOR for corn PS ranging from 882 to 2,862 um, but
AOR was impacted for 693, 2,911, and 3,343-pum PS corn (P <0.0001).
Differences were observed when SBO additions increased from 6 to
8% for PS 882, 1,750, 1,877, 2,862, 2,911, and 3,343 pm, but not for
PS 693 and 968 um (P < 0.0001). Increasing SBO addition from 8 to
10% increased AOR at every corn PS except 3,343 um (P < 0.0001).
In conclusion, corn PS and SBO addition interact to impact AOR. A
consistent increase in AOR was observed as SBO additions increased.
With no added SBO, the AOR was similar among corn samples with PS
from 693 to 3,343 um (P > 0.05). Overall, based on their lower AOR,
flowability was enhanced in samples with smaller PS and less SBO.

Key Words: angle of repose, flowability, particle size, oil addition,
roller mill

Poult. Sci. 98(E-Suppl. 1)



11  Effect of particle size and oil addition on near infrared
spectroscopy (NIRS) nutrient analysis of ground corn. Jorge
Sandoval*, Samuel Leiva, Joshua Flees, Allan Calderon, Gerardo
Abascal-Ponciano, Kevin Ordonez, Danny Patino, Luis Avila, Marc
Presume, Wilmer Pacheco, and Charles Starkey, Auburn University,
Auburn, Alabama, United States.

Near infrared reflectance spectroscopy (NIRS) can be used to estimate
quality aspects and nutrient composition of feed. The objective here was
to evaluate the effect of ground corn particle size (PS) with increasing
additions of soybean o0il (SBO) on the ability of NIRS to provide accurate
nutrient estimates. Corn was milled using a 2-pair roller mill (Roskamp
Champion Series 900—12) with 8 different roller settings. The roller
pair spacing ranged from 50.8 um at setting 2 to 152.4 um at setting 6.
Setting 3-2, 3-3, 4-3, 4-4, 54, 5-5, 6-5, 6-6 generated samples with
mean PS of 693, 882, 968, 1,750, 1,877, 2,862, 2,911, and 3,343 pm,
respectively. SBO was mixed with the ground corn to achieve samples
of each PS with 2, 4, 6, 8, and 10% SBO. Based on recommendations
from NIRS equipment companies, corn was also ground to 267 um
with a rotor grinder (Retsch ZM 200) with a 500-mesh screen to serve
as a control. Three replicate samples from each combination of PS and
SBO inclusion were analyzed using a Bruker MPA II NIR spectrometer
and Adisseo PNE software to estimate dry matter (DM), ash, crude fat
(CFAT), crude fiber (CFIB), and crude protein (CP). Data were analyzed
with the GLIMMIX procedure of SAS V9.4 and means were separated
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using the PDIFF option at P < 0.05. Dry matter was higher for 267-um
PS samples, likely due to increased heat and surface area allowing
for increased evaporative moisture loss. For the 267-um control, DM
increased as SBO increased (P < 0.0001). For PS 693 to 3,433 um,
DM first increased up to either the 4 or 6% SBO additions and then
decreased through 10% (P < 0.0001). Ash increased as SBO increased
for each PS (P < 0.0001). As expected, regardless of PS, increasing
additions of SBO increased CFAT (P <0.0001). However, the increases
were not equal to the actual added SBO and only ranged from 0.5 to
1.5%. CFIB was lower for the 267-um control samples with 2 to 4%
SBO addition, increased for 693 through 2,862 pm PS samples with 4
to 10% SBO, and was inconsistent for 2,911 and 3,343 um PS samples
(P <0.0001). CP ranged from 5.95 to 12.53%. For the 267-um control,
the CP increased as SBO increased (P <0.0001). For 693 to 968 um PS
samples, CP decreased (P <0.0001) with 2 to 4% added SBO and then
increased with 6, 8, and 10% SBO. Samples with 2,911 and 3,343 um
PS had more consistent CP values with the increasing SBO additions
having little effect. In conclusion, sample PS and added SBO interacted
to negatively impact the ability of NIRS to provide accurate nutrient
values. Overall, these results demonstrate the importance of properly
preparing samples by grinding them to 267 pm before NIRS analysis
as well as properly training the NIRS for samples with oil additions.

Key Words: NIRS, near infrared reflectance spectroscopy, particle size,
feed manufacturing, oil addition



Student Competition: Metabolism and Nutrition: Vitamins and Minerals |

12 Effects of the in ovo injection of vitamin D; and
25-hydroxyvitamin D; on the small intestine morphology and
immunity of broilers challenged with coccidiosis. Saman Fatemi!,
Katie Elliott', Abdulmohsen Alghtani', Abiodun Bello!, and Edgar
Peebles*?, University of Alberta, Edmonton, Alberta, Canada, >Mis-
sissippi State University, Mississippi State, Mississippi, United States.

Broiler small intestine morphology and immunity have been shown
to be improved by the use of supplemental 25-hydroxyvitamin Ds
(250HD;) during a coccidiosis challenge. But these effects have not
been investigated in response to the injection of either vitamin D3 (D3)
or 250HD;. Therefore, the objectives of this study were to determine
the effects of the in ovo administration of Dy and 250HD; on the small
intestine morphology and inflammatory response of broilers challenged
by coccidiosis. Live embryonated Ross 708 broiler hatching eggs were
randomly assigned to one of the following 5 in ovo injection treatments
at 18 d of incubation (doi): 1) non-injected; 2) diluent; diluent containing
either 3) 2.4 ug D5, 4) 2.4 ug 250HD;3, or 5) 2.4 pg D3 + 2.4 pg 250HD;.
A 50 pL solution volume was injected into each egg using an Inovoject
multi-egg injector. At hatch, 4 male chicks were randomly assigned to
each of 80 battery cages in each of 2 rooms with 8 replicates per treat-
ment group. Only in ovo-injected treatments were challenged with a 20x
live coccidial vaccine dosage at 14 d of age (doa). At 14 and 28 doa,
blood samples were collected from 8 birds per treatment for determina-
tion of serum IL-1f and nitric oxide (NO) levels. From the same birds,
2 c¢cm of the middle of the duodenum, jejunum, and ilium were excised
for histomorphological analysis. Duodenum, jejunum, and ileum villus
length (VL), crypt depth (CD), villus length to crypt depth ratio (RVC),
and villus surface area (VSA) were measured. All data were analyzed
as a one-way ANOVA using SAS 9.4. No significant differences were
observed among treatments for immunity measurements before and
after challenge. At 14 doa, in ovo injection of 25OHD; alone resulted
in higher duodenal RVC (P = 0.001) in comparison to all other treat-
ments. At 28 doa, in ovo injection of 25OHD; alone resulted in greater
duodenal RVC (P =0.001) in comparison to diluent, D5 alone, and the
D; + 250HDj; combination treatments. These results indicate that the in
ovo injection of 250HD; at 2.4 pg has a potential to improve the small
intestine morphology of broilers during a coccidiosis challenge. The
improvement could be due to a greater rate of absorption and longer
half-life of 250HD;. In addition, the in ovo the injection of 250HD;
may result in a higher expression of 1-a-hydroxylase which converts
250HD; to the active form of vitamin D in the chicken intestine, with
a subsequent increase in intestinal development. Further research is
required to determine effects of the in ovo injection of vitamin D sources
on the expression of 1-a-hydroxylase in the small intestine of broilers.

Key Words: in ovo injection, vitamin D sources, coccidiosis, small
intestine morphology, immunity

13 Dietary administration of 25-hydroxycholecalciferol, a
vitamin D3 metabolites, increases tibial mass by suppression
bone absorption in meat duck. Huaiyong Zhang*!, Feng Zeng!,
Mei Ding!, Ping Bai!, Ping Wang!, Yue Xuan', Wei Su!, Bing Yao?,
Gregory Fraley?, and Ying Zhang', 'Animal Nutrition Institute,
Chengdu, Sichuan, China, 2Biology Department, Holland, Michigan,
United States, 3DSM (China) Ltd., Shanghai, China.

The aim of this study was to evaluate the effect of 25-hydroxychole-
calciferol (HyD) on tibial mass of meat duck. In experiment (Expt.)

1, response to the effect of dietary HyD on tibial mass in a standard
nutrient density diet. 256 1-d-old duck was equally divided into 0 or 69
ng HyD/kg diet with National Research Council (NRC, 1994) vitamin
regimen for 35 d. Data were subjected to one-way ANOVA and statistical
significance was detected at P < 0.05. Dietary HyD notably increased
the mineral content, microarchitecture, and mechanical properties of
the tibia, which companied by a significantly increased calcium (Ca)
concentration, and a remarkably decreased bone absorption markers in
serum (P <0.05). Supplementation HyD reduced the osteoclast number
(P <0.05) and the ratio of receptor activator for nuclear factor B ligand
and osteoprotegerin, as well as blocked the expression of cathepsin K
(P < 0.05). Subsequently, Expt. Two were conducted to estimate the
effect of HyD on tibia mass in a low nutrient density (LND) diet with 2
vitamin regimens. 512 ducking was randomized to 0 or 69 pg/kg HyD
and NRC or China Agricultural industry standards (NY/T, 2012) (2 x 2
factorial design). The LND diet included 10.25 MJ/kg metabolic energy,
13.28% crude protein, 0.7% Ca and 0.35% non-phytate phosphorus.
The results were analyzed using 2-way ANOVA.NY/T vitamin regimen
inhibited bone turnover and consequently increased bone trabecular
area and mineral deposition compared with NRC vitamin premix (P <
0.05). Supplementation HyD to NRC but bot NY/T vitamin regimen
remarkably enhanced tibial mineral content and microarchitecture, and
decreased serum bone absorption and increased Ca concentration (P <
0.05). Collectively, these findings indicated that no matter what nutrient
density, HyD treatment increased tibia mass in NRC vitamin regimen
by suppressing bone resorption for meat duck. In addition, when fed
the LND diet, the NY/T vitamin regimen made a favorable effect on
the tibia mass of duck by decreasing bone turnover rate.

Key Words: 25-hydroxycholecalciferol, vitamin, bone turnover, tibia
mass, meat duck

14  Economically important production traits and enteric
health of broilers fed free or lipid matrix-encapsulated vita-

min and trace mineral elements at recommended and reduced
levels. Olivia Wedegaertner*!, Elle Chadwick!, Robert Beckstead!,
Elizabeth Santin?, Jean-Christophe Bodin?, Jean Fontaine?, and Peter
Ferket!, /North Carolina State University, Raleigh, North Carolina,
United States, 2JEFO Nutrition, Inc, Saint-Hyacinthe, Quebec,
Canada.

Protection of vitamin and mineral elements (VME) in a lipid encap-
sulated matrix for controlled release could enhance bioactivity and
permit lower dietary inclusion levels by limiting chemical or microbial
exposure without adversely affecting growth, welfare, enteric health
or value of poultry products. Our objective was to determine the effect
of reduced inclusion levels of free and lipid matrix encapsulated VME
on production traits and enteric health. Two 2 X 2 factorial designed
experiments were conducted in which free or lipid matrix encapsulated
VME were included at 100% of Aviagen recommended levels or at
60% or 70% reduced levels in trials 1 and 2, respectively. Reduced
levels of free VME are not commercially feasible due to the risk of
activity losses during feed manufacturing and storage. In trial 1, Ross
708 male broilers were randomly assigned to 4 dietary treatments (25
birds/pen, 2 pens/trt). Feed and individual bird weights were recorded
on D7, 14, 21, 28 and 42. Samples for 28d and 42d jejunum histology
and 42d cecal 16s RNA analysis was collected from 3 birds per pen.
Based on trial 1 results replicates were increased for trial 2. In trial 2
Ross 708 male and female broilers were assigned to 4 treatments (32
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birds/pen, 6 pens/trt). Feed and bird weights were recorded on D14,
28 and 42. On D49 birds from trial 2 were processed; carcass and cut
up weights, white striping, wooden breast, drip loss, paw quality, and
shank, skin and breast meat color (Minolta Colorimeter) were recorded.
Data were analyzed by factorial ANOVA. No treatment effects were
observed on growth performance in trial 1. Encapsulation reduced
jejunum villi surface area (P < 0.05) at 28d and 42d regardless of level,
suggesting less mucosa inflammation. Encapsulation resulted in higher
Firmicutes:Bacteroidetes ratios of cecal contents than free VME. In
trial 2 there were no effects observed on the growth of females or on
carcass yield or muscle myopathies of males. In the males, D042 feed
intake was reduced 3.5% by VME encapsulation without significant
effects on 42d BW, which improved 0-42d FCR in comparison to free
VME (1.57 vs 1.66). A 70% reduction in the dietary level of free VME
resulted in the highest incidence of hock and paw lesions. In contrast
encapsulated VME improved the quality and yellowness values of paws
and breast skin, and significantly reduced breast meat drip loss after 3,
5 and 7 d of refrigerated storage (P < 0.01). Lipid matrix encapsulated
VME improve growth performance, enteric health, and market value
of poultry products regardless of dietary level, but encapsulation also
remediates the risk of lower dietary VME inclusion levels that would
otherwise be infeasible as free premix forms.

Key Words: vitamins, minerals, lipid encapsulation matrix, microbiome,
poultry product quality

15  Not Presented

16  Growth performance and carcass characteristics of broilers
fed diets varying in supplemental copper concentrations from 29
to 53 days of age. Stephanie Philpot*!, Kurt Perryman?, and William
Dozier, ', ' Auburn University, Auburn, Alabama, United States,
2Micronutrients, Indianapolis, Indiana, United States.

Previous research has established that feeding broilers high dietary Cu
concentrations (>100 mg/kg) can provide growth promoting benefits.
However, information is sparse about effects of feeding high concentra-
tions of Cu to broilers from 2.8 to 4.0 kg of BW. An experiment was
conducted to determine the effects of supplemental Cu concentrations
on growth performance and carcass characteristics of Ross x Ross 708
broilers from 29 to 53 d of age. Male chicks were randomly distributed
to 60 floor pens (22 birds/pen, 0.1 m? /bird). Birds were provided with
common starter and grower diets containing 135 mg/kg of Cu from 1 to
29 d of age. Corn, soybean meal, and DDGS were the primary ingredi-
ents. At 29 d of age, pens were equalized for bird number and assigned to
1 of 5 dietary treatments (12 replicate pens per treatment). Experimental
treatments contained either 0-0, 135-0, 270-0, 135-135, or 270-270
mg/kg of Cu in the form of tribasic Cu chloride (Micronutrients USA,
LLC) in the finisher 1 (29 to 41 d of age) and finisher 2 (41 to 53 d of
age) periods. Diets were formulated to be identical in nutrient composi-
tion except for supplemental Cu concentration. Body weight gain, feed
intake, feed conversion ratio, and mortality were determined at 29, 41,
and 53 d of age. At 54 d of age, 14 birds per pen were processed and
front-half deboned to determine total breast meat (pectoralis major and
minor muscles) weight and yield. Additionally, fillets (pectoralis major
muscles) were scored for white striping and wooden breast. Data were
analyzed using a one-way ANOVA. No significant differences (P >
0.08) were observed for growth performance characteristics. Broilers
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fed diets containing 270 mg/kg of Cu in the finisher 1 and finisher 2 diets
had higher total breast yield than the broilers fed no supplemental Cu
from 29 to 53 d of age (28.1% vs. 27.6%, P = 0.017). This represented
an increase in fillet weight (P = 0.003) of 32 g compared with birds fed
diets containing no supplemental Cu from 29 to 53 d of age and the
birds fed 135 mg/kg of supplemental Cu from 29 to 41 d of age. Severity
of white striping or wooden breast was not affected (P > 0.08) by Cu
supplementation. These data indicate that high concentrations of dietary
Cu may increase breast meat weight and yield of broilers processed at
54 d of age with no adverse effects on meat quality.

Key Words: antibiotic free, broiler, copper, debone, yield

17  Zinc amino acid complex supplementation mitigates nega-
tive effects of cyclic heat stress on intestinal integrity of broilers.
Alvaro Burin Junior*!, Débora B. Moretti!, Ana Beatriz Oliveira!,
Diana Suckeveris!, Marcos Nascimento Filho!, Alba Fireman?, and
José Fernando Machado Menten1, /University of Sao Paulo, ESALQ,
Piracicaba, Brazil, °Zinpro Corporation, Eden Prairie, United States.

Performance and intestinal integrity are knowingly affected by thermal
stress. Zinc supplementation has shown potential to mitigate these
detrimental effects by enhancing tight junction proteins’ expression
and maintaining mucosal small intestine structure. The objective of the
study was to determine the effect of a zinc amino acid complex (ZnAA;
Availa®Zn) on intestinal integrity of broilers submitted to heat stress.
Ninety-six 21-d old Cobb male broilers were randomly allotted to 4
dietary treatments (0, 20, 40 and 60 ppm of zinc) and 2 environments,
resulting in a 4 x 2 factorial scheme. The environmental conditions
consisted of thermoneutral (TN) and chronic cyclic heat stress (HS). The
unsupplemented basal corn-soybean meal diet contained 30 ppm of Zn.
Birds were fed experimental diets from 1d up to 21d, and from 21d to
42d housed in 3 wired-cages/treatment (4 birds/cage). This experiment
was repeated over time, resulting in 12 replicates. FITC-d permeability
assay, intestinal histomorphometry and expression of claudin-1, ocludin
and zonula ocludens-1 by Western blot were performed at 42d. Data were
subjected to 2-way ANOVA in a4 x 2 factorial scheme, with ZnAA level
and environmental conditions as the main effects and their interactions.
The repetition over time was considered a random effect. Polynomial
contrasts were used to determine linear and quadratic responses to
dietary ZnAA levels, within HS and TN groups or over main effect.
Heat stress reduced villus height in jejunum and ileum (P < 0.05). In
jejunum, TN showed higher crypt depth compared with HS broilers (P
< 0.05). HS birds presented decreased villus height:crypt depth ratio
compared with TN birds, on ileum (P < 0.05). An interaction between
ZnAA supplementation and environment was observed for villus height
in jejunum (P < 0.05). A positive linear effect (P =0.071) was observed
for HS birds, while no significant effect was observed for TN birds. For
ocludin and ZO-1, interaction between environment and ZnAA level was
observed (P < 0.06). For both proteins, a positive quadratic response
was observed for broilers exposed to heat stress as ZnAA increased. It
means that the intermediate levels of supplemental zinc (20 and 40 ppm)
enhanced the protein expression, resulting in greater intestinal cohesion.
FITC-d results showed that zinc supplemented broilers presented lower
levels of the marker on the blood for HS broilers (P < 0.05), indicating
a less permeable gut. Altogether, HS reduced gut integrity, while ZnAA
supplementation mitigated negative effects caused by heat stress.

Key Words: mineral nutrition, zinc, stress, gut permeability



Student Competition: Processing and Products

18  Detection of woody breast condition in commercial broiler
carcasses using image analysis. Juan Caldas-Cueva*, Andy Mauro-
moustakos, and Casey Owens, University of Arkansas, Fayetteville,
Arkansas, United States.

Image analysis could be an objective and rapid method to identify woody
breast (WB) myopathy and benefit the global poultry industry. The aim
of this study was to determine if there are conformation changes that
can be used to detect WB characteristics in commercial broiler carcasses
across strains, gender, and ages using image analysis method. A total of
900 images of male (n=450) and female (n =450) broiler carcasses from
3 commercial strains and 5 ages (6, 7, 8, 9 and 10 weeks) were captured
before evisceration. Whole breast fillets were hot deboned and scored for
WB severity based on tactile assessment. Broiler carcass images were
processed and analyzed using ImagelJ software. Parameters for carcass
conformation were MO: breast length; M1: breast width in the cranial
region; M2: vertical line from the tip of keel to 1/5th of breast length;
M3: breast width at the end of M2; M4: angle formed at the tip of keel
and extending to outer points of M3; M5: area of the triangle formed by
M3 and lines generated by M4; M6: area of the breast above M3; M7:
M6 minus M5. In addition, 4 ratios [M8 (M3/M1), M9 (M3/M2), M10
(M7/MS), and M11 (M1/MO0)] were considered. Spearman correlation
coefficients were estimated for WB severity scores and image measure-
ments. Binary nominal logistic regression was carried out to evaluate
and select suitable prediction models for WB condition. Regardless of
strain, sex and age, M11 (M1/M0), M9 (M3/M2), and M4 (angle at keel)
had the highest correlation to WB score (r >0.65; P < 0.01) followed
by M3, M1, M7, M6, M5, M8, M10, and M2 respectively. Overall,
the simplest and most adequate validated prediction model (P < 0.01)
included M1, M2, and M3 measurements, which showed high accuracy
estimating WB condition [Gen. R>=0.61, AUC = 0.94, misclassification
rate (MR) = 8.52% and sensitivity (ST) = 71.11%)]. Alternatively, M4
and M6 measurements as well as ratios M9 and M11 could be consid-
ered as predictors. Regardless of strain and gender, the most adequate
model to predict WB condition in broiler carcasses from 6 and 7 weeks
included M1 and M9 (Gen. R? > 0.62, AUC >0.96, MR <7.78%, and
ST >54.55%), whereas the model for 8 to 10 weeks included M1, M2,
and M3 (Gen. R?>0.58, AUC >0.91, MR <15.56%, and ST >63.83%).
These data support the feasibility of the use of image analysis to predict
WB condition in broiler carcasses regardless of the strain, sex and age.
The potential integration of these image measurements into commercial
in-line, non-destructive and non-contact vision grading systems would
allow processors to identify broilers with WB to potentially sort, pro-
vide information downstream to deboning operations, and/or provide
information upstream to live production.

Key Words: wooden breast, image analysis, processing, in-line carcass
sorting, meat quality

19  Evaluating broiler breast and tenderloin meat tenderness
using various versions of the Muellenet Owens Razor Shear. Clay
Maynard*, Amelia Chapman, and Casey Owens, University of Arkan-
sas, Fayetteville, Arkansas, United States.

Broiler meat quality is important to consumers, in particular breast meat
tenderness. Tenderness can be assessed indirectly with instrumental
methods. The Meullenet Owens Razor shear method (MORS) was
developed to assess tenderness without requiring added sample cut-
ting, thus simplifying the process compared with traditional methods.

A blunted version (BMORS) was since used to better assess tougher
meat, and recently, a larger incisor blade (IMORS) has been used by the
food service industry for quality control. However, no data is available
in literature on how the IMORS relates to current methods, nor is there
any data related to tenderness of tenderloins. The purpose of this study
was to assess effectiveness of MORS, BMORS, and IMORS to evalu-
ate shear properties of broiler breast fillets and tenderloins deboned at
various times postmortem (PM). In 2 trials, 600 broilers were processed
in a commercial processing plant and deboned at 2h, 4h, 6h, or 8h PM.
Tenderloins (n = 480) were also collected at the same time using the
same debone treatments. Right fillets and tenderloins were cooked to
76C and used for shear evaluation using MORS (0.5 mm razor edge
blade), BMORS (0.5 mm blunted blade) and IMORS (1.5 mm blunted
blade) on a TA.XTPlus (Texture Technologies Corp.). Data was sub-
jected to ANOVA and correlation coefficients among methods were
determined. In most cases for broiler breast fillets, the fillets deboned
at 2h had higher (P < 0.05) shear values than fillets deboned at 4, 6,
or 8 h PM, which were not different (P > 0.05). The exception was for
IMORS energy where the fillets deboned at 2h were similar (P > 0.05)
to fillets deboned 4 and 6h pm but higher (P < 0.05) than 8h. Overall,
using blunted versions of MORS resulted in higher force/energy values
(IMORS > BMORS > MORS). Force and energy were highly correlated
(r=0.92) for all methods. MORS energy was highly correlated to both
BMORS energy (r = 0.71) and IMORS energy (» = 0.75) while force
measurements were slightly less correlated (MORS force to BMORS
force, r=0.63, and to IMORS force, = 0.66). BMORS force and energy
were highly correlated to IMORS force and energy (#=0.71 and »=0.78,
respectively). For tenderloins, MORS force and energy decreased (P <
0.05) as deboning time increased with each debone period. Data from
this study suggest that all versions of the MORS method are adequate
for assessing poultry meat tenderness and that tenderloin tenderness (via
shear) is impacted by deboning time. However, future studies should
assess the effectiveness of these methods in distinguishing differences
of meat that is considered tough and to assess the relationship of the
IMORS to sensory attributes.

Key Words: tenderness, breast, tenderloins, MORS, shear

20  Effect of trans-cinnamaldehyde in scalding water on
broiler drumsticks contaminated with Salmonella Heidelberg.
Claire Peichel*!, Divek V. T. Nair!, Shijinaraj Manjankattil?, Annie
Donoghue?, and Anup Kollanoor Johny!, ! University of Minnesota,
Minneapolis, Minnesota, United States, 2 University of Minnesota,
Saint Paul, Minnesota, United States, SUSDA, Fayetteville, Arkansas,
United States.

Salmonella is a major foodborne pathogen that causes gastrointestinal
illness in humans worldwide. Contaminated poultry products play a
significant role in the transmission of the pathogen to humans. This
study determined the antibacterial effect of trans-cinnamaldehyde (TC)
against Salmonella Heidelberg (SH) on broiler drumsticks during the
scalding step of poultry processing. Drumsticks were used as a model
to simulate carcass skin and meat. Drumsticks were inoculated with
either low (~3.0 log10 cfu/g) or high (~4.5 log10 cfu/g) concentrations
of SH and were immersed in treatment water containing 0.5% TC, 1%
TC, 0.05% peracetic acid (PAA), 0.5% TC + 0.05% PAA or 1% TC +
0.05% PAA at 540C for 2 min (USDA-recommended time-temperature
combination for scalding). Drumsticks inoculated with SH and without
any antimicrobial treatment served as the positive control (PC). After
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scalding, the drumsticks were homogenized in 350 mL Phosphate Buff-
ered Saline for 30s to obtain surviving SH populations. Populations of
SH on drumsticks and in the scalding water were enumerated by surface
plating and enrichment methods. We also determined the efficacy of the
scalding treatments against SH survival on drumsticks during chilled
storage. For this study, the drumsticks were inoculated with 4.5 log10
cfu/g SH and immersed in scalding water containing 1% TC, 0.05% PAA
or 1% TC + 0.05% PAA. After scalding, the drumsticks were immersed
in chilling water without any antimicrobials for 30 min, packed and
stored at 40C for 48 h. Surviving SH populations were determined
immediately after chilling and after 48h of storage. Finally, the effect
of the treatments on the surface color of drumsticks was evaluated. All
experiments were repeated 6 times and data were analyzed using the
PROC-MIXED procedure of SAS. Results revealed that PAA and its
combination with TC (0.5 or 1%) resulted in the significant reduction of
SH at low (1.7 to 2.4 log10 cfu/g reduction) and high inoculum (2.1 to
3.11og10 cfu/g reduction) levels of SH (P < 0.05). The same treatments
inactivated SH to non-detectable levels from the scalding water whereas
2.0- (low inoculum study) and 4.0- (high inoculum study) log10 cfu/ml
SH survived in PC (P < 0.05). The scalding treatments were also effec-
tive in inhibiting SH on the drumsticks compared with the respective
controls during chilled storage. The treatments did not affect the surface
color of the drumsticks (P > 0.05). The study reveals that TC could be
an alternative antimicrobial for SH control in poultry processing. Studies
exploring the antimicrobial effect of TC on SH-contaminated carcasses
in the presence of organic matter are underway (MAES #MIN-16-120;
USDA NNF #2016-38420-25285).

Key Words: processing, salmonella, drumsticks, trans-cinnamaldehyde,
organic

21  Shelf life of eggs coated with whey protein. Carolina Haubert
Franceschi*, Paula Gabriela Pires, Brenda Santaiana Prato, Aline Fer-
nanda Rodrigues Leuven, Katia Maria Cardinal, and Ines Andretta,
Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil.

Whey protein has been studied as an edible coatings for different foods.
These coatings act as barriers against moisture and oxygen to prevent
rapid deterioration and increase the product shelf life. In the current
study, the effect of using whey protein coatings on the quality of eggs
was evaluated during 6 weeks. One hundred and 68 non-fertile eggs
from an Isa Brown laying line were used after washing under tap water.
Egg quality was assessed in uncoated eggs (control treatment) and eggs
coated once or twice with a solution containing 5% whey protein. The
coated eggs were immerse manually in the whey protein solution. Then,
the eggs were stored at room temperature (20°C) for 6 weeks. This higher
temperature was used to simulate the reality of egg production in Brazil.
Twelve eggs of each treatment were taken at day zero to represent a
fresh egg and posteriorly taken in weekly intervals for determination
of weight loss. Egg quality variables (Haugh unit - HU, pH, and yolk
index - YI) were analyzed of 12 eggs at day zero and at the end of the
experimental period. Statistical analysis was performed using the SAS
PROC GLM method (P < 0.05). Results indicated that whey protein
coatings (single or double application) were able to reduce (P < 0.001)
the loss of egg mass in comparison to uncoated eggs at the 6th week of
storage (7.44, 4.35, and 4.28%, and, respectively for uncoated or eggs
coated once or twice). The use of the coatings preserved the internal
quality of the eggs for up to 6 weeks longer than uncoated eggs. The
HU and YT were higher in coated eggs (P < 0.001). Uncoated eggs had
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the worst (P < 0.001) HU (54.02), albumen pH (9.25), and YI (0.27)
after 6 weeks of storage, compared with coated eggs. Additionally, the
double application (HU: 62.12, pH: 8.91, YI: 0.31) did not improve
the protection for egg quality maintenance compared with the single
application (HU: 63.25, pH: 8.89, YI: 0.30) as both treatments showed
similar results. In conclusion, when no refrigeration is used, the use of
coatings based on whey protein influences the internal quality of eggs
during storage and may be a promising technology to extend the eggs
shelf life.

Key Words: eggshells, Haugh unit, protein coatings, storage, yolk index

22 Automated deboning trajectory models for handling natu-
ral variability in processing. Louise Zhuang*, Stephanie Richter,
Konrad Ahlin, and Wayne Daley, Georgia Tech Research Institute,
Atlanta, Georgia, United States.

Automated systems to handle natural morphological variability during
poultry processing have been difficult to engineer. This has led to the
prevalence of manual operations; however, market needs are begin-
ning to outpace available labor. These problems can be alleviated with
improved automation in second and further processing, especially when
supplemented with a system to streamline design. The objective of this
work was to create a deterministic approach to generate deboning tra-
jectories for chickens based on their external morphologies that could
be tested and evaluated through actual implementation. To illustrate and
test the concept, a wing cut trajectory model was developed due to its
importance in determining overall deboning efficiency. The development
pipeline consisted of CT scan acquisition and analysis, virtual reality
(VR) trajectory determination and evaluation, and robotic implementa-
tion. The VR environment was first populated with biologically accurate
chicken models created from CT scans. Using 28 training bird models
of varying sizes, 2 key control trajectory points for a wing deboning
cut were placed on both sides of each chicken: the tip of the scapula
(ST) and the estimated center of the scapulohumeral ligament (SH) and
teres minor (TM) supporting the shoulder joint. The trajectory model
was created using a least-squares fit between the reference points and
trained control points to create a trajectory from ST to SH and TM. The
trajectories were then visually simulated in the VR environment. To
analyze the accuracy of the simulated trajectory models, the calculated
control points for 10 test birds were compared with the desired trajectory
point locations. The mean distance between the desired and calculated
ST point was 3.0 mm with a standard deviation of 1.1 mm, and the mean
distance for the SH and TM point was 2.8 mm with a standard devia-
tion of 0.9 mm. The real-world performance was also tested by sending
the model data to a robotic arm for use on real chicken carcasses. The
results appeared to be within the errors cited earlier, but more testing
is needed to fully characterize practical performance. Likewise, trajec-
tory models created based on size also appeared to improve prediction
accuracy. The capability of the trajectory model to determine accurate
cut locations both in simulation and in real life indicates that this method
of developing deboning trajectories is viable and can be used to enhance
the flexibility of automated deboning to account for natural variation
and to increase meat yield. In the future, a full implementation of this
system on more trajectory types can be tested using sensor-equipped
robots and utilized to advance the automation of poultry processing.

Key Words: robotics, deboning trajectories, automated processing,
virtual reality (VR)
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23 A unique form of environmental enrichment motivated
broiler physical activity and maintained tibia quality. Meaghan
Meyer*, Anna Johnson, and Elizabeth Bobeck, lowa State University,
Ames, lowa, United States.

Today’s commercial broiler chicken is a highly feed efficient, fast-
growing genetic hybrid that is afflicted by leg lameness compounded by
a large proportion of time spent inactive. Adequate biologically relevant
environmental enrichment that stimulates natural behavior is lacking in
commercial broiler barns. Therefore, a novel laser enrichment device
was designed to project 2 randomly moving red dots across the floor of
2 adjoining pens with the objective to motivate broiler physical activ-
ity and ultimately improve performance by driving birds toward the
feeder. Twelve-hundred Ross 308 broilers were housed in pens of 30
for a 6-wk grow-out where half of the birds, considered laser enriched
birds, received enrichment treatment daily (4 “laser periods”/day at
05:30, 11:30, 17:30, and 23:30) and the other half served as controls.
Seven pens from each treatment (n = 14) were video recorded d0—8 and
once weekly wk 2—6. Five randomly selected focal birds/camera pen (n
=70) were marked with animal-safe food coloring on d0 and observed
for welfare and behavior measures. Videos categorized broiler behavior
in the home pen (%), latency to feed (s), and walking distance (cm). On
d42, the 70 focal birds were euthanized for tibia quality measures. Data
were tested for normality and analyzed using a one-way ANOVA (Proc
Mixed or Proc Glimmix, SAS Version 9.4). Laser enriched birds showed
less inactivity on d2 (peak of 45.32% decrease), 3, 4, 5, 6, and 8, and
onwk 1 and 5 (P <0.05). Focal birds in enriched pens spent more time
at the feeder on d0, 1, 2, 5 (peak of 10.21% increase), and 8, and on wk
1 and 5 (P <0.05). In the first 9 d, 70.89% of laser enriched birds went
to the feeder at least once during laser periods or in < 5 min following
laser turn off. Over wk 1-6, 60.54% of birds visited the feeder at least
once during or within 5 min following laser periods. Distance walked
during laser periods was increased in enriched pens on d0-8, with a
646.49 cm increase on d1, and on wk 2-5, with a 367.54 cm increase
on wk 2 (P <0.05). There were no differences in tibia quality measures
due to enrichment treatment (P > 0.05). In summary, the novel device
tested for the first time in this study increased physical activity, walking
distance, and time at the feeder with no negative impacts on tibia quality.

Key Words: broiler, environmental enrichment, welfare, behavior,
bone quality

24  Evaluation of three platform enrichments in a commercial
broiler house. Rodrigo Lopez*!, Shawna Weimer?, and Katy Tar-
rant!, !Fresno State, Fresno, California, United States, 2University of
Maryland, College Park, Maryland, United States.

Consumer demand regarding standards of care, welfare, and production
methods are increasingly important for livestock producers. To meet
consumer demands, the US is on a path to increase levels of welfare.
Structures added to the environment act as welfare enrichments, but
establishing scientific understanding of their impact is critical. This study
aims to evaluate platform parameters as they relate to frequency of use
as a guide for selecting platform designs in a conventional broiler house.
Three replicates of wooden platform prototypes were examined with
the following designs: 1) slatted ramps with a vertical angle of 10, 20,
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and 30° (AG), 2) 0.91m x 0.41m rectangles raised to a height of Scm,
10cm, 15¢m, and 20cm (RA), and 3) 1.52m x 1.52m pyramids with 1,
2, and 3 levels of steps raised 5cm per step (PY). Platforms were placed
alternately placed centrally in the house equal distances from the water
and feed line. Platform usage was recorded with cameras positioned
above the platforms in a commercial broiler house. Conventional broilers
had unrestricted access to the platforms. Platform usage was recorded
daily as snapshots intervals at 5 time points d7-22: 3:30AM, 9:30AM,
1:30PM, 5:30PM, 9:30PM. Birds were considered to be using the
platform if in contact with the platform. The platform usage frequency
was calculated as (number of birds using the platform)/(the maximum
number of birds that could occupy the platform based the surface area).
Frequencies were evaluated as the percentage of usage based on the
surface area of the platform. Categories were designated as None (0%),
Low (>33%), Medium (33—66%), and High (<67%) usage based on
the available space. Usage among platform types were analyzed across
days using JMPv.11 using a Pearson chi-squared test. Significance was
evaluated at P < 0.05. There were no differences in usage between
the PY platform designs at any of the time points evaluated. With the
exception of 4 d (d7, d8, d19, d20), there was a difference in the usage
of the AG platforms. The largest angle at 30° had a lower frequency of
usage compared the smaller angles (P < 0.05). The 20cm RA platforms
had a larger frequency of None and Low uses on d8 compared with all
other sized RA platforms (P <0.001). On d18, d21, and d22, the 20cm
RA platforms had more High and Medium uses than other RA platform
designs (P < 0.05). Interestingly, when adjusted for available surface
area, usage of the PY platforms was the lowest compared with all other
platform types. Data show that the platforms with smaller surface area
and lower ramp angles were preferred in conventional birds from d7-22.
Considering these design variables are critical when developing enrich-
ments for conventional broiler facilities.

Key Words: broiler, platform, enrichment

25  Evaluating the effects of stocking density on welfare and
performance of broilers. Chandler Keck*, Chelsea Phillips, and
Chris Ashwell, North Carolina State University, Raleigh, North Caro-
lina, United States.

As consumer emphasis on animal welfare increases, so has the attention
and research on welfare parameters. One parameter of interest is stock-
ing density. At the 2018 average market weight of 2.84kg, the National
Chicken Council advocates a maximum stocking density of 41.5kg/
m?. The European Commission, however, requires special notifica-
tion, documentation and additional regulations to use stocking densi-
ties higher than 33kg/m?. This difference begs the question, are there
welfare or performance implications across this range? The objective
of this study was to evaluate the effects of stocking density on welfare
and performance of broilers at final target densities at 42d of 24.4kg/
m?(A), 29.3kg/m?(B), 34.2kg/m*(C), and 39.1kg/m?(D). For this study,
1,800 Ross 708 eggs were obtained and incubated at industry standards.
At hatch, chicks were sexed (only males used), tagged, vaccinated for
Marek’s, Newcastle, and Infectious bronchitis, and randomly assigned
to treatments (trt). To mimic industry conditions, used-litter, industry
standard lighting, temperature and 3 phase feeding programs were used.
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A randomized block design was used with 20 broilers per pen and 7 pens
per treatment with varying square footage, but identical water and feed
access. Blood collection (Corticosterone), welfare assessments (foot
pad and gait scores), and pen group weights were performed weekly.
Any mortality was replaced with extra birds to maintain target density
but extra birds were never sampled. Three birds per pen were injected
with sheep red blood cells (SRBCs) at 27d and blood was collected
at day of injection, 7, and 19d. At 42d, body weight, breast weight,
muscle, liver, and spleen samples were taken from 3 birds per pen for
molecular analyses. Litter samples were taken pre and post-trial. All data
was analyzed using one-way ANOVA of JMP 13 and p-value <0.05 as
the threshold. There was a significant difference in body weight from
wk 2-5 with trt C having the highest weight. A significant difference
in footpad scores throughout the trial was observed with trt D having
the highest (worst) score. Gait scores also had a significant difference
at wk 3 with trt D having the highest (worst) score. Differences in the
litter were noted with trt C having the highest moisture content. At 7d
post injections, there was a significant difference in antibody response to
SRBCs with trt A having the highest response. There were no differences
found in breast weight, breast yield, feed conversion ratio, mortality,
or blood corticosterone levels. Based on these results, the variation of
stocking density within 24-39kg/m? does not affect production but has
effects on welfare parameters such as pad score and immune response.

Key Words: stocking density, welfare, broilers

26  Effects of a perforated floor system in the area of food and
water supply on animal welfare and production performance in
broiler housing systems. Carolin Adler*, Sonja Hillemacher, Wolf-
gang Biischer, and Inga Tiemann, Rheinische Friedrich-Wilhelms-
Universitdit Bonn, Bonn, Germany.

Alternative floors in broiler production systems have been subject of
intensive research. Furthermore, effects of housing systems on animal-
based welfare parameters are gaining public interest. Animal-based
parameters can be divided into health status and animal behavior. Little
experimental information exists about the effects of perforated plastic
floors on animal behavior compared with conventional litter hous-
ing. Our study investigates the effect of perforated vs. littered floors
on the animal’s behavior and performance of fast-growing Ross 308
broilers. Conventional litter was used in both groups, but litter under
the food and water supply chain was replaced by a perforated plastic
floor system. This system reduces the animal’s contact to at least half
of the excrement-litter-mixture and offers an elevated area at the same
time. The study was performed with 500 broilers per group (n = 2)
until 32 d of age. Beside the floor system, conditions were identical
(case-control study). Animal welfare was measured weekly using the
avoidance distance test (ADT) and the novel object test (NOT) of the
Welfare Quality® Assessment protocol for poultry (2009). Production
performance data were also collected weekly, focused on the animals’
weight. An univariate analyses of variance (ANOVA) was used for
statistical evaluation. Results show that production performance was not
affected by the floor system (F(1) =0.034, P=0.854). Based on further
analyses, ADT scores of the 2 flocks were significantly different (F(1) =
7.79, P=10.006) indicated by more animals near the experimenter in the
perforated floor group. Also the results for the NOT showed significant
differences between the 2 floor systems (F(1) = 10.77, P =0.001) with
more animals investigating the object in the perforated floor group. Our
findings indicate an improvement in the animal-human-relationship as
well as a reduction of neophobia. Our results implicate that animals had
less stress and fear when kept on perforated floors. Compared with the
full litter house, the perforated floor positively influenced animal welfare.
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This effect is assumed to be due to the enrichment of the husbandry
concept which results in an increased opportunity to perform natural
behavior in different functional areas.

Key Words: broiler production, animal welfare, animal behavior, floor-
ing type, perforated floor

27  Evaluation of on-farm euthanasia of broiler breeders utiliz-
ing captive bolt, electrocution, mechanical cervical dislocation,
and carbon dioxide. Ranjit Boyal*!, Leonie Jacobs?, Richard Jeff
Buhr?, Caitlin Harris*, Nicole Bartenfeld Josselson?, Sam Cowles®,
Ileana Berganza', and Dianna Bourassa!, Auburn University,
Auburn, Alabama, United States, *Virginia Tech, Blacksburg, Vir-
ginia, United States, SUSDA-ARS-USNPRC, Athens, Georgia, United
States, *University of Georgia, Athens, Georgia, United States, >Avia-
gen, Albertville, Alabama, United States.

Using manual cervical dislocation to euthanize broiler breeders can be
challenging due to their size and the strength required by the operator,
which can impact animal welfare. The objective was to investigate
the efficacy of euthanasia with alternative methods of carbon dioxide
(CO,), Turkey Euthanasia Device (TED), Koechner Euthanizing Device
(KED), and electrocution in achieving rapid unconsciousness and death
in broiler breeders. Euthanasia methods were applied to both males and
female broiler breeders (4.4, 3.9 kg). A subset of birds (n = 17) were
equipped with cutaneous electrodes to monitor heart rate (electrocar-
diogram). To improve safety and ease of use for a single operator, all
methods were performed with birds placed in a mobile bird euthanasia
apparatus (MBEA). For CO, euthanasia the head was enclosed in a
small portable device for 4 min (n = 64). TED was applied at the base
of the comb (n = 69). KED was placed at the base of the skull, perpen-
dicular to the neck, after which the handles were pressed together (n =
59). Electrocution was applied at 110 V AC for 15 s to induce cardiac
fibrillation (n = 70). Effectiveness was assessed based on kill success
after one attempt, broken skin (presence/absence), external blood loss
(presence/absence), and durations of persisting nictitating membrane
reflex, gasping (rhythmic opening/closing), and musculoskeletal move-
ments. Nonparametric data were analyzed using Chi-squared and dura-
tion data using the GLM procedure of SAS with means separated by
Tukey’s HSD test. There were no differences in kill success with TED
and electrocution consistently reliable (100%) followed by CO, and
KED (98, 97%). Broken skin and blood loss were more frequent in TED
(93, 97%) than in KED (72, 68%, P = 0.0032, P < 0.0001), with both
TED and KED resulting in more frequent skin damage and blood loss
than CO, (0, 6%, P < 0.0001) and electrocution (0, 3%, P < 0.0001).
The induced nictitating membrane reflex duration for KED (89 s) was
longer than TED, CO,, and electrocution (1,0, 0s, P<0.0001). Gasping
durations after KED application persisted significantly longer (158 s)
than TED, CO,, and electrocution (4,0, 0s, P<0.0001). KED and TED
(210, 204 s) resulted in significantly longer durations of body move-
ment when compared with CO, and electrocution (4, 4 s, P < 0.0001).
Heart rate was depressed (<180 bpm) within 88 s for all euthanasia
methods. Heart beat cessation occurred more quickly for electrocution
(0's) than TED, CO,, and KED (427 to 659 s, P <0.0001). All methods
were successful with CO, and electrocution resulting in minimal skin
damage and blood loss. Euthanasia by electrocution resulted in the
shortest duration of physiological and behavioral responses, followed
by CO,, TED, and KED.

Key Words: broiler breeder, euthanasia, animal welfare,
electrocardiogram
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28  Comparison of broiler and turkey physiological responses
associated with acute heat stress and elevated CO, associated
with emergency depopulation practices. Dellila Hodgson*!,
Kenneth Anderson', Krista Eberle-Krish!, Michael Martin?, Sanjay
Shah?, Ramon Malheiros!, Shelly Nolin!, and Kimberly Livingston',
!North Carolina State University, Raleigh, North Carolina, United
States, North Carolina Department of Agriculture and Consumer
Services, Raleigh, North Carolina, United States.

In the face of an outbreak, poultry producers need depopulation methods
that can be executed quickly to end the suffering of diseased poultry and
prevent the spread to healthy flocks. APHIS defines depopulation as “the
destruction of a large number of animals with as much consideration to
the welfare of the animal as practical.” Due to the risk of virus amplifi-
cation, USDA-APHIS prescribes depopulation of a HPAI presumptive
positive flock within 24 h. Current Approved methods for depopula-
tion are CO, and water-based foam. If depopulation with the approved
methods cannot be achieved within 24 h, alternative methods that can be
approved for use may be ventilation shutdown plus (VSD+). However,
which depopulation method used is made on a premise-by-premise
basis, considering resources, epidemiology, and State/USDA-APHIS
concurrence on the method. The stress response of turkeys and broil-
ers was evaluated using 3 different depopulation methods, Ventilation
Shut Down (VSD), Ventilation Shut Down + Heat (VSDH), Ventilation
Shut Down + CO, (VSDCO,) The initial phase provided the required
time of death (TOD) for each species. Blood was collected before and
at TOD to determine changes in corticosterone (CORT) levels and at 5
points beginning at time 0 for phase 2. Data was analyzed as a 2-way
ANOVA using SAS 9.4. Initial phase determinations indicated that TOD
was shortest in both the turkeys and broilers for VSDCO, at 23 and 25
min. VSD took the longest for both turkeys and broilers respectively
(270 min and 130 min). VSDH had an intermediate TOD at 86 min for
turkeys and 75 min for broilers. Despite having similar CORT levels
before the method, turkeys had higher CORT levels than the boilers
(P < 0.05) regardless of method. CORT levels did not differ among
the methods for broilers. However, turkeys subjected to VSD had the
lowest CORT levels at 1.55 ng/ml whereas VSDH and VSDCO, had
greater levels at 8.26 and 6.30 ng/ml. In phase 2, CORT was highest in
the VSDCO, methods for both the turkeys and broilers. However, the
turkeys peaked at 18 min while broiler peaked at the end (28 min). VSD
had the lowest CORT levels in both the turkeys and broilers throughout
the time points. In conclusion, VSDCO, results in the highest CORT
levels in both turkeys and broilers; however, the TOD is much shorter
when compared with VSD or VSDH.

Key Words: corticosterone, depopulation

29  Does wavelength in a photoperiod program impact broiler
fear and stress levels? Bruna Maria Remonato Franco*!, Tory
Shynkaruk', Bryan Fancher?, Nick French?, Scott Gillingham?, and
Karen Schwean-Lardner!, University of Saskatchewan, Saskatoon,
Saskatchewan, Canada, ZAviagen Group, Huntsville, Alabama,
United States.

Light emitting diode (LED) lamps are of interest for broiler production
since they are inexpensive to run, have a long life and provide mono-
chromatic colors. The effect of varying wavelengths was examined
using 3 light treatments (L) (blue (BL, 455nm), green (GL, 510nm)
and white (WL)) on broiler welfare and production; behavior traits will
be discussed in this abstract. A total of 14,256 broilers, of 2 sexes (Sx)
and 2 strains (Ross EPMx708 and Ross YPMx708; St) were housed
in 2 blocked trials, in 9 rooms (3 replicates per lighting treatment per
trial). Each independent environmentally controlled room was divided
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into 12 pens (2x2.3m), allowing Sx and St to be housed separately.
Stocking density was of 31kg/m? (62 males or 70 females/pen). Com-
mercial diets (starter, grower and finisher) were formulated based on
Aviagen recommendations. Light was provided at 23L:1D for d1 and
decreased 1h daily until it reached 16L:8D by d5 (with dawn and
dusk transitions of 15min). Intensity of light on the first week varied
between trial blocks 1 and 2 (triall — 9.6 clux; trial2 — 14.3 clux) but
was maintained equal between rooms/trial; intensity was reduced to 9.6
clux on d8. To assess fear, tonic immobility testing (TI) was performed
on d23 (14 birds per lighting treatment x strain x sex, 1 bird per pen)
followed by a novel object study at d30 (3 pens per LxStxSx per trial)
and a response to observer test on the same day (9 pens per LxStxSx per
trial). Stress levels were examined by collecting blood and determining
the heterophil to lymphocyte (H:L) ratio at d22 for 9 birds per LxStxSx
per trial. Data were analyzed as a 3x2x2 factorial design with lighting
treatment nested within room (Proc Mixed - SAS 9.4). Differences were
considered significant when P < 0.05. TI revealed a lower latency to
rise in BL birds (P = 0.001) then GL and WL (71.79, 140.11, 150.41 s
respectively), indicating reduced fear. A lower percentage (P = 0.01)
of BL birds moved as a result of an observer’s presence compared with
birds raised in GL and WL (3.31%, 6.89%, 6.22% respectively) and an
interaction was noted between strain and sex, where a higher percent-
age of Y-708 males moved compared with Y-708 females. The average
time birds took to approach a novel object did not differ between light
treatments (P = 0.12). Birds raised under BL had a lower H:L ratio
(0.312) compared with birds raised under WL (0.467; P = 0.03). With
respect to sex, males had a lower H:L ratio compared with females (P =
0.001), and no strain differences were noted. Overall, the results show
that raising birds under BL leads to lower stress and a reduction in fear,
suggesting that blue lighting in particular play an interesting role on
emotional states and welfare in poultry.

Key Words: wavelength, LED, broiler, behaviour, welfare

30 Not Presented

31 Comparison of red, blue, and green monochromatic LED
lights to white LED lights on Pekin duck stress, behavior, and
growth. Gabrielle House*, Eric Sobotik, Austin Stiewert, Jill Nelson,
and Greg Archer, Texas A&M University, College Station, Texas,
United States.

Ducks and other poultry are known to be sensitive to light spectrum,
intensity, flicker, and photoperiod. Limited research has been conducted
on how light spectrum affects Pekin duck production and welfare. The
objective of this study was to evaluate the effects of 4 monochromatic
light spectrums on Pekin duck stress, behavior, and growth. Pekin ducks
(n="768) were reared in environments illuminated either by red (RD),
blue (BL), green (GR), or white (WH) monochromatic LEDs using a
16L:8D photoperiod. Stress susceptibility was measured using plasma
corticosterone (CORT; n = 160), heterophil to lymphocyte ratio (HL),
and physical asymmetry of 3 bilateral traits (ASYM; n =480). Behav-
ioral fear response was determined using tonic immobility (TI; n =480)
and inversion (INV; n =480) tests. Physical and production parameters
were measured using body weight, pen feed conversion ratio (FCR; n
= 04) and gait score (GS; n = 384). To determine the effects of light
spectrum on eye development, left and right eye dimensions (weight,
length, and width; n = 160) were measured. Averages and differences
between left and right eyes were calculated. Data were analyzed using
GLM, and P < 0.05 was considered a significant difference. A LSD
post hoc test was used for mean separation. Higher CORT levels were
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present in RD and BL ducks (8984.90 pg/mL) than in GR and WH
ducks (5818.20 pg/mL, P < 0.01). HL counts were higher in RD and
BL ducks (0.56) compared with GR and WH ducks (0.38, P < 0.05).
BL ducks (2.55 mm) were more asymmetrical than RD, GR, and WH
ducks (0.97 mm, P <0.01). The number of flaps during INV was higher
in BL and GR ducks (5.36 flaps) than in WH and RD ducks (4.41 flaps,
P < 0.02). Duration of INV flapping was longer in BL and GR ducks
(1.90 s) than in WH and RD ducks (3.09 s, P < 0.02). Eye weight was
lower in RD and BL ducks (1.49 g) compared with GR and WH ducks
(1.55 g, P<0.01). Left and right eye weight differences were higher in
WH and GR ducks (0.07 g) compared with RD and BL ducks (0.05 g,
P <0.03). Narrower eyes were present in RD and GR ducks compared
with BL and WH (9.44, 9.50, 9.69, and 9.72 g, respectively, P < 0.02).
No differences were observed in weight, FCR, GS, flapping intensity,
or TI (P> 0.05). The results of this study indicate that duck stress sus-
ceptibility and eye development can be altered by light spectrum, and
that blue monochromatic LED light may be detrimental to duck welfare.

Key Words: duck, lighting, behavior, stress, welfare

32 Use of probiotic bacteria to modulate the kynurenine path-
way and feather pecking behavior in laying hens. Claire Mindus*!,
Nienke van Staaveren', Haylee Champagne', Paul Forsythe®,
Johanna M. Gostner?, Joergen B. Kjaer®, Wolfgang Kunze*, Dietmar
Fuchs?, and Alexandra Harlander!, ! University of Guelph, Guelph,
Ontario, Canada, *Innsbruck Medical University, Innsbruck, Austria,
3Friedrich-Loeffler-Institut, Federal Research Institute for Animal
Health, Celle, Germany, *St. Joseph's Healthcare, Hamilton, Ontario,
Canada.

Kynurenine is the most prevalent metabolic pathway, after protein
synthesis, of the amino acid tryptophan (TRP). Additionally, TRP is
the sole precursor of serotonin (SER), a neurotransmitter involved in
mood disorders and cognition. Altered levels of SER also have been
linked with feather pecking (FP) behavior when laying hens pluck and
pull out feathers of their conspecifics. Additionally, birds that express
high levels of FP showed lowered levels of Lactobaccillacae in their
gastro-intestinal microbiome compared with birds expressing low levels
of FP. Furthermore, research in mammals showed potential for lactic
bacteria to modulate the kynurenine metabolism with positive effects on
anti-social behaviors. This study examined the impact of a specific Lac-
tobacillus probiotic bacteria supplementation on plasma concentrations
of TRP, KYN and on severe feather pecking (SFP) behavior in pullets.
Eighty-six white Leghorns (19 weeks of age) were distributed into pens
of 7 birds and assigned to a probiotic supplementation (PRO, 6 pens)
or control supplementation (CON, 6 pens). During 5 weeks, PRO birds
orally received a daily dose of 5*10° Lactobacillus bacteria dissolved in
1 mL of water and CON birds received 1 mL of water. Blood samples
were collected before and after the supplementation treatment. The pens
were video-recorded (5 min/day, 3 d before treatment and 9 d during
treatment) and analyzed for SFP by a blinded observer. Generalized
linear mixed models were used to assess the effect of the supplementa-
tion on concentrations of TRP, KYN and SFP. This experiment was
approved by the Animal Care Committee of the University of Guelph
(AUP 3206). TRP significantly decreased over time in both treatments,
but TRP breakdown to KYN was significantly less pronounced in PRO
treatment (P < 0.05). There was a higher proportion of birds classified
as “severe peckers” in the PRO compared with the CON treatment (P
= 0.05), likely due to a numerically higher proportion of these birds
already observed in the PRO treatment at baseline. However, despite this
finding, the amount of SFP bouts and the proportion of birds classified
as “severe peckers” did not increase over the 5 weeks of treatment (P
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> 0.05) suggesting that PRO treatment might have helped counter the
spread of FP. These results indicate that the bacteria could be a useful
tool to modulate the kynurenine pathway in laying hens. The decrease
of TRP breakdown to KYN in the PRO treatment, which may illustrate
an increased TRP availability to the brain for SER production, may
explain, at least partly, the countering of the expected spread of SFP
within the PRO treatment.

Key Words: chicken, feather pecking, probiotic, bacteria, tryptophan

33 Influence of ramps on keel bone fractures, hen distribution,
and welfare in an aviary system. Sarah MacLachlan*!, Ahmed Ali',
Ariane Stratmann?, Michael Toscano?, and Janice Siegford!, !Michi-
gan State University, Okemos, Michigan, United States, 2University
of Bern, Bern, Switzerland.

Commercial laying hen housing is shifting from traditional cages to
non-cage housing styles, such as the aviary. The aviary has gained
popularity because it allows for more species-typical behavior in laying
hens. While aviaries offer resources to improve welfare, they are also
associated with problems such as keel bone fracture (KBF) that may
occur when a bird collides with structures in the aviary system. KBF is
a sign of poor hen welfare and can affect a hen’s productivity. One pos-
sible way to reduce KBF is to add ramps into an aviary system, allowing
hens to walk between levels rather than jump or fly, to decrease injuries.
The objective of this study was to evaluate the impact of the addition of
ramps in rearing and laying aviaries on KBF, welfare quality scores, and
bird distribution. LSL pullets were raised in 2 treatments; 4 pens (550
birds/pen) were raised with wire mesh ramps to aid movement between
aviary tiers (RR) and 4 pens (550 birds/pen) were raised without ramps
(RO). At 17 weeks of age, all birds were moved to the laying facility,
which contained 16 aviary pens with 220 birds/pen. Half the pens (n =
8) were supplemented with wire mesh ramps (LR) and the other half
were not (LO). Within each laying treatment group, 4 pens were popu-
lated with RR hens and 4 pens were populated with RN hens, creating
4 treatment combinations (RRLR, RRLO, ROLR, ROLO). From each
pen, 15 focal hens were selected for radiographic imaging of their keel
bones. The same 15 hens had images taken at 21, 36, 45, and 60 WOA
and the images were subsequently scored for KBF severity. Focal hens
were also scored for feather coverage and footpad quality at 36 and 60
WOA using the Welfare Quality® assessment protocol. Bird distribution
was observed at 19-20, 23-24, and 30-31 WOA. Data were analyzed
using generalized linear mixed models in R software. Hens who received
ramps in lay (RRLR and ROLR) had less KBF than those who did not
receive ramps in the laying aviaries (36WOA P < 0.001, 4SWOA P <
0.005, 60WOA P < 0.001). At 60 WOA, hens in the RRLR treatment
had greater feather coverage than those in ROLR and RRLO treatments
(P=10.008). Birds in the RRLR treatment had better foot pad condition
overall than those in treatments without ramps in lay (RRLR-RRLO:
P=10.044, RRLR-ROLO: P = 0.013). Ramps did not have an effect on
bird distribution in the aviary. Our results indicate that providing ramps
to birds in laying aviaries has an effect on welfare parameters such as
footpad condition, feather coverage and KBF but does not influence
bird distribution. Future research will examine hens’ use of ramps to
transition among levels in aviaries as a possible explanation for reduced
incidence of KBF.

Key Words: laying hen, aviary, ramps, health, behavior

34  Influence of strain and inter-bird distance on dust bath-
ing in laying hens. Tessa Grebey*, Ahmed Ali, Janice Siegford, and
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Mikkena Ludka, Michigan State University, East Lansing, Michigan,
United States.

The egg industry is implementing aviary systems designed to enhance
the welfare of laying hens by providing litter areas that encourage etho-
logically important behaviors such as dust bathing. Guidelines recom-
mending resource allocations on a per hen basis are intended to allow
the expression of these behaviors. However, the dynamic movement
of hens and the effect of conspecifics on hens’ ability or willingness
to perform behaviors are not usually considered. Our objective was to
investigate the influence of the number of hens on the litter, number of
hens simultaneously dust bathing (DB), and inter-bird distances (IBD)
on the space used to DB and duration of DB bouts across 4 strains
of laying hens (Hy-Line Brown [HB], Bovans Brown [BB], DeKalb
White [DW] and Hy-Line [W36]). Hens were videoed DB on litter
from 11:30-14:30 at 28 weeks of age. We analyzed 128 hens (32 hens/
strain). Images of focal hens at the start, middle, and end of DB bout
were captured and duration of each bout noted. Area of the focal hen
and IBD between the focal and nearest surrounding hens were recorded
from each image using ImageJ software. We analyzed differences among
strains using GLMM and relationships between variables using multi
variables regression analysis. On average, brown hens needed more
space to DB than white hens (HB 1125.26; BB 1146.51 vs DW 962.65;
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W36 943.39 cm?; P < 0.01). Generally, more white hens were on the
litter at one time than brown hens (43 DW, 41 W36 vs 28 HB, 31 BB;
P <0.01), and more white hens DB at once than brown hens (11 DW,
19 W36 vs 4 HB, 4 BB; P <0.01). While DB, brown hens had a larger
average IBD than white hens (HB 13.99, BB 15.11 vs DW 8.39, W36
7.85 cm; P < 0.01) and larger minimum IBD (HB 6.76, BB 7.35 cm
vs DW 1.63, W36 1.79 c¢m; all P <0.01). Brown hens had shorter DB
durations than white hens (HB 7.37, BB 9.00 min vs DW 13.91, W36
15.16 min; P < 0.01). In white strains, the space used per hen to DB
decreased if either the number of hens on litter increased (DW 0.85;
W36 0.79 cm; P <0.05) or the minimum IBD decreased (DW 3.66, W36
2.98 cm; P <0.01). For brown hens, duration of DB bouts decreased if
the number of hens on the litter increased (HB 0.87, BB 0.95 min; P <
0.01), the number of other hens DB increased (HB 0.75, BB 0.69 min;
P£0.02), or if the minimum IBD decreased (HB 2.39, BB 2.31 min; P
< 0.01). Our results suggest that DW and W36 white hens minimize
their DB area in response to smaller IBD and more hens using the litter
at once. In the same situation, BB and HB brown hens shorten their DB
bouts, potentially terminating bouts before fulfilling their needs. These
variations in DB behavior among strains should be considered when
planning and stocking laying hen aviaries.

Key Words: dust bathing, aviary, laying hens, welfare, behavior
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35  Evaluation of the broiler pectoralis major and liver tran-
scriptome of mRNA via artificial intelligence in association with
the muscle myopathy woody breast. Chelsea Phillips*, Matthew
Livingston, Kimberly Livingston, and Chris Ashwell, North Carolina
State University, Raleigh, North Carolina, United States.

The muscle myopathy wooden breast (WB) has recently appeared in
broiler production and has a negative impact on meat quality. WB is
described as hard/firm consistency found within the pectoralis major
(PM). In the present study, we use machine learning from our PM
and liver transcriptome data set to capture the complex relationships
that are not typically revealed by traditional statistical methods. Gene
expression data was evaluated between the PM and liver of birds with
WB and those that were normal using the Waikato Environment for
Knowledge Analysis, “WEKA” version 3.8.3. Two separate machine
learning algorithms were performed to analyze the data set including
the sequential minimal optimization (SMO) of support vector machines
(SVMs) and Multilayer Perceptron (MLP) of Artificial Neural Network
(ANN). Machine learning algorithms were compared with identify genes
within a gene expression data set of approximately 16,000 genes for
both liver and PM, which can be correctly classified from birds with or
without WB. Two cross validation strategies were used to evaluate the
classification performance, a percentage split and a stratified hold-out
method. The performance of both machine learning algorithms SMO
and MLP was determined using percent correct classification during
the cross validations, which indicated the likelihood each individual
replicate could accurately be placed into the group with WB or normal
based on the gene expression data provided. Kappa statistic and ROC
score were recorded. Any kappa statistic greater than 0 indicated that
the machine learning classifier is performing better than random chance
along with a ROC score of greater than 0.500. By evaluating the WB
transcriptome data sets by 5x cross validation using MLP, the expression
of 10 genes based on entropy from PM were able to correctly classify if
the individual bird was normal or exhibited WB 100% of the time. These
top 10 genes were nearly all protein coding and potential biomarkers.
When PM gene expression data was evaluated between normal birds
and those with WB using the WEKA SMO function of SVMs they were
correctly classified 95% of the time using 450 of the top genes sorted
based on entropy as a preprocessing step. The kappa statistic and ROC
score were optimal at 0.8571 and 0.9, consecutively. When evaluating
the 450 attributes that were 95% correctly classified using SMO through
Ingenuity Pathway Analysis (IPA) there was an overlap in top molecules
identified through MLP. This information has revealed many molecules
and pathways making up a complex molecular mechanism involved
with the progression of woody breast.

Key Words: woody breast, machine learning, support vector machines,
artificial neural network, transcriptome

36  Molecular cloning, tissue distribution and the expression

of cystine/glutamate exchanger (xCT, SLC7A11) in different
tissues during development in broiler chickens. Janghan Choi*!,
Weigqi Li!, Brayden Schindell!, Liju Ni?, Shangxi Liu', Xiaoya Zhao',
Joshua Gong?, Martin Nyachoti', and Chengbo Yang!, University of
Manitoba Animal Science, Winnipeg, Manitoba, Canada, ZShanghai
Lab-Animal Research Center, Shanghai, China, 3Guelph Research
and Development Centre, Guelph, Ontario, Canada.
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The cystine/glutamate exchanger (xCT, SLC7A11) is a component of the
system X, amino-acid antiporter that can export glutamate and import
cysteine into cells. The xCT amino acid exchanger has received a lot of
attention because cysteine is an essential substrate for the synthesis of
glutathione (GSH), an endogenous antioxidant in cells. The objective
of this research was to clone the full-length cDNA of chicken xCT and
to investigate the gene expression of xCT in different tissues, including
intestinal segments of broiler chickens during development. The full-
length cDNA of chicken xCT (2703 bp) was obtained from the jejunum
by reverse transcription-polymerase chain reaction (RT-PCR) and then
sequenced. Homology test showed that chicken xCT has 80.4%, 80.2%
and 71.2% homology at the nucleotide level with human, cattle and
rat, respectively. Likewise, amino acid sequence analysis showed that
chicken xCT protein is 86.4%, 79.3% and 75.6% homologous with
human, cattle and rat, respectively. Phylogenetic analysis indicated that
chicken xCT gene shares closer genetic relationships with human and
cattle than with rat. The chicken xCT protein has 12 transmembrane
helixes, 6 extracellular loops and 5 intracellular loops. The mRNA of
xCT was detected in all tissues including intestinal segments. In terms
of intestinal segments, the mRNA expression of xCT was significantly
higher (P < 0.05) in the colon than that in the jejunum and ileum. A
linear pattern of changes of the xCT mRNA abundance in the duodenum
(P <0.05) was found during development. There were linear and cubic
patterns of changes (P < 0.05) of the xXCT mRNA abundance in the
colon during development. These results indicate that xCT is widely
expressed both in the intestinal segments and other organs which are not
associated with nutrient absorption. Further investigation is needed to
characterize the functional relevance of xCT activity in oxidative stress
and inflammation in the small intestine of broiler chickens.

Key Words: amino acid, broiler chickens, cystine/glutamate transporter
(SLC7A11), development, gene expression

37  The joint contributions of dominant and maternal effects
on negative heterosis in early growth of chickens. Chunning Mai*,
Congjiao Sun, Chaoliang Wen, Zhiyuan Xu, Sirui Chen, and Ning
Yang, China Agricultural University, Beijing, China.

Heterosis or more narrowly hybrid vigor is an important genetic phe-
nomenon and has been widely utilized in animal and plant breeding.
However, the negative heterosis has also been observed in plants and
animals. Compared with the systematic studies of positive heterosis,
the phenomenon of negative heterosis is largely ignored in the genetic
studies and breeding programs, and the genetic mechanism of this phe-
nomenon is still poorly understood. Here, we performed a reciprocal
crossing experiment with 2 distinct chicken, Cornish and Rhode Island
White, to generate purebred progenies and reciprocal crosses. The body
weights of each chickens (n = 632) were measured weekly from hatch to
8 weeks of age. At the end of 6 weeks of age, we randomly slaughtered
64 females and 44 males from the 4 groups, and measured their carcass
traits. Meanwhile, we conducted RNA-sequencing on breast muscle
of reciprocal hybrids and parental lines to determine the underlying
mechanism of negative heterosis. Our results showed that the negative
heterosis of body weight and carcass traits was more common than
the positive heterosis in reciprocal crosses at the early growth stage.
Among the carcass traits, muscle mass exhibited the largest negative
heterosis. A large number of differentially expression genes (DEGs) were
identified between reciprocal crosses and parental lines. We classified
these DEGs into 3 categories: additivity, dominance and overdominace.
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Dominance was the major gene expression mode in reciprocal crosses,
and the dominant genes were significantly associated with the biological
process of oxidative phosphorylation. Then, we detected the ATP content
and ATPase activity of breast muscle for 4 groups, and found that birds
with lower breast muscle yield had the lower ATP content, but higher
ATPase activity. This result validated the important role of oxidative
phosphorylation in negative heterosis. In addition, allele-specific expres-
sion analyses revealed that maternally biased genes in reciprocal crosses
were significantly enriched in GO terms relating to ubiquitination and
de-ubiquitination, which participated in the degradation of proteins in an
ATP-dependent manner. Muscle is the largest portion in the body weight,
and protein accounts for a large proportion of the breast muscle. Thus,
these findings revealed that dominant and maternal effects contribute
collectively to the negative heterosis of growth traits in early growth
of chickens. The combined analyses for genome-wide gene expression
models and allele-specific expression is an efficient strategy that could
be helpful for the following studies on genetic and molecular mechanism
of heterosis in other species.

Key Words: negative heterosis, dominant effects, maternal effects,
gene expression, chicken

38 Preliminary results from genome wide association study
of wooden breast in commercial broilers. Juniper Lake*!-2, Jack
Dekkers?, Sandra Velleman?, Erin Brannick!, and Behnam Abasht!-2,
!University of Delaware, Newark, Delaware, United States, *lowa
State University, Ames, lowa, United States, The Ohio State Univer-
sity, Wooster, Ohio, United States.

Wooden breast is a myopathy of commercial broiler chickens involving
venous inflammation (phlebitis), lipid accumulation, oxidative stress,
myofiber degeneration, regeneration, and fibrillar collagen deposition
primarily in the cranial part of the pectoralis major. Affected birds pres-
ent clinically with palpably firm breast muscle, reduced wing mobility,
and impaired gait. Although the etiology of the disease is still poorly
understood, the myopathy disproportionately affects birds with rapid
growth, high feed efficiency, and large breast muscle yield. The aim of
this study was to identify DNA variants associated with wooden breast
and white striping scores in approximately 1200 Cobb500 broilers
raised in a commercial setting to 7 weeks of age as 2 hatches from the
same breeding population. Genotyping by sequencing yielded 561,020
single nucleotide polymorphisms with mean call rate of 0.895, mean
co-call rate of 0.820, and mean sample depth of 7.51 at detected vari-
ants. Relatedness matrices were constructed from SNP data and used
to estimate heritability. Additional experiments were conducted on
sub-groups of birds to study the relationship between wooden breast
and live performance, carcass characteristics, blood parameters, and
blood metabolite profiles. Blood analysis performed with the i-STAT
hand-held blood analyzer on samples taken from the brachial vein of
103 live birds revealed significant differences in blood gases between
affected and unaffected chickens, with affected chickens exhibiting
higher partial pressure of CO,, total CO,, bicarbonate, and base excess,
and lower partial pressure of O,, oxygen saturation, and pH. Affected
chickens in this same group of 103 birds also possessed a significantly
larger pectoralis major muscle and whole left wing relative to body
weight. Hypercapnia and hypoxemia in affected chickens suggest
greater metabolic demand and insufficient gas exchange. Preliminary
data analysis with regard to the genome-wide association study and
metabolomic profiling is ongoing.

Key Words: wooden breast, white striping, GWAS, meat quality,
pectoralis major
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39  High impact genetic changes associated with rapid growth
rate and differential gene expression in commerecial broilers.
James Alfieri*!-2, Shawna Hubert!, Travis Williams', and Giri
Athrey'?, !Texas A&M University, Bryan, Texas, United States,
’Texas A&M University, College Station, Texas, United States.

Determining genotypes associated with muscle disorders found com-
monly in fast-growth broilers is a priority for selection regimens in the
poultry industry. In this study, we identified genes, gene expression
patterns, and underlying SNPs likely to have a large impact on growth
rate. We compared genotypes and phenotypes between fast growth and
slow growth breeds at 2 time points (d 11 and d 42). We sampled 30
birds per time point and breed, resulting in a total sample size of 120
birds. For each individual bird, we collected breast tissue and extracted
Total RNA. We prepped libraries for RNA-seq using the Lexogen Quant
Seq 3’ RNA-seq kit. 72 libraries were externally sequenced on an Illu-
mina NextSeq. We performed quality assurance and filtering on raw
sequences used in statistical analyses. We obtained counts of the reads
mapped with Htseq-count, and used EdgeR to identify differentially
expressed genes (FDR-adjusted P < 0.05) using TMM normalization.
Following identification of genes displaying differential expression,
we filtered genes based on growth rate. Finally, we used Ensembl’s
Variant Effect Predictor to characterize mutations and identify high
impact SNPs impacting these differentially expressed genes. Overall, we
found 26 genes implicated matching our analysis criteria, on differential
gene expression and high-impact mutations (FDR-adjusted P < 0.05).
These genes code for proteins necessary for musculoskeletal structure
formation, oxidative stress response, and immune function. Within this
gene list, we identified 1 high impact SNP in the MHC gene “ENS-
GALG00000004594,” shared among all fast-growth individuals. This
transition mutation alters the stop codon, and likely impacts final protein
structure. Slow growth and fast growth breeds show unique sets of dif-
ferentially expressed genes (DEG) between d 11 and d 42. Our study
showed that a handful of these DEG was also harboring high impact
variants. This analysis highlights the importance of cis-regulated DNA
variants in driving growth rate and associated conditions in broilers.

Key Words: growth rate, genomics, mutation, quantitative trait, SNPs

40  Not Presented

41  Assessing the effects of gut microbiota and host genetics on
feed efficiency in chickens. Chaoliang Wen*!, Congjiao Sun', Wei
Yan!, Jiangxia Zheng!, Congliang Ji%, Dexiang Zhang?, and Ning
Yang!, 'China Agricultural University, Beijing, China, °Guangdong
Wen's Nanfang Poultry Breeding Co. Ltd., Xinxing, China.

Feed accounts for the largest portion of the overall costs in the poultry
production. Improving feed efficiency (FE) is an extremely important
goal in the modern broiler industry. While artificial selection on FE over
the recent decades has resulted in dramatic improvements in chickens,
FE may also be improved through the regulation of gut microbiota, as
the microbiota plays an important role in animal health and performance.
The extent to which gut microbiota influence FE has yet to be determine.
Therefore, the objective of this study was to estimate the effects between
the gut microbiota and host genetics and on FE in broilers using extended
quantitative genetic methods. A total of 206 males from one hatch were
reared in a half-open poultry facility with free access to water and corn-
soybean-based diets. The individual body weight and feed intake were
continuously recorded with the automated electronic feeder during the
fast-growing period from 56 to 76 d of age. The feed residual intake
(RFT) was estimated for each broiler based on linear regression. At 78 d
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of age, all chickens were slaughtered, the luminal content and mucosal
surfaces of each gut segment (including the duodenum, jejunum, ileum
and cecum) were collected, and droppings were gathered from the cloaca.
We performed whole-genome sequencing of the hosts and 16S rRNA
gene sequencing of the microbiota. The SNP and microbiota data were
then used to systematically evaluate the contribution of the host genet-
ics and diverse gut microbial community to RFI using a linear mixed
model. Our results showed that the variation of RFI explained by the host
genetics was 0.32, indicating that the host genetics have considerable
effects on FE. In analogy to the heritability, microbiability (m%) could
quantify the effect of gut microbial abundance on host phenotypes. The
m? of RFI estimated for the cecal (0.29) and duodenal (0.12) microbiota
were higher than that estimated for other anatomical sites (0.01 for the
jejunum, O for the ileum and 0.09 for the feces). As the function of the
duodenum is nutrient digestion and absorption, and the cecum is an
important site for the microbial fermentation of undigested nutrients, it
is likely that the microbiota in these sections may influence the nutrient
utilization efficiency. Our results demonstrated that both host genetics
and gut microbiota contribute to RFI. We further compared microbiota
between high-RFI and low-RFI individuals by Wilcoxon rank-sum test
and identified several microorganisms whose abundances were signifi-
cantly associated with RFI. Therefore, we could develop approaches
for altering the gut microbiota to improve feed efficiency in chickens
apart from selective breeding.

Key Words: host genetics, gut microbiota, residual feed intake, micro-
biability, chicken

42  Evaluation of the suitability of cloacal swabs to character-
ize gut microbiota in chicken. Travis Williams* and Giri Athrey,
Texas A&M University, Bryan, Texas, United States.

Background: Alternative methods like the use of fecal sampling have
been investigated in multiple species, including poultry, however
recent research demonstrates qualitative similarities with quantitative
differences. We hypothesized that cloacal swabs, a non-lethal sampling
method, are a suitable method to characterize the cecal, large intestine,
and cloacal microbiota profiles. To test our hypothesis, 20 broilers
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were opportunistically sampled from an ongoing experiment. Sampling
included the collection of a cloacal swab followed by the euthanasia of
the animal (AUP IACUC 2016-0064) and the collection of the large
intestine (with content) and cecal content from each individual. Meth-
ods: The large intestine was split longitudinally, exposing the lumen
contents and the epithelial mucosal layer. The combination of lumen
content and mucosal scrapings were collected to provide a broad scale
sampling of microbiota in the large intestine. Cloacal swab material
was suspended into an extraction solution containing TBS, EDTA, and
Tween-20. All resultant samples were then subjected to DNA extraction
using the DNAzol reagent followed by a sodium acetate purification.
Purified samples were then amplified for 16sTRNA-V4 hypervariable
region. PCR products were sequenced on an Illumina MiSeq platform
with sequencing parameters of 2x250bp paired-end reads per sample by
the Genome Sequencing and Analysis Facility in Austin, TX. Resultant
data were analyzed using the MOTHUR pipeline and multiple pack-
ages in the R statistical platform. We used both weighted UNIFRAC
and Permanova approaches to test for f diversity differences between
pairs of sampling methods (i.e., cecal content to cloacal swab). Results:
Of the 20 originally sampled and sequenced birds, 9 complete trios of
cecal content, large intestine, and cloacal swab passed the sample qual-
ity parameters. Tests of § diversity with weighted UNIFRAC showed
that 3 sample groups were significantly different (P-values <0.001) for
each comparison. a diversity was assessed using the Inverse Simpson to
estimate richness of the sampling site. A Wilcoxon Rank Sum test was
performed on this estimator to test if the distributions differ by a shift
of 0, with all comparisons yielding nonsignificant P-values >0.05. In
summary, through 16stTRNA analysis of a trio of samples taken from the
lower GI tract we observed a distinction of cecal content. These results
show a diversity and richness of microbiota within samples (birds)
were not different (as expected), but when considering diversity and
abundance (P diversity), the 3 groups were significantly different. Our
results show that cloacal swabs are not a suitable substitute to measure
the B diversity of GI tract microbiota.

Key Words: microbiota, bioinformatics, gut health, microbiome,
microbiota diversity
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Student Competition: Physiology and Reproduction

43  Effect of reduced incubational temperature on broiler
posthatch body temperature and growth. Lauren Lindsey*!, Katie
Elliott!, Seyed Fatemi!, Peter Ishola', Patrick Gerard?, and Edgar
Peebles!, ‘Mississippi State University, Mississippi State, Mississippi,
United States, °Clemson University, Clemson, South Carolina, United
States.

Modern strain broiler hatching eggs, experiencing increased embryonic
metabolic rates, may be incubated at higher than optimal temperatures.
This experiment was conducted to compare the effects of incubational
temperature treatment on posthatch chick body temperature and growth.
From 0 to 12 d of incubation (doi), Ross 708 broiler hatching eggs were
incubated under standard conditions in a common incubator. On 12
doi, 2 replicate incubators were set at either 37.5 (standard) or 35.6°C
(reduced) temperature treatments. All 30 eggs in each of the 4 incuba-
tors received air cell transponder implants and remained at the 12 doi
set temperatures until all viable embryos hatched. At hatch, air cell
transponders were transferred to their corresponding hatchling by s.c.
insertion in the dorsal region of the neck. Between 21.0 and 22.5 doi,
approximately 3 male and 3 female chicks from each of the 2 replicate
incubators in each incubation temperature treatment group were placed
in each of 6 replicate pens (blocks) in an RCB design to test for the main
and interactive effects of posthatch age, treatment, and sex. Transponder
and litter temperature readings were taken daily at 7 a.m., 12 p.m., and
5 p.m. with a wireless probe and infrared thermometer, respectively.
Posthatch data collection began at 22.5 doi, and measurements taken
on the same bird over time were accounted for in the data analysis.
Body weight and length measurements were taken weekly until 3 wk
of age (woa), and sex was confirmed by necropsy at 3 woa. Embryo
mortality was not affected by incubation temperature treatment. Across
the 3 woa posthatch period, mean chick body temperature was 0.11°C
higher in the standard than in the reduced incubation treatment group (P
=0.0053), with posthatch age interacting with treatment (P = 0.0009).
Chick BW (posthatch age *treatment* sex, P = 0.0172) was greater in
the standard treatment group at 2 and 3 woa for males, but only at 3 woa
for females. Chick body length (BL) and BW to length ratio (BWTLR)
were greater in males than females (BL, P = 0.0037; BWTLR, P <
0.0001) and greater in those incubated at the standard temperature (BL,
P =0.0007; BWTLR, P < 0.05). In conclusion, in conjunction with a
significant elevation in chick body temperature through 3 wk posthatch,
the standard incubational temperature resulted in improved posthatch
broiler growth in comparison to the reduced incubational temperature.

Key Words: body temperature, broiler, incubation temperature, per-
formance, transponder

44  Impact of in ovo injected Lactobacillus species on hatch-
ability, growth performance and broiler immune status. Claudia
Castafieda*, Julio Miotto, Li Zhang, Kelley Wamsley, Chris McDan-
iel, and Aaron Kiess, Mississippi State University, Mississippi State,
Mississippi, United States.

The inclusion of probiotics in broiler feed has improved their growth
performance and overall health status. However, an earlier administra-
tion of these probiotics could promote benefits that protect the chick
from the moment it hatches. Therefore, the objective of this study was to
determine if in ovo injecting 3 different species of Lactobacillus impacts
hatchability, growth performance, and histo-immunological status. On
d18 of incubation, 4 in ovo treatments (T) were applied: T1 = Marek’s
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vaccine (MV) without probiotic, T2 = MV+ L. animalis, T3 = MV+ L.
reuteri, and T4 = MV+ L. rhamnosus. All probiotics were provided at
~109 cfu/50ul dose. Injected eggs were transferred to 3 hatchers per T.
At hatch, % hatch of transfer, chick weight, and hatch residue analysis
was conducted. A total of 720 male broiler chicks, representing 18 chicks
per pen with a total of 10 replicate pens per T were moved to a grow-out
facility for a 42d grow-out. On d14 a 20X dose of B52 Coccivac® was
used for a coccidiosis challenge. Performance characteristics (BW gain,
feed intake, and FCR) were collected on d0, 14, 21, and 28. Spleen,
bursa and blood samples were collected on d 0, 14, and 21 for immuno-
physiological analysis. Hatch data were analyzed using a completely
randomized design; growth performance and immune parameters were
analyzed using a randomized complete block design with a split plot
over time. Means were separated using Fisher’s protected LSD when P
<0.05. No differences in hatchability or live performance characteristics
were detected (P > 0.05). A trend was apparent for chick weight where
T2 chicks were lighter than all other T (P =0.076). Lesions were pres-
ent in all birds however not different among T. A T by day interaction
was observed for bursa follicle area where on d21, T2 and T4 had larger
bursa follicle areas than T1 and T3 (P = 0.02). Spleens were found to
be heavier on d21 for T3 when compared with all other T on that day
(P =0.02). Two out of the 10 cytokines evaluated, demonstrated T by
day interactions. Pentraxin 3, an anti-inflammatory cytokine, was at
lower levels on d14 in T2 than all other T; however, by d21, levels were
highest in T3, with no difference among all other T (P =0.04). On d0, a
pro-inflammatory cytokine (IL16) was higher in T4 compared with T3.
Levels of IL 16 changed by d14, where T1 had higher levels than T2
and T3, but by d21 no difference among T were observed (P = 0.02). In
conclusion, T3 appears to stimulate immune-physiological parameters
more effectively than the other Lactobacillus treatments, which could
reduce the incidence of disease in poultry. Research that defines how L.
reuteri stimulates the immune system still needs to be explored further.

Key Words: broilers, in ovo, Lactobacillus, coccidiosis, immunity

45  Effects of dietary protein source and litter condition on
mitotically active cell and macrophage densities in the duodenum
of young broilers. A. Keel*, Allan Calderon, Oscar Tejeda, Jessica
Starkey, and Charles Starkey, Auburn University, Auburn, Alabama,
United States.

The small intestine plays an essential role in growth performance by
serving as the site of nutrient absorption and a line of defense against
ingested pathogens. These functions are supported by mitotically active
cells, which proliferate to continuously renew epithelial cells, and
macrophages, which can destroy pathogens and recruit other immune
cells to fight infection. The objective of this study was to investigate
the effects of dietary protein source and litter condition on the cell
densities of mitotically active (proliferative) cells and macrophages in
the duodenum of broiler chickens. To accomplish this, a randomized
complete block design experiment with a 3 x 2 factorial treatment
structure was conducted. The 3 different dietary protein sources fed
were soybean meal (SBM), 50% poultry by-product and 50% feather
meal (PFM), and porcine meat and bone meal (MBM). Broilers were
reared on either new litter (NL; fresh pine shavings) or used litter (UL;
litter 3 flocks were previously reared on). On d 0, Yield Plus x Ross 708
female broiler chicks (Aviagen, Huntsville, AL) were randomly allot-
ted to 1 of 6 treatments and placed in an environmentally-controlled,
raised floor pen facility. Broilers received ad libitum access to water
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and crumbled corn and soybean meal-based starter diets. On d 3, 8§,
11, 15, and 21, 6 birds per treatment from 6 different blocks (total n =
36 each day) were randomly selected for duodenal sample collection.
One h before sample collection, broilers were injected intraperitone-
ally with 5'-bromo-2’-deoxyuridine (BrdU) to label mitotically active
cells. Duodenal sample were frozen in liquid nitrogen and subsequently
analyzed using cryohistology, immunofluorescence staining, and
digital fluorescence microscopy procedures to determine the density
of mitotically active (BrdU+) cells and macrophages (cells per mm?).
Data were analyzed using the GLIMMIX procedure of SAS (V9.4) and
least squares means were separated using the PDIFF option at P <0.05.
Neither dietary protein source or litter condition influenced proliferative
or macrophage cell densities ond 11 or 21. However, broilers reared on
UL had a greater mitotically active cell density than those reared on NL
ond3 (1,481 v.1,202+78; P=0.0126) and d 15 (1,540 v. 1,298 + 77;
P =10.0292). On d 8, broilers fed MBM had an increased macrophage
density compared with broilers fed PFM and SBM (781 v. 682 v. 686 +
31; P=10.0401). Overall, these data indicate that dietary protein source
and litter condition may affect small intestinal physiology throughout
development. Additional investigation is necessary to further character-
ize the underlying mechanisms involved.

Key Words: broiler chicken, duodenum, macrophage, bromodeoxyuri-
dine, intestinal cell proliferation

46  The dietary inclusion of formalin, formic acid, and 1-mono-
glycerides of short and medium chain fatty acids on gut morphol-
ogy and body weight of Cobb 700 broilers. Dana Dittoe*!, Kristina
Feye!, Joshua Jendza®, Adam Lattin!, Guillermo Tellez!, Casey
Owens', Michael Kidd!, and Steven Ricke!, ! University of Arkansas,
Fayetteville, Arkansas, United States, °BASF Corp., Florham Park,
New Jersey, United States.

Commonly, formalin is added to commercial broiler diets to prevent
contamination of feed with pathogens such as Salmonella and to sub-
sequently improve broiler performance. However, the use of formalin
is dangerous to the health of those making and handling the feed; thus,
safer alternatives such as formic acid must be explored. Therefore, the
objective of the current study was to compare the gut morphology and
body weight of Cobb 700 broilers when fed diets containing formalin,
formic acid, or 1-monoglycerides of short and medium chain fatty acids
over a 42 d growout period. Upon hatch, d 0, 864 male broilers were
vaccinated for coccidiosis and placed in 48 floor pens (5 treatments, 10
replicates, 18 birds per pen) and supplied feed and water ad libitum. Birds
were fed 3 phases of diets (d 0 to 14, d 14 to 28, d 28 to 42) prepared
by the University of Arkansas feed mill and contained the following
5 experimental treatments: the basal diet (NC), the basal diet with the
inclusion of formalin (0.5% formaldehyde), basal diet with formic acid
(0.25 and 0.5% Amasil NA), and the basal diet with the inclusion of
1-monoglycerides of short and medium chain fatty acids (0.25% SILO
Health 104L). On d 14, 28, and 42, during feed change, 2 birds per pen
were randomly selected and humanely euthanized to collect samples for
gut morphology. Data were analyzed using a random complete block
design in JMP 14.0 and means were separated using Dunnett’s com-
parison with 0.5% formalin set as the control and a significance level
of P <0.05. The current experiment demonstrated that birds fed diets
containing formalin were smaller (301 g) than those fed all other diets
ond 14 (384,363,379, and 370 g, P <0.05). In addition, birds fed diets
containing formalin had smaller and lighter gastrointestinal tracts (GIT)
and GIT higher pH than other treatments (P < 0.05). However, by d 28
and 42, differences in body weight, GIT length, weight, and pH were
less pronounced in broilers fed diets containing formalin. Therefore,
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the dietary inclusion of 0.05% formaldehyde delayed the development
of the GIT, resulting in shorter and lighter organ weights relative to
those fed diets containing NC or Amasil NA (0.25 and 0.5%) on d 14.
However, by d 28, differences in the GIT segment length, weight, and
pH became less pronounced and less consistent due to broilers achiev-
ing GIT maturity. In conclusion, the dietary inclusion of 0.25 and 0.5%
Amasil NA in Cobb 700 broiler diets is an effective dietary alternative
capable of improving GIT morphology and subsequent body weight in
comparison to the inclusion of 0.05% formaldehyde.

Key Words: broilers, formaldehyde, formic acid, gut morphology,
gut pH

47  Blood chemistry changes as the severity of wooden breast
and white stripping myopathies increase in broiler chickens.
Matthew Browning*, Matthew Livingston, and Kimberly Livingston,
North Carolina State University, Raleigh, North Carolina, United
States.

Recently studies have shown that broiler chickens that have severe
wooden breast may also be hypoxic. Therefore, data from 6 different
studies evaluating wooden breast and blood chemistry were analyzed
together to determine if there is a consistent change in blood chemistry
as wooden breast and white striping severity increased. All broiler
chicks were male Ross 708 ranging in age from 29 to 49 d of age.
Blood chemistry was determined using the iStat analyzer with CG8+
cartridges. Blood was collected in lithium heparin vacutainers and run
within 5 min of blood collection. Birds were then processed and scored
ona | to 4 point ordinal scale for both wooden breast and white striping.
Data were compiled and analyzed with JMP 14.1. Total carbon dioxide
(TCO2) and base excesses (BEect) were greatest in birds that had severe
wooden breast scores of 4 (P < 0.01), while those same birds had the
lowest saturated oxygen (SO2). Similar patterns were also obsevered
with white striping myopathies with TCO2 abd BEecf increasing with
the severity of striping scores (P < 0.002). Partial pressure of carbon
dioxide (PCO2), K+ and insoluble calcium also increased with white
striping, whereas blood pH decreased with white striping scores. In
conclusion, changes in blood chemistry may give producers an indication
of the severity of wooden breast and white striping in broiler chickens.

Key Words: wooden breast, white striping, blood chemistry

48  In-ovo culturing of turkey (Meleagris gallopavo) ovar-

ian tissue to assess overall viability and germ cell development.
George Hall*!, Julie Long?, Ben Wood', and Gregoy Bedecarrats!,
!University of Guelph, Guelph, Ontario, Canada, *Beltsville Agri-
cultural Research Centre USDA, Beltsville, Maryland, United States,
3Hybrid Turkeys, Kitchener, Ontario, Canada.

Cryobanking of ovarian tissue and semen appears to be the most cost-
effective option for the long-term preservation of turkey genetics. Before
cryobanking ovaries for future revival, it is imperative to first establish
that fresh ovaries can survive transplantation and develop normally. To
demonstrate this, § turkey ovaries were collected from poults at 1, 3, 5,
7 and 15 d post-hatch, with 4 from each age group being cultured in-ovo
for 6 d, via xenografting to the chorioallantoic membrane, before being
fixed. With the other 4 being immediately fixed, representing pre-culture
ovaries. Another set of 4 ovaries were collected at 9, 11, 13 and 21 d of
age and fixed, representing normal in vivo development. After fixation,
ovaries were sectioned (5 um) and stained (H&E) for imaging. The
viability of tissue was assessed visually on whole grafts, with cell viabil-
ity being measured on sections via the TUNEL assay. Size and density
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of pre-follicular germ cells and primordial follicles were measured to
assess developmental progression. Cultured (C) ovaries were compared
with both pre-culture (PC) and in vivo (IV) ovaries. For example, 7-d
old ovaries, in-ovo cultured for 6 d (C13) were compared with both
pre-culture 7-d old ovaries (PC7) and in vivo 13-d old ovaries (IV13).
A 2-way ANOVA was used to determine the effect of treatment (PC, C
or [V) or the interaction with age, followed by a “simple effects” test to
determine differences within ages. Visually, all grafts re-vascularized.
Analyses via TUNEL showed minimal late-stage apoptotic or necrotic
cells within all treatments. For germ cell development, pre-follicular
germ cells and primordial follicles were overall smaller (P < 0.001)
in C than IV ovaries. For pre-follicular germ cell density, only C7
was different compared with its’ IV counterpart, having a lower (P <
0.001) density than IV7. Whereas, C13 was close to having (P = 0.08)
a higher density than IV13, being more indicative of normal germ cell
development within the culture system. For C9, C11 and C13, densities
of primordial follicles increased (P < 0.001) during culture, although
densities remained below (P < 0.05) their IV counterparts (IV9, IV11
and IV13). In contrast, the density of C21 primordial follicles decreased
(P <0.001) during the culture period compared with PC15. Based on
our results, the initial age of ovaries did not affect viability during
culture; however, age did affect germ cell development. Therefore, the
transplantation of 1- and 15-d old turkey ovaries should be avoided, due
to marginal developmental success, instead, 7 d old ovaries appear to
be the most suitable for transplantation.

Key Words: Culturing, In-Ovo, Germ Cell, Ovary, Turkey

49  Epithelial cell adhesion molecule (EpCAM) expression in
peripheral blood cells for the diagnosis of ovarian cancer in Leg-
horn chickens. Lalitha Gopalan* and Ramesh Ramachandran, The
Pennsylvania State University, State College, Pennsylvania, United
States.

Ovarian cancer is the most fatal gynecological cancer as the disecase
is asymptomatic and typically diagnosed only in the advanced stage.
Leghorn chickens spontaneously develop ovarian cancer and therefore
can be used as an animal model to develop tools for early diagnosis
of the disease. Epithelial cells are shed from the ovarian tumor into
blood circulation during various stages of cancer and such circulating
tumor cells (CTC) play a major role in cancer metastasis. Epithelial cell
adhesion molecule (EpCAM), a cell surface tumor antigen, is highly
expressed in the CTC of human subjects with epithelial carcinoma. The
hypothesis for the present study is that EpCAM is highly expressed in
the CTC in the chicken model of ovarian cancer. Leghorn hens (4-5
years-old) were routinely subjected to per-rectal ultrasonography to
determine the ovarian morphology and for diagnosis of ovarian cancer.
Based on the ultrasonography, animals were classified into 3 groups:
Group 1 = animals showing tumor nodules with or without ascites (n =
23); Group 2 = animals showing hyperechoic ovarian stroma with cystic
spaces and abnormal size/number of follicles (n = 12); and Group 3 =
animals showing normal ovarian morphology (n = 16). A blood sample
(5mL) was collected from the wing vein all the animals and CTC were
separated along with peripheral blood mononuclear cells using Ficoll-
Paque™ gradient centrifugation. Total RNA was extracted from CTC
and reverse transcribed to prepare cDNA. The relative abundance of
EpCAM mRNA normalized to -actin mRNA levels in CTC was deter-
mined by qPCR using 7500/7500 Fast Real-time PCR system. Data
analysis was conducted using the SAS (SAS Institute, NC, USA). The
mRNA abundance between the 2 groups was compared using student’s
t-test. A probability level of P < 0.05 was considered to be significant.
EpCAM mRNA abundance in CTC was found to be 34.03-fold higher
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in Group 1 (cancerous) animals compared with Group 3 (control); (P
< 0.01). Out of 16 animals in Group 3 (control), 10 animals did not
have detectable levels of EpCAM and therefore the levels of EpCAM
in peripheral blood cells of the remaining 6 animals were used for
comparison with Group 1 or 2. Although EpCAM mRNA abundance in
Group 2 animals were not statistically different from Group 3 animals,
a wide range of downregulation or upregulation of EpCAM expression
(0.15 to 4.44- fold change) was observed and therefore, further studies
are required to investigate the significance of variation. However, our
studies prove that animals with ovarian cancer with or without overt
symptoms display an overabundance of EpCAM in the circulating blood
cells. Future studies will refine this methodology for diagnosing ovarian
cancer at an earlier stage.

Key Words: chicken, ovarian cancer, circulating tumor cells(CTC),
epithelial cell adhesion molecule (EpCAM), ultrasonography

50 Not Presented

51 How does energy intake affect the molecular mechanism of
energy balance in broiler breeder pullets at the onset of lay? S. H.
Hadinia*!, Gregoy Bedecarrats?, and Martin Zuidhof', /University of
Alberta, Edmonton, Alberta, Canada, > University of Guelph, Guelph,
Ontario, Canada.

To control energy balance the hypothalamic melanocortin system is
composed of 2 populations of neurons, one set that expresses neuro-
peptide Y (NPY) and a second set that expresses proopiomelanocortin
(POMC) that both have important roles in feed intake regulation. It has
been proposed that stimulation of NPY neurons mediates increased feed
intake whereas stimulation of the POMC neurons causes energy intake
to decrease. It was previously shown that leptin suppressed feed intake
in broiler chickens. Leptin along with its receptor (LEPR) plays an
anorexigenic (loss of appetite) role in the body. The LEPR is expressed
within NPY and POMC neurons in the hypothalamus and has a role in
energy balance. In poultry, sexual maturation is mainly regulated by
stimulatory gonadotropin releasing hormone (GnRH-I) in the hypothala-
mus. In poultry, the current understanding of the molecular mechanisms
impacted by ME intake (MEI) is limited. Thus, to understand energy
balance and sexual maturation in broiler breeder pullets the effect of
MEI was evaluated on the mRNA levels of NPY, POMC, LEPR, and
GnRH-I in the hypothalamus of Ross 308 broiler breeder pullets at the
onset of lay. From 22 to 26 wk of age, 140 pullets were equally assigned
to 2 treatments: 1) a low ME diet (2,807 kcal/kg) fed restricted accord-
ing to the breeder-recommended BW target (Low MEI), and 2) a high
ME diet (3,109 kcal/kg) fed unrestricted (High MEI). Day length was
increased from 8L:16D to 14L:10D (30 Ix) at the start of the experi-
ment. Daily palpation was used to detect onset of lay via the presence
of a hard-shelled egg in the shell gland. Total RNA was extracted from
80 hypothalamus samples (n = 8 per treatment, per wk) and was used
for qRT-PCR assays. Data were analyzed using the MIXED procedure
and Pearson correlation coefficients for the relationship between the
expression of genes estimated using the CORR procedure in SAS. Pullets
with High MEI had a 36% and 57% increase respectively in POMC and
GnRH-I mRNA levels compared with pullets with Low MEI (P <0.05).
However, MEI did not affect the mRNA levels of NPY and LEPR genes
(P>0.05). The overall expression of the POMC and GnRH-I genes were
positively correlated (r = 0.31; P =0.04). The onset of lay for pullets in
the High MEI treatment was accelerated as 100% of birds had laid by 26
wk of age, compared with 30% in the Low MEI treatment (P <0.001).
Positive correlation of POMC with GnRH-I provides a new insight for
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POMC function. We hypothesize that POMC may play a role in linking
the energy status to the initiation of reproduction in broiler breeders,
with higher MEI resulting in increased POMC mRNA levels which
in turn results in advancing the onset of lay in broiler breeder pullets.

Key Words: caloric restriction, gene expression, energy balance, meat-
type chicken, sexual maturation

52 Metformin alters granulosa cell FSH-responsiveness in
preovulatory and prehierarchal follicles in broiler breeder hens.
Evelyn A. Weaver*, Alan L. Johnson, Francisco J. Diaz, and Ramesh
Ramachandran, Center for Reproductive Biology and Health, Depart-
ment of Animal Science, Pennsylvania State University, University
Park, Pennsylvania, United States.

Broiler breeder hens have poor reproductive efficiency due to rapid
growth and increased adiposity, resulting in severe ovarian dysfunction.
Egg production remains suboptimal due to excessive and aberrant follicle
recruitment, often leading to non-viable, double or internal ovulations.
In preliminary studies, dietary metformin supplementation increased
egg production in broiler breeder hens, but the underlying mechanisms
of action via which metformin acts on the ovary is unknown. In the
present study, we hypothesize that treatment with metformin inhibits
FSH-mediated signaling pathways rendering granulosa cells from the
most recently recruited (9—12 mm) and prehierarchal (6—8- and 3—5mm)
follicles steroidogenically incompetent. Cobb 500 broiler breeder hens
were raised according to the COBB Breeder Management Guidelines.
Ovaries were harvested from hens around 40 weeks of age (n = 16)
and individual follicles dissected out for granulosa cell extraction.
Granulosa cells collected from individual follicles were grouped by
follicle diameter (3—5-, 6-8- and 9—12 mm) and were pooled from
4 individual birds to form one biological replicate. Granulosa cells
were treated with 0, 1, 10 or 20 mM of metformin, challenged after 30
min with recombinant-human follicle stimulating hormone (rhFSH)
and incubated for a total of 4 h. Gene transcripts analyzed via qPCR
(n = 3) included FSHR, VIPR1, STAR, CYP11A1l and HSD3B. In
granulosa cells isolated from 9 to 12- and 6-8 mm follicles, the addi-
tion of metformin significantly decreased the levels of FSHR, VIPRI1,
STAR, CYP11A1 and HSD3B mRNA in a dose dependent manner (P
<0.001). In granulosa cells from 3 to 5 mm follicles, FSHR, STAR and
CYPI11A1 mRNA levels were significantly decreased with the addition
of 10 and 20 mM of metformin (P < 0.001). Treatment with 20 mM of
metformin significantly decreased HSD3B mRNA levels (P <0.01) but
there was no effect on VIPR1 mRNA expression in any of the treatment
groups. Next, we wanted to analyze the effects of metformin on known
FSH-signaling pathways. Proteins analyzed via Western blots (n = 4)
included ERK, Akt, ACC and AMPK. In granulosa cells isolated from
9 to 12 mm follicles, metformin significantly decreased the abundance
of phospho-ERK in a dose dependent manner, with 20 mM having the
greatest effect (P < 0.001). Metformin treatment (20 mM) also signifi-
cantly decreased phospho-ERK abundance in granulosa cells isolated
from 3 to 5- and 6-8 mm follicles (P < 0.05). Further statistical analy-
ses pending on Akt, ACC and AMPK. All results were analyzed using
one-way ANOVA (P < 0.05) and Tukey’s HSD. Results obtained thus
far suggest that metformin treatment affects steroidogenic pathways in
broiler breeder ovarian follicles.

Key Words: folliculogenesis, steroidogenesis, metformin, broiler
breeder, ovary

53  Shotgun proteomics reveal increased expression of
RELAXIN-3 during follicle cyclic recruitment in the hen ovary.
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Kahina Ghanem*'? and Alan Johnson', ' Pennsylvania State Uni-
versity, University Park, Pennsylvania, United States, °University of
Rochester Medical Center, Rochester, New York, United States.

Chicken ovarian pre-recruitment follicles 1 to 8 mm diameter are
arranged in a size hierarchy, and viable follicles are recruited to the
preovulatory stage in a sequential fashion through the process of cyclic
recruitment. Published evidence suggests that pre-recruitment follicles
acquire an increased responsiveness to follicle stimulating hormone
(FSH) with increasing size. We hypothesized that this differential respon-
siveness is due to differences in protein expression within the granu-
losa cell layer (GC) of the follicle. GC layers from the most recently
recruited (GC9) follicle and from each of the 4 largest pre-recruitment
follicles (GC1-4), plus theca tissue from the most recently recruited
(TH9) and largest pre-recruitment (TH1) follicles were collected from
ovaries of 34-week-old hens (n = 4). A shotgun proteomics analysis
was conducted using isobaric tags for relative and absolute quantifica-
tion labeling, followed by 2-dimensional liquid chromatography and
tandem mass spectrometry. The non-parametric Mann-Whitney test for
a 2 sample or the Kruskal-Wallis test ANOVA by rank was performed
where appropriate. The Benjamini-Hotchenberg procedure was used to
control for the False Discovery Rate (5%). Of 1535 proteins identified,
none were determined to be differentially expressed between TH9 and
TH1. A pairwise comparison between GC9 and GC1, GC2, GC3 or GC4
identified 1, 5, 5, and 6 differentially expressed proteins, respectively,
including yolk and cholesterol transport proteins (vitellogenin 1, 2, 3 and
apolipoprotein B). In addition, GC differentiation mediators transform-
ing growth factor B 1 and microRNA-21 pathways were predicted to be
activated at recruitment, while a mediator of apoptosis, oncostatin M,
was predicted to be inhibited. We also report, for the first time, expression
of the neuropeptide, RELAXIN-3 (RLN3), in GC. Expression of RLN3
and its receptors, RXFPI and RXFP3, was measured using quantitative
polymerase chain reaction from ovarian cortex, atretic follicles, plus
GC and TH from the most recently recruited follicle (9—12 mm), 8
large pre-recruitment follicles (6—8 mm), pooled 4 mm, and pooled 2
mm pre-recruitment follicles (n = 4 hens). One-way ANOVA was used
to compare mRNA expression in tissues. RLN3 mRNA expression was
highest in GC9 and GC1 (P <0.0001), while its receptors, RXFPI and
RXFP3, were highest in TH and cortex, respectively (P < 0.0001).
Overall, cyclic recruitment is associated with changes in protein expres-
sion predominantly within follicle GC, and a potential role for RLN3
in follicle recruitment and the initiation of GC differentiation warrants
further investigation.

Key Words: proteomics, follicle, ovary, granulosa, RELAXIN-3

54  Are the differences in sexual maturation observed between
layers with different degrees of genetic selection mediated via the
pituitary gland? Charlene Hanlon*, Kayo Takeshima, and Gregoy
Bedecarrats, University of Guelph, Guelph, Ontario, Canada.

Breeding goals for commercial laying hens continue to improve numer-
ous traits, with emphasis remaining on the advancement of sexual matu-
ration. As age at first egg (AFE) decreases with selection pressure, hens
tend to spontaneously lay before photostimulation, traditionally used to
activate the hypothalamic-pituitary gonadal (HPG) axis. We hypothesize
that selection for earlier maturation has altered the control of the HPG
axis with metabolic cues possibly interfering with photoperiodic signals
at all levels. This study was conducted to compare activation of the
pituitary gland between a heavily selected commercial strain (Lohm-
ann LSL-lite; L), a mid-point selected strain (heritage White Leghorn
Shavers; S), and a non-selected strain (Smoky Joes; SJ). Pullets were
randomly assigned by strain to cages (n = 2/cage) from 12 weeks of
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age (woa). Photoperiod remained at 10h until step-up photostimulation
at 18woa (1h/week to 16h light). Pituitary glands were collected from
birds at 12, 17, 20, and 25woa (n = 4/breed per time point). After RNA
extraction and cDNA synthesis, levels of FSH-f subunit and estrogen
receptor-o. (ER-0) mRNA were determined by semiquantitative RT-PCR
with GAPDH and B-Actin as housekeeping genes. Data was analyzed
using the 2(-AACt) method, normalized to 12woa per breed. In addition,
body weight (BW) was recorded and blood samples were taken before
sacrifice to measure estradiol (E,) concentrations by ELISA. Statistical
analysis used MIXED procedure (SAS) with Tukey’s adjustment. As
previously reported, E, levels peaked at 19woa for L and S, while this
peak was delayed to 21woa in the SJ (P < 0.001), confirming photo-
stimulation was not the primary cue responsible for initiating ovarian
activation in selected strains. Furthermore, FSH- mRNA levels, linked
to the organization of the follicular hierarchy, also appeared to slightly
increase between 12 and 17woa for the L and S (2.9 and 6.9-folds,
respectively), peaking at 20woa (12.1-fold, P =0.014 for L; 15.7-fold,
P=0.07 for S). Conversely, FSH-f levels in SJ only increased at 20woa
(23.9-fold, P < 0.01), following photostimulation. Meanwhile, it was
determined while ER-o was present in the pituitary, expression did not
significantly change throughout maturity. Interestingly, levels of FSH-8
mRNA and E, were correlated (r = 0.90, P <0.05), and so were E, and
BW (r=0.55,0.78, 0.74 for L, S, SJ, respectively, P < 0.05). Together,
the earlier increase in FSH-B mRNA observed at 17woa for Land S, and
the strong correlation of BW and E, supports our hypothesis that selected
strains of layers are influenced by metabolic status, rather than relying
exclusively on photostimulation as a primary cue of sexual maturation.

Key Words: sexual maturation, FSH, estradiol, HPG axis, laying hens

55  Surgical disruption of the nucleus of the hippocampal com-
missure provides evidence that it plays a role in the hypothalamo-
pituitary-adrenal axis. Michael Kidd*, Hakeem Kadhim, Seong
Kang, and Wayne Kuenzel, University of Arkansas, Fayetteville,
Arkansas, United States.

The Nucleus of the Hippocampal Commissure (NHpC) in previous
studies has been linked to the hypothalamo-pituitary-adrenal (HPA)
axis regarding its regulation in the avian stress responses induced by
both restraint and feed deprivation stressors. The objective of the study
was to apply electrolytic lesions to the NHpC, effectively disrupting
corticotropin releasing hormone (CRH) neurons, which are essential to
HPA activity in vertebrates. “Cobb 500” male broilers (BW 300-350g,
10-14 d of age) were used in this experiment and split into 2 groups;
lesioned birds (LES) (n = 10) and sham operation controls (SCON) (n
= 6), which are birds subjected to surgery including placement of the
electrode within the brain, but no electrical current was applied. Birds
were given a 4-d recovery period post-surgery. On d 5 post surgery, a 2-h
food deprivation stress was applied. Blood, brain and anterior pituitary
samples were promptly taken at 2 h of food deprivation. Brain samples
from NHpC and PVN where punched and stored in trizol for gRT PCR.
Gene expression of CRH and corticotropin releasing hormone receptor
1 (CRHR1) in the NHpC were measured as well as CHR and CRHR1
in the paraventricular nucleus (PVN), the major hypothalamic nucleus
involved in the stress response. CRHR1 and proopiomelanocortin
mRNA (POMC) were measured in the anterior pituitary. All data were
analyzed using a one-way ANOVA. CRH and CRHR1 in the NHpC were
found significantly down due to lesion placement (P < 0.0001) in LES
in comparison to sSCON. In the PVN, CRHR1 was found significantly
downregulated (P < 0.05) in LES, however, CRH in the PVN was found
significantly upregulated (P < 0.01) in LES in comparison to sCON.
In the anterior pituitary, CRHR1 was found significantly upregulated
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(P <0.001) in LES. In contrast, POMC in the anterior pituitary was
found significantly downregulated (P < 0.0001) in LES in comparison
to sCON. Evidence suggests that lesioning the NHpC including its
CRH neurons effectively disrupts the food restriction related HPA
stress response due to anterior pituitary downregulation of POMC and
upregulation of CRHR1. Although PVN upregulation of CRH is present,
the elevated PVN upregulation could be due to a compensatory response
caused by the lack of normal NHpC CRH expression due to surgical
disruption. Even with upregulated expression of CRH in the PVN, the
downregulation of POMC and upregulation of CRHR1, illustrate a lack
of HPA activation expected from an intact NHpC. In conclusion, lesion-
ing NHpC CRH neurons disrupts HPA activity during food deprivation
stress adding direct evidence that the NHpC plays a role in HPA activity.
(Supported by an Arkansas Biosciences Institute Grant).

Key Words: food deprivation, lesioning, stress, corticotropin releasing
hormone, paraventricular nucleus

56 Effect of different basal culture media and sera combina-
tions on primary broiler chicken muscle satellite cell differentia-
tion and heterogeneity. Joshua Flees*, Cierla McQuire Sams, and
Jessica Starkey, Auburn University, Auburn, Alabama, United States.

Broiler chicken satellite cells (SC) isolated from pectoralis major (PM)
muscles provide a useful in vitro model to study muscle development and
growth in broilers. There is little consistency in the literature regarding
optimal culture conditions for terminal differentiation (DIFF) of SC into
nascent myofibers termed myotubes. Previously, we reported the effects
of 3 basal culture media (BCM) and 2 sera combinations on SC prolif-
eration (PROLIF). This randomized complete block experiment with a
3 x 2 x 2 factorial treatment arrangement (3 BCM x 2 PROLIF sera x 2
DIFF sera) was designed to determine the effects of both PROLIF and
DIFF media on myotube formation and the heterogeneity of unfused
myogenic cells. Parallel plates of SC were cultured in PROLIF media
consisting of either McCoy’s SA (MCCOY), High Glucose Dulbecco’s
Modified Eagle’s medium (HGDMEM), or Low Glucose DMEM
(LGDMEM) media containing either 15% chicken serum (CS) or a
combination of 5% horse serum (HS) + 10% CS (HSCS) at 40°C with
5% CO,. Ninety-six h post-plating, 3 independent replicates of 2 parallel
plates of SC isolated from 22-d-old, male broiler PM plated at 1.66 x 10°
cells per well on 24-well plates coated with 0.1% gelatin were switched
to DIFF media consisting of the same BCM with either 3% HS or 3%
CS sera. After 96 h in DIFF media, cultures were immunofluorescence
(IF) stained to detect cells expressing the myogenic regulatory factors,
myogenic differentiation factor 1 (MYOD) and paired box 7 (PAX7)
as well as myosin heavy chain (MHC), a myotube marker. After IF
staining, a DAPI nuclear stain was applied. Nikon Elements software
was used to capture and analyze 2 images per well (8 images per treat-
ment). Densities of unfused MYOD+, PAX7+, and MYOD+:PAX7+
cells per mm? were also determined. Data were analyzed using the
GLIMMIX procedure of SAS (V9.4). Well served as the experimental
unit and means were separated using the PDIFF option at P <0.05. SC
cultured in DMEM produced cultures with MHC+ myotubes, while
those cultured in MCCOY BCM failed to differentiate into myotubes
(P <0.0001). SC cultured in DMEM+HSCS PROLIF media and then
CS DIFF media had the highest MHC+ myotube nuclear density (P =
0.0007) and MYOD+ myonuclei compared with those from all other
treatments (P = 0.0108). When DIFF in CS, SC grown in LGDMEM
+ HSCS PROLIF media had fewer myotube nuclei (P = 0.0007) and
MY OD+ myonuclei compared with HGDMEM + HSCS PROLIF (P
= 0.0108). SC cultures grown in DMEM + HSCS and differentiated
in CS also maintained the highest density of unfused PAX7+ cells (P
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< 0.0001). In conclusion, cells cultured in HGDMEM+HSCS during
PROLIF and then switched to CS for DIFF best supported broiler SC
DIFF into MHC+ myotubes.

Key Words: muscle satellite cell, broiler chicken, cell culture, media,
serum
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57  Evaluation of different methods for particle size analysis
of milled corn with added soybean oil. Allan Calderon*, Gerardo
Abascal-Ponciano, Luis Avila, Joshua Flees, Samuel Leiva, Kevin
Ordonez, Danny Patino, Marc Presume, Jorge Sandoval, Wilmer
Pacheco, and Charles Starkey, Auburn University, Auburn, Alabama,
United States.

Particle size (PS) of grain is an important component of feed manufactur-
ing that impacts pellet quality, mixability, feed flowability, and animal
growth performance. The objective of this randomized complete block
design experiment with an 3 x 8 x 6 factorial treatment arrangement
was conducted to evaluate the effectiveness of 3 different PS analysis
methods on ground corn of 8 different PS with increasing additions (6) of
soybean oil (SBO). Corn was ground with a 2-pair roller mill (Roskamp
Champion Series 900—12) at 8 different roller settings: 3-2, 3-3, 4-3,
4-4,5-4,5-5, 6-5, and 6-6, where the roller pair spacing ranged from
50.8 um at setting 2 to 152.4 um at setting 6. These settings generated
samples with mean PS of 693, 882, 968, 1,750, 1,877, 2,862,2,911, and
3,343 pum, respectively. After milling, the ground corn was mixed with
SBO to achieve 0, 2, 4, 6, 8, and 10% added fat. Three repetitions of
each of the combinations of PS and SBO mixture were analyzed for PS
using the 3 methods: 1) ANSI/ASAE S319.4 “Method of determining
and expressing fineness of feed materials by sieving” 13-sieve method,
2) a 3-sieve hand-shaken method developed by Kansas State University
for field testing of PS (KSU3S), and 3) a modification of the KSU3S
method in which the formulas from the ANSI/ASAE method were
adapted for use with 3-sieves (AUM3S). Data were analyzed using
the GLIMMIX procedure of SAS (v9.4). Least squares means were
separated with the PDIFF option and considered significantly different
when P <0.05. A 3-way interaction among PS, SBO, and method was
observed (P < 0.0001). The PS values for the standard ANSI method
were from 604 to 3,730 pm, the KSU3S PS values ranged from 584 to
1,730 um, and the AUM3S values ranged from 640 to 3,335 um. With
the ANSI method, PS values were reduced with 2% SBO compared
with 0% SBO (P < 0.0001); however, the PS then increased as SBO
additions increased (P < 0.0001). Above 2,862-um PS, SBO additions
did not alter PS values (P <0.0001) Using the AUM3S method, for 693
to 968-pum PS samples, PS was not affected by addition of 0, 2, 4, and
6% added SBO (P <0.0001). The AUM3S method produced PS results
more similar to the standard ANSI method than the KSU3S method. Our
results indicate that as the PS of ground corn increased more differences
were observed among the different SBO concentrations when measur-
ing PS. Additionally, inclusions of SBO below 6% did not impact the
ability of these methods to measure PS in milled corn at the lower PS,
whereas larger PS appears to increase the deviation among the methods.
Therefore, it is important to utilize accurate PS analysis methods that
provide more consistent values for corn of different PS.

Key Words: particle size, feed, fat addition, sieve, roller mill

58  Evaluation of the Aviagen Turkeys shaker sieve to deter-
mine particle size for ground corn with increasing additions of
soybean oil. Luis Avila*, Gerardo Abascal-Ponciano, Allan Calderon,
Samuel Leiva, Joshua Flees, Kevin Ordonez, Danny Patino, Marc
Presume, Wilmer Pacheco, and Charles Starkey, Auburn University,
Auburn, Alabama, United States.

Ground corn is typically the greatest inclusion ingredient of poultry
feeds. Therefore, particle size (PS) determination and its variability
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are important. Particle size of grain is an important component of feed
manufacturing that impacts pellet quality, mixability, feed flowability,
and animal performance. Aviagen Turkey’s shaker sieve (AVS) is a field
tool used to determine pellet quality and estimate PS. The objective
of this experiment was to evaluate the ability of AVS to determine PS
and geometric standard deviation (STDEV) of ground corn with added
soybean oil (SBO) compared with the ANSI/ASAE S319.4 mechanic
13-sieve (13S), and the hand-shaken Kansas State University 3-sieve
method (3S). A randomized complete block experiment with an 8 x 6 x
3 factorial treatment structure was conducted. Corn was ground using a
2-pair roller mill (Roskamp Champion Series 900—12) with 8 different
settings: 3-2, 3-3, 4-3, 4-4, 54, 5-5, 6-5, and 6-6, where the roller
pair spacing ranged from 50.8 um at setting 2 to 152.4 um at setting 6.
The settings generated samples with mean PS of 693, 882, 968, 1,750,
1,877,2,862,2,911, and 3,343 um, respectively (CGR). The ground corn
was mixed with SBO to achieve 0, 2, 4, 6, 8, and 10% added fat. The
AVS was agitated by hand for 1 min and the 3S was agitated by hand
for 1.5 min as per the recommendations provided. For the 13S method,
an electric sieve shaker was used for 10 min. Three replicate samples
from each CGR and SBO combination were analyzed with each of the
3 PS methods (PROC). STDEV could only calculated for the 13S and
AVS methods. Data were analyzed using the GLIMMIX procedure of
SAS (V9.4) and means were declared different when P <0.05. All fixed
effects (PS, SBO, and PROC) produced differences in PS values (P <
0.0001). In addition, an interaction among CGR, SBO, and PS PROC
was observed (P <0.0001). The AVS method was different from ANSI
for samples 693 through 2,862 pum regardless of percentage SBO addi-
tion (P < 0.0001). However, for PS 2,911 and 3,433, the AVS method
provided values similar to the ANSI standard but only for SBO additions
between 2 and 6% (P < 0.0001). Inversely, the 3S method was similar
to the 13S method results at PS 693 and 882 with 0 to 6% added SBO
but was different for PS of 968 and above regardless of percentage of
SBO additions (P < 0.0001). The STDEV value produced by the AVS
method were consistently different from the ANSI method regardless
of PS or SBO addition (P < 0.0001). In conclusion, distinct differences
in PS PROC were observed and resulted in different PS values when
compared with ANSI standard method dependent upon corn PS.

Key Words: particle size, sieve, feed, physical quality, shaker

59  Corn drying temperature, particle size, and amylase
supplementation affect broiler live performance. Hernan Cordova-
Noboa*!, Edgar Oviedo', Andres Ortiz!, Yilmar Matta!, Juan Hoyos!,
Gherlly Buitrago', Juan Martinez!, Jose Yanquen', Lina Pefiuela?,
Jose-Otavio Sorbara’, and Aaron Cowieson?, 'North Carolina State
University, Raleigh, North Carolina, United States, 2Universidad

del Tolima, Ibagué, Tolima, Colombia, 3DSM Nutritional Products,
Kaiseraugst, Switzerland.

Broiler live performance may be influenced by drying temperature of
corn and results could depend on particle size after grinding. Supplemen-
tation with an exogenous amylase could improve performance param-
eters, but responses to enzymes are also affected by grain particle size.
An experiment was conducted to assess the effects of hard corn kernel
dried at 2 temperatures (35 and 120°C), ground coarse or fine (differing
~400 pm d,,,), with or without the supplementation (0, 133, and 266 g/
ton) of an exogenous amylase on live performance and gastrointestinal
organ development of Cobb 500 male broilers raised to 3.3 kg. Twelve
dietary treatments resulted from a 2x2x3 factorial arrangement of corn
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drying temperature, particle size, and amylase supplementation that
were considered as main effects. A total of 1,920 male-chicks were
randomly placed in 96 floor pens (20 chicks/pen). Data were analyzed
using a 3-way ANOVA in a randomized complete block design. At 14d,
interaction effects of drying temperature with particle size (P < 0.05)
and enzyme supplementation (P < 0.05) were observed on BW gain and
BW. Amylase supplementation (133 and 266 g/ton vs. 0 g/ton) resulted
in heavier chickens (512 and 512 vs. 501 g, respectively), but only when
feeding the diets containing corn dried at 35°C. Results obtained at
28d showed that amylase supplementation improved (P < 0.01) in 40g
BW and up to 3 points of FCR only in chickens fed coarse-corn based
diets. At 40d, broilers fed corn dried at 120°C presented better FCR (P
=0.08) compared with broilers fed diets with corn dried at 35°C (1.533
vs. 1.542 g:g). Coarse-corn based diets resulted in 44g lighter (P <0.01)
broilers (3,284 vs. 3,328 g) and worst (1.544 g:g) FCR (P < 0.05) than
fine-corn (1.531 g:g) based diets. Organ development at 42d indicated
that relative intestinal length was increased (P < 0.05) by supplement-
ing amylase at 266 g/ton compared with supplementing with 133 g/ton.
An interaction effect (P < 0.01) was detected for ceca relative length.
In broilers fed only fine-corn based diets, the supplementation with
amylase (133 and 266 g/ton) resulted in larger ceca (5.83 and 5.99 cm/
kg, respectively) compared with chickens receiving non-supplemented
feed (5.51 cm/kg), indicating more hindgut fermentation. Moreover,
chickens fed coarse-corn based diets had heavier gizzard (P < 0.001)
and liver (P < 0.05) compared with broilers that ate fine-corn based
diets. Interestingly, an opposite response (P < 0.05) was observed for
proventriculus. In conclusion, corn-drying temperature and particle size
affected gastrointestinal organ development and live performance. Live
performance was improved by amylase supplementation in the diets
with corn dried at 35°C.

Key Words: corn drying temperature, particle size, broiler performance,
amylase, organ development

60  Effect of conditioning temperature on broiler performance,
nutrient digestibility and processing yield. Martha Rueda Last-
res*!, Andrea Rubio’, Charles Starkey', Franco MussiniZ, and Wilmer
Pacheco!, 'Auburn University, Auburn, Alabama, United States,
’DuPont Industrial Biosciences, Cave Springs, Arkansas, United
States, 3North Carolina State University, Raleigh, North Carolina,
United States.

During pelleting, mash is conditioned with steam to raise its moisture
and temperature to increase production rate and pellet quality. However,
high conditioning temperatures can negatively affect the availability of
thermolabile nutrients such as vitamins, enzymes, and amino acids. This
study was conducted to evaluate the effect of conditioning temperature
on broiler performance, processing yield and nutrient digestibility from
1t049 d of age. A total of 1120 Ross x Ross 708 broilers were randomly
distributed among 4 treatments with 10 replicates per treatment and 28
birds/pen. Treatments consisted of 4 conditioning temperatures; 71,
77, 82 and 88°C. A common starter diet was fed as crumbles from 1 to
14 d of age, whereas experimental grower and finisher feeds were fed
as whole pellets from 15 to 49 d of age. Titanium dioxide was added
as an indigestible marker (0.5%) during the grower phase to determine
nutrient digestibility. At 28 d of age, 4 birds per pen were euthanized
and ileal digesta was collected for nutrient digestibility analyses. Feed
consumption and BWG were determined at 14, 28 and 49 d of age.
Feed conversion ratio (FCR) was adjusted by adding the weight of the
mortality to the BW of live birds in each pen. At 50 d of age, 10 birds
per pen were processed to determine chilled carcass weights and on d
51, carcasses were deboned to determine meat yield. Data were statis-
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tically evaluated using ANOVA procedure and means were separated
by Tukey’s HSD test. Increasing conditioning temperature from 71 to
88°C resulted in higher (P < 0.05) pellet quality and moisture content
of finished feeds, while reducing (P < 0.05) percentage of fines. Feed
consumption, BWG, and FCR were not affected by conditioning tem-
peratures. However, broilers fed diets conditioned at 77°C had higher
fat digestibility (P <0.05) compared with broilers fed diets conditioned
at 88°C. In addition, birds fed diets conditioned at 82°C had higher (P <
0.05) tender weight compared with birds fed diets conditioned at 71 and
77°C. These results demonstrate that conditioning at high temperatures
has an unfavorable effect on fat digestibility, while not affecting broiler
performance. Although pellet quality was increased and level of fines
decreased, a longer cooling time should be considered, as conditioning
temperature increases to reduce moisture content in finished feeds.

Key Words: conditioning, digestibility, feed quality, thermolabile
nutrients

61  Evaluation of differential scanning calorimetry for analysis
of starch gelatinization in multi-component animal feed. Lind-
sey Spencer*, Luis Avila, Danny Patino, Allan Calderon, Wilmer
Pacheco, Emefa Monu, Oladiran Fasina, Leonard Bell, and Charles
Starkey, Auburn University, Auburn, Alabama, United States.

Typical commercial animal diets are formulated with high concentra-
tions of ground corn (GC) and contain large amounts of native starch
to provide energy for growth. Thermal processes are used to gelatinize
starch in animal feed to increase digestibility. Pelleting is a common
thermal process utilized for the manufacture of food for production
animals. Research has shown that calorimetry procedures are acceptable
for determining the percentage of starch gelatinization in purified starch
samples; however, few research studies have been conducted utilizing
calorimetry procedures on multi-component animal feed. The objec-
tive of this experiment was to evaluate the effectiveness of differential
scanning calorimetry (DSC) to analyze the degree of starch gelatiniza-
tion (DG) in a complete animal feed. Replicate samples of cooked and
uncooked corn starch (CS), cooked and uncooked GC, uncooked meal
and pelleted animal feed (PAF) were analyzed at 160 and 200°C. The
CS and GC samples were cooked using an autoclave (15 min at 121°C),
while the PAF samples were processed using a conditioner and pellet mill
at 95°C for 240 s. Samples were weighed into hermetic pans at a 1:2 ratio
with 10 mg of the dry sample and 20 puL of deionized water and allowed
to equilibrate overnight. DSC thermogram peaks were analyzed using
TA Universal Analysis 2000 software to determine changes in enthalpy
(J per g). Data were analyzed using the GLIMMIX procedure of SAS
(V9.4) and least squares means were separated using the PDIFF option
at P <0.05. Enthalpy (H,) differed among cooked starch sources (P =
0.0080) and DSC temperature (P = 0.0429). No significant interaction
was observed between starch source and DSC temperature (P =0.2166).
Calculated DG of CS was 71.3%, whereas the DG for GC and PAF could
not be calculated as the uncooked enthalpy (Hy) for both sources was
greater than the cooked enthalpy (H,). Based on these results, the DSC
is not a suitable method to assess DG in multi-component animal feed.
The combination of proteins, lipids, and other carbohydrate fractions
do not appear to allow for the use of DSC as an alternative to traditional
enzymatic wet chemistry determination of the DG of starch in complex
animal feed. However, when utilizing the AOAC 996.11 method, DG
differed among cooked starch sources (P =0.016). For AOAC 996.11,
DG was calculated by subtracting the total starch content of cooked
samples on an “as-is” basis from the average total starch in uncooked
samples; DG (g per 100 g) was able to be calculated for both cooked CS
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and cooked GC. Therefore, DSC should not be used as an alternative
method to AOAC 996.11 in complex animal feed.

Key Words: starch gelatinization, DSC, enthalpy, animal feed
manufacturing

62  Effects of wheat cultivars and feed processing method on
starch damage and its impact on apparent metabolizable energy,
starch and protein digestion in broiler chickens. Yousef Khanfas*
and Rex Newkirk, University of Saskatchewan, Saskatoon, Saskatch-
ewan, Canada.

Wheat is typically classified into 2 classes based on the hardness of the
endosperm. Hardness can affect digestibility due to mechanical damage
to starch during processing and can be measured as starch damage. The
objective of this study was to evaluate starch damage in wheat caused by
feed processing (grind and pellet) and determine its impact on starch and
protein digestion and apparent metabolizable energy (AMEn) in broiler
chickens. The experiment was a RCBD in a 2 x 4 factorial design (2
wheat classes x 4 levels of processing intensity; mash, cold pellet, hot
pellet and extreme pellet). Statistical significance was considered at P
< 0.05. In a digestibility trial, 280-d-old male Ross 708 broiler chicks
were fed test diet from 7 to 28 d of age and were assigned to 8 treatments
with 7 replicates of 4 birds per bioassay cage. The level of starch damage
(as a % of total starch) was affected by the interaction between main
effects (P = 0.003). For low intensity processing (mash) more starch
damage was found for hard wheat (9.29%) than soft wheat (4.19%). The
difference in damaged starch decreased as the intensity of processing
increased with no differences between wheat types for extreme intensity
treatment (9.11 vs 9.43%; soft and hard). Starch digestion in anterior
jejunum was higher in extreme pelleted diets in both wheat types and
was affected by feed processing (P = 0.004). However, particularly with
hot pellet soft wheat was superior in all segments of small intestine (SI)
compared with hard wheat. AMEn in mash and cold pellet diets were
higher in hard wheat compared with soft wheat (2967 versus 3248 and
2985 versus 3126 kcal’kg DM). AMEn of soft wheat was significantly
increased compared with hard wheat with hot pellet (3160 vs 3015 kcal/
kg DM). Apparent intestinal protein digestibility of soft wheat in mash
diet was higher in all parts of SI compared with hard wheat (P < 0.05).
With pellet process, protein digestion of hard wheat was increased and
superior than soft wheat in most of SI segments. In summary, starch
damage occurred in both wheat types through feed processing, increas-
ing AMEn and starch digestion while protein digestion was increased
by pellet process only in hard wheat in broiler chickens.

Key Words: wheat, starch-damage, feed processing, digestion, AMEn

63  Effects of feed form on the development of the proxi-
mal part of the gastrointestinal tract and growth performance
of three broiler strains from 0 to 21 days of age. J. Archs*, A.
Rybicka, G. Fondevila, L. Cdmara, D. Morcuende, and Gonzalo
Mateos, UPM, Madrid, Madrid, Spain.

We studied the effects of feed form on the development of the upper part
of the gastrointestinal tract (GIT) and growth performance of broilers
from 1 to 21d of age. The experiment included 6 treatments arranged
as a 2 x 3 factorial with 2 feed forms (mash vs. crumble) and 3 broiler
lines [2 fast-rate growing strains and one medium-rate growing strain].
The birds received a common diet based on corn and SBM with 2,950
kcal AMEn/kg and 1.22% SID lys. Each treatment was replicated 6
times and the experimental unit was a pen floor with 17 birds for all
traits. Feed intake (FI), BW gain (BWGQ), and feed conversion ratio
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(FCR) were determined weekly and cumulatively. At 7 and 21d of age
2 broilers per cage were slaughtered by CO, asphyxiation to measure
GIT traits. The gizzard and the crop were excised, clamped and weighed.
Then, the organs were emptied of digesta content and weighed again.
The absolute (g) and relative (% BW) weight, the pH, and the moisture
content of the digesta of both organs were recorded. Data were analyzed
as a completely randomized design with feed form and bird type as main
effects, using the MIXED procedure of SAS. The fast-growing strains
had better BWG and FCR (P < 0.001) than the medium growth strain
at all ages, with differences in FI being the most important reason for
the improvement observed. Feed form affected growth performance of
the birds at all ages. Birds fed crumbles had higher BWG (P <0 0.001)
and better FCR (P < 0.001) than birds fed mash. In absolute values, the
weight of the GIT was greater for the fast-growing than for the medium
growing strain but an opposite result was observed in relative terms.
One of the fast-rate growing strain showed a greater gizzard weight
than the other. Mash feeding increased the empty gizzard weight (P <
0.001) in absolute and relative terms. Mash feeding increased the DM
of'the crop content (P < 0.05), and decreased the weight of empty crop
(P < 0.001) and moisture content of the crop (P < 0.001). The pH the
crop and gizzard decreased with mash feeding (P < 0.05). In summary,
feeding crumbles improved growth performance in all broiler lines. The
weight of the crop increased with crumbles where an opposite effect
was detected for the gizzard.

Key Words: broiler performance, broiler strain, crumble feeding, gas-
trointestinal tract, mash feeding

64  Influence of the origin of the bean on the ileal digestibility
of crude protein and amino acids of soybean meals in 21 day-old
broilers. Lewis Aguirre*, L. Camara, O. Chandi, G. Fondevila, J.
Ben Mabrouk, and Gonzalo Mateos, UPM, Madrid, Madrid, Spain.

An experiment was conducted to study the influence of the origin of
the beans on the apparent (AID) and standardized (SID) ileal digest-
ibility of CP and amino acids (AA) of commercial high-protein soybean
meals (SBM) in broilers from 18 to 21 d of age. The SBM samples were
obtained from identity preserved beans from USA, Brazil (BRA), and
Argentina (ARG) origin. The samples (n = 24 per each country) were
collected by specialized quality control personnel in the country of
origin of the beans or at the arrival of the vessels to Europe. The SBM
were analyzed for main components (CP, crude fiber, neutral detergent
fiber, sucrose, oligosaccharides, and mineral content) and protein quality
indicators [TI activity, KOH solubility, PDI, and heat damage indicator
(HDI)]. As fresh (88% DM), SBM from BRA had more CF (4.9%) and
NDF (10.6%) than SBM from USA (3.8 and 8.3%) or ARG (3.5 and
8.0%). Sucrose and stachyose contents were higher for USA meals (8.1
and 6.0%) than for ARG (7.2 and 5.9%) and BRA (5.5 and 4.4%) meals.
TIA, KOH, PDI were higher but HDI was lower for the USA meals
than for the BRA and the ARG meals. The data on AID and SID were
analyzed as completely randomized design using the GLM procedure
of SAS with the origin of the SBM as main effect with 3 treatments and
24 replicates per treatment. The experimental unit was a cage with 10
broilers. Birds were fed a commercial corn-soybean meal diet in mash
form from 1 to 15 d of age and then, their corresponding experimental
diets for 6 d. The experimental diets resulted from the combination of
42.6% SBM and 57.4% of a nitrogen free diet composed of corn starch,
dextrose, soybean oil, minerals, and solka-floc. All diets were fed. At
d 21, all birds were weighed and sacrificed by CO2 asphyxiation. The
contents of the ileal portion, defined as the section of the small intestine
extending from the vitelline Meckel’s diverticulum to 4 cm anterior
to the ileocecal junction, were gently flushed with distilled water into
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plastic container. The contents of the 10 birds of each replicate were
pooled and frozen (—20C) for AID and SID determinations. The AID
and SID of the CP and of all the indispensable AA were greater for the
SBM of USA origin than for the SBM of South American origin. In
this respect, the AID of the CP, Lys, and Thr of the SBM were 84.4,
87.5, and 79.6%, 83.2, 86.2 and 79.0%, and 83.8, 86.7, and 78.6% for
the USA, BRA, and ARG meals, respectively. None of the differences
reported, however, reached significance (P > 0.05).

Key Words: amino acid, crude protein, ileal digestibility, soybean origin

65 A comparison of methods to determine standardized ileal
amino acid digestibility of ingredients with low and high protein
quality for broiler chickens. Ana Beatriz Oliveira*, Marcos Nasci-
mento Filho, Alvaro Burin Junior, Diana Suckeveris, Raquel Pereira,
and José Fernando Machado Menten, ESALQ - USP, Piracicaba,
Brazil.

Standardized ileal digestibility coefficient (SIDC) of amino acids (AA)
is the most desirable measure to formulate diets for poultry. Whereas
methodologies such as the direct method (nitrogen-free diet) and indi-
rect method (substitution method) may be inconsistent due to applied
techniques, it is important to evaluate if the values are equivalent and
accurate to be associated. This study aimed to compare 2 methodology
procedures to determine SIDC of ingredients with low and high pro-
tein quality fed to broilers. In study 1, 180 16-d-old Ross AP95 male
chickens were placed in floor pens (10 birds/pen, n = 6) in a completely
randomized design. Birds were assigned to 3 assay diets: semi-purified
nitrogen-free diet to estimate the basal endogenous AA flow, a test diet
with 37.8% of insect meal (high protein quality, HP), and a test diet with
73.8% of corn distillers bran with solubles (low protein quality, LP).
Each feed ingredient was the sole source of AA. In study 2, 72 male
chickens 27d-old Ross AP95 were assigned to 3 diets (4 birds/cage, n=
6) in a completely randomized design. A corn-soybean meal basal diet
was formulated as the control diet. Test diets were formulated replacing
300g/kg of the control diet by HP and LP ingredients. Chromic oxide
was used as an indigestible marker at 0.5% in both experiments. On d
22 (study 1) and d 33 (study 2), all birds were euthanized by cervical
dislocation and contents of the distal third of the ileum were obtained
for determination of AA digestibility coefficients. Data were analyzed
by one-way ANOVA. The AA contents for HP and LP ingredients were
respectively 0.80 and 0.27% Met, 3.36 and 0.81% Lys, 2.15 and 0.69%
Thr, 3.32 and 0.81% Val, 2.30 and 0.56% Ile, on dry matter basis.
Comparing the direct and indirect methods, calculated average values
of SIDC of some indispensable AA for HP ingredient were very similar
for Met, 87.5 and 87.1%; Lys, 89.0 and 90.3%; Thr, 81.6 and 82.6%;
Ile, 85.6 and 87.9%, respectively, but not for Val, 85.6 and 89.6% (P =
0.036). In contrast, SIDC of AA for the LP ingredient were statistically
different for Met, 76.2 and 88.0% (P = 0.006); Lys, 65.6 and 75.9% (P
=0.039); Val, 62.8 and 75.7% (P = 0.004); and Ile, 66.1 and 79.5% (P
= 0.005), respectively, with greater values in the substitution method.
For Thr, the values (62.1 and 65.6%) were not different. In conclusion,
the SIDC values for ingredients with different protein quality might be
influenced by the method applied. LP ingredient AA digestibility may
be overestimated by the basal diet used in the indirect method, whereas
HP ingredient does not follow this same pattern. Acknowledgment:
FS Bioenergy for the support and FAPESP for the research grant (No
2017/05423-8).

Key Words: feed ingredients, digestibility, amino acids, broilers,
methodology

Poult. Sci. 98(E-Suppl. 1)

66  The development of Ark NE value for soybean meal. Katie
Hilton*, Antonio Beitia, Pramir Maharjan, Jordan Weil, Nawin
Suesuttajit, Diego Martinez, and CN Coon, University of Arkansas,
Fayetteville, Arkansas, United States.

The classical method of net energy (NE) assesses the value of ME minus
heat increment (HI). Analyzing classic NE can be misleading as more
calorie efficiency (NE/ME) is given to fat deposition than lean mass
deposition. It is therefore desirable to provide an improved process of
formulating energy requirements of feed ingredients that overcomes
the shortcomings of the classical equation. Experiments were con-
ducted to create the methodology of a new NE system that includes
both HI and body composition. Two test diets were developed for each
feeding phase, with 2 different samples of SBM evaluated for starter
(0-10d, 3,008 kcals/kg, 21%CP), grower (10-22d42, 3,100 kcals/kg,
19%CP) and finisher (22—42d, 3,200 kcals/kg, 18%CP) feeding periods.
The highest concentration of lysine/CP/kcal for SBM was utilized as
control SBM analyzed by NIR. The control SBM was formulated in a
corn soybean diet to provide 80%, 100% and 120% AA requirements
for starter, grower and finisher diets with both AA levels and ME set
according to the breeder recommendation. The control SBM dictated
the formulation inclusion levels utilized for the test SBM. Each of the
SBM samples were fed equally on a percentage basis as determined
for the control SBM. Birds were moved to the respiratory chambers 1d
before evaluation for a period of adaptation. Heat production (HP) Kcal
=3.872*VO, (L/d) + 1.195 VCO, (L/d) (Farrell, 1974) was measured
for 1d. After HP was measured, fasting heat production (FHP) was
measured for 24h. HI was determined HI = HP — FHP (Farrell, 1974).
Body composition was measured throughout the experiments by dual
energy x-ray absorptiometry (DEXA) to determine net energy gain
(NEg). Near infrared spectroscopy (NIR) analysis revealed SBM A
was 2.576%digLys while SBM B was 2.528%digLys. Body composi-
tion indicated birds on SBM A gained significantly more protein (P =
0.008), while birds consuming SBM B gained more fat (P = 0.0062),
ultimately having more (P = 0.0352) NEg than SBM A. Simple linear
regression indicated a high level of predictability for SBM (R? = 0.97,
P =0.0020) for Ark NE with total digestible lysine (%digLys) as the
predictor. The model shows a linear increase for Ark NE as %digLys
increases. Using the mean intercept SBM A Ark NE value 1996 kcals
and SBM B Ark NE value of 1632 kcals. This study indicates utiliz-
ing the Ark NE system is a valuable means for predicting the Ark NE
value for SBM, while giving more calorie value for protein containing
increased %digLys than classic NE.

Key Words: net energy, heat production, body composition, digestible
lysine

67  Determination of standardized amino acid digestibility and
metabolizable energy in plasma protein using different methods.
Ben Parsons*!, Hassna Khadour!, Pamela Utterback!, Joy Campbell?,
Ricardo Gonzalez Esquerra?, Jason Emmert!, and Carl Parsons',
!University of Illinois at Urbana-Champaign, Champaign, Illinois,
United States, ’APC Inc., Ankeny, lowa, United States.

The objective of this study was to determine the metabolizable energy
and amino acid digestibility of plasma protein compared with soybean
meal (SBM) using 3 different assays. The 48-h precision-fed rooster
assay was used to evaluate true metabolizable energy (TME,) using
conventional roosters, whereas standardized amino acid digestibility
was determined using cecectomized birds. Roosters on this trial were
fasted for 24 h before being crop-intubated 30 g of either plasma protein
mixed with 50% corn or SBM mixed with 50% corn. All excreta were
then collected for 48 h. The TME, and amino acid digestibility values
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for plasma protein and SBM were calculated by difference. Data from
all 3 assays were statistically analyzed using a one-way ANOVA for a
completely randomized design. Results of the rooster assay indicated
that the TME, value for plasma protein was higher (P <0.05) than SBM
(3.743 and 2.669 kcal/g DM, respectively). The assay also showed that
the average amino acid digestibility of plasma protein was higher (P <
0.05) than SBM (94 and 86%, respectively). In addition, 2 chick assays
were conducted using Ross 708 males to determine apparent metaboliz-
able energy (AME),) and standardized ileal amino acid digestibility of
plasma protein and SBM. To determine the AME, 3 diets were fed: a
corn-SBM reference diet, a 30% plasma protein diet, and a 30% SBM
diet. Chicks were fed one of the 3 diets from d 7-10 and 18-21, with
excreta being collected on d 10 and 21. To determine the ileal amino
acid digestibility, 2 diets were fed: a semi purified diet containing 25%
plasma protein and a semi purified diet containing 41% SBM. Chicks
were fed one of the 2 diets from d 7-10 or 18-21; ileal digesta were
collected at d 10 and 21. The AME, values obtained from the chick
assay showed that plasma protein had a substantially higher (P < 0.05)
AME, value than SBM at both d 10 and d 21 (4.239 and 2.849 kcal/g
DM, respectively, at d 21) and an even greater difference between the
2 feedstuffs was observed at d 10. The second chick assay showed an
increase in average ileal amino acid digestibility of plasma protein
compared with SBM (P < 0.05) for chicks at both d 10 (95 and 83%,
respectively) and d 21 (96 and 87%, respectively). In conclusion, the
results of all 3 assays used in this study indicated that plasma protein
is a highly digestible feed ingredient regardless of the age of the bird.

Key Words: plasma protein, soybean meal, amino acids, metabolizable
energy, precision-fed

68  Apparent metabolizable energy value of selected modern
grain sorghum varieties for feeding commercial broilers. Alissa
Moritz*!, Shanice Krombeen!, Robert Buresh?, Michael Blair?,
William Bridges!, and Tiffany Wilmoth!, Clemson University,
Clemson, South Carolina, United States, >Novus, International Inc.,
St. Charles, Missouri, United States, >Devenish Nutrition, Fairmont,
Minnesota, United States.

Modern varieties of US grain sorghum (milo) are nearly 99% tannin-
free; however, limited data is available to support that these modern
varieties can be used as an alternative feedstuff to effectively replace
corn in poultry diets. Milo may be a viable alternative considering its
resilience to adverse climate and soil types enabling it to be grown in
locations coinciding with poultry production in the Southeastern United
States. This experiment determined the apparent metabolizable energy
(AME),) of red/bronze, white/tan, and US No. 2 yellow milo varieties.
Trials evaluated the AME, response of Cobb 500 x Hubbard broilers
in the grower diet phase (22 to 24 d) and finisher diet phase (43 to 45
d). Broilers (n = 224) were randomly distributed into 56 grower battery
cages at a density of 4 birds per cage and phase-fed 1 of 4 corn-soybean
meal basal diets. The diets included 80% corn-soybean meal basal and
were completed with 20% milo for the treatment diets or dextrose for
the control diet. The control diet included 8 replicates per treatment and
each of the 3 milo treatment diets included 16 replicates per treatment.
During each phase, feed intake was measured, and excreta were ana-
lyzed for nitrogen and gross energy (GE). The difference method was
used to determine the AME, response. In both trials, the temperature
was set to 35°C at placement and decreased to 27°C with a 16L:8D
lighting program. An ANOVA was conducted to assess the effects of a
full factorial of diet, trial, and % female of grower AME, and finisher
AME,. In the grower phase diet, the effects of diet (P = 0.023), trial
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(P =0.0042), diet x trial (P = 0.022), and diet x trial x % female (P =
0.035) were significant. Overall, the AME, of red/bronze and white/tan
milo varieties in the grower phase diet were significantly greater than the
control and yellow milo variety (P = 0.023). In the finisher diet phase,
AME, of all milo varieties were significantly greater than the control
(P <0.0001). Results from AME, analysis indicate that modern milo
varieties show potential for replacing corn in diet formulation for the
growth performance of broilers from 1 to 47 d of age.

Key Words: apparent metabolizable energy, broiler, grain sorghum, milo

69  Effect of dietary inclusion level on the metabolizable energy
content of distillers dried grains with solubles determined in
broiler chicks at 21 d of age. Kenia Mitre*!, Kevin Herrick?, and
Samuel Rochell', 'University of Arkansas, Fayetteville, Arkansas,
United States, >POET Nutrition, Sioux Falls, South Dakota, United
States.

Assays to determine ME, are inherently variable and can be influ-
enced by several factors, such as inclusion level of the test ingredient.
Understanding these effects is particularly important for ingredients
that can vary widely in ME, content such as distillers dried grains with
solubles (DDGS). An experiment was conducted to evaluate the influ-
ence of dietary DDGS concentration on the estimation of its ME and
ME, values in broilers, and to determine if any changes in these values
are associated with changes in broiler FI as dietary concentrations of
DDGS increase. Five treatments consisted of a reference basal diet and
diets in which 15, 30, 45, or 60% DDGS was added at the expense of all
energy providing ingredients in the basal diet for ME,, determination by
the difference method. A sixth treatment consisted of the 30% DDGS
diet pair-fed to equalize FI with birds fed the 60% DDGS ad libitum.
A seventh treatment included an additional reference diet in which
dextrose was included at 15% for ME, determination of DDGS using
the single ingredient replacement approach. Male broilers (448 total)
were randomly allocated to 56 battery cages with 8 replicates cages per
treatment (8 birds/cage) and were provided a common starter diet from
0 to 14 d post-hatch. Experimental diets contained 0.5% TiO, and were
fed from 14 to 21 d. Diets and excreta were collected from 19 to 21
d and analyzed for nitrogen, gross energy and TiO, for determination
of ME and ME, using the index method. Polynomial contrasts were
used to assess linear and quadratic effects of DDGS inclusion level. As
expected, linear decreases (P < 0.001) in BWG and FI were observed
as dietary DDGS concentration increased at the expense of the nutri-
tionally complete basal diet. There were decreases (P < 0.001) in ME
and ME, values of the complete diets as DDGS inclusion increased,
indicating that these values for DDGS were lower than the ME and
ME, values determined for the basal diet (3,107 and 2,905 kcal/kg DM,
respectively). Similarly, ME and ME, values of DDGS determined by
difference decreased (P < 0.001) as its dietary concentration increased.
Pair-feeding the 30% DDGS diet to the 60% DDGS diet reduced (P <
0.05) ME and ME,, values of DDGS when compared with those deter-
mined in birds fed the 30% DDGS diet ad libitum. The ME and ME
values determined for DDGS when fed at 15% of the diet were higher
(P < 0.001) when using the complete basal replacement method than
when using the single ingredient replacement method. These results
indicate that ME,, values determined for DDGS decreased as its inclu-
sion within the test diet increased, with these reductions in ME, partly
due to decreased feed intake.

Key Words: metabolizable energy, broiler, DDGS, inclusion level,
pair-feeding

Poult. Sci. 98(E-Suppl. 1)



70  Effects of black soldier fly larvae meal and oil on growth
performance of broiler chickens. Brittany Wall*!, Elizabeth Kout-
sos?, and Kimberly Livingston!, !North Carolina State University,
Raleigh, North Carolina, United States, 2Envirqflight, Yellow Springs,
Ohio, United States.

Black Soldier Fly Larvae (BSFL), Hermetia illucens, is a potential
alternative protein and fat source in poultry diets. However, it’s effects
on broiler chicken performance has not been elucidated. This experiment
was conducted to determine how different levels of BSFL meal (BSFLm)
and BSFL oil (BSFLo) affect the growth and performance on broiler
chickens. The 2 studies were conducted simultaneously. In Experiment 1,
BSFLm replaced soybean meal and was included at titrated levels (0, 5,
10, 15%) in replacement of soybean meal. In experiment 2, BSFLo was
included at titrated levels (0, 0.5, 1.5, 3.0%) in replacement of soybean
oil. All diets were formulated to be isonitrogenous and isocaloric. Ross
708 male broilers were raised in cages, with 10 birds per cage, and 5
replicates per treatment. Bird weights, and feed intake were measured
weekly and feed conversion ratios (FCR) were calculated. Five birds
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from each pen were processed for breast meat yield, and color. Data
were analyzed using 2 separate one-way ANOVAs using JMP Pro 14,
probability < 0.05 was considered significant. In experiment 1, Chicks
fed 5% BSFLm had the greatest BWG and best FCR from 0 to 37 d
when compared with 10 and 15% BSFLm (P < 0.05). With an inclu-
sion of 5.0% BSFLm there was a significant increase (P < 0.001) in
live weight, hot carcass weight, and cold carcass weight. There were
significant decreases (P < 0.001) in those parameters with the inclusion
of BSFLm at 10% and 15%. There are significant increases (P < 0.003)
in the L*, or white value, in birds being fed BSFLm in comparison to
the control birds. Significant decreases (P < 0.03) were observed in
the a* value, or the redness value, in birds being fed diets of BSFLm
when compared with control birds. However, these differences were not
observed in experiment 2. In conclusion, BSFLm can replace soybean
meal without any adverse effects on the performance of the chickens
up to 5%. Moreover, BSFLo can replace soybean oil without adversely
affecting broiler performance

Key Words: black soldier fly larvae, replacement, broiler performance
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71  Tibia quality, tissue zinc concentration and gut integrity
of broiler chickens in response to different sources of zinc. T.
T. H. (Anna) Nguyen*, N. K. Morgan, J. R. Roberts, S. B. Wu, M.
Toghyani, and R. A. Swick, University of New England, Australia,
Armidale, New South Wales, Australia.

Zinc (Zn) is essential for bone development, normal intestinal barrier
function and regeneration of damaged gut epithelium. Zinc hydroxy-
chloride has covalent bonds and thus is less reactive both in the feed
and on the gastrointestinal tract epithelium compared with ionic salt
forms such as zinc oxide or sulfate. The objective of this study was to
evaluate the effect of different sources (zinc oxide, zinc sulfate and zinc
hydroxychloride) and levels of zinc hydroxychloride (IntelliBondZn -
IBZ) on tibia breaking strength and ash content, zinc deposition in the
liver and breast meat and gut integrity in broilers fed wheat and soybean
meal based diets. A total of 784 one-day-old male Ross 308 chicks were
randomly assigned to 7 dietary treatments consisting of 7 replicates of
16 chicks per pen. The 7 dietary treatments were: a positive control
(PC) containing zinc from an ionic source combination (50 ppm ZnO
and 50 ppm ZnS0Oy,), a negative control (NC) without zinc (0 ppm of
Zn) and 5 treatments containing zinc from IBZ at 20, 40, 60, 80, 100
ppm, respectively. Broilers were fed starter (d1 - d14) and grower (d14
- d35) diets. On d 14, blood was collected from 3 birds/ replicate 2.5 h
after they were gavaged with 1 mL fluorecein isothiocyanate-dextran
(FITC-d) solution to evaluate leaky gut using a microplate reader. On d
35, the right tibia, liver and breast were excised from 3 birds/ replicate
after euthanasia. Tibias were subjected to breaking strength by a Lloyd
Tensile Testing Instrument. Zinc concentration in the liver and breast
meat were determined using inductively coupled plasma optical emis-
sion spectrometer (ICP-OES) technique. All data were analyzed via a
one-way ANOVA. Means with significant differences were separated
by Tukey’s HSD test at P < 0.05. Supplementation with 100 ppm Zn
from IBZ resulted in the highest tibia breaking strength at d35 (426
N/mm?, P < 0.05), compared with the NC (367 N/mm?) and 20 ppm
IBZ groups (368 N/mm?), but tibia ash content was not affected by the
treatments (average of 44.6%, P > 0.05). Inclusion of IBZ at 100 ppm
in the diet tended to increase liver Zn content compared with the NC
diet (88.9 vs. 80.82 pg/g, P =0.07). The breast meat zinc content was
the lowest in the NC bird group (19.50 pg/g, P < 0.05) compared with
all the other treatments. No significant effect of treatment was observed
on the measured FITC values (average of 0.1038 ug/mL, P > 0.05),
suggesting that gut integrity was not influenced by dietary Zn source or
level. These results indicate that supplementation of 100 ppm Zn from
IBZ is beneficial to broiler chickens in bone development and nutrient
values of breast meat.

Key Words: broiler, zinc hydroxychloride, bone strength, tissue zinc,
gut integrity

72 Supplemental micro mineral amino acid complexes lead
to further benefits when compared to traditional supplements.
Thiago Noetzold*!, Tuelen Santos!, Caroline Silva!, André Favero!,
Alba Fireman?, Liris Kindlein', and Sergio Vieira!, ! University of Rio
Grande do Sul - UFRGS, Porto Alegre, Brazil, 2Zinpro Corporation,
Piracicaba, Brazil.

A study was conducted to evaluate the effect of the partial replacement
of supplemental micro minerals with amino acid complexes (AAC) in
broiler breeder feeds. A total of 640 Cobb 500 broiler breeder hens, 22
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wks old, were placed in 32 floor pens, 20 hens and 2 roosters per pen.
Treatments were provided from 26 to 66 wks after a 4 wks adaptation
period. The experimental diets were composed by 4 supplemental
sources and levels of Zn, Mn, Cu and Se: a Control treatment sole from
sulfate (Zn: 100/0, Mn: 100/0, Cu: 10/0, Fe: 50/0, and Se: 0.30/0 ppm),
partial replacement of AAC, except iron (Zn: 60/40, Mn: 60/40, Cu:
13/7, Fe: 50/0, and Se: 0.15/0.15 ppm), partial replacement of AAC (Zn:
60/40, Mn: 60/40, Cu: 13/7, Fe: 10/40, and Se: 0.15/0.15 ppm) and On
Top supplementation of AAC (Zn: 100/40, Mn: 100/40, Cu: 10/7, Fe:
50/40, and Se: 0.30/0.15 ppm). Eggshell breaking strength significantly
increased (P < 0.05) for the On Top supplementation of AAC (3.66,
3.71, 3.78 and 3.95 kg/cm?, respectively) whereas eggshell thickness
presented a significant interaction between dietary treatment and period
(P <0.05) with diets only affecting after 55 wks (396, 398,402 and 413
um, respectively). Eggs from 65 wks were incubated and the progeny
was fed a common diet. The progeny from partial replacements as well
as from the On Top supplementation had higher body weight gain in
the first wk (P < 0.05) and a better feed conversion to 35 d (P < 0.05).
In conclusion, supplementation of diets for broiler breeder hens with
AAC improved eggshell quality, progeny body weight gain for 1 to 7
d and feed conversion ratio for 1 to 35 d.

Key Words: performance, supplementation, feed conversion, eggshell,
progeny

73 Effect of cage type and dietary limestone particle size on
growth performance, nutrients retention and long bones quality
in Lohmann LSL-Lite pullets. Tanka Khanal*, Gregoy Bedecarrats,
Tina Widowski, and Elijah Kiarie, University of Guelph, Guelph,
Ontario, Canada.

This study reports the effect of cage type and dietary limestone particle
size (LPS) on pullet growth performance, gizzard development, apparent
retention (AR) of nutrients, and quality of femur and tibia at 16 wks of
age (woa). The treatments were arranged in a 2x3 factorial; with cage
(conventional, CC; and furnished with perches, FC) and LPS (fine, <
0.6 mm, F; medium, 0.6 to > 1.7 mm, M; and 1:1 mixture of F and M
wt/wt; FM). A total of 900-d old Lohmann LSL-Lite chicks were placed
in CC (20 chicks/cage; 270 cm? /chick) and FC (30 chicks/cage, 636
cm?/chick) based on BW. The 3 LPS were offered in starter (0—4 woa),
grower (5-12 woa) and developer (13—16 woa) feeding program accord-
ing to breeder’s nutrient specifications. Within cage type, the diets were
allocated in a completely randomized design to give 6 replicates. Birds
had free access to feed and water. The feed intake (FI) and BW were
monitored. At the end of each phase, 2 birds/cage were euthanized for
sampling. At the last wk of grower and developer phases, 1 bird/cage
was transferred to a digestibility cage for AR measurements. Data were
analyzed for effects of cage, LPS and their interactions using a 2-way
ANOVA. There was no interaction (P > 0.05) between cage and LPS on
cumulative FI (CFI), final BW (FBW), and empty gizzard weight in any
phases. There was a cage effect on CFI and FBW. At the end of starter,
CFI (689 vs. 599 g/bird, ~5.02%, P= <0.0001) and FBW (262 vs. 254
g/bird, ~4%, P =0.002) were higher for birds in CC than in FC but the
reverse was observed at the end of developer (CFI: 1,810 vs. 1,612 g/
bird, ~12.3% P = < 0.0001; FBW:1,235 vs. 1,160 g/bird, ~6.42; P =
<0.0001). The AR of nutrients was affected by cage but not by LPS in
developer phase. Birds in CC had higher AR of dry matter (P =0.013),
organic matter (P = 0.024) and ash (P = 0.002). The cage type did not
(P> 0.05) interact with LPS on femur and tibia breaking strength (BS).
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At the end of starter phase, birds in CC had higher femur (102 vs. 95  cumulative feed intake, body weight, nutrient retention and long bone
N, ~7.4% P =0.067) and tibia (93 vs. 83, ~12.1%, P=0.012) BS than  breaking strength of pullets at different phases were affected by cage
birds in FC. However, at the end of the developer phase, birds in FC  type but not by the dietary limestone particle size.

had higher tibia BS (197 vs. 183 N, ~7.6%, P =0.035) than those in CC . . . .

but femur BS was similar (176 vs. 167 N, P=0.264). In conclusion, the Key Words: cage, particle size, limestone, bone, pullets
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74  An environmental scan of recruitment practices in poultry
science departments located in the United States. Jessica Wells*,
Laura Downey, Tom Tabler, Kelley Wamsley, and Chris McDaniel,
Mississippi State University, Mississippi State, Mississippi, United
States.

The commercial poultry industry in the US ranks as the world’s largest
poultry producer. With such a large industry that continues to grow, the
demand for new jobs in this industry also rises, and they rely, in part,
on poultry science graduates from various land grant universities to
fill these new positions. Currently, poultry science departments do not
graduate enough students to fill positions, and their recruitment efforts
are not well documented. An environmental scan of current recruitment
practices assessed these recruitment programs to build upon them. Envi-
ronmental scans identify, study, and analyze current, as well as emerging
forces that exist in the external environment of a given organization and
should be conducted continuously. The current research was performed
to determine the recruitment efforts utilized in the remaining 6 degree-
granting poultry science departments nationwide. An environmental scan
was conducted with these departments to document current recruitment
plans, their perceived effectiveness, as well as 5-year student enrollment
numbers and graduation rates. These data were collected from depart-
ment heads through survey methods and concluded that all poultry
science departments have a functioning recruitment program, with an
average yearly recruiting budget of $15,832 and an average of 0.79
employees recruiting. Overall, the poultry science department heads
perceived campus visits to be the most effective recruitment method.
Also, a linear increase of enrolled poultry science students across all
6 departments was observed over the last 5 years (P = 0.0491), with
the average enrolled number of students for a department being 68.9
students. However, only 3 departments exhibited a linear increase in
enrollled students over this same 5 years: Department 1 (P = 0.0343),
Department 2 (P =0.0099) and Department 6 (P =0.0096). These find-
ings can be utilized to begin building solid recruitment plans for the
remaining poultry science departments.

Key Words: recruitment, undergraduate, enrollment, environmental
scan

75  Current recruitment practices and their relationship with
student numbers, graduation rates, and satisfaction within
poultry science. Jessica Wells*, Laura Downey, Tom Tabler, Kelley
Wamsley, and Chris McDaniel, Mississippi State University, Missis-
sippi State, Mississippi, United States.

As early as 1972 and again in 1992, reports of stagnant numbers in
enrollment of poultry science students have been observed. Even more
recently in 2003, declines in poultry science student enrollment was
observed. Also, in 2009, the demand for University of Georgia poultry
science graduates to fill vacant positions within the industry exceeded the
number of students graduating. With such small numbers of graduates
and an increase in demand for graduates, it is important to understand
how to recruit poultry science students to increase enrollment and work
toward meeting industry demands. Therefore, this study was conducted
to determine the effectiveness of recruitment efforts utilized in poultry
science departments nationwide. The current study utilized data previ-
ously collected from department heads of the 6 poultry science depart-
ments and a survey conducted with poultry science students currently
enrolled in these departments. Data were compared with determine if
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current recruitment efforts influence student enrollment, graduation
rates or student satisfaction. Five of the 6 departments indicated having
a current recruitment plan. Additionally, the single department without a
recruitment plan also had 242% fewer enrolled students over the course
of the last 5 yr than the average of the departments with a recruitment
plan. When given 5 choices ranging from “Not Effective” to “Highly
Effective,” the study concluded that different recruitment practices were
found effective by the 6 poultry science department heads. However,
a few of the activities found effective by schools with high enrollment
numbers were not viewed as effective by departments with lower enroll-
ment numbers, suggesting that these activities have importance. These
activities include recruiting at FFA national convention, direct mailing,
brochures/pamphlets, and hosting 4-H/FFA poultry activities. In fact,
the department that, on average, considered all recruitment activities
the least effective also had the lowest enrollment but the highest student
satisfaction. However, it must be noted, general recruiting budgets
and number of employees that recruit were not statistically correlated
(P > 0.05) with enrolled student numbers, graduation rate, or student
satisfaction. Overall, these findings suggest that there are recruitment
efforts in place that may be more effective than others. Additionally,
some alterations may need to be developed to strengthen recruitment
efforts for poultry science departments.

Key Words: recruitment, undergraduate, enrollment, graduation rate,
student satisfaction

76  Internal and external factors influencing poultry science
student college choice. Jessica Wells*, Laura Downey, Tom Tabler,
Kelley Wamsley, and Chris McDaniel, Mississippi State University,
Mississippi State, Mississippi, United States.

Chapman’s model of student college choice identifies internal and exter-
nal factors that influence a student’s choices in college selection. Many
authors have used this model to explore factors that influence a student’s
selection of a major in agriculture and life science. However, only one
published study has evaluated factors of influence on student choice to
major in poultry science. Therefore, there is a need for a more current
identification of the factors that influence a student’s choice to major
in poultry science. In the current study, a survey method was utilized
to collect data from poultry science majors nationwide, detailing the
most influential factors in their selection of major. These data were also
compared with results obtained in a companion study pertaining to what
poultry department heads perceive to be effective methods of recruitment
in poultry science. Data from the current study revealed that conversa-
tions with a poultry faculty member or department representative and
on-campus activities (i.e., FFA, 4-H, etc.) were the most influential in
efforts to communicate. Fixed college factors that were most influential
were cost, scholarships, employment opportunities, and preparation for
future employment. Furthermore, the most “influential significant per-
sons” were high school agriculture teachers and parents. With regards
to “agricultural backgrounds” and “involvement in agriculture activi-
ties,” 58% of students reported having an agriculture background, and
of those students, 52% specify their background being in some type of
poultry. Also, 65% of students reported being involved in “agricultural
youth activities” with 57% being “poultry youth activities.” It was also
determined that some current recruitment practices that were favored
by students were also viewed as “Highly Effective” by department
heads when given a choice of 5 options ranging from “Not Effective”
to “Highly Effective.” These included on-campus student activities such
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as FFA and 4-H and letter and/or information mailed from a poultry fac-
ulty member. However, department heads and students did not seem to
agree on the usefulness of some recruitment methods. Students viewed
participation in on-campus recruitment events, social media, brochures,
and visits to high schools as not very favorable recruitment methods, but
department heads viewed them as “Highly Effective.” These results will
hopefully be utilized to develop effective recruitment practices based
upon factors of influence on poultry science students’ choice of major.

Key Words: recruitment, undergraduate, enrollment, graduation rate,
student satisfaction

77  Self-perceived barriers of women in leadership roles in sci-
ence and agriculture. Christine Alvarado!, Casey Owens?, and Julie
Harlin*!, ! Texas A&M University, College Station, Texas, United

States, °University of Arkansas, Fayetteville, Arkansas, United States.

Women are under-represented in leadership positions in science and agri-
culture, despite increasing numbers of women in these professions. The
purpose of the study was to explore the barriers for women to move into
these types of leadership positions. This study used a voluntary sample
descriptive survey design that included 8 demographic, 11 importance/
satisfaction, 7 negative/positive attribution, 11 barrier, and 2 open-ended
questions. Responses were collected over a one-week period using
women in agriculture specific social networking sites resulting in 60
respondents. Respondents were all women in leadership roles in science
and agriculture with an average age of 44 years, and the majority (68.3%)
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were married, with children (63.3%), making between $60—120,000
per year. Respondents were highly educated with 63.3% having either
a Masters or Doctoral degree, and 45% of respondents traveled more
than 2 to 3 times per month. The largest discrepancies between rated
importance and satisfaction were the availability of leadership develop-
ment, mentoring opportunities, and responsibilities to raising children
(discrepancy scores of 1.35. 1.33, and 0.80, respectively). Based on
these respondents, it appears that women are generally able to manage
responsibilities at home and feel they have support of friends, family,
and significant others. Self-perceived negative attributes (guilt, fear,
stress, anxiety, etc.) were relatively neutral (2.93) and positive attributes
(confident, satisfied, happy, fulfilled, etc.) were relatively positive (3.50).
Topping the list of identified barriers were Family Responsibilities
(75.4%); Advancement Opportunities (71.9%); Time (57.9%); Home
Responsibilities (57.9%); and Mentoring (47.4%). Though results of
this study are limited to this group of respondents, it is an important
step in understanding the barriers women face in leadership roles in
science and agriculture. The perceived barrier of family responsibility
from women with and without children as well as the perceived lack of
mentoring and leadership development opportunities warrant further
study from both a quantitative and qualitative approach to develop a
better understanding of these complex issues.

Key Words: women, gender, agriculture, inequality, survey

78  Not Presented
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Genetics and Genomics

79  Assessing MHC-B diversity in Silkie chickens. Katy Tar-
rant*!, Rodrigo Lopez!, Meghan Loper?, and Janet Fulton?, ! Fresno
State, Fresno, California, United States, *Pitman Farms, Fresno,
California, United States, 3Hy-Line International, Dallas Center,
Towa, United States.

Known as a region which influences disease susceptibility and resistance
in chickens, the major histocompatibility complex-B (MHC-B) is a
highly polymorphic region on chromosome 16. Variability of MHC-B
haplotypes between genetic lines has previously been identified. This
study aims to understand MHC-B diversity in the Silkie breed utilizing
a high-density SNP panel that encompasses the chicken MH-B region.
Blood samples from 74 females and 27 males were collected from
a 5,000-head closed commercial Silkie breeder colony. The colony
is maintained through minimal genetic selection practices. The only
parameter utilized is selection against red-colored combs, as black combs
are preferred in the consumer meat market. Further, a color other than
black, or dark mulberry, is not ideal according to the breed standard. A
previously described 90 SNP panel within the MHC-B region was used
to evaluate the commercial population. MHC-B haplotypes were identi-
fied, and compared with haplotypes identified within the region from
other breeds. Ofthe 27 haplotypes identified using the SNP panel, 8 have
been previously described, and are commonly found in broiler and dual
purpose breeds. Nineteen haplotypes are novel haplotypes discovered
within this population, and include novel recombinants. Six haplotypes
found have a frequency of greater than 5% in the population, of which,
2 are novel. Rare haplotypes (<5%) in the population account for 59%
of the population. The novel Silkie haplotypes and recombinants were
observed in 2 individuals at a frequency of 2%. Finally, Hardy Weinberg
Equilibrium (HWE) was calculated for haplotypes, which were found
not to be in HWE (P < 0.001). This study shows considerable MHC-B
diversity in the Silkie breed and adds further information on diversity
of the MHC-B region.

Key Words: Silkie, MHC-B, haplotypes

80  Whole-genome resequencing identifies potential genes for
cold adaption in the Chantecler chicken breed. Naiyi Xu?, Wei
Si!, Ming Li?, Weiwei Fu?, Mian Gong?, Yudong Cai?, Jean-Marc
Lariviére?, Yu Jiang?, and Xin Zhao*!, !McGill University, Ste. Anne
de Bellevue, Quebec, Canada, 2Northwest A&F University, Yangling,
China, 3ITA La Pocatiére, La Pocatiére, Québec, Canada.

Cold exposure is one of the most important physical environmental
stressors, which significantly affects the health and welfare of poultry,
especially in cold regions. The Chantecler is a unique dual-purpose
breed of chicken that was developed in Québec, Canada to withstand
extreme cold weather. However, the underlying genetic mechanisms of
cold adaptation have not been elucidated. Thus, 10 white color Chan-
tecler chickens were re-sequenced and the whole genome sequencing
data were subjected to SNP calling, PCA analysis and selection sweep
signal analysis along with 30 Middle East native chickens, 31 South
Asian native chickens, 23 South East Asian native chickens and 32
Chinese native chickens. In total, 16984731 SNPs were called, using
the Genome Analysis ToolKit (GATK). The PCA analysis showed that
Chantecler was close to Middle East local chickens, suggesting that its
ancestors might originate from Middle East. Based on top 1% popula-
tion differentiation (FST) and the top 1% nucleotide diversity () ratio
between Chantecler and the other chickens, the selection sweep signal

34

analysis identified 44 overlapping genes. Among these 44 genes, CDH23
is involved in the formation of hair bundles and/or feather follicles and
ESR1 is responsible for bird’s sexual development, reproductive function
and skeletal tissue, while ZDHHCS and TIAM? are involved in lipid
metabolism. Considering that skeleton development, lipid metabolism
and feather development are vital in bird thermoregulation, we hypoth-
esize that CDH23, ESR1, ZDHHCS8 and TIAM2 may play important
roles in Chantecler’s adaptation to low temperature environment.
Our findings have provided important information in identifying cold
resistant-related genes in poultry and for understanding the mechanism
of adaptation to climatic conditions in Chantecler chickens.

Key Words: Chantecler chicken, whole-genome resequencing, cold
resistance

81  Analysis of genome wide DNA methylation in Coturnix
Japonica as a result of dietary methyl donors. Chelsea Phillips*',
Roselina Angel?, and Chris Ashwell!, North Carolina State Univer-
sity, Raleigh, North Carolina, United States, *University of Maryland,
College Park, Maryland, United States.

Nutrition provided during different stages of life can alter epigenetic
regulation. The methylation of DNA requires enzymes and many dietary
micronutrients referred to as methyl donors. Studies assessing parental
methyl donor supplementation have indicated that parental nutrition
plays arole in shaping the epigenetic pattern of the offspring. A diet that
is high in methyl donors (HiMet) may alter DNA methylation in progeny
compared with a control (CON). The methyl donors included 7030 mg/
kg choline chloride, 5 mg/kg betaine, 1.5 mg/kg vitamin B12, 7.5 mg/kg
folic acid, 12 mg/kg pyridoxine, and 99 mg/kg zinc sulfate in addition
to nutrients endogenous to the dietary feedstuffs. In the following study,
quail parents were fed either the HiMet or CON diet in the starter and
layer diets, yielding the following treatments: HiMet-HiMet, HiMet-
CON, CON- HiMet, and CON-CON. For the parent generation of this
multi-generational trial, 300 Japanese Quail were placed in a brooder
at day of hatch. 150 chicks received the CON diet while the remaining
150 received the Hi-MET diet. At 6 wk, half of each group continued
on the same diet while the other half switched diets. Two generations
of progeny from both treatments were evaluated, all receiving a control
diet. Liver gDNA was isolated, pooled and bisulfite converted for 12
samples from the 3 generations of female quail and 4 treatments while
the remaining gDNA from the 12 samples served as the non-bisulfite
treated original sequence for a comparative analysis. After conversion,
single stranded DNA was used to create gDNA libraries using TruSeq
DNA Methylation Kit. Libraries were sequenced using Illumina NextSeq
with 75bp paired end runs with 800 million paired end reads total. DNA
sequence reads were mapped using CLC Genomics workbench. Percent
CpG hypermethylation and hypomethylation was determine for each
generation and treatment. Overall most CpG sites were unmethylated.
The top differentially methylated regions were evaluated using Ingenu-
ity Pathway Analysis to determine molecular networks associated with
each treatment. Metabolic pathways surrounding methionine were found
to be impacted long-term. Epigenetic changes associated with nutrient
availability in the offspring leads to further questions regarding the
mechanisms behind the alterations of the epigenetic landscape for the
expression or suppression of specific genes. Further research is war-
ranted on the manipulation of breeder diets to impart positive epigenetic
effects on progeny. These ideas could be a useful tool to the poultry
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industry by manipulating the environmental conditions of the parents
to better prepare the offspring for future environmental conditions.

Key Words: epigenetics, methyl donors, DNA methylation, metabolism

82  Genomic prediction of feed efficiency, body weight, breast
meat yield and walking ability in a turkey population (Meleagris
gallopavo). Emhimad Abdallah*!, Ben Wood?, Flavio Schenkel!,
Ryley Vanderhout!, Hakimeh Emamgholi Begli!, Owen Willems?,
and Christine Baes', /University of Guelph, Guelph, Ontario,
Canada, *Hybrid Turkeys, Guelph, Ontario, Canada.

The use of molecular markers to enhance prediction of breeding
values for quantitative traits has led to more rapid genetic improve-
ment in animal breeding programs. The objective of this study was to
compare pedigree-based best linear unbiased prediction (PBLUP) to
4 2-step genomic prediction models (GBLUP, Bayes A, Bayes B and
Bayesian Lasso) in terms of prediction accuracy and bias in a turkey
population. For the 2-step evaluation, 2 alternate pseudo-phenotypes
were considered: estimated breeding values (EBVs) and deregressed
proofs (DRPs). Records of feed conversion ratio, residual feed intake,
body weight, breast meat yield and walking ability were obtained for
5,592, 5,592, 170,844, 9,634 and 170,844 animals, respectively. The
data was provided by Hybrid Turkeys, Kitchener. The predictive abil-
ity of each model was assessed by placing approximately 10% of the
youngest animals in a validation group, while the remaining subset
was used to train the models. For all studied traits, the 2-step models
outperformed the pedigree-based model with an increase in validation
accuracy ranging between 8% to 36%. In general, only small gains in
accuracy were observed by using a specific 2-step model for each trait
compared with using GBLUP for all traits. No clear pattern for bias was
observed across 2-step models, but they tended to yield slightly inflated
predictions in contrast to the traditional pedigree BLUP, which produced
slightly deflated predictions across traits, except for RFI. In general,
the use of EBVs as pseudo phenotypes yielded to slightly increased
accuracy of predictions with no clear advantage in terms of bias when
compared with DRPs. This initial evaluation of genomic selection in
turkey seems promising and incorporating genomic information may
significantly contribute to increasing genetic progress for key traits in
turkey populations.

Key Words: genomic selection, GBLUP, pedigree BLUP, two-step,
Bayesian

83  Differential gene expression associated with long-term
sperm storage in the turkey, Meleagris gallopavo. Katina Krasnec*
and Julie Long, United States Department of Agriculture, Beltsville,
Maryland, United States.

Sperm storage in the female reproductive tract is a biological feature
common in avian species. Sperm residing in the turkey hen’s sperm
storage tubules (SSTs) retain fertilizing ability for 10 weeks after a
single insemination; however, the molecular and cellular mechanisms of
SST function remain unknown. Previous work elucidated differentially
expressed genes (DEGs) of SSTs over time in the absence of sperm.
To assess the effect of sperm on DEGs in the SSTs, non-inseminated
(n = 10) and inseminated (twice pre-lay and once immediately after
onset of egg lay; n = 22) hens were sampled at the onset (d 1), middle
(d 30), and end (d 90) of reproduction. The utero-vaginal junction
region containing SSTs was dissected and flash frozen. Laser capture
microdissection was used to isolate SSTs from the surrounding epithelial
tissue for RNA extraction. Approximately 70—80 million fragments of
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150bp paired-end reads per sample were generated using an Illumina
NextSeq. Sequences were aligned to the turkey reference genome (v.
5.0) and annotations were used to identify gene transcripts. At each time
point, pairwise comparisons between hen groups were performed to
identify DEGs that were significantly (+1.5-fold change, FDR p-value
< 0.05) up- or downregulated, relative to inseminated hens. A total of
349 unique genes were differentially expressed from onset to end of
reproduction. Most DEGs occurred during the middle of reproduction
compared with onset and end; however, at each time point, the pattern
of expression varied. At onset of reproduction, 77.7% of DEGs were
upregulated; while at the middle, 75.6% of DEGs were downregulated.
By the end of reproduction, 36.3% and 63.6% were up- and downregu-
lated, respectively. The DEGs were broadly categorized using Gene
Ontology terms for molecular function including: activity (catalytic,
structural, receptor, molecular transducer, and transporter), binding, and
regulation. At onset of reproduction, DEGs were primarily involved in
transport of ions (e.g., sodium, zinc, potassium), and catalytic activity,
suggesting that these functions are important for the initial residence of
sperm within the SSTs. During the middle of reproduction, DEGs were
associated with functions such as receptor/signal transducer activity and
transport, where potential functions could be to reduce or prevent cell
death or immune response against sperm. At the end of reproduction,
when most of the SSTs did not contain sperm, functions were largely
related to catalytic activity and apoptosis. The overall pattern of gene
regulation and ontology of SSTs with or without sperm provides novel
insights regarding the function of this unique reproductive structure.

Key Words: reproduction, sperm storage tubules, turkey, insemina-
tion, RNASeq

84  Expression of genes encoding proteins associated with
nutrient uptake at either the brush border (BB) or basolateral
(BL) surface of the intestine, in six strains of chickens with dif-
ferent growth potential. Katarzyna Miska*, Lori Schreier, Stanislaw
Kabhl, Beverly Russell, Yang Qu, and Monika Proszkowiec-Weglarz,
USDA Agricultural Research Service, Beltsville, Maryland, United
States.

Over the last 60 years broiler chickens have been selected for rapid
growth while maintaining a low feed conversion ratio (FCR). Today’s
broilers can attain FCR of approximately 1.5 while undergoing rapid
weight gain, making them more efficient. This study was designed to
compare expression of genes that encode proteins located at either the
BB or BL surface of the gut epithelium among fast and slow growing
broiler strains. Gene expression changes between fast and slow grow-
ing broilers may reflect differences in uptake of nutrients. Six strains of
chicks with different growth capacities were used: Ross 708, Hubbard
H1 (HH1), Cobb500, Longnecker’s Heritage (LHR), Red-Bro, and the
Athens Canadian Randombred Control (ACRBC). Fertile eggs were
hatched, and birds were raised in floor pens and sampled at embryonic
d 19, day of hatch, and days (d) 7, 14, 21, 28 and 35 post-hatch (PH).
At each sampling a portion of the duodenum, jejunum, ileum, and ceca
were snap frozen for RNA isolation. Performance parameters indicated
that Ross 708, HH1, and Cobb500 had the greatest body weights (BW),
reaching 2,172 g, 2,320 g, and 2137 g respectively at d35 PH. Red Bro
and LHR birds attained BWs of 1,308 g and 1,436 g, while ACRBCs
(not selected for rapid growth) weighed only 421 g at d35 PH. Quan-
titative RT-PCR was performed on 14 genes which encode proteins
associated with nutrient processing and uptake. Analysis was carried
out using SigmaPlot 14 (ANOVA) of 8 genes which encode proteins
associated with the BB of the gut epithelium, including: Aminopeptidase
N, 4 amino acid transporters, (ATB%*, B°AT, b®*AT, EAAT3) a di- and

35



tri- peptide transporter (PepT1), and 2 sugar transporters (GLUTS and
SGLT1). Additionally, analysis of 5 genes which encode proteins asso-
ciated with the BL gut epithelium: 4 amino acid transporters (CAT1,
CAT2, LAT1, and y"LAT1), and a single sugar transporter (GLUT2).
The results indicate that while strain specific differences in gene expres-
sion were noted they did not correlate with growth rate. In most cases,
genes encoding BB associated proteins increased in expression over
time (P < 0.05) in the duodenum, jejunum, and ileum, while in the
ceca the expression decreased. On the other hand, genes encoding BL
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associated proteins decreased (P < 0.05) in expression over time in all
gut segments with exception of GLUT2 which increased in expression
in the small intestine. The temporal changes in gene expression were
very consistent among bird strains. In conclusion temporal and strain
differences in gene expression were noted, however, differences may
not be associated with growth efficiency.

Key Words: nutrient transporters, broilers, gene expression
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Student Competition: Metabolism and Nutrition: Enzymes

85  Phytase efficacy during the starter phase of broiler chick-
ens; the influence of age and feeding length. Olufemi Babatunde*!,
Aaron Cowieson?, Jonathan Wilson?, and Olayiwola Adeola’,

! Purdue University, West Lafayette, Indiana, United States, >DSM
Nutritional Products, Kaiseraugst, Switzerland.

Phytase is of importance to the poultry industry because of its ability
to hydrolyze phytate and release phosphorus (P) for use by poultry.
However, the effect of age on phytase efficacy is not fully understood.
Atotal of 864 d-old broiler chicks were used to investigate the effect of
age and feeding length on phytase efficacy using growth performance,
mineral utilization, tibia ash and plasma myo-inositol concentration as
response criteria of evaluation. The experiment was arranged asa 3 x 2 x
2 factorial in a randomized complete block design with 3 diets including;
a positive control (PC) (0.4% non-phytate P (nPP)), a negative control
(NC) (0.2% nPP) and a NC diet supplemented with phytase at 2,000
FYT/kg; 2 ages (i.e., d 14 and 22); and 2 feeding lengths (i.c., 2 and 5
d) with 8 replicates each. Data were analyzed using the general linear
procedure of SAS with age, feeding length and diet serving as the main
effects. Orthogonal contrasts were used to analyze the effect of age and
feeding length on phytase efficacy and significance was set at P <0.05.
Birds fed the NC diet had decreased (P < 0.01) body weight, gain and
feed efficiency compared with birds fed the PC diet regardless of age or
feeding length. Similarly, birds fed the phytase-supplemented diet had
improved (P < 0.01) performance as compared with birds fed the NC
regardless of age. Birds fed the NC had reduced (P <0.01) P and calcium
(Ca) digestibility as compared with birds on the PC diet regardless of
age or feeding length. However, supplementation with phytase improved
(P <0.01) the digestibility and retention of both minerals. There were
no significant differences in P utilization between birds fed for 2 d to d
14 or 22 and birds fed for 5 d to both ages. However, phytase was more
efficacious at d 14 than d 22 when mineral utilization was considered
because the super dose of phytase elicited greater response in birds fed
the phytase supplemented diet for 2 d until d 14. In contrast, percentage
tibia ash improved (P <0.01) in birds fed phytase supplemented diet for
5 d at both ages with an average improvement of 8.5% as compared with
birds fed for 2 d with an average increase of 3% in tibia ash. Phytase
supplementation increased the concentration of plasma myo-inositol in
birds fed for 2 or 5 d until d 14 and 22 as compared with birds fed the
NC diet for the same periods. However, the highest phytase induced
improvement to myo-inositol concentration was observed in birds fed
for 5 d until d 14. In conclusion, testing phytase products, even at high
doses, for 2 d during the second week in the life cycle of broiler chicks,
can be recommended from the results of this study.

Key Words: age, broilers, feeding length, phosphorus, phytase efficacy

86  Effect of thermo-stable phytase on growth performance
and bone mineral content in broilers. Fernanda Castro*!, Thomas
Shieh?, and Woo Kim!, /University of Georgia, Athens, Georgia,
United States, *Vitech Ultra Bioscience Corp., Orange, California,
United States.

The aim was to investigate the effect of a thermo-stable phytase (pro-
vided by Vitech Ultra Bioscience Corp.) on growth performance and
bone mineral content of broilers. A total of 600-d-old male chicks (Cobb
500) were distributed randomly in 5 treatments, with 6 replicates of
20 birds. The treatments were a positive control diet (PC: 3000, 3090,
3170 kcal/kg of ME and 0.45, 0.42 and 0.38% of available phosphorus
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for starter, grower and finisher diets, respectively), a negative control
diet (NC: reduction in 40kcal/kg ME and 0.13% available phospho-
rus), and the NC diet supplemented with either 50, 100 or 200 g/T of
Vitazyme Phy (T1, T2 and T3, respectively). At 14, 28 and 42 d, feed
intake (FI), body weight gain (BWG) and feed conversion ratio (FCR)
were measured. At 42 d, one bird/rep was euthanized to collect tibia for
mineral composition evaluation. One-way ANOVA was performed, and
means were compared by Tukey’s test (P < 0.05). From 1 to 14 d, the
BWG was higher for birds fed T3 compared with T1 and NC diet (P <
0.001). No other differences were found to be significant. From 14 to
28 d, BWG was higher for birds fed T3 than NC and T1, whereas the
FCR was lower for birds fed T3 than NC and T1 (P < 0.001). From 28
to 42 d, FI was lower for birds fed NC than PC (P = 0.036). No other
differences were found to be significant. Considering the overall period
(1-42 d), BWG was the lowest and FCR the highest for birds fed NC
diet (P <0.001). Regarding tibia mineral content, birds fed the NC diet
showed lower bone weight than birds fed T1, lower ash and Zn contents
than birds supplemented with all levels of Vitazyme Phy, and the lowest
Ca, Mg and P contents (P < 0.021). In conclusion, the use of 200g/T of
Vitazyme Phy resulted in significantly better growth performance and
tibia mineral content in broiler chickens compared with the negative
control diet. Moreover, the use of 200g/T of Vitazyme Phy resulted in
numerically superior performance results and bone mineral content than
the birds fed the positive control diets.

Key Words: bone minerals, broilers, phytase

87  Viscosity and growth response of broilers fed high fiber
diets supplemented with a corn-produced recombinant carbo-
hydrase. Victoria Ayres*!, Jon Broomhead?, Xuemei Li?, Michael
Raab?, and Joseph Moritz!, ! West Virginia University, Morgantown,
West Virginia, United States, 2Agrivia’a Inc., Boston, Massachusetts,
United States.

Feed ingredients containing high levels of non-starch polysaccharides
(NSP), such as wheat and corn distillers dried grains with solubles
(DDGS), can form viscous digesta in the gastrointestinal tract, limiting
broiler performance. A study was conducted to determine efficacy of a
corn-produced recombinant carbohydrase (AC1) on dietary and intes-
tinal viscosity and broiler performance with a high NSP diet. Hubbard
x Ross 708, day-old, male broiler chicks (n = 960) were fed one of 8
dietary treatments for 21d. Diets included a corn-soybean meal based diet
(PC_1) and a diet of similar essential nutrient density, but with a 10%
inclusion of both wheat and DDGS (PC_2) and a negative control (NC)
with similar ingredients as PC_2, but with ME reduced by 125 kcal/kg.
Additional treatments had varying levels of AC1, supplying 50, 100, 200,
400, or 600 U B-Glucanase (B-Glu-U) per kg of feed, mixed into the NC
diet. Dietary and digesta (d14) viscosity and weekly bird performance
were measured. The inclusion of wheat and DDGS increased d1-7 feed
conversion ratio (FCR) and supplementing AC1 at 50400 B-Glu-U/kg
reduced FCR equivalent to PC 1. Intestinal viscosity correlated with
d1-21 FCR and inversely correlated with d1-21 live weight gain (LWG).
When analyzed categorically, dietary viscosity inversely correlated with
d1-21 LWG (P < 0.05). This study demonstrates that ACI can reduce
intestinal viscosity and improve early FCR in birds fed high viscosity
diets and that in vitro viscosity can correlate to broiler performance.

Key Words: broiler, NSP, in vivo, in vitro, B-glucanase
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88 Interactive effects of fibrous feed ingredients and multi-
enzyme supplement: Comparative impact on gizzard attributes,
plasma uric acid concentration and excreta dry matter content

in broiler chickens and turkey poults fed corn or wheat-based
diets. Juan Sanchez*!, Rob Patterson?, and Elijah Kiarie!, /University
of Guelph, Guelph, Ontario, Canada, ’Canadian Bio-Systems Inc.,
Calgary, Alberta, Canada.

It has been suggested that poultry requires some level of structural
dietary components such as fiber to stimulate gizzard development
for enhanced digestion and overall gut health. However, provision of
fibrous feedstuffs is known to reduce nutrient utilization. We evalu-
ated the impact of adding fibrous feedstuffs in corn or wheat-based
diets fed without or with multi-enzyme supplement (MES) on gizzard
weight and content pH, plasma uric acid (PUA) and excreta DM in
broiler chickens (Exp. 1) and turkey poults (Exp. 2). High fiber diets
were created by adding corn DDGS and wheat middlings at 10% in
corn and wheat-based diets, respectively. The MES supplied 2,500 U
xylanase, 300 U B-glucanase, 700 U invertase, 10,000 U protease, 1,200
U cellulase, 24,000 U amylase and 20 U mannanase per kg of feed. All
the diets met specifications of respective species and were prepared in
pellet form. A total of 960 d-old Ross x Ross 708 male chicks (Exp.
1) and 720 d-old male hybrid toms (Exp. 2) were fed 8 diets (n = 6).
Birds had free access to feed and water for 28 d. Excreta samples were
taken on d 25 to 27 for excreta DM. On d 28, 2 birds/pen were bled
for PUA concentration and subsequently sacrificed for gizzard pH, full
and empty gizzard weight. Data were subjected to GLM procedures of
SAS with grain, fiber, MES and associated interactions as fixed factors.
In Exp. 1, there was no treatment effect (P > 0.05) on empty gizzard
weight. However, wheat diets increased (P =0.01) gizzard pH than corn
diets whereas fiber increased (P = 0.05) full gizzard weight. In Exp 2,
an interaction (P = 0.03) between grain and MES was such that MES
increased empty gizzard weight in corn diets only. Additionally, corn
diets resulted in heavier (P =0.001) full gizzard weight than wheat diet
and high fiber diets increased (P = 0.04) gizzard pH in turkey poults.
In Exp. 1, an interaction (P = 0.05) between grain, fiber and MES was
such that broilers fed low fiber wheat diet had higher PUA concentration
compared with low fiber corn diet. In Exp 2, there was no treatment
effect (P > 0.05) on PUA concentration. There was no interaction (P
> 0.05) between grain, fiber and MES on excreta DM in both species.
In Exp. 1, broilers fed wheat diets had higher excreta DM than broilers
fed corn diets. Additionally, broilers fed high fiber diets had higher (P
< 0.05) excreta DM than broilers fed low fiber diets. There were no
treatments effects (P > 0.05) on excreta DM in poults. In conclusions,
fiber and MES exerted different responses on gizzard development and
acidification as well as on indices of nutrients utilization (PUA) and gut
health (excreta DM) in broiler and turkey.

Key Words: broiler, turkey, fiber, uric acid, gizzard

89  Effects of graded levels of hulless barley and p-glucanase
on B-glucan depolymerization, and digestive tract morphology
and physiology of broiler chickens vaccinated for coccidiosis.
Namalika Karunaratne*!, Nancy Ames?, Andrew Van Kessel!,
Michael Bedford?, Rex Newkirk!, and Henry Classen', ! University
of Saskatchewan, Saskatoon, Saskatchewan, Canada, ZAgriculture
and Agri Food Canada, Winnipeg, Manitoba, Canada, 3AB Vista,
Marlborough, United Kingdom.

Exogenous B-glucanase (BG) in barley-based feed has previously been
shown to reduce digesta viscosity in chickens, and thereby improve nutri-
ent digestibility and bird performance. Less well studied is the potential
for BG to convert barley B-glucan into low molecular weight (MW)
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fermentable carbohydrates, which in turn may influence digestive tract
function and enteric disease. The objective of the study was to evalu-
ate the effect of BG dose on ileal digesta B-glucan depolymerization,
and digestive tract morphology and physiology in broilers fed variable
levels of hulless barley (HB). Broilers (5346) vaccinated for coccidiosis
(Coccivac-B52, Merck Animal Health) at 5 d of age were fed graded
levels of high B-glucan HB (0, 30 and 60% by replacing wheat) and
B-glucanase (Econase GT 200P; 0, 0.01 and 0.1%) in a 3 x 3 factorial
arrangement. Each treatment (trt) was assigned to 1 litter floor pen
(66 birds) in each of 9 independent rooms. Digestive tract tissues and
contents were sampled at d 11 and 33 to study ileal B-glucan MW, and
intestinal and cecal morphology, pH and gene expression. Statistical
significance level was P < 0.05. At both 11 and 33 d, the peak MW of
B-glucan in ileal digesta decreased with increasing BG at 30 and 60%
HB levels; BG did not affect peak MW when HB was not included in
the diet. The maximum MW for the 10% smallest B-glucan molecules
decreased with BG at both ages for the 30 and 60% HB trts; for birds
fed the 0% HB diet, 0.1% BG decreased the maximum MW. Ileal pH
increased with HB and BG at both 11 and 33 d. Cecal pH decreased with
0.1% BG at 60% HB atd 11. At d 33, cecal pH was higher at 30% HB
compared with the 0 and 60% HB trts. With minor exceptions, histologi-
cal morphology of the ileum (villi height and width, crypt depth, goblet
cell numbers) was largely unaffected by trt. Relative gene expression
of IL6 and ILS8 in the ileum increased with 0.1% BG at d 11 and 33,
respectively, while expression of ileal MUC2 decreased with 0.1% BG
at d 33. Expression of ileal AvBD2 increased with 0.1% BG atd 11 in
birds fed 30% HB diets. The HB by BG interaction was significant for
ileal MCT1 expression on d 11, but differences were small. Ileal MCT1
expression at d 33 was lower in birds fed 30 and 60% HB diets. In the
ceca, interactions between HB and BG were significant for MCT1 and
MUCS5ac on d 11, but dietary trt did not affect cecal gene expression
on d 33. In conclusion, BG depolymerized high MW B-glucan in HB in
a dose dependent manner, resulting in reduced peak MW and a higher
proportion of small MW f-glucan molecules, but had minor effects on
digestive tract morphological and physiological measurements.

Key Words: prebiotic, molecular weight, pH, fermentation, viscosity

90  High levels of phytase on performance, nutrient metabo-
lizability, and bone composition of turkey poults. Lucas Bassi*!,
Leopoldo de Almeida!, Levy Teixeira?, Rafael Sens?, Jonathan
Wilson?, and Alex Maiorka', /Federal University of Parand, Curi-
tiba, Parand, Brazil, ?°DSM Nutritional Products, Sdo Paulo, Sdo
Paulo, Brazil, *DSM Nutritional Products, Kaiseraugst, Switzerland.

The aim of this study was to evaluate the performance, nutrient metabo-
lizabilty and bone mineral composition of turkey poults fed diets with
high levels of phytase inclusion. A total of 320 one-d-old male turkeys
were distributed in a completely randomized design with 4 treatments
with 8 replicates of 10 birds each. The birds received feed and water
ad libitum. Feed was offered in mash form, based on corn-soybean
meal and maize gluten meal. The targeted treatments were: positive
control (PC), negative control (NC, —0.15% Av P and —0.18% Ca), NC
+ 2000 FYT/kg, NC + 4000 FYT/kg. Performance were measured by
feed intake (FI), body weight gain (BWG) and feed conversion ratio
(FCR) from 1 to 28 d. Partial excreta samples were collected daily from
26 to 28 d-old, freeze-dried and grounded for analysis and calculation
of the apparent metabolizability coefficient of dry matter (AMCpy,),
mineral residue (AMCyr), crude protein (AMCcp), calcium (AMCc,),
phosphorus (AMC,) and apparent metabolizable energy (AME). At 28
d-old, 2 birds of each repetition were euthanized to remove tibiae to
analyze Ca and P content. Data was submitted to ANOVA and means
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compared with Tukey test at 5% probability. The regression analysis
was conducted among NC diet and 2 inclusions levels of phytase for all
parameters evaluated. The inclusion of 2000 and 4000 FYT/kg resulted
in higher FI (1231.2 gand 1219.7 g respectively) and higher WG (810.9
g and 806.5 g respectively) when compared with NC diet (FI=1167.9
2, WG =738.6 g) (P <0.05), both were similar to PC diet (FI=1226 g;
WG =815.7 g). FCR was not affected by treatments (P > 0.05). Phytase
showed a linear response on P content in the tibiae with maximum of
8.96% (P < 0.05), but it did not affect (P > 0.05) Ca content. Phytase
presented a linear improvement (P < 0.05) for all AMC parameters
evaluated with maximums of 71.74%, 57.93%, 69.88%, 75.33,73.21%
and 3486 kcal/kg for DM, MR, CP, Ca, P and AME, respectively. In
conclusion, the supplementation of turkey diets with high levels of
phytase improves metabolizability of nutrients and minerals, therefore
increasing phosphorus content in the bone.

Key Words: enzymes, metabolizability, bone composition, phosphorus,
turkey

91 Evaluation of the precision-fed rooster assay for detecting
effects of supplemental carbohydrase enzymes on true metaboliz-
able energy. Annalise Anderson*, Pamela Utterback, and Carl Par-
sons, University of lllinois at Urbana-Champaign, Urbana, 1llinois,
United States.

The precision-fed rooster assay has been used extensively to determine
nitrogen-corrected true metabolizable energy (TME,) of feed ingredients
for poultry. However, this assay has not generally been used to evaluate
effects of supplemental carbohydrase enzymes for this purpose. There-
fore, 2 precision-fed rooster assays were conducted to evaluate several
different carbohydrase enzymes on TME,, for a corn/soybean meal diet, a
pearled barley diet, and diets containing different inclusion levels of rye/
corn. In both rooster assays, Single Comb White Leghorn roosters were
fasted for 26 h and then crop-intubated with either 25 or 30 g of the test
diets, depending on the diet. Excreta were then collected quantitatively
for 48 h after feeding. Data from all assays were analyzed by one-way
ANOVA for completely randomized designs. In the first rooster assay,
6 carbohydrase combinations and/or levels were evaluated using a corn/
soybean meal diet. All carbohydrases either numerically or significantly
(P <0.05) increased TME,, and the mean increase for the enzyme treat-
ments was 0.066 kcal/g DM compared with the corn/soybean meal
control diet. A single degree of freedom contrast for all diets containing
carbohydrase versus the control was significant (P < 0.05). The second
assay consisted of 20 dietary treatments; roosters were crop-intubated
with 25 g of diets that were composed of 100% barley, 100% rye, 50%
rye: 50% corn, or 25% rye: 75% corn. The 100% barley diet was fed
with and without inclusion of 2 different levels of either glucanase only
or 2 levels of a multi-carbohydrase blend. The rye-containing diets were
fed with and without inclusion of 2 different levels of either xylanase
only or 2 levels of the same multi-carbohydrase blend. As expected,
TME,, of the 100% barley diet was significantly (P < 0.05) higher than
the 100% rye diet, and TME, of the diets containing rye increased (P
< 0.05) as level of corn increased and rye decreased. Both glucanase
alone and the multi-carbohydrase blend significantly (P < 0.05) increased
TME, of the 100% barley diet, with the blend increasing it from 3.722
t0 4.086 kcal/g DM at the highest inclusion rate. The xylanase alone and
multi-carbohydrase blend either numerically or significantly (P <0.05)
increased TME,, of the 100% rye diet, with the blend increasing it from
3.581 to 3.909 kcal/g DM at the highest inclusion rate. The magnitude
of enzyme response decreased as the level of rye in the diets decreased.
Overall, results of this study indicated that the precision-fed rooster assay
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can detect effects of carbohydrase enzymes on TME,, of diets containing
corn/soybean meal, pearled barley, and/or rye.

Key Words: carbohydrase, glucanase, xylanase, barley, rye

92  Effect of fine and coarse limestone particle size and addi-
tion of phytase on broiler live performance. Shuja Majeed*, Rasha
Qudsiceh, and Frank Edens, North Carolina State University, Raleigh,
North Carolina, United States.

Limestone particle size can influence broiler performance by altering rate
of Ca release in GI tract due to varying solubility. The objective of this
research was to determine, using a 2 x 2 x 2 factorial arrangement in a
completely randomized experimental design, the influence of limestone
particle size (190 um and 900 um) and phytase supplementation (0 FYT/
kg and 1000 FYT/kg) to diets formulated with 2 Ca and P levels (positive
control [PC] and negative control [NC]) on broiler live performance. In
the starter (0—14 d), PC had 0.90 Ca and 0.45 P, while NC had 0.72 Ca
and 0.30 P. In the grower (15-35 d), PC had 0.76 and 0.38 while NC
had 0.52 and 0.23 for Ca and P, respectively. Phytase supplemented was
of bacterial origin (Citrobacter braakii) and limestone added (fine and
coarse) in the diets was of Hubercarb® Q series which was obtained
from mines in Qunicy, Illinois, USA. Phytate P was determined to be
0.22% in the starter and 0.20% in the grower diets. The 8 experimental
diets were randomly assigned to a total of 1512 birds, with 21 birds
per pen and 9 pens per dietary treatment. Body weight (BW) and feed
intake (FI) were recorded at 15, 28 and 35 d. Body weight gain (BWG)
and feed conversion ratio (FCR) were calculated for each period and
the overall period (035 d). Pen was considered an experimental unit
and Data were analyzed using SAS GLM procedure. The main effects
of limestone particle size and Ca and P level had no influence on either
BW, BWG, FI, or FCR among all periods of the study. Adding phytase
improved BW among all periods (P < 0.05), BWG and FI at 0-14 d (P
<0.05) and 0-35 d (P <0.05), but the improvement was not significant
for FCR (P > 0.05). Phytase improved BWG from 0 to 35 d by 50 g. PC
and addition of phytase to NC improved BW, BWG, and FI for 0-14
d (P <£0.05) and for BWG during the 14-28 d period (P < 0.05) when
compared with NC without phytase. Birds fed PC without phytase, and
PC or NC with phytase were about 96 g heavier than NC without phytase.
The NC coarse and PC fine performed better (P < 0.05) than PC coarse
and NC fine for BW at 14 and 28 d (P < 0.05), BWG for 0—14 d and
15-28 d (P <0.05). The results indicate that phytase enzyme improved
broiler performance without being affected by limestone particle size.
The NC control supplemented with phytase performed similarly to
PC and PC + phytase with respect of BW, BWG, and FI. With coarse
limestone inclusion, a lower Ca and P level in the diet can be utilized
without negatively affecting performance for the first 28 d.

Key Words: broilers, limestone particle size, phytase, calcium,
phosphorus

93  Effects of inositol and elevated phytase supplementation
on phytate degradation in gizzard content and ileal digesta of
broilers from 1 to 43 days of age. Ruben Kriseldi*!, Carrie Walk?,
Michael Bedford?, and William Dozier, 111!, 'Auburn University,
Auburn, Alabama, United States, >’AB Vista, Marlborough, United
Kingdom.

An experiment was conducted to evaluate effects of elevated phytase
supplementation on phytate degradation in gizzard contents and ileal
digesta of broilers from 1 to 43 d of age. A total of 1,920 Yield Plus x
Ross 708 male chicks was placed in 64 floor pens (30 birds/pen; 0.07
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m?/bird). Each pen received 1 of 8 dietary treatments from 1 to 43 d of
age. Treatment 1, the negative control, was formulated to contain 0.16
and 0.15% lower Ca and P, respectively, compared with Treatment 7,
the positive control. Treatments 2 to 6 were formulated similarly to
Treatment 1 with phytase additions of 500, 1,500, 4,500, 13,500, and
40,500 phytase units (FTU)/kg, respectively. Treatment 8 was formulated
similarly to Treatment 7 with the addition of inositol, which was calcu-
lated based on the possible maximum inositol liberation in Treatment 6.
At 15,29, and 43 d of age, gizzard contents and ileal digesta were col-
lected for analysis of inositol and inositol phosphate (IP) 6, 5, 4, 3, and
2 concentrations. Increasing phytase activity from 0 to 40,500 FTU/kg
resulted in log-quadratic reductions (P <0.01) of IP6 and IP5 concentra-
tions in the gizzard contents and ileal digesta of broilers at 15, 29, and
43 d of age. Similarly, the increase in phytase activity in Treatments 1
to 6 reduced IP4 and IP3 concentrations in a log-quadratic manner (P
< 0.05) at each collection period in gizzard contents, but only at 43 d
of age in the ileal digesta of broilers (P < 0.01). Broilers fed diets with
increasing phytase activity did not alter (P> 0.05) IP2 concentrations in
the ileal digesta at any age period. Total IP6 to IP2 concentrations in the
ileal digesta of broilers had approximately 78 and 94% reductions when
broilers were fed diets with 4,500 and 13,500 FTU/kg phytase, respec-
tively, compared with diets having no phytase addition. Log-quadratic
increases (P < 0.05) of inositol concentrations were observed in both
gizzard contents and ileal digesta when increasing phytase activity from
0 to 40,500 FTU/kg at each collection period. The increase of inositol
concentration due to elevated phytase supplementation also translated
to a log-quadratic increase (P < 0.01) in plasma inositol concentration
of broilers at 15, 29, and 43 d of age. Phytase supplementation of 4,500
FTU/kg or greater may benefit broilers by reducing inositol phosphate
concentrations in the gizzard contents and ileal digesta, which may
increase the availability of other nutrients. Moreover, further phytate
degradation may increase inositol liberation in the ileal digesta, which
subsequently increase plasma inositol concentration of broilers.

Key Words: broiler, phytase, phytate, inositol

94  In vitro phytase activity post steam conditioning and pel-
leting may not consistently correlate with broiler performance,
tibia mineralization, and blood myo-inositol concentration among
commercial phytases. Angela Lamp*!, Nelson Ward?, Jonathan
Wilson?, and Joseph Moritz!, ' West Virginia University, Morgantown,
West Virginia, United States, °DSM Nutritional Products Inc., Parsip-
pany, New Jersey, United States.

The current study hypothesized that decreased phytase activity in feed
due to increased steam conditioning temperature during pelleting is
correlated to a decrease in broiler performance upon feeding. The objec-
tive of the study was to feed broilers diets containing different phytase
enzymes conditioned at different temperatures and correlate phytase
activity post pelleting with broiler performance, tibia mineralization, and
blood myo-inositol concentration. Dietary treatments included a positive
(PC) (0.9% calcium (Ca) and 0.4% non-phytate phosphorus (nPP)),
negative control (NC) (0.7% Ca and 0.2% nPP), and 4 additional diets
containing commercially available phytase products (A, B, C, and D)
added to the NC based on analyzed activity and manufacturer’s recom-
mendations. Each diet was conditioned at 70, 80, and 90°C and fed as
crumbles to 10 replications of 10 male Hubbard x Ross 708 broiler chicks
for 21d. Treatments were arranged in a 6 (diet formulation) x 3 (condi-
tioning temperature) factorial in a randomized complete block design.
Correlations were determined with categorical and replicated data.
Broiler chicks provided PC and NC produced expected performance,
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tibia ash, and blood myo-inositol differences (P < 0.05). In general,
phytase activity decreased with increased conditioning temperature. A
conditioning temperature x diet formulation interaction occurred for d14
and 21 FCR and d21 tibia ash (P <0.05). Day 14 and 21 FCR increased
and d21 tibia ash decreased as conditioning temperature was increased
from 70 to 90°C for all phytase treatments except phytase B that did not
demonstrate performance or tibia ash detriment. Correlations were most
apparent with replicated data, demonstrating the importance of analyzing
multiple samples for phytase activity; however, correlations between
phytase activity and performance metrics were not consistent among
phytase treatments. All phytase activity values demonstrated a negative
correlation with increased conditioning temperature (P < 0.05, r values
ranged from —0.52 to —0.86). However, phytase A activity correlated with
21d FCR (P =0.04,r=-0.38), phytase B did not demonstrate correlation
(P> 0.05), phytase C correlated with tibia ash mg/chick (P =0.01,r =
0.46), and phytase D showed a moderate correlation with tibia ash mg/
chick (P =0.16, r = 0.26) and blood myo-inositol concentration (P =
0.15,r=0.27). This study did not demonstrate a common performance
metric that was correlated with phytase activity post manufacture among
commercial phytase products that decreased in activity due to increased
conditioning temperature. The absence of a common correlation may
have been due to the NC diet not being deficient enough in nPP.

Key Words: phytase activity, correlation, myo-inositol, feed manufac-
ture, tibia mineralization

95  Addition of multi-carbohydrase into a nutrients deficient
diet containing wheat and wheat by-products sustained growth
performance of broiler chickens. Samiru Wickramasuriya*!,
Shemil Macelline', Hyun Min Cho!, Jun Seon Hong!, Yu Bin Kim!,
Rob Patterson?, and Jung Min Heo', 'Chungnam National University,
Daejeon, Daejeon, Korea (the Republic of), °Canadian Bio-Systems
Inc., Calgary, Alberta, Canada.

This study was performed to investigate the effect of dietary Multi-
Carbohydrase (MC) supplementation on growth performance, jejunum
morphology, and nutrient digestibility in broiler chickens fed low nutri-
ent density corn soybean-meal based diets containing wheat and wheat
by-products. A total of 378 one-day-old Ross 308 broiler chickens were
randomly assigned to one of 7 dietary treatments to give 6 replicates pens
per treatment (9 birds per pen). Diets were corn-soybean meal based and
formulated based on Ross 308 (Aviagen, 2014) specifications. Dietary
treatments were as follows: (1) positive control (PC; energy and amino
acids sufficient diet); (2) negative control 1 (NC-1; 120 kcal/kg deficient
energy); (3) negative control 2 (NC-2; 3% lower digestible amino acids).
The remaining 4 dietary treatments were formulated with the addition
of MC (MC; Superzyme-CS, Canadian Bio-Systems Inc., Canada) into
the 2 NC treatments with dosages of 0.025% and 0.05%, respectively.
Birds were fed their respective experimental diets ad-libitum for the
entire 35 d study period and management practices were performed
according to the Ross 308 broiler management guide (Aviagen, 2014).
Improved body weight, weight gain and feed conversion ratio (P < 0.05)
were observed in broiler chickens fed the low energy diet supplemented
with MC from hatch to 35 d. Moreover, birds fed lower energy diet with
0.05% MC showed similar (P > 0.05) performance as the PC diet fed
broiler chickens throughout the 35 d experimental period. The addition
of MC into low digestible amino acid (AA) diets also improved (P <
0.05) growth performance during the starter period (d 1-21), however, it
did not overcome the hindrance of growth potential from the lower AA
profile compared with PC diet during the starter period. Broiler chickens
fed MC supplemented diets showed higher (P < 0.05) villus height to

Poult. Sci. 98(E-Suppl. 1)



crypt depth ratio compared with birds fed lower nutrient diets without
MC on d 21 and 35. Similarly, improved (P < 0.05) dry matter, crude
protein and energy digestibility were observed when birds were fed MC
supplemented low energy diets on d 21 and crude protein and energy
digestibility on d 35. Our results suggest that supplementation of MC at
the rate of 0.05% into energy deficient diets would significantly improve
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growth performance and nutrient digestibility of broiler chickens, and
would result in similar performance as compared with broiler chickens
fed energy sufficient diets.

Key Words: broiler, growth performance, gut morphology, multi-
carbohydrase, nutrient digestibility
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96 Effects of in ovo probiotic administration on the incidence
of avian pathogenic Escherichia coli (APEC) in broilers and an
evaluation on the virulence and antimicrobial resistance proper-
ties of APEC. Tianmin Li*, Claudia Castafieda, Julio Miotto, Chris
McDaniel, Aaron Kiess, and Li Zhang, Mississippi State University,
Mississippi State, Mississippi, United States.

Avian pathogenic Escherichia coli (APEC) cause colibacillosis, which
can be controlled by antibiotics. However, antibiotics are being removed
from poultry diets due to the emergence of multidrug-resistant bacte-
ria. Therefore, alternatives to control APEC are required. This study
aimed to evaluate the effects of in ovo injection of probiotics on the
incidence of APEC in broilers. On embryonic D18, 4 in ovo treatments
(T) were applied: T1 =Marek’s vaccine (MV), T2 = MV+Lactobacillus
animalis, T3 = MV+L. reuteri, T4 = MV+L. rhamnosus. A total of
180 male broilers of each T were randomly placed in 10 pens. Heart,
liver, and spleen samples were collected on D1, 14 and 28. Yolk sac
samples were collected on D1 and 14. E. coli colonies were isolated
on MacConkey agar and confirmed by E. coli specific real-time PCR.
The E. coli isolates were further screened for the presence of APEC by
detecting 5 APEC associated genes (iroN, ompT, hlyF, iss, and iutA).
A randomized complete block with a split plot in time was utilized to
evaluate the incidence of APEC. Then, the APEC isolates were examined
for 5 virulence factors and 22 antimicrobial resistance genes. A total
of 165 E. coli were isolated and 115 isolates harbored at least 3 of the
5 APEC genes. No differences (P > 0.05) among T were observed for
the APEC incidence in all organs when averaged over sampling days.
When averaged over T, however, the incidence was different (P <0.05)
among sampling days for each organ. In heart, APEC incidence was not
different (P> 0.05) between D14 (52.5%) and D28 (35.0%), which were
both greater (P < 0.05) than D1 (5.0%). In spleen, APEC was detected
in 35.0% of birds on both D14 and D28, but none was detected on D1.
In liver, APEC incidence was greater (P < 0.05) on D14 (57.5%) than
D28 (20.0%) and D1 (5.0%). In the yolk sac, 39.3% of birds were APEC
positive on D14, which was greater (P < 0.05) than D1 (15.0%). No
APEC isolates harbored szx//2 (Shiga toxin 1/2), eaeA (adhesin intimin)
or LT (heat-labile enterotoxin) genes. However, 44.3% APEC were posi-
tive for ast4, a gene encoding the enteroaggregative E.coli heat-stable
enterotoxin, indicating that these strains were at a higher zoonotic risk
to cause human intestinal disease. Antimicrobial resistance gene testing
results revealed that 93.2% APEC carried at least one resistance gene;
most isolates carried genes that respond to 3 (24.3%) or 4 (46.1%)
antimicrobials. High frequencies of genes encoding resistance to arsenic
(83.5%), trimethoprim (48.7%), quaternary ammonium compounds
(47.0%), tetracycline (43.5%) and gentamicin (25.2%) were detected.
Further research toward developing efficient antibiotic alternatives is
essential to control APEC incidence in broilers.

Key Words: avian pathogenic Escherichia coli, probiotics, in ovo,
antimicrobial resistance, broiler

97  Persistence of Salmonella Enteritidis and Typhimurium on
hatching eggshells after 1, 6, or 24 hours . Caitlin Harris*!*, Nicole
Bartenfeld Josselson!, Dianna Bourassa2, and Richard Jeff Buhr!,
1USDA-ARS, US National Poultry Research Center, Athens, Georgia,
United States, >Auburn University, Auburn, Alabama, United States,
3University of Georgia, Athens, Georgia, United States.
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Salmonellae are associated with eggshells, which predominantly become
contaminated when contacted with infected feces from the cloaca or after
lay. Our previous research has shown that holding inoculated eggs for 24
h depressed Salmonella recovery. The first objective of this study was to
determine the impact of 3 holding times (1, 6, and 24 h) on Salmonella
recovery from eggshells. The second objective was to determine if the
presence of intact cuticle or egg contents impacted Salmonella recov-
ery. Two experiments were performed with the following 4 treatments:
control (no eggshell modification), chemically or mechanically altered
cuticle, and eggshell without contents. On d 1, eggs were assigned to
one of the 4 treatments (n =36 exp 1, n =48 exp 2). For the chemically
altered cuticle treatment, eggs were submerged in 100% alcohol for
10 min (exp 1) or 30 min (exp 2). For the mechanically altered cuticle
treatment, sandpaper was used to buff the cuticle off a 4.5 cm area on
cach egg. For the empty egg treatment, a hole was ground through the
shell and the contents were removed. All eggs were then placed into an
incubator (42°C) for 16 h incubation time before inoculation. Forexp 1,
eggs were inoculated with 10 pL of 107 S. Enteritidis and for exp 2, half
of the eggs were inoculated with 103 S. Enteritidis and the remaining half
inoculated with 10° S. Typhimurium. Each treatment was then divided
between the 3 holding times after which eggs were cracked, contents
were discarded, and eggshells crushed into a centrifuge tube containing
30 mL of 1% buffered peptone water. For direct samples, 2 loops (20
uL) of eggshell rinsates were streaked onto Brilliant Green Sulfa agar
containing 100 pg/mL nalidixic acid. Plates and eggshell rinsates were
incubated for 24 h at 37°C, plates recorded as positive or negative, and
enriched plating was performed. Prevalence data was analyzed using
Chi Square. Total direct counts had low prevalence (17% exp 1; 27%
exp 2) while enriched samples had higher prevalence (84% exp 1; 82%
exp 2). For both experiments, as holding time increased, recovery of
Salmonella decreased for direct plates (1 h: 43 and 47%; 6 h: 6 and
25%; 24 h: 0 and 9%). The control and both cuticle treatments were
statistically similar while shells with no contents had higher recovery of
Salmonella compared with the controls for both experiments at 1 h (P =
0.0002 and <0.0001) and exp 2 at 6 h (P=0.001). For exp 2, recovery of
S. Enteritidis was lower than S. Typhimurium for direct plating (1 h: 31
vs 63%; 6 h: 6 vs 44%; 24 h: 0 vs 19%). In conclusion, increase in hold-
ing times of inoculated eggs before sampling reduced shell Salmonella
recovery and removal of egg contents improved Sal/monella recovery.

Key Words: Salmonella, eggshells, holding time, cuticle stripping,
chicken

98  Genomic epidemiology of Pasteurella multocida and global
trends in antibiotic resistance and virulence. Emily Smith*!, Eliza-
beth Miller!, and Timothy Johnson'?, ! University of Minnesota, St.
Paul, Minnesota, United States, >Mid-Central Research and Outreach
Center, Willmar, Minnesota, United States.

Pasteurella multocida is a Gram-negative bacterium that infects mul-
tiple species with a variety of clinical presentations, including fowl
cholera in avian hosts. This pathogen is distributed globally and is
often categorized according to Multi-locus sequence type or capsular
serotype, however, the association between sequence types, serotypes,
and genetic indicators of virulence or antibiotic resistance have yet to be
determined. The purpose of this study is to gain a better understanding
of the ecologic and evolutionary relationships between P. multocida
strains of different sequence types and serotypes, as well as describe
the global distribution of antibiotic resistance and virulence genes as
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they pertain to domestic poultry and wild birds. All publically available
P. multocida whole-genome sequences from the NCBI Assembly and
Short Read Archive databases were downloaded and combined with
156 P. multocida isolates from commercial turkeys sequenced at the
University of Minnesota Mid-Central Research and Outreach Center.
Genomes were assembled de novo using SPAdes and annotated with
Prokka, and blast searches were performed to identify capsular serotypes
in silico, as well as known P. multocida virulence genes, antibiotic
resistance genes, and plasmid sequences. Sequence typing was also
done on each genome, which categorizes bacterial genomes into types
based on the allelic profiles of 7 housekeeping genes. A SNP alignment
was also performed to construct a maximum-likelihood phylogenetic
tree. Four serotypes and 60 sequence types were identified from 471
whole genome sequences of P. multocida. Among the 264 genomes of
avian origin, serotype A was predominant, but serotypes D and F were
also found. Genomes of serotype A had significantly increased odds of
containing acquired antibiotic resistance genes such as erm(42), sul2, and
tetH, which confer resistance to erythromycin, sulfonamide, and tetra-
cycline antibiotics, respectively. An Inc.Q1 plasmid encoding resistance
to aminoglycosides and tetracyclines was found in multiple sequences
of serotype A from California, Minnesota, and North Carolina. Some
sequence types were host and continent-specific, such as the dominant
ST235, consisting of 54 genomes from avian hosts in the United States
from 2012 to 2018, as well as ST129 in chickens and ducks from Asia
with collection dates going back to 1953. Characterizing these genetic
determinants of resistance and virulence in the context of traditional
typing methods can provide researchers, clinicians, and public health
professionals important information regarding potential clinical out-
comes for different P. multocida strains when access to next-generation
sequencing technologies is limited.

Key Words: Pasteurella multocida, genomics, virulence, antibiotic
resistance

99  Effect of Lactococcus lactis-derived cell-free extract on
sensitizing multidrug-resistant Salmonella Heidelberg to ampicil-
lin and tetracycline. Brigitta Yaputri*!, Divek V. T. Nair?, and Anup
Kollanoor Johny?, ! University of Minnesota Twin Cities, Minneapo-
lis, Minnesota, United States, °University of Minnesota, Saint Paul,
Minnesota, United States.

Salmonella Heidelberg (SH) is a major Salmonella serovar implicated
in several foodborne outbreaks in the United States and frequently
isolated from poultry. Most of the SH strains implicated in poultry-
associated outbreaks have reported resistance to several important
antibiotics, including ampicillin and tetracycline. The objective of the
study was to determine the efficacy of Lactococcus lactis (a beneficial
bacteria of dairy origin) derived cell-free extracts (CFEs; bacteria free)
in sensitizing multidrug-resistant (MDR) SH to 2 antibiotics, ampicillin,
and tetracycline. Ampicillin (16, 32, and 64pg/ml), tetracycline (32, 64,
and 128ug/ml) and L. lactis CFEs [5, 7.5, 10, 12.5 or 15% (vol/vol)]
were tested either alone or in combination for their efficacy against SH
using 12-well tissue culture plate assays. Each well, containing 2mL of
tryptic soy broth, was added with CFEs and antibiotics, either alone or
in combination, with the MDR SH inoculated at 5 log;,cfu/ml. Since
the addition of CFEs reduced the pH of the test medium, pH controls
were set for each concentration in addition to the negative and positive
controls. The wells were incubated at 37°C for 24h and absorbance at
ODygy was determined at 0 and 24h. The experiment was repeated 6
times with 6 technical replicates per treatment and data were analyzed
using ANOVA. Results revealed that CFE concentrations > 5% resulted
in a significant reduction of MDR SH compared with the controls (P <
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0.05). The magnitude of MDR SH reduction obtained with >7.5% CFE
was higher than that of 64pg/ml ampicillin alone (P < 0.05). Similarly,
CFE at > 10% resulted in higher MDR SH reduction than 128pg/ml tet-
racycline. The synergistic effect of CFEs and tetracycline was observed
when > 7.5% CFE was tested in combination with 32, 64, and 128ug/
ml of tetracycline against MDR SH. The combinations resulted in a
higher reduction of MDR SH compared with the individual treatments
(P < 0.05). However, 7.5% CFE showed synergistic activity with 16,
32, and 64pg/ml of ampicillin resulting in significant reduction of MDR
SH (P < 0.05). All other combinations of CFE (>7.5%) in combination
with ampicillin had similar MDR SH reduction as that of the reduction
observed with CFE alone (P > 0.05). Results of this study indicate the
potential of L. lactis CFEs in enhancing the sensitivity of SH to ampicil-
lin and tetracycline. Studies are underway to explore the mechanisms
behind the CFE-mediated antibiotic sensitivity in SH (University of
Minnesota Undergraduate Research Opportunities Scholarship and
Minnesota Agricultural Experimentation Station grant# MIN-16-120).

Key Words: probiotics, antibiotics, sensitizing, multidrug-resistant,
Salmonella Heidelberg

100  Inhibiting horizontal transfer of antibiotic resistance gene
between multi-drug resistant Salmonella Heidelberg and E. coli
by select lactic acid bacteria. Poonam Vinayamohan*!, Abraham
Joseph Pellissery!, Annie Donoghue?, and Kumar Venkitanaray-
anan!, ! University of Connecticut, Storrs, Connecticut, United States,
2Poultry Production and Product Safety Research Unit, ARS, USDA,
Fayetteville, Arkansas, United States.

Antibiotic resistance (AR) is a global public health threat. Bacteria
have the ability to share genes, resulting in AR spread in a variety
of environmental niches, including animal gut, manure and water.
Horizontal gene transfer (HGT) represents the major route for AR
spread in bacteria. Since food animals, including poultry constitute a
potential source of AR bacteria, strategies that inhibit HGT between
AR pathogens and commensal bacteria could potentially reduce the
dissemination of AR genes in the environment and poultry-derived
foods. Salmonella Heidelberg (SH) is a major AR foodborne pathogen
associated with poultry. Lactic acid bacteria (LAB) produce several
antimicrobial compounds including bacteriocins which have proven
inhibitory action against pathogenic bacteria. This study investigated
the efficacy of supernatant from 5 LAB (Two species of Lactobacillus
plantarum, L. johnsoni, L. casei, L. gasseri) in reducing p-lactamase
gene (blaTEM, ampicillin resistance) transfer between S. Heidelberg
and commensal Escherichia coli in Luria- Bertani broth (LBB), water
and chicken manure. S. Heidelberg (blatgy+ve) and nalidixic acid
(NA)-resistance induced E. coli were inoculated in 1:1 ratio in LBB,
fresh poultry manure and water with and without sub-inhibitory con-
centration (8% vol/vol, highest concentration not inhibiting growth) of
LAB supernatants (LABS) and incubated at 37°C for 24 h. Appropriate
pH controls were included. Transconjugant colonies were recovered by
plating on tryptic soy agar (TSA) containing ampicillin and NA, donor
cells (SH) were recovered on TSA+ ampicillin, and recipients (E. coli)
were enumerated on TSA+NA plates. The HGT of AR was calculated
as the ratio of the number of trans-conjugants to the number of recipient
cells. Additionally, the effect of LABS on genes critical for conjugation
in SH was determined by RT-qPCR. The study was replicated thrice
with duplicate samples. The data were analyzed using Proc GLM of
SAS. All 5 LABS reduced HGT frequency of blargy gene between
MDR Salmonella and E. coli (P < 0.05) by 69 to 98% compared with
the control. RT-qPCR results revealed that LABS upregulated (1.5 to
2 fold) the finO (repressor of conjugation), and decreased (1 to 7 fold)
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the transcription of #ra genes (responsible for direct cell to cell contact)
compared with control (P < 0.05). Results suggest the potential use of
LABS for controlling AR spread in poultry gut, poultry manure, and
water, however, the functional component(s) in LABS that inhibit HGT
need to be characterized. Additionally, follow up studies in the chicken
gut in vivo are warranted.

Key Words: Antibiotic resistance, poultry, lactic acid bacterial super-
natants, horizontal gene transfer, Salmonella

101  Prevalence of plasmid carried virulence genes in Esch-
erichia coli isolates from litter, feces, and cloacal and tracheal
swabs collected from ‘no antibiotics ever’ commercial broiler
farms. Mercedes Smith*, Alyssa Easterling, Nikhil Nuthalapati, Li
Zhang, Aaron Kiess, and Anuraj Theradiyil Sukumaran, Mississippi
State University, Mississippi State, Mississippi, United States.

The objective of the current study was to identify the prevalence of
plasmid-carried virulence genes iroN, ompT, hiyF, iss, and iutd in
Escherichia coli isolated from litter, feces, cloacal and tracheal swabs
of commercial broiler chicken raised under ‘no antibiotics ever (NAE)’
policy in Mississippi. Chicken litter (n = 8) samples were collected
before chick placement on dO from 4 NAE broiler farms. On d 28 of
the grow-out, 8 litter, fecal, cloacal swab and tracheal swab samples
were collected. The litter and fecal samples (10 g) were homogenized
in 90 mL of BPW and the cloacal and tracheal swabs in 10 mL BPW.
From each suspension, a loop full was streaked onto duplicate Mac-
Conkey agar plates and incubated at 37°C for 24 h. Two presumptive
pink colored colonies were selected from each plate and DNA was
extracted by heating the cells to 95°C for 5 min in nuclease-free water.
E. coli isolates were confirmed by PCR amplification of the ybb W gene.
The positive E. coli isolates (n = 363; 157 from litter, 73 from feces,
78 from cloacal swabs, and 55 from tracheal swabs) were screened
further for the presence of 5 virulence genes, iroN, ompT, hlyF, iss, and
iutA, using the following PCR reaction mixture (10 uL); 1uL of cell
free DNA, 5uL PowerUp SYBR Green master mix (2X), 0.25 pL of
forward and reverse primers (10 uM), and 3.5 pL nuclease-free water.
The mixture was amplified in a QuantStudio 3 real-time PCR system
(Applied Biosystems, CA, USA) for 40 cycles (denaturation at 95°C
for 1 s, annealing and extension at 60°C for 40 to 60 s). The effect of
grow-out day on the prevalence of virulence genes in E. coli isolates
from litter was analyzed using the PROC MIXED procedure of SAS
9.4 with grow-out day as the fixed effect and farm being the random
block effect. Overall, 49.1, 56.2, 35.9, and 47.3% of the isolates from
litter, feces, cloacal, and tracheal swabs, respectively had all virulence
genes; whereas, 5.7, 12.3, 6.4, and 7.3% of the isolates, respectively
had none of the tested virulence genes. The genes, iroN, ompT, hlyF,
iss, and iutA were present in 65.5, 73.0, 85.9, 70.5, and 62.1% of the
isolates, respectively from litter, 68.4, 69.6, 79.0, 68.4, and 62.5% of the
isolates, respectively from feces, 45.7, 70.5, 80.6, 48.8, and 82.2% of
the isolates, respectively from cloacal swabs, and 63.5, 76.4, 85.2, 68.7,
and 70.0% of the isolates, respectively from tracheal swabs. However,
there was no difference in the prevalence of any of the virulence genes
in litter isolates between d0 and d28 of the grow-out (P > 0.746). The
results from this study show very high prevalence of virulent . coli
in broilers raised under NAE system suggesting the potential for avian
pathogenic E. coli outbreaks

Key Words: E. coli, broiler, virulence, prevalence, antibiotic free

102  Prevalence of Salmonella enterica on processing
equipment after sanitization procedures. Tomi Obe*, Rama
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Nannapaneni, Wes Schilling, Chris McDaniel, and Aaron Kiess, Mis-
sissippi State University, Mississippi State, Mississippi, United States.

Salmonella is a major poultry-borne pathogen that causes illness
throughout the world. Consequently, it is critical to control Salmonella
during the processing of poultry meat. Sanitization of a poultry pro-
cessing facility and equipment is a crucial control measure. However,
prevalence of Salmonella on equipment after sanitization and its poten-
tial risk to food safety has not been well evaluated. Hence, the objective
of this study was to evaluate the persistence of Salmonella on poultry
processing equipment before and following sanitization procedures.
A total of 15 locations within 6 commercial processing plants were
sampled at 3 time points defined as post processing (A), cleaning (B)
and sanitization (C) on 3 separate visits for a total of 135 samples per
plant. Salmonella-positive isolates were recovered from samples using
the USDA MLG 4.09 protocol. Presumptive Sa/monella colonies were
subjected to biochemical tests for confirmation. Sa/monella isolates
recovered after sanitization were serotyped and tested for virulence
genes associated with Sa/monella. A randomized complete block design
with a 3 x 15 factorial arrangement was utilized to analyze results for
Salmonella prevalence between processing plant where plants are the
block. Means were separated using Fisher’s protected LSD when P
< 0.05. For Salmonella prevalence between processing plants, dif-
ferences (P < 0.0001) were observed in the 6 plants tested where the
maximum and minimum prevalence was 29.6% and 7.4% respectively.
As expected, there was a difference (P < 0.0001) in the recovery of
Salmonella due to sampling time. Sa/monella prevalence at time A
(35%) was significantly higher, while there was no difference between
time B (12%) and C (9%). There was a location effect (P < 0.0001) for
the prevalence of Salmonella with the head puller, picker, cropper, and
scalder having a significantly higher prevalence when compared with
several other locations. At sampling time C, a trend toward a difference
(P = 0.0899) was observed for Salmonella prevalence between the 6
plants while differences were observed due to location (P = 0.0031).
Five prominent Sa/monella enterica serovars were identified, including
Kentucky, Schwarzengrund, Enteritidis, Liverpool and Typhimurium
with S. Kentucky being the most prevalent. PCR analysis of 8 Salmonella
virulence genes showed that the invA4, sipB, spid, and sseC were detected
in all isolates. Whereas the genes carried on plasmids and/or fimbriae
varied remarkably among all isolates. This study established Salmonella
prevalence and persistence in different poultry processing facilities after
antimicrobial application which could result in contamination of poultry
carcasses and food safety risks in poultry meat.

Key Words: Salmonella, prevalence, sanitization, poultry plants,
virulence

103 Effect of caprylic acid in scalding water on broiler
drumsticks contaminated with multidrug-resistant Salmonella
Heidelberg. Shijinaraj Manjankattil*!, Divek V. T. Nair!, Claire
Peichel!, Annie Donoghue?, and Anup Kollanoor Johny!, University
of Minnesota, Saint Paul, Minnesota, United States, "USDA ARS,
Fayetteville, Arkansas, United States.

Salmonellosis continues to be a major foodborne illness attributed to the
consumption of poultry meat and demands interventions at processing
steps for improved food safety. In this study, we determined the antimi-
crobial efficacy of caprylic acid (CA; generally recognized as safe-status
medium chain fatty acid) against multidrug-resistant Sa/monella Hei-
delberg (SH) on broiler chicken drumsticks during scalding conditions
intended for organic poultry processing. Chicken drumsticks were spot
inoculated with SH [lower (~3.0 log;, cfu/g) or higher (5.0 log;, cfu/g)
inoculum] and immersed in scalding water containing treatments for
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2 min at 54°C (USDA-recommended time-temperature combination
for scalding). The treatments included in the study were 0.5% CA, 1%
CA, 0.05% peracetic acid (PAA), 0.5% CA+0.05% PAA and 1.0% CA
+0.05% PAA. Samples inoculated with or without SH and immersed
in scalding water containing neither of the antimicrobial treatments
served as the positive control (PC) and negative control, respectively.
Immediately after scalding, the drumsticks (n = 6) were homogenized
in phosphate buffered saline (PBS) and surviving SH populations were
recovered. Similarly, SH populations that survived in scalding water was
also determined. Additionally, the efficacy of the scalding treatments
against SH survival on drumsticks during storage for 48 h at 4°C was
determined. The effect of these treatments on the surface color of the
drumsticks was also evaluated. Data were analyzed using the PROC-
MIXED procedure of SAS. The antimicrobial treatments resulted in
a significant reduction of SH on drumsticks. For the lower inoculum
study, 0.5% CA, 1% CA, 0.05% PAA, 0.5% CA+0.05% PAA and 1.0%
CA + 0.05% PAA resulted in 0.7-, 1.0-, 2.5-, 1.3- and 1.5- log, cfu/g
reduction of SH on drumsticks (P < 0.05). The same treatments resulted
in 0.9-, 1.3-, 2.4, 2.2- and 2.6- log, cfu/g reduction of SH when the
drumsticks were contaminated with the higher inoculum level (P <0.05).
The antimicrobial treatments inactivated SH to non-detectable levels in
scalding water whereas 2.0- to 4.0- log;, cfu/ml SH survived in PC (P
< 0.05). Also, the scalding treatments were effective in inhibiting SH
on the drumsticks compared with the respective controls during stor-
age at 4°C for 48 h; the magnitude of reduction remained the same as
observed during the scalding treatment (P < 0.05). Additionally, none of
the treatments affected the surface color of the drumsticks. Caprylic acid
could be used as a natural strategy against SH on chicken drumsticks at
scalding step of organic poultry processing to improve microbiological
safety of meat products (MIN-16-120).

Key Words: Salmonella Heidelberg, caprylic acid, scalding, organic,
antimicrobial

104  Competitive exclusion of intragenus Salmonella serovars.
Megan Pineda*!, Michael Kogut?, Kenneth Genovese?, Xi Wang!,
Dan Zhao!, Annah Lee!, Kristin Moncada!, Denise Caldwell?, and
Morgan Farnell', / Texas A&M University, College Station, Texas,
United States, °United States Department of Agriculture, College Sta-
tion, Texas, United States.
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Average poultry consumption is 109.6 pounds per capita in the United
States, and an estimated 400,000 Salmonella cases come from consum-
ing contaminated poultry annually. We hypothesized that inhibition
would occur between Salmonella serovars and colonization will vary
depending on the virulence of the strain. Sa/monella spp. were selected
for resistance to rifampicin or gentamicin. Chicks were confirmed nega-
tive for wild-type Sal/monella by enriching tray papers. Neonatal broilers
were randomly distributed between treatments. Each treatment consisted
of 30 birds, of which 20 were removed for sampling. Birds were orally
challenged with 0.5 mL of phosphate buffered saline (PBS) only, 10°
cfu/ml Salmonella Kentucky (SK) on D1 only, 103 cfu/ml Salmonella
Typhimurium (ST) on D1 only, 103 cfu/ml SK on D1 then 10* cfu/ml
ST on D2, 103 cfu/ml ST on D1 then 10* cfu/ml SK on D2 or 103 cfu/ml
SK and 103 cfu/ml ST concurrently. Chicks were humanely euthanized
on D3 and samples were aseptically removed for culture. Livers and
spleens were combined and macerated to determine organ invasion.
Organs were pre-enriched in buffered peptone water then sub-cultured
in Rappaport-Vassiliadis broth. Cecal contents were serially diluted in
PBS and plated onto xylose-lysine-tergitol 4 agar. Colonies with black
centers were confirmed as Sa/monella and were randomly selected to
be confirmed using antiserum, lysine iron agar and triple sugar iron agar
slants. Significant differences were determined via ANOVA at P < 0.05
in both trials. Negative controls did not exhibit any growth of either
serovar in both trials. Groups only administered SK or ST recovered
only the respective serotypes in both trials. Administration of SK before
ST significantly decreased ST in both trials by 5.36 log cfu/g and 2.55
log cfu/g, respectively (P < 0.001). Chicks challenged with ST before
SK significantly reduced SK in both trials by 0.97 log cfu/g and 0.64
log cfu/g, respectively (P < 0.001). Concurrently challenged chicks
had a significant decrease in ST by 1.62 log cfu/g and 1.03 log cfu/g,
respectively (P < 0.001). There were no significant differences in SK
in either trial when concurrently infected. All enriched cecal contents
were 100% positive for the respective challenge strains with the excep-
tion of the SK D1 and ST D2 treatment, where no ST was recovered.
Incidence of organ invasion was too low to observe a treatment effect.
Salmonella Kentucky is infrequently associated with disease in humans,
whereas Salmonella Typhimurium is the most common serovar detected.
These results suggest Salmonella Kentucky could be used to displace
Salmonella Typhimurium in neonatal broilers.

Key Words: broiler, competitive exclusion, Salmonella Kentucky,
Salmonella Typhimurium
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105  Effect of Histomonas meleagridis on broiler breeder

egg production and quality. Elle Chadwick*, Ramon Malheiros,
Edgar Oviedo, Christina Sigmon, Maria Alfaro Wisaquillo, Gustavo
Quintana-Ospina, Viviana San Martin, Hernan Cordova-Noboa, and
Robert Beckstead, North Carolina State University, Raleigh, North
Carolina, United States.

The objective of this study was to determine if inoculation with Histomo-
nas meleagridis would alter broiler breeder hens’ egg production and
egg quality due to field cases suggesting negative effects of this parasite.
Previously, we demonstrated that inoculating a flock of broiler breeder
hens with H. meleagridis caused limited morbidity and the inoculation
did not cause mortality. The onset of lay was also not altered due to
infection compared with the control flock. Because of these results, we
hypothesized that this parasite would not alter broiler breeder egg pro-
duction or quality. 520 breeder hens were transferred from a rearing to a
production house at 21 weeks of age. Four pens represented the control
flock and 4 pens had previously been inoculated with H. meleagridis
and were still positive for the parasite. Both flocks started laying at 24
weeks where egg collection occurred twice daily. Feed intake and egg
production were analyzed per period (28 d) with 10 periods in this trial.
Six eggs per pen were measured for: shell strength, shell thickness, egg
weight, Haugh Units and vitelline membrane on wk 30, 34, 39, 42 and
56. One hundred and 80 eggs per pen were analyzed for hatchability
on wk 27, 37 and 60 while fertility was analyzed on wk 27 and 37. At
64 weeks, individual bird weights were recorded and cecal samples
collected to determine presence of H. meleagridis. Differences between
treatments were analyzed in JMP Pro 14 using a #-test (P < 0.05). The
number of eggs produced per hen differed significantly during one
period (P = 0.021), where the infected birds produced more eggs per
hen (17 vs 13 eggs) and had a lower FCR (3.12 vs 3.47) (P = 0.0347).
On wk 30, the infected birds produced heavier eggs (59 vs 57 g) (P =
0.04) and on wk 42 they produced eggs with a thicker shell (0.35 mm vs
0.34 mm) (P =0.0305). Hatchability and fertility did not differ between
treatments. At 64 weeks, the inoculated birds weighed significantly less
than the control (4.16 vs 4.29 kg) (P =0.0016) and H. meleagridis was
observed in the cecal samples analyzed via light microscopy. This study
indicates that H. meleagridis has limited effects on broiler breeder egg
production and quality. Recovery of the parasite a year after infection
infers the broiler breeder as an ideal carrier of H. meleagridis.

Key Words: Histomonas meleagridis, broiler breeder, egg production,
egg quality, hatchability

106  Breast physical measurements of the standard and breast
yield bird lines associated with wooden breast. Barbara de Almeida
Mallmann*!, Ashleigh Muller!, Ashunti Jackson?, Andy Mauro-
moustakos', and Casey Owens', !University of Arkansas, Fayette-
ville, Arkansas, United States, °Cobb-Vantress, Siloam Springs,
Arkansas, United States.

Woody breast (WB) is a current topic in meat quality characterized by
the hardness of the meat, but it is typically only reliably detected after
deboning. Considering this, the aim of this study is to relate the WB in
live birds by the size of the breast. A total of 480 birds from standard
(n = 240) and high breast yield (n = 240) strains were measured for
breast characteristics and body weight weekly from wk 1 to 7. The
measurements were made with a fabric tape on the cranial region
(Teranial; wing to wing) and a caliper on the caudal region (Ccaudal).
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WB palpation scoring of live birds was based on established scoring
methodology for deboned breast fillets, which is based on the degree
and extent of hardness of the muscle. The same person scored both the
live birds and deboned fillets in this study. At 52 d of age, birds were
processed, deboned, and fillets were scored for WB. Measurement
responses were compared for the 3 categories of WB (0 = normal, N; 1
=mild, M; and 2 = moderate/severe, S) using Fit Model with IMP®14.
The means for the significant responses were separated using Tukey
test at 5% significance level, and trend contrasts were performed. Three
parameters of Gompertz growth curves were fit for both measurements
by bird group and comparisons of the parameters were performed
among the curves of WB categories. Differences on Gompertz for body
weight of the standard and high breast yield birds were that S birds
had an inflection point 2 d after the N suggesting they begin a slower
growth rate 2 d later. Both measurements, Ccaudal and Tcranial, were
significantly different (P > 0.005) for the WB and the bird categories
(standard vs high breast yield), but there was no interaction. There was
a significant Ccaudal difference (P < 0.05) of 4.2 and 7.5 mm between
N and S scores for the high breast yield and standard birds, respectively.
Tcranial differences were not significant (P > 0.05). Gompertz curves
for the different bird groups and WB scores had R? all above 95%. The
parameters of the measurements were not significantly different (P >
0.05) for the Gompertz curves. Finally, bird measurements could help
to differentiate the WB scores between the strains, but other factors
should be considered in future research to determine models that are
predictive of WB during growth.

Key Words: wooden breast, measurements, relationship, breast fillet
size, growth curve

107  Does a mathematical method beat the comparative slaugh-
ter technique in determining net energy values for feed? Sasha
van der Klein* and Martin Zuidhof, University of Alberta, Edmonton,
Alberta, Canada.

Optimal feed formulation requires accurate estimation of feed energy
values, however the often-used comparative slaughter technique (CST)
is a resource intensive method. The objective of this study was to
compare a mathematical methodology with the CST to estimate energy
partitioning to heat production (HP) and energy retention (RE) and
determine the NE for gain (NE,). At hatch, 48 broilers were randomly
allocated in one of 4 pens equipped with a precision feeding station.
From d 14 to d 45 they were either fed a Low ME (3,111 kcal/kg ME)
or a High ME (3,383 kcal/kg ME) diet. At d 19, birds were assigned to
pair-feeding with master birds eating ad libitum (100%) and followers
eating at either 50%, 60%, 70%, 80%, or 90% of the paired master’s
cumulative feed intake. HP and RE were estimated by the CST and with
anonlinear mixed model explaining daily ME intake (MEI) as a function
of metabolic BW and daily gain (ADG). The energy partitioning model
predicted MEI = (145.10 + u) BW?8 + 1.09 x BW-/8 x ADG!? +
£ (P <0.001 for all parameters), where (145.10 + ) BW’33 was total
HP and 1.09 x BW-/8 x ADG’/? was RE. The random variable u
was the animal specific (random) term for energetic requirement for
maintenance (¢ ~N(0,62)). Estimated HP and RE per 4-d period were
summed to reflect total HP and total RE over the experimental period
(d 14 to d 45). NE, of the diets for both methods was calculated as RE
divided by the cumulative feed intake over the same measurement period
and expressed as kcal/kg. Pairwise differences between means were
considered significant at P <0.05. The model estimated HP 15.4% and
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11.4% lower and RE 29.2% and 16.9% higher, compared with the CST
for the Low ME and High ME diet, respectively. The model estimated
NE, for the High ME diet at 1,498 kcal/kg compared with 1,456 kcal/
kg for the Low ME diet. The CST estimated NE, for the High ME diet
at 1,261 kcal/kg compared with 1,115 kcal/kg for the Low ME diet. The
model overestimated the NE, value for both diets, but the difference in
NE, between the methods was lower for the High ME diet compared
with the Low ME diet (237 kcal/kg vs. 340 kcal/kg, P = 0.001). The
model provided a non-invasive real-time method to estimate HP and
RE, but could not estimate the NE, values of the 2 diets accurately; the
mathematical method underestimated the NE, values derived using the
CST. Therefore, the mathematical method was inferior to the CST in
determining NE, values for feed.

Key Words: precision feeding, modeling, energy, production

108  Use of orange corn to reduce prevalence of footpad der-
matitis in broiler chickens. Meagan Abraham*!, Shawna Weimer',
Kailynn VanDeWater!, Evan Rocheford?, Torbert Rocheford'2, Lisa
Hoverman?, and Darrin Karcher!, ' Purdue University, West Lafayette,
Indiana, United States, Nutramaize, West Lafayette, Indiana, United
States.

Footpad dermatitis (FPD), which is necrosis of the plantar surface of
the foot, is not only a welfare concern but also causes chicken paw
downgrades and condemnations. Orange corn, unlike yellow and white
corn, has larger quantities of carotenoids, which are antioxidant pigments
that include Vitamin A precursors. Carotenoids are thought to play an
important role in skin and feather health. This study’s objective was to
evaluate the effect of orange corn on FPD prevalence in broiler chick-
ens. This project was a 3x2 factorial design with 4 replicates of yellow,
orange, and white corn diets fed to broilers raised on wet or dry litter.
The wet litter moisture reached 60% or greater through application of
water to the litter. Twenty-four pens of 40 birds each were reared to 42
d of age. Footpads were scored with a 02 visual scale of increasing
severity on 20% of birds in each pen (n = 192) at 20, 27, 35, and 42 d
of age. Body weights were recorded at placement and at wk 2, 4, and 6.
Liver and fat color were assessed with a colorimeter at d 42. Data was
analyzed using SAS Proc-Mixed analysis and a chi-squared option for
footpad scores. At 42 d of age, litter treatments differed with the wet
group having higher prevalence of FPD (scores of 1 or 2) compared with
the control group (87.5% vs 13% respectively; P < 0.0001). There was
a diet effect at 42 d of age; prevalence of birds with footpad scores of 1
or 2 were least on the orange corn diet (33%), followed by white corn
(56.25%), and yellow corn (62.5%). Birds fed the orange corn diet had
greater body weights throughout the study (P =0.004). The fat and liver
color were more yellow from birds on the orange diet compared with
those on the white and yellow diets (P < 0.005). Overall, the orange
corn diet did not completely protect against footpad dermatitis but did
decrease prevalence of footpad scores of 1 and 2. The main determinant
of footpad dermatitis prevalence was exposure to wet litter. Therefore,
orange corn may have some utility in the reduction of footpad scores.

Key Words: welfare, footpad, dermatitis, orange, corn

109  Evaluation of black soldier fly larvae substituting soybean
meal at two inclusions on broiler performance. Kimberly Gard-
ner*, Momin Khan, John Padgett, Jeff Tomberlin, Christopher Bailey,
and Delbert M. Gatlin, 111, Texas A&M University, College Station,
Texas, United States.
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Black soldier fly larvae (BSFL) have been a proposed alternative protein
source in poultry feeds. The aim of the study was to evaluate the effect of
substituting dehulled soybean meal (SBM) with BSFL. A corn-soybean
meal diet was formulated to contain 22% CP and 3050 kcal ME/kg and
2 additional diets were made to include either 5% or 10% BSFL in place
of SBM. The experiment design consisted of 3 dietary treatments with 6
replicates per treatment and 5 birds per replicate for a total of 90 Cobb
700 males. Proximate analysis was performed on the dried BSFL and
AA content were determined by HPLC after acid hydrolysis. Average
body weight (BW), mortality adjusted feed conversion ratio (FCR),
and feed consumption were determined on d 7, 14, and 21 of the trial.
All data were subjected to an ANOVA using the GLM Procedure and
multiple comparisons were determined using Tukey’s HSD Test. The
BSFL averaged 95.2% DM, 42.5% CP, 28.1% EE and 9.4% ash. The
lysine, methionine, and threonine content averaged 2.99% =+ 0.38, 0.68%
+0.05, and 1.85% + 0.16 respectively on an as fed basis. Inclusion of 5%
BSFL increased (P =0.001) 21-d body weight (896 + 9 g) and decreased
(P =0.003) FCR (1.26 + 0.01) when compared with the control (818
+ 13 g and 1.33 £ 0.01 respectively). Body weight for birds fed 10%
BSFL averaged 859 + 12 g compared with the control (P =0.07). FCR
for birds fed 10% BSFL averaged 1.30 + 0.02 which was not different
from the control treatment. In conclusion, BSFL included in the diets
at 5% showed improved performance when compared with the control
corn-soybean meal diet.

Key Words: black soldier fly, larvae, broilers, insects, performance

110  Effect of sub-zero saline chilling on chilling efficiency

and meat quality of broiler carcasses. Morgan Wonderly*, Samira
Viliani, Hong Chul Lee, Darin Bennett, Sean Hurley, and Ike Kang,
California Polytechnic State University, San Luis Obispo, California,
United States.

The purpose of this research was to investigate the effects of sub-zero
saline chilling on carcass chilling, breast fillet tenderness and product
safety. A total of 12 eviscerated broiler carcasses were randomly picked
from the processing line in a local process plant. The birds were then sub-
jected to one of 3 chilling solutions: 1) 0% NaCl/0.5°C (water control),
2) 3% NaCl/-1.8°C, and 3) 4% NaCl/-2.41°C. Data in 3 replications were
analyzed using one-way ANOVA and a completely randomized design.
A post-hoc analysis was performed using Duncan's multiple range test
to evaluate difference among treatments at P <0.05. Broiler carcasses in
subzero saline solutions were chilled efficiently and reduced the chilling
time by 11% in 3% NaCl/-1.8°C and 37% in 4% NaCl/-2.41°C over the
ice slurry control. The breast fillets of broiler carcasses in 4% NaCl/-
2.41°C were significantly tenderized than those in water control (P <
0.05), with an intermediate value observed in 3% NaCl/-1.8°C. Before
chilling, broiler carcasses possessed mesophilic aerobic bacteria (MAB),
Escherichia coli (E. coli), and total coliforms for 3.81, 0.78, and 1.86
log cfu/g, respectively. Both E. coli and coliforms were significantly
reduced when the carcasses were chilled in 3% NaCl/-1.8°C or 4%
NaCl/-2.41°C than the water control (P < 0.05), except MAB. Based
on these results, chilling of boiler carcass in 4% NaCl/-1.8°C solution
appears to improve carcass chilling efficiency, and meat tenderness over
the traditional water immersion chilling.

Key Words: sub-zero saline chilling, chilling efficiency, broiler carcass
quality, bacterial reduction.

111  Effect of the combination of 25-hydroxyvitamin D3 and
modified levels of calcium and phosphorus in the diets on bone
3D structural development in pullets. Dima White*, Chongxiao
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Chen, and Woo Kim, University of Georgia, Athens, Georgia, United
States.

Previously, our lab found additional 25-hydroxyvitamin D3 (250HD)
in the pullet diet stimulated bone growth, increased the bone size, and
created more pores in the cortical bone during a pullet period, which
allowed more minerals deposit in the bones during the laying period.
However, due to the larger structure size, the bone mineral density
(BMD) was decreased in 250HD treatment during the pullet period.
It may be attributed to the Ca & available P level and ratio in the diets
which were not ideal to provide sufficient Ca & P to build the larger
mineralized bones. We hypothesized that the changes in Ca&P levels
and ratios on the top of 250HD supplementation could reduce porosity
and improve BMD and bone quality during the pullet period. A study
was conducted to explore the effect of 25OHD combined with modi-
fied Ca/P level and ratio in the diets on bone 3D structural development
in pullets. A total of 560 d-old Hyline W36 pullets were randomly
assigned to 5 treatments (8 rep; 14 birds/rep) until 17wks. Dietary treat-
ments were; 1)vitamin D5 at 2,760 IU/kg(D), 2)vitamin Dj at 2,760
1U/kg+31.25mg 250HD/ton (L25D), 3)vitamin D5;+62.5mg 250HD/
ton (H25D), 4)vitamin D;+62.5mg 250HD/ton+ high Ca&P (H25D+
Ca&P), and S)vitamin Ds (2,760 IU/kg) + high Ca&P (D+Ca&P). The
high Ca&P diet was made by increasing 30% of both Ca&P (2:1) for the
first 12wks, and then only increase P for 12—17wks to reduce the Ca:P
ratio. At 17wk, femur bones were scanned using a Micro-CT for bone
3D structure analysis. The data were subjected to a one-way ANOVA
using the GLM procedure, with means deemed significant at P < 0.05.
Results indicated that H25D+ Ca&P treatment had lower open pore
volume space, open porosity (% cortical tissue volume), total volume
of pore space, and total porosity (% cortical tissue volume) in the corti-
cal bone compared with D+ Ca&P. It also showed that a higher cortical
BV/TV (bone volume/tissue volume) in H25D+Ca&P than D+Ca&P.
Furthermore, 25D+Ca&P treatment had lowest trabecular pattern factor
and structure model index compare with the other treatments, which
indicates its beneficial effects on trabecular structural development.
Moreover, 25D+Ca&P had a higher trabecular percentage (trabecular
bone/cavity volume%) compare with D and 25D, which suggested the
additional Ca&P supplementation on the top of 25D increased trabecular
content in the cavity. In conclusion, the combination of 25D with higher
level of Ca/P could improve cortical bone quality in pullets and showed
a beneficial effect on trabecular bone 3D structural development. The
combination of higher bio-active form of vitamin D; and higher levels
of Ca&P could become a potential feeding strategy to improve the
pullets bone quality.

Key Words: vitamin D5, calcium, phosphorus, pullets, bone 3D structure

112 Not Presented

114  CpG injection on day 15 post-hatch leads to metabolic
changes on day 16 post-hatch in modern broilers and adaptive
immune responses in a heritage breed. Bridget Aylward*!, Casey
Johnson!, Famatta Perry!, Iyana Admasu!, Rose Whelan?, and Ryan
Arsenault!, ' University of Delaware, Newark, Delaware, United
States, *Evonik Nutrition & Care GmbH, Hanau-Wolfgang, Germany.

Modern broiler breeds selected for rapid growth are more susceptible to
pathogen challenge than older genetic lines, such as heritage chickens,
which have not been selectively bred for a specific trait since 1957. We
hypothesize this is due to an inappropriate immune response in modern
strains when stimulated. To test this, we injected modern broiler and
heritage chickens intra-abdominally with a known immunostimulatory
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agent to observe immune response differences between the 2 bird breeds.
Birds were injected at multiple time points throughout the grow-out
period with 25 pg of either CpG or a GpC control, and tissue samples
were collected from each group before and 24 h post-injections. Kinase
activity in the tissues was assessed using a species-specific kinome pep-
tide array to measure the degree of phosphorylation of target peptides in
key immunometabolic signaling pathways, which was then visualized
by staining the array with phosphoprotein-specific fluorescent dye so
that fluorescence could be quantified. The raw fluorescence data were
collected and normalized using variance stabilizing normalization in the
vsn package in R, and normalized fluorescence in the treatment birds’
tissues was compared with control birds’ tissues using a paired #-test to
generate a fold-change value and p-value. Normalized fluorescence fold
changes with p-values < 0.05 are considered either significantly more or
significantly less phosphorylated in the treatment birds compared with
the control birds’ tissues. Our previous work has shown that modern
birds but not heritage birds injected just once on the day of hatch with
CpG have decreased immune activation and signaling on d 15 post-hatch,
and we wanted to observe how this pattern may change when birds are
treated multiple times, including at this time point. In the heritage birds,
the significantly differentially phosphorylated peptides unique to post-
injection (d 16) compared with pre-injection (d 15) indicate increased
T cell receptor signaling and activation. Specifically, key proteins such
as ZAP70,NFATC1, PAK2 were unique to this time point and indicated
T cell activation. In the modern birds, there was inhibition of fatty acid
synthesis as well as destabilization of PGC-1a indicating a lack of
fatty oxidation unique to the modern birds’ cecal tonsils post-injection.
4E-BP1 was uninhibited in the modern birds post-injection, which leads
to suppression of protein synthesis; this suppression was also seen in
inhibited PI3KCD signaling. Due to CpG treatment, the heritage birds
exhibited adaptive immune activation, whereas we observed more
metabolic changes in the modern bird.

Key Words: immune response, broilers, gastrointestinal health, kinome,
signaling

115  Soiling and ammonia reductant application: How they
impact the perceived value of wood shavings to turkeys. Valerie
Monckton*, Nienke van Staaveren, Agnese Balzani, Peter McBride,
Isabelle Kwon, and Alexandra Harlander, University of Guelph,
Guelph, Ontario, Canada.

Turkeys’ natural environments differ greatly from modern turkey farms.
While farms attempt to provide outlets for turkeys’ natural behaviors by
providing litter (typically wood shavings), the lack of information on
how to manage this litter often leads to the build-up of excreta. Proper
litter management is crucial to control the build-up of excreta, litter
moisture and atmospheric concentrations of ammonia, which can com-
promise turkey welfare. Replacement of litter or application of ammonia
reductants are both methods to manage litter conditions; however, it
is unknown how these practices alter the perceived value of litter to
turkeys. The objective of this study was therefore to assess how soiling
and ammonia reductant application affect turkeys’ relative preference
for wood shaving litter using a consumer-demand approach. We housed
24 11-week-old female turkeys in 6 pens (4 birds/pen) and raised them
on litter consistent with commercial standards (soiled wood shavings).
Each pen comprised a ‘home’ (H) and ‘treatment’ (T) compartment
partitioned by a barrier with 2 one-way push-doors. We compared the
hens’ relative preference of H to T when feed (F) was present only in
Tand when one of 4 litters was present in T: unsoiled wood shavings
(US), soiled wood shavings (SS), soiled wood shavings treated with
an ammonia reductant (AS), and no litter (concrete floors covered in

Poult. Sci. 98(E-Suppl. 1)



rubber mats, NL). To assess motivation to access the treatments, the
doors to T randomly weighed 0, 20 or 40% of the hens’ average weight,
while T and H traded compartments with each treatment/door weight
combination. Over 22 d of testing, birds’ presence in each compartment
was determined via video-recordings using instantaneous scan sampling
every 30 min for a mean of 14 h/combination. A generalized linear mixed
model (PROC GLIMMIX, SAS V9.4) was used to analyze the effect of
treatment, door weight, and their interaction on the percentage of time
birds spent in T. Turkeys successfully pushed the doors. Door weight
did not significantly affect where turkeys spent their time (P > 0.05).
More time was spent in T with F present (64% + 9.0%, P <0.001) than
with US (21% + 13.3%), AS (24% + 12.9%), or NL (20% + 13.1%),
while they spent the same amount of time in T with SS (45% + 10.8%)
present. To the authors’ knowledge, this is the first study to investigate
turkeys’ motivation to access soiled and ammonia reductant treated
litter. We conclude that turkeys spent an equal amount of time on SS
and F, while they had a lower relative preference for US, AS, and NL.
SS may not have been soiled enough compared with H litter to influence
turkeys’ preference, or SS may possess attractive properties to turkeys
(e.g., better foraging).

Key Words: motivation, preference, turkeys, litter, excreta

116 Not Presented

117  Effect of free choice large-particle calcium on perfor-
mance and shell quality in laying hens. Diana Suckeveris*' and
Doug Korver?, ! University of Sao Paulo, Piracicaba, Brazil, 2Univer-
sity of Alberta, Edmonton, Canada.

Laying hens are fed a portion of dietary Ca as large particles (LP) to
ensure Ca supply during peak shell formation during the night. We
investigated the effect of free-choice LP Ca in older laying hens on feed
and total Ca intake, egg production, shell quality and internal quality.
Individually-caged Lohmann LSL laying hens (n = 72; 70 wk of age)
were distributed in a randomized complete block design with 6 dietary
treatments. The Control group was fed a balanced wheat-soy diet accord-
ing to the primary breeder management guide, with 1/3 small particle
(<0.5 mm limestone), and 2/3 large particle Ca (>2.0 mm oystershell),
without access to free-choice LP Ca (Control diet group). Birds was
fed the Control diet, but with LP provided free-choice (T100 group).
The other 4 dietary treatment groups, T75, T50, T25, and T0O, were the
Control diet with LP supplementation reduced to 75, 50, 25, or 0% of
the Control group, respectively. These birds in TO through T100 were
given free-choice LP Ca as oystershell. Feed intake, LP and total Ca
intake, egg production, and egg weight were recorded at 10:00 a.m.
and 3:00 p.m. throughout the experiment. Total Ca consumption was
calculated as intake of Ca from the mixed feed (small and LP) plus
free-choice oystershell. Feed conversion ratio (FCR) was calculated
as total feed (mixed feed plus free-choice oystershell) intake per kg of
eggs produced. At d 0, 20, and 47 of the experiment, specific gravity,
shell thickness and breaking strength, and Haugh units were measured.
The Glimmix procedure was used for statistical analysis. The model
assumed treatment (diet) as a fixed effect, and the blocks (cage) as a
random effect. Feed intake, egg production, egg weight, FCR, eggshell
traits and Haugh units were not influenced (P > 0.05) by dietary treat-
ments. However, as dietary LP Ca level in the mixed diet was decreased,
there was an increase in free choice Ca intake (P < 0.001), suggesting
that hens are able to compensate for reduced mixed feed Ca content by
increasing voluntary consumption of LP Ca. Total daily Ca intake was
lower for TO than for T100 (3.932 vs. 5.004 g; P = 0.005). However,
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all groups consumed approximately the amount of Ca recommended by
the primary breeder management guide (4.50 g), indicating that older
laying hens regulate Ca intake. Therefore, use of free-choice LP Ca
could allow for a reduction in LP in the mixed feed without reducing
egg production and shell quality. Furthermore, free-choice LP Ca could
reduce the abrasiveness of mixed layer feed in feed mill equipment.

Key Words: calcium appetite, feed intake, large-particle calcium, shell
quality, laying hen

118  SNP-based breeding for broiler resistance to ascites and
correlated production traits. Katie Lee*, Douglas Rhoads, and
Nick Anthony, University of Arkansas, Fayetteville, Arkansas, United
States.

The goal of this study is to identify the genes that influence ascites
syndrome, a manifestation of pulmonary hypertension syndrome
(PHS), in broiler chickens. In doing so, we intend to create a catalog of
genetic regions for evaluation by poultry breeders for reducing ascites
in the industry. Although controlled by better management, ascites has
remained an issue in some markets world-wide. Genetic selection for
ascites resistance could lead to a reduction in other positive produc-
tion traits such as growth rate or muscle quality. Our previous studies
have revealed 31 genetic regions with possible association with ascites
resistance or susceptibility. Using assays of 2 single nucleotide polymor-
phisms (SNPs) per genetic region on our experimental ascites broiler
lines and commercial broiler breeders, we will analyze genotypic data
to see what effect these regions have, and which are the most influential
on development of ascites. Our gentoype association data has shown
that the CPQ and LRRTM4 genes are QTLs for ascites phenotype and
exhibit a strong epistatic interaction. This interaction also extends to
some commercial broilers. We will present these genotype association
data. Based on our data we are are currently using thesetwo regions to
selectively breed 2 generations of our broiler research line. From the
second generation of birds, 300 will be reared in a hypobaric chamber
compared with 300 unselected birds. Another 300 s-generation birds
will be reared as broilers compared with 300 unselected birds and then
processed at 6 weeks of age. These data will be used to analyze the
effects selection has on production traits and ascites resistance. The
correlations we find between ascites resistance and production traits will
help broiler geneticists in the industry make informed decisions about
the relative costs for reducing ascites syndrome. Additionally, we are
examining the underlying molecular mechanisms for some of the genes
we have already identified, for their contribution to ascites phenotype.

Key Words: ascites, broiler, marker-assisted-selection, single-nucleo-
tide-polymorphism, genetics

119  Effect of dietary brown seaweed (4scophyllum nodosum)
on yolk colour in laying hens. Cassie Stupart*, Bruce Rathgeber,
and Janice Maclsaac, Dalhousie University, Truro, Nova Scotia,
Canada.

Seaweed is considered a prebiotic and contains beneficial micronutrients
that have shown to positively influence gut function and production
performance in laying hens. Brown seaweeds contain the pigment
xanthophyll, which has the potential to influence yolk color. The
purpose of this study was to measure yolk color of laying hens eggs
fed the commercialized brown seaweed Ascophyllum nodosum (AD),
trademark name Tasco®. The experiment was a 3 x 2 x 9 factorial in a
completely randomized design with inclusion level (0, 0.25, and 0.5%),
strain of hen (Lohmann Lite-LSL White and Lohmann Brown Lite) and
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age, denoted “period” (1, 2, 3,4, 5, 6, 7, 8, 9) as the main effects. Each
period was 28 d in length, starting from the first day of the trial. A total
of 80 birds at 34 weeks of age were used for the 9-period study, with 8
replicate cages per treatment combination (5 birds per cage). A total of
3 eggs per cage (48 eggs total) were collected at the end of each period
and yolk color was determined using a Hunter Lab MiniScan EZ. Eggs
were broken open and the yolks separated from the albumen. Each
individual yolk was placed in a quartz glass cuvette where the yolk
membrane was punctured and the loose yolk was stirred. Color readings
were measured in replicate, with stirring in between each reading. The
colorimeter measured yolk color based off L* (black to white), a* (green
to red) and b* (blue to yellow) color scales. The results were analyzed
as a factorial arrangement using the Proc Mixed Procedure of ANOVA.
An interaction effect (P < 0.05) between strain and level was observed
for all color measures (L*, a* and b*). For a*, Lohmann LSL White Lite
(LL) hens fed 0.25 and 0.5% AD had significantly lower values (10.69
and 10.50, respectively) compared with Lohmann Brown Lite (LB) hens
fed 0.25% and 0.5% AD (11.59 and 11.22) and hens fed the control diets
(11.62 for LB and 11.62 for LB). For b* values, LL birds fed 0.25% AD
had significantly lower b* values (81.62) compared with LL hens fed
the control and 0.5% inclusion levels (84.75 and 83.21) and LB birds
fed the 0, 0.25 and 0.5% inclusion levels (84.95, 84.93 and 84.94). For
L* values, LL birds fed the 0.25 and 0.5% AD had significantly higher
values (62.01 and 62.26) than LB birds fed 0, 0.25 and 0.5% AD (61.09,
60.08, 61.08). LL hens fed the control diet (61.66) were significantly
different only from LB hens fed the 0.25% inclusion level. It is clear
that AD had a significant effect on yolk color, particularly within the
LL birds. However, these differences were undetectable by the human
eye, making them suitable for the marketplace.

Key Words: seaweed, laying hen, yolk colour

120  The identification of feeding regulatory neuropeptide,
agouti-related peptide (AgRP), of two United States and two
European strains of turkeys in the arcuate nucleus of the hypo-
thalamus. Brooke Bartz*, Jesse Grimes, and Casey Nestor, North
Carolina State University, Raleigh, North Carolina, United States.

Poultry feeding behaviors are influenced by various regulators which
include environment factors, health status, and different strains. As a
central hub in the regulation of several homeostatic processes, the arcu-
ate nucleus (ARC) of the hypothalamus is an important brain region
for appetite regulation. The co-expression of 2 opposing populations
of energy homeostatic neurons: the orexigenic agouti-related peptide
(AgRP) and anorexigenic pro-opiomelanocortin (POMC) neurons are
localized in the ARC. It is well known in multiple species that AgRP
acts as an endogenous antagonist to a-melanocyte stimulating hormone
(a-MSH), a product of POMC neurons, ultimately promoting a food
seeking behavior. While administration of AgRP has been shown to
stimulate food intake and increase body weight both mammals and avian
species, relatively little is known about differences in the endogenous
AgRP expression that exist between different strains of turkeys. There-
fore, the objective of this study was to examine the protein expression
of AgRP in the arcuate nucleus of 4 different strains of commercially
available turkeys using immunohistochemistry (IHC). Fertilized eggs of
2 United States (Strains A and B) and 2 European turkey strains (Strains
C and D) were obtained and incubated under similar conditions. At hatch,
birds were placed in pens based on strain with bird numbers per treatment
based on successful hatching (Strain A = 20 birds total End of Study
(EOS); Strain B = 19 birds total EOS; Strain C = 31 birds total EOS,
Strain D = 13 birds total EOS) and performance data was calculated by
pen. At 5 weeks of age, birds were weighed and euthanized individually
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just before tissue collection. Birds were euthanized by cervical dislo-
cation, followed by rapid decapitation and gender identification was
obtained post-mortem. Whole brain tissue was excised and placed in 4%
paraformaldehyde at 4°C for 48h, followed by 20% sucrose at 4°C until
the time of sectioning. Tissue was cut from the caudal to rostral plane,
on a freezing-stage microtome at 30pum and select sections containing
the ARC were used for IHC with a primary antibody targeting AgRP.
AgRP cell bodies and neuronal fibers were successfully observed in all
4 strains of birds. Feed consumption per pen positively correlated with
the AgRP pixel % calculated (R-Squared = 0.9033; Strain A: 2.45kg/
bd, 0.55%; B: 2.58kg/bd, 0.82%; C: 2.55kg/bd, 0.58%; and D: 2.74kg/
bd, 1.29%, respectfully). Based on these pilot study results, orexigenic
feeding behaviors are likely increased by the AgRP neurons located in
the ARC of the hypothalamus. Further research must be completed to
determine the extent of these physiological implications.

Key Words: feeding neuropeptides, agouti-related peptide, turkey,
arcuate nucleus, hypothalamus

121  Data-driven, student-centered curriculum redesign in
poultry science. Emily Berger*, Christine Alvarado, and Audrey
McElroy, Texas A&M University, College Station, Texas, United
States.

Poultry Science academic departments strive to update curriculum to
better align with current agriculture practices, employer needs, and
student readiness for future careers. The poultry industry continues
to embrace new technologies, better management practices, and
changes within the agriculture sector. To fulfill these responsibilities,
the Department of Poultry Science at Texas A&M University chose to
engage in the Program (Re) Design (PRD) process for its undergraduate
curriculum. Existing curriculum strengths and weaknesses were evalu-
ated using feedback on program evaluation surveys (153 responses)
from stakeholders, including current students, former students, current
faculty, and employers within the poultry industry. Additionally, job
postings for careers in the poultry industry and the curricula offered
at peer institutions were reviewed. The data supported discrepancies
in knowledge areas of food safety, regulatory compliance, and quality
assurance, as well as deficient transferrable skills in general business,
understanding implications of consumer and public perceptions, and
professional communication. The curriculum committee (4 faculty
members, 2 academic advisors, 2 undergraduate students, and 3 cur-
riculum consultants) developed 3 disciplinary learning outcomes and 5
outcomes focused on transferrable skills. Performance indicators were
reviewed and grouped into existing courses and potential new courses.
Each course included indicators for assessment of both disciplinary
knowledge and transferrable skills, to ensure that students continue
developing these much-needed competencies throughout their time in
the program. Based on this review process, the undergraduate curriculum
was updated by the addition of 7 courses and revision of existing courses
to include progressive learning integrating both discplinary knowledge
and transferrable skills. While the PRD process was implemented in the
context of a Poultry Science program at a large research-extensive US
university, it can be adapted to a variety of programs across disciplines
and institutions.

Key Words: curriculum redesign, undergraduate students, instruction,
stakeholder needs, program evaluation

122 Thyroid hormone and estradiol differentially modulate
pituitary gonadotropin responses in turkey hens with differential
egg production. Kristen Brady*!, Julie Long?, Hsiao-Ching Liu?,
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and Tom Porter!, 'University of Maryland, College Park, Maryland,
United States, ?’ARS, USDA, Beltsville, Maryland, United States,
3North Carolina State University, Raleigh, North Carolina, United
States.

Low egg producing hens (LEPH) and high egg producing hens (HEPH)
show differences in both gene expression and in vitro hormone respon-
siveness in the hypothalamo-pituitary-gonadal (HPG) axis. Hypotha-
lamic, pituitary, and ovarian transcriptome analysis in LEPH and HEPH
inferred upregulation of thyroid hormone production and metabolism
in LEPH and upregulation of estrogenic genes in HEPH. The pituitary
gonadotropic hormones, luteinizing hormone (LH) and follicle stimu-
lating hormone (FSH), are glycoprotein hormones that are encoded
by unique [ subunits (LHB and FSHB, respectively) and a common o
subunit (CGA). The effect of thyroid hormone (T3) and estradiol (E,)
on LHB, FSHB, and CGA mRNA levels was examined in pituitary cells
isolated from LEPH and HEPH (n = 3 per group). Isolated pituitary
cells were pretreated with no pretreatment (NPT), 1.5 ng/mL Ts, or 1.5
ng/mL E, for 12 h, followed by treatment with gonadotropin releasing
hormone (GnRH) at 0, 10~°, and 10~® M for 6 h. After incubation, nRNA
levels were assessed through RT-qPCR. Data were analyzed by a 3-way
ANOVA using the mixed models procedure of SAS, with significance
denoted at P < 0.05. T; pretreatment decreased LHB, FSHB, and CGA
mRNA levels compared with NPT in HEPH cells, regardless of GnRH
treatment concentration. T; pretreatment also decreased LHB, FSHB,
and CGA mRNA levels in LEPH cells, but only at 10 M GnRH for
LHB, 0 M and 10° M GnRH for FSHB, and 0 M and 108 M GnRH
for CGA. E, pretreatment decreased LHB mRNA levels in HEPH cells
compared with NPT at 10® M GnRH. E, pretreatment also decreased
FSHB mRNA levels in HEPH cells relative to NPT at 0 M GnRH and
increased FSHB mRNA levels in LEPH cells at 10~° M GnRH. T; pre-
treatment negatively impacted LHB, FSHB, and CGA mRNA levels in
cells from LEPH and HEPH, however the effect was more prominent
in HEPH cells. E, pretreatment in HEPH cells decreased F'SHB mRNA
levels at lower GnRH treatment concentrations but decreased LHB
mRNA levels at higher GnRH treatment concentrations. In contrast, E,
pretreatment upregulated FSHB in cells from LEPH at 107° M GnRH.
Overall, T; pretreatment negatively regulated gonadotropin production,
independent of GnRH treatment concentration; whereas, E, pretreatment
had varied impacts on gonadotropin production, depending on the rate
of egg production of the hens. In vitro, T3 and E, impacted pituitary
gonadotropin subunit mRNA levels, both with and without GnRH treat-
ment. Furthermore, pituitary cells from LEPH and HEPH responded
differently to each pretreatment in term of gonadotropin subunit mRNA
levels, indicating functional differences in the HPG axis regulation that
may be related to egg production level.

Key Words: gonadotropin, thyroid hormone, estradiol, HPG axis, turkey

123  Improving biosecurity through the use of a low cost, open
source vehicle cleaning and disinfection system. Eric Benson*!,
Robert Alphin!, Daniel Hougentogler', Adrianna Szostek', and Jona-
than Moyle?, ! University of Delaware, Newark, Delaware, United
States, °University of Maryland, Salisbury, Maryland, United States.

Avian influenza (AIV) and Newcastle disease (NDV) are examples of
highly infectious diseases causing significant outbreaks impacting the
poultry industry. Biosecurity is one of the few preventative techniques
available for most major avian diseases. Biosecurity can be used both
to prevent diseases from entering a facility (“isolation”) and to keep dis-
cases already present on a farm from leaving the farm (“containment”).
A current virulent Newcastle disease virus (vND) outbreak in California
has resulted in 409 confirmed cases as of April 1,2019. Poor biosecurity
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and quarantine led to expansion of the outbreak. An outbreak of highly
pathogenic avian influenza (HPAI) in 2014 — 2015 resulted in over 220
confirmed cases and 50 million poultry dying due to disease or control
measures at a cost of $3.5 billion. A team developed a low-cost, open
source and portable vehicle undercarriage decontamination system. The
system was improved, and a 2-step system was used to evaluate the
process. First, the coverage of the system was evaluated using litmus
paper strips adhered to various locations on the truck exterior and under-
carriage and sprayed with a diluted citric acid solution. In the second
step, galvanized steel coupons inoculated with NDV were affixed to the
truck using magnets and the truck driven through the decontamination
system. Three coupons orientations (horizontal, vertical, and complex)
were chosen to test the system’s ability to target various locations on
the truck. One peroxide disinfectant and one detergent, were used to
determine the differences in decontamination effectiveness between a
disinfectant and detergent. The viral material from the steel coupons
was pooled by orientation type and inoculated into specific pathogen
free eggs. Chorioallantoic fluid was collected from each egg and used
in hemagglutination (HA) and hemagglutination-inhibition assays (HI).
The horizontal coupon orientation passed both trials with no positive
HA results and a neutralizing index above 2.8. The vertical and com-
plex coupon orientations did not pass the disinfectant guidelines, but
a decrease in virus titer was observed in both groups. The system was
able to achieve approximately a 2 log drop in virus titer.

Key Words: biosecurity, disinfection, vehicle, avian influenza, New-
castle disease virus

124  Strain differences and effects of different stocking densi-
ties during rearing on the musculoskeletal development of pullets.
Danielle Fawcett* and Tina Widowski, University of Guelph, London,
Ontario, Canada.

There are few published studies on the effects of stocking density (SD)
on the physical development of pullets, particularly between different
genetic lines. The objectives of this study were to determine if strain or
SD affects musculoskeletal development of pullets reared in furnished
pullet cages and to determine if these rearing conditions have an impact
on keel bone health of adult hens. Three strains were used: Lohmann
Selected Leghorn Lite (LSL), Dekalb White (DW) and Lohmann Brown
(LB). Floor space and number of birds per cage were 247cm?, 91 birds;
270cm?, 83 birds; 299cm?, 75 birds; and 335cm?, 67 birds. At 16 wks
of age, the keel bone, muscles of the breast, wings and legs and long
bones of the wings and legs were collected from a sample of 8 birds
per treatment-strain combination to compare keel development, muscle
growth and bone breaking strength (BBS). DW and LB pullets that
were reared at a SD of 247 cm?/bird or 299cm?/bird were transferred
to large furnished cages at a SD of 748cm?/bird to assess keel damage
at 35 and 50 wks of age. A generalized linear mixed model was used
to assess the effects of SD, strain and their interaction on muscle and
keel bone characteristics and a generalized linear model was used to
analyze BBS data. Muscle weights and keel measures were corrected
for BW to account for body size difference between strain. SD did not
affect the majority of keel bone characteristics, muscle weights or BBS.
However, strain differences were found for all keel bone characteris-
tics, all muscle weights and the majority of BBS measures. The keel
metasternum, height and overall area of the keel bone were found to be
smaller in LB pullets compared with LSL and DW pullets (P <0.0001);
however, cartilage length and overall percentage of the cartilage present
on the keel bone was greatest in LB pullets (P < 0.0001). Leg muscles
were heaviest in LB pullets (P < 0.05); however, breast muscles were
heaviest in LSL and DW pullets (P < 0.0001). LB pullets had greater
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BBS of the humerus (P < 0.0001) and radius (P < 0.0001), whereas
BBS of the tibia was greatest in LSL pullets (P = 0.001). Additionally,
there was a higher prevalence of keel fractures at 50 wks of age in LB
hens compared with DW (P = 0.0144). Overall, rearing SD had little
impact on the musculoskeletal growth of pullets; however, significant
differences were found between strains which may reflect strain-specific
behavior. Additionally, differences in keel development between strains
may lead to differences in keel damage in adult hens.

Key Words: pullet, keel bone, musculoskeletal growth, rearing stock-
ing density, strain

125  What are the needs of the U.S. table egg industry? Darrin
Karcher*!, Alva Muhammad', Deana Jones2, Oscar Garrison®, and
Lesa Vold*, 'Purdue University, West Lafayette, Indiana, United
States, 2USDA ARS, Athens, Georgia, United States, 3United Egg
Producers, Johns Creek, Georgia, United States, 4Egg Industry
Center, Ames, lowa, United States.

Land-grant universities must continue to meet the needs of the table egg
industry even as companies are faced with new and unique challenges
in today’s business environment. Providing Extension and outreach
programming, undergraduate education and research are all needed to
help the industry overcome these challenges. To these ends, a needs
assessment survey was created with input from stakeholder groups
including the United Egg Producers, United Egg Association and the
Egg Industry Center. The survey consisted of 30 questions across
extension, teaching and research. The instrument was disseminated via
email from the stakeholder groups as well as state poultry associations
and individuals, mostly allied industry, who sent it to their customers.
The survey was open November and December 2018. There were 447
responses with 192 completing the entire survey. The respondents’ jobs
were classified as: 53% production, 17% processing, 17% feed mill, 7%
breeders/hatchery and 6% allied industry/other and most respondents
(92%) were associated with complexes housing more than 50,000 hens.
The top 3 egg producing states were best represented: 14% IA, 13% OH,
13% IN. When asked where the company seeks information/education/
training, responses were 30% university, 24% consultants and 23%
commodity associations. Local and state extension services are used
by the table egg industry 51 — 68% of the time. Need for additional
employee training across different areas was assessed by ranking on a
1-10 scale (none to extremely beneficial). The mean scores for differ-
ent areas were animal welfare (7.72), management (7.72), biosecurity
regulations (8.23), manager training (7.57), food safety (7.49) and
product quality (7.42). When asked about using research information
to drive day-to-day decisions, 63% indicated they use it monthly or
more frequently while 29% use it a few times a year. Participants were
asked open-ended questions throughout the survey to understand more
specific programming or research needs. Example responses included:
“Smaller companies are the ones most in need of training and most will
not likely send their non-supervisory employees far off for training.
Training that can be developed, shared and implemented locally may
be more utilized and effective.,” “Cage free production assistance”
and “More on site education and guidance.” Overall, the needs assess-
ment indicates there are numerous programmatic areas that should be
addressed over the next 3—5 years. The impact could be magnified if we
rethink collaborations among extension personnel, commodity associa-
tions and private consultants.

Key Words: laying hen, extension, teaching, research, assessment
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126  Eggshell cuticle reduces bacterial adherence in table eggs.
Garima Kulshreshtha*!, Nicholas D. Calvert!, Ty Diep?, and Maxwell
Hincke!, ! University of Ottawa, Ottawa, Ontario, Canada, *Burnbrae
Farms Limited, Upton, Ontario, Canada.

Food safety of table eggs is critical, as consumption of contaminated
eggs and egg products leads to outbreaks of food poisoning. The eggshell
cuticle is the first line of defense to restrict the entry of egg-associated
food safety pathogens such as Sa/monella. The completeness of cuticle
coverage and its chemical composition play an important role in limiting
bacterial entry; however, bacterial load on eggshell surface is another
key factor. The active components that block bacterial adhesion to the
eggshell surface are largely unknown. The present study describes the
effect of differences in cuticle quality related to hen strain and egg
washing on bacterial adhesion to eggshell surface. Graded (washed) and
ungraded (unwashed) eggs collected from both brown and white egg
laying Lohmann flocks (mid lay) were used in the study. A novel enu-
meration method was developed using green fluorescent protein (GFP)-
expressing Salmonella Typhimurium to monitor bacterial adhesion to
the eggshell surface, with independent measurement of autofluorescence
to quantify cuticle deposition. Eggshell cuticle and adhered bacterial
cells were quantified / visualized on eggshell fragments (n = 3/egg) from
blunt, equatorial and sharp regions of each egg (n = 3). Images (n =4/
fragment) of ES samples with or without fixed bacteria were acquired
using a Zeiss LSM 880 with AiryScan confocal microscope through
a 20x objective. Both tile-scanning and Z-stacking were acquired
using excitation and emission spectra profiles for both enhanced green
fluorescent protein (eGFP) and mCherry (green and red, respectively).
Images were displayed using Imaris software, and Imagel] was used
for data processing. Integrated density for all channels was measured
to quantify autofluorescence (cuticle deposition), and the green channel
was used to quantify GFP-bacteria. Staining of eggshell fragments with
Cuticle blue showed that washing of eggs reduced the cuticle coverage.
Bacterial cell density was quantified on graded eggs with less cuticle,
bleach treated eggs with no cuticle and ungraded eggs with best cuticle
coverage. Higher bacterial density was observed on graded and bleach
treated eggs compared with ungraded eggs (P < 0.05, n = 3; one-way
ANOVA), which permitted an inverse relationship between Salmonella
Typhimurium cell adhesion and cuticle quality to be established (R? =
—0.79). These results indicate that the cuticle constituents significantly
reduced bacterial load on eggshell surface, independent of bacterial
penetration. The outcome of our research will provide new tools to
breeders and egg producers to assess cuticle quality to improve the
safety of table eggs. (Supported by Egg Farmers of Canada)

Key Words: eggshell, cuticle, confocal microscopy, pathogens,
antimicrobial

127 A meta-analysis of the effects of dietary supplementa-
tion of a novel microbial muramidase on broiler’s performance
growing in Latin American conditions. Leticia Bittencourt*!, Vitor
Fascina!, Maria Elena Rubio?, Javier Ameri’, Marcelo Hidalgo?,
Rual Lopez-Ulibarri*, Rafael Hermes', and Estefania Calvo®, /DSM
Nutritional Products, Sao Paulo, Brazil, >DSM Nutritional Products,
Guadalajara, Mexico, >DSM Nutritional Products, Tortuguitas,
Argentina, ?DSM Nutritional Products, Kaiseraugst, Switzerland,
SDSM Nutritional Products, Village Neuf, France.

Muramidases are enzymes that hydrolyze peptidoglycans (PGNs) that
are structural polymers conforming, and exclusively found in nature,
in bacterial cell walls. It is hypothesized that excessive PGNs in the
gastrointestinal track of chickens, as result of natural bacterial dead and
turnover in the gut microbiota, could negatively impact gastrointestinal
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functionality by interfering with its capability for nutrient absorption
and, consequently, on performance. To demonstrate the consistency of
the beneficial effects on broiler’s performance by the dietary inclusion of
anovel microbial muramidase, a meta-analysis was carried out using the
results of 7 independent in vivo performance trials conducted in different
geographical locations of Latin America (LATAM): Brazil, Argentina,
Chile and Mexico. A total of 5,312 one-day male broilers (Cobb 500
or Ross 308) were dietary supplemented with a microbial muramidase
doses between 15,000 to 45,000 muramidase units (LSU (F)) per kg
diet from 1 to 42 d. The simultaneous analysis of all trials was based
on a linear mixed effects model with feed conversion ratio (FCR) as
continuous endpoint parameter and muramidase levels as a continuous
exploratory variable, including a random trial effect. Meta-analysis
was performed in the SAS PROC MIXED procedure at 5% probability.
The results indicated a linearly improved FCR response to increasing
muramidase levels on broiler diet (P < 0.0001; Y = 1.7525-0.00142x).
On average, an improvement by 0.0142 FCR per 10,000 microbial
muramidase units added to broilers diet was determined. It can be con-
cluded that the dietary supplementation of novel microbial muramidase
in broiler diets growing under LATAM conditions significantly improves
feed efficiency of broilers and the beneficial effects are dose-dependent.

Key Words: muramidase, peptidoglycans, gastrointestinal functional-
ity, performance

128  Algal polysaccharides to improve gut health. Maria
Garcia*!"2, 'Olmix Group, Velp, Netherlands, ’INRA, Nouzilly,
France, 3Brest University, Brest, France.

The cell wall of marine algae is mainly composed of water soluble sul-
fated polysaccharides with several biological activities such as modula-
tion of the immune response and reinforcement of gut barrier function.
The present study aimed at assessing the ability of different seaweed
extracts on improving gut health. The first part of the word tested a
specific extract from green algal Ulva sp to upregulate the expression
of immune mediators and the molecular mechanisms underlying this
immunomodulatory activity by identifying the cell receptor and the
signaling pathways involved. The second part of the work focused on the
the potential enhancement properties of a red algal extract from Solieria
Chordalis on intestinal integrity using in vitro cell models HT-29 MTX
and Caco-2 cells, under physiological and inflammatory conditions.
Results showed that Ulva sp extract has the capacity to upregulate the
expression of immune mediators: TNFo, CCL20, IL-10, TGF-p that
are involved in cell differentiation and proliferation, recruitment of
immune cells and anti-inflammatory activities. Ulva sp extract interacts
with TLR4 and TLR2 and leads to rapid activation of transcription fac-
tors PI3K and NF-«xB. The red algal extract was shown to upregulate
the expression of different target genes related to claudin-2, ZO-1 and
Z0-2. The red algal extract upregulates the expression of mucin targeted
genes: MUC4, MUC2, MUCS5B and MUCSAC. The combination of both
algal extracts can reinforce gut health targeting barrier function which
is the first line of mucosal defense and via modulation of local innate
and adaptive immune responses and induction of anti-inflammatory
activities. The use of macroalgal sulfated polysaccharides can play an
important role within the reduction of antibiotics in farms.

Key Words: macroalgae, immunomodulating agent, gut barrier, sulfated
polysaccharides, mucin

129  Broiler enrichment: Welfare and performance benefits.
Elizabeth Bobeck®, Meaghan Meyer, and Anna Johnson, lowa State
University, Ames, lowa, United States.
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Genetic selection for increased growth rate has contributed poor loco-
motion or leg lameness in up to 30% of modern commercial broilers,
necessitating up to 2% culls within the flock. The 2017 National Chicken
Council animal welfare guidelines have recognized this challenge and
require gait scoring of 100 birds per flock to evaluate leg health within
one week of slaughter. Past broiler research reports that motivating
physical activity increased tibia strength and decreased lameness.
Enrichment options that motivate birds to move have been sparingly
explored; however, none have effectively captured broiler attention
beyond object novelty in conjunction with improving growth and per-
formance. We designed a novel enrichment device for poultry based on
innate visual and predatory feeding behavior, wherein a red laser dot
moved randomly on the pen floor several times per day. Twelve-hundred
Ross 308 broilers were housed 30/pen for a 6-week grow-out where half
of'the pens received laser enrichment treatment daily (4 “laser periods”/
day at 05:30, 11:30, 17:30, and 23:30; LASER) and the other half served
as control with no laser enrichment exposure. Seven pens each of control
and laser enrichment treatment (total n = 14) were video recorded daily
d0-8 and once weekly 2—6. Five randomly selected focal birds/camera
pen (n = 70) were marked with animal-safe food coloring on d0 and
observed for active and feeding behavior (video) and lameness weekly
(individual live evaluation). Performance outcomes were calculated by
pen and averaged per bird for each 2-wk performance period and overall
(d0—42). Data were tested for normality and analyzed using a one-way
ANOVA (Proc Mixed [performance] or Proc Glimmix [behavior], SAS
Version 9.4). LASER birds were more active on d0, 1, 3, 4, 5, 7, and
8, and on wks 2—5, moving up to 17.4% more than control birds in the
first 9d and up to 12.2% more weekly (P < 0.05). LASER birds spent
more time at the feeder on d0, 1, 2, 5, and §, and on wk 1 and 5 (P <
0.05), with no lameness differences (LASER vs. control). LASER birds
had greater feed intake and weight gain in all periods, with an overall
increased gain of 0.24 + 0.03 kg/bird (P < 0.05). FCR was improved in
LASER birds in the grower and finisher periods, as well as overall (P
<0.05), with an overall improvement of 0.07 + 0.01 points. ADG was
improved in laser enriched birds in the starter and finisher periods, and
overall (P < 0.05), with an overall increase of 5.7 + 0.0006g/bird/d. In
conclusion, the laser enrichment was able to motivate broilers to move
from wk 1-5 until the last trial wk 6, while improving weight gain
and FCR. Future work will determine optimum exposure length and
frequency to maintain performance and welfare outcomes.

Key Words: broiler, enrichment, welfare, behavior, performance

130  Broiler euthanasia by cervical dislocation or Koechner
Euthanizing Device: Severing both carotid arteries immediately
after application does not hasten the time to death. Richard Jeff
Buhr*!, Caitlin Harris'2, Nicole Bartenfeld Josselson!, Leonie
Jacobs?, Ranjit Boyal*, and Dianna Bourassa®, /USDA ARS USNPRC,
Athens, Georgia, United States, °University of Georgia, Athens,
Georgia, United States, *Virginia Tech, Blacksburg, Virginia, United
States, *Auburn University, Auburn, Alabama, United States.

The time to brain death during euthanasia of broilers using cervical
dislocation (CD) has been partially attributed to the stretching and/or
severing of the carotid arteries that would contribute to ischemia and
accelerate brain hypoxia. The current study was undertaken to determine
if immediately severing both carotid arteries in broilers euthanized by
CD or using the Koechner Euthanizing Device-C (KED) impacted the
time to cessation of musculoskeletal movements (indication of brain
stem and spinal cord death). Male broilers (22/treatment) at 6 wk-of-age
were assigned to either CD, CD+bled, KED, or KED+bled in sequential-
rotating order. Each broiler was placed into a metal bleeding cone, either
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CD or KED was performed, and the bled treatments immediately had
the carotid arteries severed with a hand-held knife mid neck (to avoid
cutting the damaged spinal cord at the base of the skull). CD was per-
formed by 1 individual, KED and post-application observations by 2
individuals, and the necropsy and identification of the carotid arteries
by 1 individual. The persistence of musculoskeletal movements was
observer every 15 s for 4 min, or until there was cessation of movement
for 1 min. The cessation of movement following CD occurred at 114
+ 33 s and was significantly (P = 0.0387) shorter compared with KED
at 142 + 42 s. Compared with the not bled treatments, immediately
severing both carotid arteries did not alter the cessation of movement
for either CD+bled (125 + 38 s P =0.7281) nor KED+bled (134 + 40
s P=0.8339). During necropsy dissection, the severing of both carotid
arteries during CD or KED was not observed and the frequency of 1
carotid artery being severed was 4/22 (18%) for CD and 2/22 (9%) for
KED. Five of the 6 (CD and KED) broiler carcasses with 1 severed
carotid artery had shorter than average time to cessation of movement.
However, 15/38 (39%) broilers with both carotid arteries intact had
the same or shorter time to cessation of movement, compared the car-
casses with 1 severed carotid artery. Although the carotid arteries are
frequently stretched and displaced laterally by the disarticulated neck
vertebra, they predominately (86%) remain intact during both CD and
KED euthanasia. These results indicate that reducing blood flow to the
brain by severing the carotid arteries during euthanasia did not accelerate
the time to death, and were unable to aid in explaining the physiology
underlining the earlier attainment of death following CD when compared
with KED. Brain ischemia most likely occurs by the severing of the
bilateral vertebral arteries that occurs during both CD and KED. The
ruptured vertebral arteries are likely the source of the pooled blood at
the skull-vertebra gap during CD and KED euthanasia.

Key Words: euthanasia, cervical dislocation, Koechner euthanizing
device, carotid arteries, brain stem death

131  Effects of strain and stocking density on broiler yield and
meat quality. Shawna Weimer*?, Stacy Zuelly', Kailynn VanDeWa-
ter!, Melissa Davis!, Darrin Karcher!, and Marisa Erasmus', ! Purdue
University, West Lafayette, Indiana, United States, *University of
Maryland, College Park, Maryland, United States.

Consumer concern for the welfare of broiler chickens has increased
interest in broilers from slower growing strains. However, raising slower
growing broilers will lower chicken production. Furthermore, there
may be differences in meat quality between faster and slower growing
chicken strains that could be affected by stocking density. Our objective
was to evaluate the effects of strain and stocking density on the yield
and meat quality of broilers. Our study was a 2x2 factorial with main
effects of strain and stocking density. The broiler strains used reached
market weight (2.8 kg) at 42 d (conventional strain, CONV) and at 63
d (slow growing strain, SG). Birds were reared in 16 pens at either 29
kg/m? or 37 kg/m?. Birds were provided the same starter, grower and
finisher diets with SG phase changes occurring when CONV birds’ body
weights were matched. At the beginning of the trial, 8 focal birds per
pen were identified and these birds were processed at market weight (n
= 118 birds). At processing, live weight, carcass weight and part weights
of the wings, quarters, breasts, tenders and rack were recorded to cal-
culate carcass and part yield. The right breast and thigh from each bird
was measured for color, 24 h pH, cook loss and Warner-Bratzler shear
force. Data were analyzed using a 2-way ANOVA with the main effects
of strain and stocking density and the random effect of pen. There was
no effect of strain or stocking density on live weight or carcass weight
(P > 0.05). There was an effect of strain on carcass and part yields as
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well as breast and thigh color, 24 h pH, cook loss and shear force and
an effect of stocking density on breast shear force. CONV birds had
3.3%, 13.0%, and 2.8% higher carcass, breast and tender yield (P <
0.002), respectively. SG birds had 2.7%, 5.0%, and 7.5% higher wing,
quarter and rack yield (P < 0.0001), respectively. SG thigh meat had
higher L* (lightness) and a* (redness) values than CONV (P < 0.002).
SG breast meat had higher L* values and CONV had higher b* (yel-
lowness) values (P <0.001). CONV breast meat had a higher 24 h pH
than SG (6.12 vs. 5.97, P < 0.0001). SG thigh meat had higher cook
loss than CONV (9.19% vs. 7.47%, P = 0.007). CONV breast meat
had a higher shear force than SG (29.13 N vs. 18.29 N, P =0.002) and
birds raised at 37 kg/m? had a higher shear force than birds raised at
29 kg/m? (26.64 N vs. 20.66, P = 0.04). CONV thigh meat had a lower
shear force than SG (10.37 N vs. 15.47 N, P = 0.0008). These results
indicate that the strain differences in yield and meat quality may war-
rant the suitability of chicken products from different broiler strains for
distinct product markets.

Key Words: broiler, strain, stocking density, yield, meat quality

132 External parasites (bed bugs, Cimex lectularius) in cage
free housing systems: Hen welfare and productivity. Marisa
Erasmus*, Kailynn VanDeWater, Yiru Dong, Aaron Ashbrook, Sudip
Gaire, and Ameya Gondhalekar, Purdue University, West Lafayette,
Indiana, United States.

External parasites such as bed bugs (Cimex lectularius) are a threat to
laying hen welfare and farm worker health, and are becoming increas-
ingly problematic as the US egg industry transitions to cage free produc-
tion systems. A field trial was conducted to examine the effects of bed
bug infestations on hen welfare and productivity. Data were collected
on a total of 4 flocks housed in commercial egg barns (2 barns with bed
bugs (BUG) and 2 control (CON) barns) with the same type of housing
system (Big Dutchman, Inc. MI) and genetic line of hens. Data were
collected at 39 (1 BUG and 1 CON flock), 48 (1 BUG and 1 CON
flock), 57 (2 BUG and 2 CON flocks), 66 (2 BUG and 2 CON flocks)
and 75 (1 BUG and 1 CON flock) weeks. At each age, hen welfare
(feather condition of the head, neck, back, wings and tail; keel bone
fractures and deviations; and footpad condition) was scored based on
the Welfare Quality® Assessment Protocol using 100—120 hens/barn.
Bed bugs were also counted at each age when welfare assessments were
conducted. Average hen body weight, hen day production and mortality
for each age were obtained from flock records. Age-related differences
in welfare measures were analyzed with the Friedman test, differences
in welfare measures between BUG and CON flocks were analyzed with
the Mann-Whitney U test, and hen mortality, productivity and body
weight data were analyzed using the MIXED procedure with time as a
repeated measure (SAS 9.4). No bed bugs were found in CON barns.
For both CON and BUG flocks, feather condition, footpad condition
and keel damage worsened with age (P < 0.0001). Feather damage on
the head (P = 0.03), neck (P < 0.0001), back (P = 0.0006), rump (P
< 0.0001), right wing (P < 0.0001), left wing (P < 0.0001) and tail (P
<0.0001), and footpad condition (P < 0.0001) were worse for hens in
CON barns. However, keel bone deviations and fractures (P < 0.0001)
were worse for hens in BUG barns. Mortality increased with age (39
weeks: 0.09 £ 0.06%; 48 weeks: 0.2 £ 0.06%; 57 weeks: 0.02 = 0.04%,
66 weeks: 0.49 £ 0.04%, 75 weeks: 0.52 £ 0.06%, P = 0.02) but did
not differ between CON an BUG flocks. Hen-day production declined
with age (39 weeks: 93 + 1.4%; 48 weeks: 91 + 1.4%; 57 weeks: 90
+ 1.0%, 66 weeks: 87 = 1.0%, 75 weeks: 82 + 01.4%, P = 0.02) but
did not differ between CON and BUG flocks. While bed bugs did not
negatively influence hen feather condition and productivity in this
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small field trial, keel bone fractures and deviations were more severe,
indicating a possible relationship between bed bugs and hen skeletal
health. Research is ongoing to understand the influence of bed bugs on
hen activity level, behavior and skeletal health.

Key Words: laying hen, cage free, parasites, welfare, productivity

133  Development and establishment of organoid biobanking:
long-term ex vivo cultures for three-dimensional organoids from
chicken intestinal crypts. Yuhua Farnell*!, Dan Zhao', Michael
Kogut?, Kenneth Genovese?, Laurie Davidson?, and Robert Chap-
kin3, 'Department of Poultry Science, Texas A&M AgriLife Research,
Texas A&M University, College Station, Texas, United States, *South-
ern Plains Agricultural Research Center, Agricultural Research
Service, United States Department of Agriculture, College Station,
Texas, United States, 3Program in Integrative Nutrition & Complex
Diseases, Texas A&M AgriLife Research, Texas A&M University,
College Station, Texas, United States.

Intestinal organoids, known as “mini-guts,” are derived from intestinal
stem cells, which are located at the base of the villi crypts. Recently,
organoids derived from different organs including intestine, brain,
liver have been used as a novel pathophysiological model to study the
mechanism of host-pathogen interactions. However, there is still a need
for long-term cultures of chicken intestinal epithelial cells as well as the
development of an ex vivo cell culture model. Therefore, the objectives
of this study were to generate crypt-derived organoids from chicken
intestines and to optimize conditions for cell cryopreservation and
passages. Crypt samples from duodenum, jejunum, ileum, and cecum
were collected from layer and broiler chickens with ages ranging from
day one to 20 weeks. Five-hundred isolated crypts were embedded in
a basement membrane matrix, and cultured with media prepared in
house. For cryopreservation, dissociated organoids were resuspended
in a freezing medium. The characteristics of intestinal organoids upon
extended passages and freeze-thaw cycles were analyzed using reverse
transcription-PCR, immunoblotting, and live cell imaging. We then
established a long-term 3-dimensional ex vivo culture system of the
chicken organoids from the duodenum, jejunum, ileum, and cecum.
The crypt-derived organoids were successfully grown and propagated
to form 3-dimensional epithelial structures that can be cultured for up
to 3 weeks. Organoids were formed on day one, budding appeared on
d 3, and robust budding was observed on d 7 and beyond. Immunoblot-
ting using E-cadherin (the marker for epithelial cells) and leucine-rich
repeat-containing G protein-coupled receptor 5 (LGRS, the marker for
stem cells), confirmed that crypt-derived organoids are epithelial cells
that contained LGRS-positive stem cells. To the best of our knowledge,
this work was the first comprehensive report for establishing long-term,
organoid cultures from duodenum, jejunum, ileum, and cecum of layer
and broiler chickens, which will help us better understand host-pathogen
interactions, eventually leading to the discovery of pathogen interven-
tion strategies in poultry.

Key Words: organoid, crypt, stem cells, chicken, intestines

134  Not Presented

135  Synbiotic supplementation to decrease cecal Clostridium
perfringens load in broiler chickens induced with necrotic
enteritis. Revathi Shanmugasundaram*!, Ashley Markazi’, Moha-
mad Mortada!, Lisa Bielke?, Basharat Syed*, Chasity Pender?,
Shelby Curry?, Raj Murugesan?, and Ramesh Selvaraj', ! University
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of Georgia, Athens, Georgia, *The Ohio State University, Wooster,
United States, SBIOMIN America Inc, Overland Park, United States,
“BIOMIN Holding GmbH, 3131 Getzersdorf, Austria.

Asseries of studies were conducted to determine the efficacy of synbiotic
applications to combat the negative effects of necrotic enteritis (NE).
An in vitro study was conducted to test the effect of probiotics species
supernatants to decrease Clostridium perfringens (CP) proliferation.
Lactobacillus reuteri, Enterococcus faecium, Bifidobacterium anima-
lis, and Pediococcus acidilactici culture supernatants decreased the
proliferation of CP at 1:1 supernatant:pathogen dilution. Subsequently,
2 in vivo studies were conducted to determine the in vivo response of
synbiotic supplementation containing the same probiotic strains as above
on production performance and cecal CP load in broilers challenged with
Eimeria maxima and CP to induce mixed NE infection. In Experiment
1, 75 broiler chicks were randomly allotted to 3 treatment groups, con-
trol (basal diet), ionophore (Salinomycin), and synbiotic (PoultryStar®
me) from day of hatch and induced with NE in 5 replications (5 birds/
replicate). There were no significant treatment effects on BW, feed con-
sumption, and feed conversion ratio. However, ionophore or synbiotic
supplementation increased (P < 0.05) villi height and decreased IL-1
mRNA abundance, while synbiotic supplementation increased (P <
0.05) IL-10 mRNA abundance compared with the control group, respec-
tively. In Experiment II, 360 broiler chicks were randomly allotted to 3
treatment groups (8 replicates/group with 15 birds/replicate), negative
control (control) or poisitive control (NE; basal diet) or NE + synbiotic
group (synbiotic). At both 21 and 42 d of age, NE birds had decreased
(P <0.05) BW, feed conversion, and jejunal villi height compared with
control while synbiotic birds were intermediate. At 42 d of age, NE
birds had 2.2 log/g increased CP in the ceca contents compared with
control, while synbiotic birds had comparable CP load compared with
the control group. Synbiotic birds had significantly greater amounts of
bile anti-CP IgA compared with the control and NE group. It can be
concluded that synbiotic supplementation decreased CP proliferation in
vitro and cecal CP load in vivo while improving production parameters
during a mixed NE infection in broilers.

Key Words: Clostridium perfringens, Eimeria maxima, coccidiosis,
performance, salinomycin

136  In ovo feeding dose response of Clostridiale strains on
hatch and early growth performance. Shaymaa Abousaad*!,
Ramon Malheiros!, Shawn Jones?, Bryan Tracy?, and Peter Ferket!,
INC State University, Raleigh, North Carolina, United States, 2White
Dog Laboratories Inc., New Castle, Delaware, United States.

Due to current public concern about antimicrobial resistance, the use
of live microorganisms to manage enteric health is becoming a feasible
practice, especially when administered early in a broiler’s productive
life. Strains within the Clostridiale order, including many butyric acid-
producing anaerobes, are found in the intestines of healthy animals
have been shown to promote growth performance and improve gut
health. The objective of this study was to examine the dose response of
BioTyton consisting of unique Clostridiale strains, delivered by in ovo
feeding (IOF) on hatch performance, hatch window and early growth
performance. Viable eggs of equal weight (0.5 std.) were segregated
for 6 experimental treatments. At ~17 d of incubation, 100 uL of either
anaerobic control solution (Cont) or 107, 102, 104, 10° 108 cfu BioTyton/
egg was administrated into the embryonic amnion. Hatch yield were
determined at 4 h intervals starting at ~480 h until 504 h of incubation,
which is a typical hatch pulling time at commercial hatcheries. Embryos
for all unhatched eggs were examined to determine proportion of exter-
nal and internal pipped, late dead and early dead. At the day of hatch,
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10 chicks from each treatment group were placed randomly in battery
cages (5—8 Cages/treatment). Data were subjected to one way ANOVA
and the significant differences (P < 0.05) among treatment means were
determined by Duncan’s multiple range test. A regression analysis
for the hatchability rate revealed the optimum dose for improved the
hatchability rate was between 10* and 10° cfu/egg. In comparison to
control, doses of 10* and 10 cfu/egg showed significantly (P < 0.05)
higher relative yolk-free embryo weight (g), lower embryonic death
rate after external pipping, higher daily weight gain (g/d) from 0 to 14
d post-hatch, higher 2-week-body weight (g), and lower mortality rate
during the first week. In addition, 10° cfu/egg reduced hatch window
by 5 h and had the lowest mortality rate from 0 to 21 d, and 10* cfu/
egg resulted in the lowest FCR (g feed/g gain) from 7 to 14 d. There is
no significant difference among treatment groups in the hatch weight,
chick quality score, and tonic immobility of the birds. In conclusion,
in ovo administration of 10 and 10° cfu BioTyton/egg into the amnion
of the chicken embryos improved hatch performance and early growth
performance.

Key Words: in ovo feeding, Clostridium, hatch, growth, broilers

137  Evaluation on control of mite infestations of flocks under
tropical climatic conditions through the use of Fluralaner 1%
solution. Gustavo Perdoncini*, Jorge Werlich, Lucas Colvero, and
Harvey Souza, Merck Animal Health, Sdo Paulo, Brazil.

Mite control on commercial farms is one of the challenges faced by
farmers. The main negative impacts related to infestations are reduc-
tions in egg productivity and quality, as well as the susceptibility of
transmission of Salmonella spp. or other pathogenic microorganisms
to birds. The choice of tool that guarantees zero-day withdrawal period
for eggs, high efficacy and convenient application features characteris-
tics of an ideal product. The objective of this work was to evaluate the
efficiency of the Fluralaner (Exzolt®) molecule against infestations of
Ornithonyssus sylviarum and Dermanyssus gallinae on farms. The mite
infestation was characterized in 18 commercial egg farms in Brazil and
the elimination of mites were carried out using Fluralaner 1% aqueous
solution (Exzolt®). In total, 463 thousand hens were treated. Feathers
and facilities of infested birds were analyzed through the taxonomic
identifications of the isolated individuals to characterize the mite
involved. The hens received the oral treatment by drinking water on
d 0 and 7, at a dose of 0.5 mg fluralaner per kg of Body Weight (BW)
(equivalent to 0.05 mL Exzolt’/kg BW). The treatment was given using
a tank of medication for an average period of 5 h. The determination of
primary efficacy was based upon the of Ornithonyssus sylviarum and
Dermanyssus gallinae inside the houses or on the hens pre- and post-
treatment. In the evaluated farms Ornithonyssus sylviarum was identified
in 78.22% of the egg farms and Dermanyssus gallinae in 27.78%. This
evaluation made it possible to characterize Ornithonyssus sylviarum as
a prevalent species. It was not identified the presence of both species
in the same farm. Infestations have always been characterized as the
only prevalent species. The use of Fluralaner orally by drinking water
allowed the efficient elimination of both mites on 100% of the farms.
The verification of the viable presence of the mites was performed 7
d after the second application. The oral application via drinking water
offered an innovative new approach for comprehensive management of
both species identified. Currently, conventional insecticides are used to
control mite infestation trough sprayed directly over the birds, which
show low effectiveness due to ability to reach mite refuges in crevices
and cracks close to the birds. The great results were easily identified in
the farms, due to the rapid mite elimination. Furthermore, it brought zero
egg withdrawal time for layers. The use of Fluralaner was efficient in the
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elimination of the mites present in the farms, characterizing an effective
product for this purpose. Exzolt is not approved for sale in Canada.

Key Words: eggs, Exzolt, Fluralaner, hen, mite

138  Prevalence of Salmonella enterica in chicken meat retail
in Mexico: A longitudinal study. Gerardo Nava*, Ivan Regalado-

Pineda, Carolina Resendiz-Nava, and Elizabeth Saenz-Garcia, Uni-
versidad Autonoma de Queretaro, Queretaro, Qro, Mexico.

Worldwide, Salmonella is one of the most important zoonotic pathogens;
however, in many countries its prevalence remains unknown. The objec-
tive of the present study was to perform the first long-term longitudinal
study of Salmonella prevalence in chicken meat retail in Mexico. A total
of 1,500 samples were collected monthly from 2016 to 2018 in wet mar-
kets (n = 590) and supermarket chains (n = 910). Each month, chicken
legs and thighs were collected from 5 markets (n= 10 or 32 pieces) and
5 supermarkets (n = 10 or 64) from Queretaro, Mexico; and transported
on ice to the laboratory for processing within 4 h. Culture dependent
(pre-enrichment, enrichment and selective media) and molecular meth-
ods were used to isolate and identify S. enterica isolates. Results were
compared using the 7-test. Overall, S. enterica was recovered from 19%
of the meat samples. Remarkably, a higher prevalence (P < 0.05) was
observed in supermarkets (25%) than in wet markets (9%); it was 2.6
times more likely (odds ratio = 2.6, P < 0.0001) to recover S. enterica
from supermarkets than wet markets. Within the 3 years analyzed, the
pathogen was always more prevalent in supermarkets and in spring and
winter seasons (P < 0.05). Interestingly, the recovery rate of S. enterica
from supermarkets has increased gradually from 20% to 42% during
the study period. The higher occurrence of Salmonella in supermarkets
uncovers an important health threat that needs to be urgently addressed
by poultry meat producers and retailers.

Key Words: Salmonella, prevalence, chicken, retail, longitudinal study

139  Up-regulated hypoxia-inducible factor 1 alpha in pecto-
ralis major of commercial broilers affected with white striping
myopathy. Yuwares Malila*, Krittaporn Thanatsang, Sopacha Araya-
methakorn, Tanaporn Uengwetwanit, Yanee Srimarut, Wanilada Run-
grassamee, and Wonnop Visessanguan, National Center for Genetic
Engineering and Biotechnology, Pathum Thani, Thailand.

Numbers of studies have pointed out an association between develop-
ment of white striping (WS) abnormality in commercial broilers and
myodegeneration initiated through low oxygenation within broiler
breast muscle. However, an actually etiology of this myopathy has not
been fully understood. The objective of this study was to determine
hypoxia-inducible factor 1 o (HIF1A) in pectoralis major of 42-d-
old Ross 308 broilers exhibiting WS myopathy. It was hypothesized
that this transcription factor would be increased in the WS relative to
non-defective samples as the increased abundance of this protein was
previously demonstrated within several tissues exposed to an experi-
mentally reduced oxygen availability. The chicken breast samples were
collected within 20-min postmortem. One side of the breasts was dis-
sected, snap frozen in liquid nitrogen, and stored at —80°C until total
RNA isolation and protein extraction. The other side was used for defect
classification at 24-h postmortem. The breast was classified as “WS” or
“non-defective” based on its appearance. Those with white lines on the
surface were categorized into WS group (n = 7) whereas non-defective
samples (n = 4) were ones without any lesion. Expressions of HIF1A
at gene and protein levels in pectoralis major were examined using
droplet digital polymerase chain reaction (ddPCR) and immunoblot,
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respectively. Statistical differences in HIF1A expression between WS
and non-defective breast muscles were identified using Student’s 7-test
(o= 0.05). Based on ddPCR, absolute HIF1A transcript abundance in
the WS samples (8.0 + 0.7 copies/ng template) was significantly greater
than that of non-defective samples (5.4 = 0.6 copies/ng template) (P
=0.01). At protein level, although there was no significant difference
in average values of protein band intensity (MW = 120 kDa) between
WS and non-defective groups (P = 0.14), the average band intensity
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of the abnormal samples was approximately 2-fold greater than that of
non-defective ones. The results indicated an upregulation of HIF1A at
transcriptional level in WS breast muscles, suggesting the molecular
activities encountering oxidative stress within the WS muscle.

Key Words: droplet digital polymerase chain reaction, immunoblot,
oxidative stress, white striping
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141  Withdrawn
142 Not Presented
143 A machine learning approach to characterizing microbial

profiles in tibial joints of Pekin ducks. Shelly Nolin*!, Zachary
Lowman'?, Jocelyn Romano?, and Chris Ashwell', NC State Univer-
sity, Raleigh, North Carolina, United States, 2Joe Jurgielewicz & Son,
Hamburg, Pennsylvania, United States, 3Romano Veterinary, PLLC,
Jacksonville, North Carolina, United States.

To more efficiently satisfy world-wide demands for poultry, birds have
been selected for faster growth rates, with the unfortunate side effects of
leg problems such as tibial dyschondroplasia (TD) which can arise when
bones cannot grow and mineralize adequately to support the growing
body. Leg problems are leading causes of late mortality in commercial
production as well as being an issue of welfare as the birds may suffer
painful lameness. Resident microbe populations often correlate with
matters of health and disease, and it was the goal of this trial to better
understand TD and lameness by characterizing the microbes inhabiting
the proximal tibial joint of Pekin ducks. To induce lameness, ducklings
were raised on a slanted floor. At 18 and 39 d of age 8 ducks exhibiting
lameness and 8 non-lame controls were euthanized, and had their left
tibia scored 0—4 for TD, based on appearance and extent of lesions.
Lesions were observed in 28/32 samples, but there was no significant
statistical correlation between score and lameness. The right tibias
were flash frozen for microbial DNA isolation, library construction, 16s
sequencing, and bioinformatic analysis for microbial composition and
abundance. A total of 390 microbial taxa were identified. The Waikato
Environment for Knowledge Analysis, “WEKA” (Waikato, New Zea-
land) machine learning program suite was utilized to run support vector
machine (SVM) and artificial neural network (ANN) algorithms, using
a stratified hold out and 66-34% split for model cross-validation. Taxa
were ranked by WEKA based on its’ entropy based ranking feature.
Algorithms run sequentially as taxa are reduced to maximize prediction
performance for age and lameness, and to determine optimal microbial
profiles for each comparison. Microbial abundance values could predict
age with 100% accuracy using the top 2-25 taxa in non-lame samples
and top 4-50 taxa in lame samples. Lameness at d 18 could be predicted
with 100% accuracy using the top 73—87 taxa, however the algorithms
could only predict d 39 lameness with 68—87% accuracy using the top
6—7 taxa. The results of machine learning indicate abundance of only a
few taxa are needed to accurately differentiate samples by age, whereas
more taxa are necessary to differentiate between young lame and not
lame birds. At 39 d there is too little distinction between the joint micro-
biomes of lame and not lame birds to predict with high accuracy. Better
understanding of microbial populations and their effects on changes
within the joints may aid in future targeted approaches to control leg
problems in poultry production.

Key Words: machine learning, tibial dyschondroplasia, joint microbes,
lameness, 16S sequencing

144  Early cytokine responses in tracheas from congenic MHC
haplotype chickens with distinct susceptibility to infectious
bronchitis virus. Ana da Silva* and Rodrigo Gallardo, University of
California, Davis, Davis, California, United States.
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Infectious bronchitis virus (IBV) is an upper respiratory pathogen of
chickens that undergoes mutation and recombination events during
replication. Due to its genetic variability, some IBV genotypes are
able to evade immune responses elicited by commonly used vaccine
strains. Therefore, local innate and non-specific immune responses
play an important role in protection against IBV. To better understand
innate immunity to IBV, we have been using MHC congenic chicken
lines that present distinct susceptibility to IBV. The relatively resistant
331/B2 and susceptible 335/B19 chicken lines share the same genetic
background, with differences only in their MHC haplotype. In previ-
ous experiments, we used tracheal organ cultures to assess cytokine
levels after an in vitro challenge with IBV. However, we were not able
to distinguish cytokine responses to IBV because of the inflammation
induced by the tracheal processing. It was noticeable that line 335/B19
presented an exaggerated inflammatory response compared with 331/
B2, which might be related with its relative susceptibility. The goal of
the present study was to assess cytokine gene expression and produc-
tion in tracheas from these 2 chicken lines after a challenge with IBV in
vivo. A total of 120 birds, 60 from each chicken line (331/B2 and 335/
B19), were raised in isolators for one week. Half of the birds of each
line were challenged with IBV M41 at 7 d of age, totalizing 4 groups
(331/B2 and 335/B19, challenged and unchallenged). Five birds/group
were euthanized by cervical dislocation at 18, 24, 36, 48 and 60 h post-
infection. Tracheas were carefully removed and immediately placed in
liquid nitrogen to stop cellular processes such as cytokine production
and mRNA synthesis. Tracheas were flushed with PBS and the tracheal
wash used for IFN-, IL-18, IL-6 and IL-10 quantification by ELISA.
Total RNA was extracted from tracheas and gene expression of the same
cytokines was evaluated by RT-qPCR. Preliminary results corroborate
previous findings that 335/B19 birds presented higher inflammatory
response than 331/B2. Unlike the in vitro experiment, this experiment
was able to provide valuable information about the local innate responses
elicited after the challenge with IBV. This knowledge can assist the
development of targeted prevention approaches that focus on unspecific
innate immune responses against multiple IBV genotypes.

Key Words: infectious bronchitis, innate immunology, cytokines

145  Chitosan oligosaccharide supplementation alleviates stress
stimulated by in-feed dexamethasone in broiler chickens. Saheed
Osho* and Olayiwola Adeola, Purdue University, West Lafayette,
Indiana, United States.

This experiment was conducted to investigate the effect of dietary chito-
san oligosaccharide (COS) on growth performance, nutrient digestibility,
jejunal morphology, gene expression, and plasma antioxidant enzymes
in male broiler chickens under experimentally induced stress via in-
feed dexamethasone (DEX). On d 3 post hatching, male broiler chicks
(initial BW = 61 £ 1.8 g) were assigned to 2 diets supplemented with
COS at0or 1 g/kg in arandomized complete block design with BW as a
blocking factor and fed to d 27 post hatching. Birds were pooled within
each diet (0 or 1 g/kg COS) to equalize the average BW and fed 2 diets
supplemented with 0 or 1 g/kg DEX, within each dietary COS, from d
20 to 27 post hatching. This resulted in a 2 x 2 factorial arrangement
of treatments with 2 levels each of COS and DEX, 8 replicate cages
and 7 birds per cage. On d 27 post hatching, birds were weighed and
euthanized, and samples were collected. In the group of birds fed diet
supplemented with 0 g/kg COS, dietary DEX at 1 mg/kg decreased BW
gain from 378 to 91 g, whereas in birds fed diet supplemented with 1
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g/kg COS, inclusion of DEX at 1 mg/kg decreased BW gain only from
477 to 243 g thus, resulting in a COS x DEX interaction (P < 0.05).
Dietary COS also decreased (P < 0.05) DEX-induced effects (interaction;
P < 0.05) on gain:feed. Dietary COS supplementation attenuated the
DEX effects (interaction; P < 0.05) on villus height, crypt depth, villus
height to crypt depth ratio, and ileal digestibility of DM and energy. The
DEX-induced effect of relative mRNA expression of intestinal IL-6,
IL-10, and claudin-1 was reduced by dietary COS supplementation
(interaction; P <0.05). Responses (interaction; P < 0.05) in the activity
of plasma superoxide dismutase, catalase, and glutathione peroxidase
to COS and DEX were similar to that observed with the relative mRNA
expression. In conclusion, dietary COS improved growth performance,
nutrient digestibility, jejunal morphology, gene expression, and plasma
antioxidant enzymes in broiler chickens under DEX-induced stress.
These implies that dietary COS may be useful for ameliorating adverse
influences of inflammation on gut health of broiler chickens.

Key Words: broiler chickens, chitosan oligosaccharide, dexamethasone,
gene expression, stress

146  Study of toll-like receptor (TLR) 3 mediated immune
responses in avian knockout cell lines. K. C. Mahesh*!, John Ngun-
jiri', Joonbum Lee?, Amir Ghorbani!, Mohamed Elaish!, Michael
Abundo!, Kichoon Lee?, and Chang-Won Lee!, 'The Ohio State
University, Wooster, Ohio, United States, °The Ohio State University,
Columbus, Ohio, United States.

TLR3 is a key receptor for sensing dsRNA and induction of immune
responses. Although previous studies of avian TLR3 have reported
cytokine induction by a synthetic analog of dsRNA, poly(I:C), the role
of TLR3-mediated immune responses in viral pathogenesis is not well
understood. Our recent study shows that quail express unique TLR3
isoforms compared with chicken. This led us to hypothesize that species
differences in avian TLR3 isoforms reflect differences in stimulation
of immune responses upon viral infection. To test our hypothesis, we
generated TLR3 knockout (KO) chicken (DF-1) and quail (QT-35)
cell lines using CRISPR/Cas9 system optimized for avian species. The
wild-type (WT) and KO cell lines were compared in terms of innate
immune responses to poly(I:C) treatment and infection with different
viruses. Interestingly, poly(I:C) treatment induced rapid cell death in
WT DF-1 cells, which was not observed in KO DF-1 cells, and pre-
vented a side-by-side comparison of immune responses to be made
between DF-1 and QT-35 cells. In QT-35 cells, poly(I:C) treatment
significantly increased IFN-f and IL-8 gene expression along with
the cytoplasmic dsRNA receptor melanoma differentiation-associated
gene 5 (MDAS) in WT cells while almost no change in gene expres-
sion level was observed in KO cells, suggesting that the TLR3 could be
the only functional endosomal dsRNA sensing receptor in quail cells.
The TLR3-dependent upregulation of MDAS gene expression is likely
through a loop involving secreted cytokines. The potential antiviral
effects of poly(I:C)-induced cytokines were assessed using influenza
A virus (IAV) and vesicular stomatitis virus (VSV). Replication of
both viruses was significantly inhibited in poly(I:C)-treated WT cells
compared with untreated WT cells, with VSV being more sensitive to
antiviral effects than IAV. Poly(I:C) pre-treatment did not block virus
replication in KO cells which further confirms the antiviral activity of
TLR3-mediated IFN in WT cells. Students’ ¢-test was used for analyz-
ing gene expression data and one-way ANOVA followed by Tukey
post hoc test for comparing virus titer, respectively. Currently, we are
determining immune responses upon direct virus infections (IAV, VSV,
and Reovirus) in relation to TLR3. Overall, our results show that the
avian TLR3 is directly or indirectly involved in the expression of dif-
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ferent cytokine and cytosolic viral receptor genes. Our ongoing studies
on effect of TLR3 on expression of other related cytokines along with
comparative study with chicken cells will further delineate the species-
specific roles of avian TLR3.

Key Words: avian TLR3, CRISPR/Cas9, quail, chicken, immune
responses

147  Effect of essential oils (EO) on mRNA expression of
antiviral and pro-inflammatory innate immunity genes on
chicken macrophages infected with IBDV. Santiago Uribe-Diaz*!-2,
Joaquin F. Pirateque?, Beatrice Despres', Julian Reyes?, and Juan
Rodriguez-Lecompte!, ‘Atlantic Veterinary College, Charlottetown,
Prince Edward Island, Canada, °Promitec, Bucaramanga, Santander,
Colombia, 3Biogenesis, Medellin, Antioquia, Colombia.

A study was conducted to assess the effects of a single (Lippia origan-
oides)(Lo) or blend Loand Rosmarinus officinalis)(Ro) of essential oils
supplementation on immune innate response in chicken macrophages
infected with Infectious Bursal Disease Virus (IBDV). Methods:
Chicken macrophages (HD-11) cell line were cultured by triplicate
at a concentration of 5x10°cells / well in plates of 24 wells. Macro-
phages were divided into 6 groups: 1. Negative control (No virus, no
EOs); 2. No virus + EO (Lo); 3. No virus + EO (Lo + Ro); 4. Positive
control (Virus, no Eos); 5. Virus + EO (lo); 6. Virus + EO (Lo + Ro).
After 12h of culture, cell were inoculated as a modified intermediate
live vaccine of IBDV (UNIVAX-BD®) with a MOI = 1 (Groups 4, 5
and 6). Followed of 1 h of virus absorption, the macrophages received
media supplemented with 50 ppm of Lippia origanoides(groups 2 and
5) or with 10-ppmLippia origanoides and 100Rosmarinus officinalis
(groups 3 and 6).This study evaluates periods of time 0, 6, 12 and 24
h post-infection (p.i). The research tested the effect of EOs single or
blended supplementation on chicken macrophages gene expression of
toll-like receptors 3 and 21, MDAS, cytokines IL-1f, IL-10, IRF-7,
IFN-B, OAS and PKR as indicators of immunological cell activation.
IBDV virus was quantified and detect in chicken macrophages and
supernatant using quantitative RT-PCR with SYBR green dye. Relative
quantification and standardization was achieved using a log 10 dilution
series of RNA extracted from IBDV intermediated strain. An ANOVA
model was calculated to determine the effect of Treatment group, gene
and Time on the natural logarithm of CT values; a pairwise comparison
was determined on the marginal predictions for the 6 treatment groups
using Tukey adjustment. Results showed that there were not statistically
significant differences for the contrasts: 2 vs 1, 6 Vs 1, 6 Vs 2 and 5
Vs 4 (P > 0.05), however the rest of the contrasts showed significant
differences (P < 0.001). There was a significant difference (P < 0.001)
between EO blend (group 5) and single (group 6) affecting virus rep-
lication, and gene expression of TLR3, IL-1p, IFN-f, OAS and PKR.
Conclusion: The supplementation with a blend of EOs was shown to
reduce virus attachment and replication, and reduction of IFN inducible
antiviral effectors pathwayin chicken’s macrophages

Key Words: innate immunity, macrophages, IBDV, essential oils, health

148  The effect of oral tea saponins to relive oxidative stress
and immune suppression in chickens. Xiaoqing Chi*, Shicheng
Bi, Yong Zhang, Xiaodan Ma, and Songhua Hu, Zhejiang University,
Hangzhou, Zhejiang, China.

The present study was designed to evaluate the effects of tea saponins on
oxidative stress induced by cyclophosphamide in chickens. One hundred
and 20 one-day-old specific-pathogen-free (SPF) chickens (male) were
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randomly divided into 5 groups. Groups 3 to 4 received intramuscular
injection of cyclophosphamide to induce oxidative stress and immu-
nosuppression. After that, groups 2 and 4 were orally administered tea
saponins in drinking water for 7 d. Groups 5 were not medicated and
served as a control. Then, groups 1 to 4 were intranasally immunized
twice with a live bivalent vaccine of Newcastle disease virus and Infec-
tious bronchitis virus at 2 weeks intervals. Blood samples were collected
before Cy treatment and 7, 14 and 21 d after immunization for analysis
of oxidative parameters and specific antibody titers, meanwhile, sple-
nocytes were prepared from 6 birds of each group before Cy treatment
and 7, 14, 21 d after immunization for lymphocyte proliferative assay.
The dose of tea saponins used in this study was based on our previous
investigation. Serum oxidative parameters (total antioxidant capacity,
total superoxide dismutase, catalase, glutathione peroxidase, glutathione,
ascorbic acid, a-tocopherol, malondialdehyde, and protein carbonyl)
and Infectious bronchitis virus -specific antibody titers were determined
using detection kits according to the manufactures’ protocols, Newcastle
disease virus -specific HI titers were determined as described using Hem-
agglutination inhibition test, lymphocyte proliferation test were induced
by either Concanavalin A or lipopolysaccharides for the thiazolyl blue
tetrazolium bromide (MTT) assay. Analysis of data was performed
using SPSS software (version 20.0, SPSS Inc., Chicago, IL). One-Way
ANOVA with Duncan post hoc test was used for multiple comparisons
between groups. Values were expressed as the mean + standard deviation
(SD). P values of less than 0.05 were considered statistically significant.
The results showed that administration of tea saponins significantly
increased total antioxidant capacity, total superoxide dismutase, catalase,
glutathione peroxidase, glutathione, ascorbic acid and a-tocopherol,
and decreased malondialdehyde, protein carbonyl. Enhanced immune
responses such as lymphocyte proliferation induced by Concanavalin
A and lipopolysaccharides, and serum Newcastle disease virus - and
Infectious bronchitis virus -specific antibodies were also observed in
chickens injected with or without cyclophosphamide. In addition, no
side effects were found in chickens throughout the study. Therefore,
tea saponins may be a potential agent to improve imunosuppression
induced by oxidative stress in chickens.

Key Words: tea saponin, oxidative stress, cyclophosphamide,
immunosuppression

149 Combined adjuvant effect of ginseng stem-leaf saponins
and selenium on immune responses to a live bivalent vaccine of
Newcastle disease virus and infectious bronchitis virus in chick-
ens. Xiaodan Ma*, Shicheng Bi, Yueming Wang, Xiaoqing Chi, and
Songhua Hu, Zhejiang University, Hangzhou, Zhejiang, China.

Vaccination with a live bivalent vaccine of Newcastle disease virus
(NDV) and infectious bronchitis virus (IBV) is a routine practice in
poultry industry in China. This study was designed to evaluate ginseng
stem-leaf saponins (GSLS) in combination with selenium (Se) for their
adjuvant effect on the immune response to vaccination against NDV
and IBV in chickens. Experiment 1. To evaluate the effect of GSLS
and/or Se on the vaccine antibody response, 70 chickens at 12 d old
were randomly divided into 5 groups with 14 birds in each and received
intraocular-and-intranasal immunization with a live bivalent vaccine of
NDV and IBV in saline solution (50 ul) with or without GSLS (5 pg),
Se (25 pg) or GSLS (5 pg) + Se (25 ug). Blood samples were collected
at 10, 14, 18 d post immunization for tests of NDV-specific HI titers
and IBV-specific antibody titers. Experiment 2. To observe the changes
of maternal or vaccine-induced serum antibody responses, 45 chickens
at 12 d old were randomly divided into 3 groups with 15 birds in each
and immunized with the same method as Experiment 1. Every 3 d
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post immunization, blood samples were collected for NDV-specific HI
titers and IBV-specific antibody titers tests. Experiment 3. To evaluate
serum cytokines, neutralizing antibodies and lymphocyte proliferative
responses, 45 chickens at 12 d old were randomly divided into 3 groups
and immunized with the same method as Experiment 1. At 48 h post
immunization, blood samples were collected for measurement of serum
IFN-y and IL-4. At 2 weeks post immunization, blood was sampled for
isolation of lymphocytes to test lymphocyte proliferation and neutral-
izing antibodies. NDV specific HI titers were determined by Hemag-
glutination inhibition test. IBV specific antibody titers, serum IFN-y and
IL-4 were determined by ELISA according to manufactures’ instruc-
tions. Lymphocyte proliferation test were induced by concanavalin A,
lipopolysaccharides or NDV antigen for MTT assay. NDV-specific
neutralizing antibodies were estimated by inoculating CEF while IBV-
specific neutralizing antibodies were estimated by inoculating TOC.
Results showed that GSLS promoted significantly higher NDV- and IBV-
specific antibody responses with the highest antibody response detected
in GSLS-Se group. The increased antibody was capable of neutralizing
NDV and IBV. In addition, GSLS-Se enhanced lymphocyte proliferation
and production of IFN-y and IL-4. More importantly GSLS-Se was found
to promote early production and prolong the duration of the antibody
responses. To improve the efficacy of vaccination in chicken flocks,
the diluent containing GSLS-Se deserves further studies to evaluate its
effect on other chicken vaccines.

Key Words: ginseng stem-leaf saponins, selenium, Newcastle disease,
infectious bronchitis

150  Evaluation of green yerba mate extract as a phytogenic
additive to control Salmonella enterica Heidelberg in broiler
chickens. Aline Tujimoto Silva*!, Ana Heemann!, Bruna Belote',
Adrien Sanches!, Paulo Hiimmelgen', Igor Soares', Breno Beirdo?,
Celso Favaro Filho?, Max Ingberman?, Rodrigo Heemann®, Anderson
Cunha’, Izabela Alvim®*, and Elizabeth Santin', 'Federal University
of Parand, Curitiba, Brazil, “Imunova, Curitiba, Brazil, ’Federal
University of Sdo Carlos, Sdo Carlos, Brazil, *Institute of Food
Technology - ITAL, Campinas, Brazil, Heide Natural Ingredients,
Pinhais, Brazil.

Phytogenic additives have been studied as candidates to reduce patho-
gen colonization in the gut due to its antimicrobial properties. In this
study, we evaluated the green yerba mate (/lex paraguariensis) (YM)
as phytogenic additive to control Salmonella enterica Heidelberg (SH)
in broilers and its effects over performance and gut histology. A total
of 216 one-day-old Cobb 500 were housed in isolated rooms, randomly
divided into 6 groups: non-challenged (NC); non-challenged + free
YM 0.1% (NF); non-challenged + microencapsulated YM 0.1% (NM);
challenged (CH); challenged + free YM 0.1% (CF) and challenged +
microencapsulated YM 0.1% (CM). The birds from challenged groups
received, at 3 d of age, 108 cfu/mL of SH by gavage. The birds and feed
were weighted at 7, 14 and 21 d of age for performance evaluation and
the birds were euthanized for sampling of cecum and liver for bacterio-
logical analysis and histological evaluation by I See Inside (ISI) method.
For SH evaluation each bird was considered one replicate. The data
was submitted to Shapiro—Wilk normality test, one-way ANOVA and
Tukey tests (P < 0.05). Differences in performance were not observed
among groups at any age and the non-challenge birds were negative
in all periods evaluated. At 7 d, birds fed with CM presented a higher
counting of SH in cecum compared with CH and CF. At 21 d, CF showed
a reduced counting of SH compared with CH. There was no difference
between challenged groups for SH in liver at all periods. Regarding ISI
results, there was a significant difference between challenged and non-
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challenged groups. In cecum for non-challenged groups, at 7 and 14 d,
NF and NM had a higher ISI score compared with NC due to increased
inflammatory cell infiltration (ICI) on lamina propria at 7 d and lamina
propria and epithelial ICI at 14 d. At 21 d, NM had a higher ISI score
compared with NC due to an increase of lamina propria and epithelial
ICIL. For challenged groups, CM had a higher ISI score at all periods
due to an increase in goblet cells and lamina propria and epithelial ICI
compared with CH. In liver for non-challenged groups, at 7 d NF and
NM had a higher ISI score compared with NC due to congestion and
pericholangitis. For challenged groups, at 21 d, CH had a higher liver
ISI score compared with CF and CM due to congestion and ICI. The YM
demonstrated having impacts over the histology of cecum and liver of
broilers, especially when microencapsulated. However, the ISI results
obtained did not seem to affect animal performance, since no statisti-
cal difference was observed in this aspect. Therefore, the reduction of
counting in cecum with the use of free YM indicates this product as a
good candidate on controlling Salmonella Heidelberg.

Key Words: cecum histology, I See Inside, llex paraguariensis, liver
histology, microencapsulation

151  Effect of select Gram-negative enteric strains on inflam-
mation in chicks. Kaylin Chasser*!, Kate McGovern!, Audrey Duff!,
B. Graham?, Whitney Briggs!, Denise Russi Rodrigues', Emily
Winson!, Michael Trombetta!, and Lisa Bielke!, ! The Ohio State
University, Wooster, Ohio, United States, °University of Arkansas,
Fayetteville, Arkansas, United States.

Gastrointestinal (GIT) inflammation, caused by inappropriate microbial
colonization, can predispose poultry to opportunistic infections and
reduce growth performance. Two independent studies were completed
to test wild-type Gram-negative poultry GIT isolates for potential to
induce inflammation and decrease body weight gain (BWG). In exp
1, non-inoculated control (NC) was tested against E. coli Huff and E2,
chicks were orally dosed with 103cfu/chick on day of hatch. Feed and
BW were measured on d0, 7 and 15, and d15 serum was collected for
chicken a-1-acid glycoprotein (AGP). In exp 2, NC, E2, LG, Huff,
and Salmonella Typhimurium (ST) were tested, where EC groups
received 103cfu/chick and ST received 10*cfu/chick orally on d0. Feed
and BW were measured on d0, 2, 8, and 15, with blood and yolk sacs
(YS) collected on d2, 8, and 15 for serum AGP analysis and bacterial
enumeration, respectively. In both experiments, all data were subject to
Analysis of Variance as a completely randomized design, with significant
differences among means determined using Student’s #-test in Exp1 and
Tukey’s Honestly Significant Difference test in Exp2. Exp 1 resulted in
decreased (P <0.05) BW on d7 and BWG d0-7 for Huff, as well as BW
d15 and BWG d7-15 Huffand E2. Feed conversion ratio was increased
(P <0.05) d0-7 and d7-15 for E2, and AGP on d15 was reduced (P <
0.05) in Huff and E2 compared with NC, though NC was high, possibly
due to pen effects. In exp 2, only LG reduced (P < 0.05) BW and BWG
on d2 and 8, as well as d0-2 and d2-8, respectively. No differences were
observed in feed conversion ratio or number of retained YS observed
at each time point compared with NS, but YS enumeration increased
(P < 0.05) in E2 on d8. Additionally, E2 was the only treatment that
increased (P < 0.05) AGP concentration on d15. Changes observed in
BW and BWG for both Huff and E2 in exp 1 and LG in exp 2 indicate
an influence of bacteria on growth parameters during wk 1. In exp 2,
trends of elevated cfu in Y'S for all inoculated groups compared with
NC on d8 suggested a potential for bacterial entry into the GIT to cause
inflammation. Additionally, AGP levels were elevated at d2 and d8 for
all groups except ST, which may indicate AGP is not the best method
to measure inflammation for ST. Elevated AGP in E2 on d15 indicated
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inflammation on d15. Both E2 and LG resulted in changes or trends
indicating treatment effect on GIT inflammation. These isolates may
serve as predisposing factors for opportunistic disease and ideal candi-
dates for studying the role of pioneer colonization in health of poultry.

Key Words: Gram-negative, E. coli, inflammation, opportunistic disease

152  Development of an Escherichia coli spray challenge model
for neonatal broiler chickens. Callie Selby*, B. Graham, Lucas
Graham, Kyle Teague, Christine Vuong, Guillermo Tellez, and Billy
Hargis, University of Arkansas, Fayetteville, Arkansas, United States.

Escherichia coli (E. coli) is an opportunistic pathogen often introduced
to neonatal chicks during the hatching process. This commensal bacte-
rium, particularly as a pioneer colonizer of the gastrointestinal tract, can
have substantial implications in the rearing of poultry due to reduced
flock performance. To mimic the effects of the natural bacterial bloom
present during hatch, a seeder challenge model was developed to expose
neonatal chicks to virulent E. coli. On d 20 of embryogenesis, selected
chicks, or seeders (n = 18/hatcher), were briefly removed from hatchers
and spray challenged with saline (vehicle) or E. coli at 1x107 cfu/chick
(Exp 1) and 2.5x107 cfu/chick (Exp 2) and placed back into the hatcher
to transmit the pathogen to the indirect challenged, or contact chicks
(n = 195/hatcher). For 2 7-d experiments, the efficacy of transmission
was evaluated via enteric bacterial recovery, body weight gain (BWG),
and mortality. For Exp 1 and Exp 2, significantly (P < 0.0001) more
Gram-negative bacteria were recovered from the seeder and contact gas-
trointestinal samples vs. the negative control samples on day-of-hatch.
Additionally, there was a significant (P < 0.05) reduction in 7-d BWG
and significantly (P <0.0001) higher mortality in the contact-challenged
chicks compared with the negative control chicks in both Exp 1 and
Exp 2. These data suggest that this model could be utilized to evaluate
different methods of controlling the bacterial bloom that occurs in the
hatching environment.

Key Words: Escherichia coli, challenge, broiler, hatchery, model

153  Evaluation of dietary administration of sodium chlorate,
sodium nitrate, arginine, or a combination of dietary lactose with
lactic acid bacterial gavage, for Histomonas meleagridis prophy-
laxis in poults. Thaina L. Barros*, Lesleigh Beer, Christine Vuong,
Samuel Rochell, Guillermo Tellez, and Billy Hargis, University of
Arkansas, Huntsville, Arkansas, United States.

Histomoniasis is currently a re-emerging disease of major significance
for many commercial turkey production companies and some broiler
breeders due to the unavailability of chemicals in the US. Histomonas
meleagridis (HM) requires the presence of the cecal microflora to
promote the disease, with some evidence for preference of Entero-
bacteriaceae. Inclusion of sodium chlorate (SC; 500 ppm) or sodium
nitrate (SN; 100 or 500 ppm) in HM xenoculture markedly reduced
HM survival over a 20h culture period. Selected lactic acid bacterial
(LAB) administration with inclusion of 0.1% lactose (LAC) has been
shown to reduce recoverable cecal Enterobacteriaceae, and addition
of arginine (ARG) has been shown to enhance enteric innate immune
responses with elevated nitric oxide release from macrophage lineage
cells. Presently, 32 poults were randomly assigned to each of 6 treatment
groups: dietary inclusion of SC (3,200 ppm), SN (500 ppm), selected
mixed LAB culture (10° cfu by oral gavage on d of hatch and d 12-14)
combined with dietary inclusion of 0.1% LAC, or 2.44% dietary ARG
during 12d to 28d, with all groups challenged with 2x10° histomonads
intracloacally at 14d. Controls consisted of basal diet (challenged, PC;
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and unchallenged control, NC). BWG was determined weekly beginning
on the day of challenge (14d), and mortality was recorded. Mortalities
and all surviving poults (d28) were lesion scored for hepatic and cecal
lesions (0-3 scale), and ceca were collected for bacterial recovery in
MacConkey, MRS, and TSA agar. BWG and cecal bacterial recovery
were analyzed by ANOVA. Lesion scores were analyzed using PROC
MIXED procedure (SAS 9.4). Mortality and morbidity were compared
using the chi-squared test of independence (P < 0.05). No mortalities
or lesions were observed in the NC group and mortality ranged from
18.8 to 31.3% (P > 0.05) in the other groups. Lesion scores were not
different between treatments for either cecal or hepatic lesions. BWG
was suppressed by HM challenge in all groups but was not significantly
different between treatments at 28d. Interestingly, presumptive cecal
LAB recovery was significantly (P = 0.007) suppressed in PC vs. NC,
while presumptive Gram-negative recovery was elevated (P =0.1) in
challenged birds at 28d but neither were affected by treatments. These
data are not encouraging for these candidate approaches for controlling
HM as no beneficial effects of these treatments and time frames were
observed. Higher dietary concentrations of SC, SN, ARG, nor LAC are
not likely candidates for evaluation due to known negative effects (SC
and SN), cost (ARG), or dysbiosis (lactose) at higher concentrations in
turkeys or data extrapolated from other monogastrics.

Key Words: blackhead, antihistomonal, turkeys, alternative compounds,
protozoa

154  Evaluation of a highly-passaged Histomonas meleagridis
as a vaccine candidate against blackhead. Lesleigh Beer*, Juan
Latorre, Guillermo Tellez, Billy Hargis, and Christine Vuong, Univer-
sity of Arkansas, Fayetteville, Arkansas, United States.

Histomoniasis, commonly known as blackhead, is caused by Histomonas
meleagridis and is an important protozoal disease primarily associated
with turkeys. No vaccines are currently available to alleviate this dis-
ease. Three experiments were conducted to evaluate a highly in vitro
passaged H. meleagridis as a potential live-attenuated vaccine candidate
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(VC). At selected dosages and time points, turkeys (n=~40/group) were
vaccinated via different routes (oral vs. cloacal) with the VC and subse-
quently challenged with a wild-type (WT) H. meleagridis. Experiment 1
included negative control, VC, or the WT administered intracloacally on
d14 (2x10° Histomonas cells/poult). On d29, a subset of negative control
and all VC poults were similarly WT-challenged. On d11 post-challenge,
liver and cecal lesions were tabulated. Histomoniasis-related mortalities,
liver and cecal lesions were significantly lower (P < 0.05) in the VC as
compared with the WT control. Experiment 2 included negative control,
oral VC (doses: 2 x103 or 2x10* cells/poult), cloacal VC (doses: 2x103,
2x10%, or 2x10° cells/poult), or cloacal WT control (2x10° cells/poult).
On day-of-hatch, vaccinations were administered pre-feeding via their
respective routes and doses. On d21, VC turkeys were subsequently
challenged with 2x103 WT Histomonas cells/poult intracloacally. Two
challenged-only control groups were introduced on d21, receiving the
2x103 WT cells/poult either cloacally or orally. Lesions were evaluated
d14 post-challenge. Mortalities, liver and cecal lesions were higher in
all groups as compared with the orally-administered WT. No differences
were observed between the VC groups and the cloacal WT control for
liver or cecal lesions. Experiment 3 included negative control, cloacal
VC (d0 or d14), oral VC (d0), or cloacal WT control (d0, d14, or d28).
A dose of 2x105 cells/poult was used for both the VC and WT challenge.
On d28, all treatment groups were intracloacally challenged with WT,
and lesions evaluated d14 post-challenge. Mortality and liver lesions
were lower in the d14 cloacal VC as compared with WT control. Cecal
lesions were not different in any VC treatment group as compared with
the WT control. Although Histomoniasis was not completely prevented,
d14 intracloacal administration of the VC yielded lower lesions and
mortalities in experiments 1 and 3. Although the practicality of this
administration method may be limited; taken together, these data sug-
gest that further research with an attenuated strain could potentially be
efficacious for lessening blackhead.

Key Words: blackhead, histomoniasis, Histomonas meleagridis, turkey,
vaccination
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155  Dietary supplementation of yeast fermentation metabo-
lites affects gene expression and intestinal morphology in stressed
broilers. Jill Nelson*, Mohamed Ibrahim, Giri Athrey, and Greg
Archer, Texas A&M University, College Station, Texas, United States.

The yeast fermentation products XPC and AviCare (Diamond V Mills,
Cedar Rapids, [A) have been shown to reduce stress susceptibility in
poultry, but their mode of action remains to be investigated. Two experi-
ments were conducted to assess supplementation of XPC or AviCare
and changes in gene expression related to stress and immune function,
and on indicators of intestinal dysfunction during heat stress. Day-of-
hatch male Cobb 500 broilers were placed in floor pens (0.91 x 1.83
m) lined with pine shavings and grown to 42 d of age. Where noted,
AviCare was administered in the drinking water (160mL/100L) d0-42
and XPC was added to the feed (1.25kg/metric ton) d0—42. There were
3 treatments (T) in Experiment 1: stressed control (CS), stressed + XPC
(XS), stressed + AviCare (AS). Birds were vaccinated for coccidiosis
(d0) and Newcastle/Bronchitis (d18), and heat stressed with feed/water
withdrawal for 12h on d18. On d42 spleen and adrenal glands were
obtained from 20 birds/T: expression of DEF 1 and IL-10 was measured
in the spleen, and expression of CYP1A2 and MC2R was measured in
the adrenal glands. Experiment 2 consisted of 6 treatments: CS, XS,
AS, non-stressed control (CN), non-stressed + XPC (XN), non-stressed
+ AviCare (AN). Stressed treatments were exposed to cyclic heat stress
d28-42 for 16h/d. On d42 blood samples were collected from 12 birds/T
to assess plasma chemistry, hematocrit, IL-1a, IL-8, and 0,,-AGP. lleum
sections were collected from 12 birds/T to assess goblet cell density,
villus height, crypt depth, and villus/crypt ratio. Data was analyzed
using one-way ANOVA and means were separated using Fisher’s LSD;
ileal data was analyzed using Kruskal-Wallis followed by Dwass-Steel-
Critchlow-Fligner where significant differences existed. A significant
difference was defined as P < 0.05. In Experiment 1 both supplements
reduced CYP1A2 (P < 0.05) and MC2R (P < 0.05) compared with
CS birds. Both supplements reduced IL-10 (P < 0.05) compared with
CS, and IL-10 was lower in XS than AS, but DEF1f expression was
not affected (P > 0.05). In Experiment 2 differences were observed in
plasma chemistry, IL-1a and IL-8. Goblet cell density was higher in XS
(28.01 £ 1.76) and AS (26.3 £ 1.18) compared with CS (19.5 = 1.02),
but was lower in AN (15.87 + 0.63) than CN (20.75 £ 1.23). Villus/
crypt ratio was higher in XN (5.83 £ 0.3) and AN (5.48 £ 0.31) than
CN (4.95 £0.2), and higher in XS (6.13 £ 0.24) and AS (6.69 + 0.23)
than CS (5.87 + 0.31). Dietary inclusion of XPC or AviCare reduces
broilers’ susceptibility to rearing stressors by reducing expression of
MC2R and CYP1A2, and improves intestinal integrity by supporting
mucus secretion and epithelial cell survival during cyclic heat stress.

Key Words: stress, intestinal health, gene experession, broiler, yeast
fermentation product

156  Evaluation of phosphatidic acid supplementation in con-
junction with vitamins, minerals, and betaine on the production
efficiency of broilers subjected to cyclic heat stress. Eric Sobotik*,
Gabrielle House, Austin Stiewert, Austin Brown, Jill Nelson, and
Greg Archer, Texas A&M University, College Station, Texas, United
States.

Heat stress is one of the most important environmental stressors chal-
lenging poultry production. Detrimental effects of heat stress on broilers
include lower body weight, reduced feed intake, higher feed conversion,
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reduced meat quality, and increased stress. A study was conducted to
evaluate the effects phosphatidic acid (PA) supplementation and various
dietary feed additives to broilers reared under heat stress temperatures.
Day-old Ross 708 male broiler chicks were randomly allocated to one of
10 dietary treatments: T1, Control (CON); T2, Vitamin C (250mg/kg);
T3, Chromium (0.50kg/MT); T4, Zinc (0.33kg/MT); TS5, Betaine (2.0kg/
MT); T6, PA (Smg/bird/day); T7, PA + Vitamin C; T8, PA + Chromium;
T9, PA + Zinc; T10, PA + Betaine. All birds were weighed on d12, d26,
d41, and d49 to obtain performance parameters: body weight (BW),
feed consumption (FC), feed conversion ratio (FCR), and mortality
percentage (MORT). From d35 to d49, birds were exposed to elevated
temperatures (32°C-35°C) for 16hrs/day. On d49, blood was collected
from 2 birds per pen. Blood was analyzed for plasma corticosterone
(CORT). On d49, 5 birds per pen were processed to determine process-
ing yields and breast meat quality. All data was analyzed via One-Way
ANOVA using GLM with treatment means deemed significantly dif-
ferent at P < 0.05. From d1 to d41, T5, T4, T8 and T1 had a lower FCR
(1.614 +0.003, P <0.05) than T7 and T9 (1.644 £ 0.006, P < 0.05). On
d49, T1 had higher CORT levels (4225.59 + 963.43, P < 0.05) than T6,
T8, T2, T3, T9, T7, and T5 (2275.56 + 220.04, P < 0.05). Leg quarter
weight was greater in T1 (0.889 +0.126 kg, P <0.05) than all treatments
except T2 (0.849 £ 0.004 kg, P < 0.05). Breast meat yield was greater
in TS and T10 (30.48 + 0.22, P < 0.05) than all treatments except T8
(29.48 £0.11, P < 0.05). Tender yield was greater in T9, T10, and T8
(5.67 £0.07, P <0.05) compared with T2, T1, and T3 (5.37 £ 0.04, P
< 0.05). Leg quarter yield was greater in T1 (31.41 + 0.19, P < 0.05)
compared with T4, T6, T5, T8, T3, and T10 (30.51 = 0.08, P < 0.05).
Results from this study indicate supplementation of PA in conjunction
with vitamins, minerals, and betaine may alleviate the negative attributes
associated with heat stress, ultimately improving production efficiency
and welfare in broilers.

Key Words: broiler, heat stress, phosphatidic acid, performance, yield

157  Effect of air movement on chick body temperature under
different brooding temperatures during the first week of age.
Tsunglin Lu*, Brian Fairchild, and Michael Czarick, University of
Georgia, Athens, Georgia, United States.

The use of circulation fans has been introduced during brooding of the
chicks to generate a more uniform heat distribution inside the broiler
house. However, the effect of air movement over the chicks on their
body temperature is less known. The objectives of this study were to (1)
utilize subcutaneous flank temperature (Tgp) as an alternative method
in measuring chick temperature and a prediction of rectal temperature
(TRr). (2) investigate the effect of air movement under 35°C, 32°C, and
29.4°C brooding temperature on chick temperature and on the relation-
ship between Ty and Tgr during the first week of age. Sixteen newly
hatched broiler chicks were randomly selected and RFID temperature
sensors were surgically inserted into the subcutaneous layer of the flank.
All the chicks were grown in a single floor pen and raised to an age of
7 d. Twice a day for a period of 1.5 h, chicks in treatment group were
placed in individual cells (10 cm X 18 cm) with 1 m per second (m/s)
air movement while those in control group were placed in cells with no
supplemental air movement. T and Tgr were measured 3 times during
each test period as sets to perform regression analyses. All statistical
analyses were performed in JMP software. Tgr was 0.1°C significantly
lower than Ty (P <0.01). Air movement had no significant effect on the
difference between Ty and Tgp (P > 0.05). The difference between Ty
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and Tgr in 35°C, 32°C, and 29.4°C were 0.105°C, 0.118°C, and 0.107°C
respectively and was reported significantly different (P < 0.01). How-
ever, as the accuracy of the sensor was 0.1°C, these differences between
the 3 brooding temperatures were too small to be accurately measured by
the RFID sensor. Regression analysis showed that the overall relation-
ship between Ty and Tgp was Ty = 0.975%Tgp + 1.139 (R? = 0.95) with
a root mean square error of 0.1°C. one meter per second moving air on
the drop of chick temperature was brooding temperature dependent (P
< 0.01), where the Tgg decreased 0°C, 0.4°C, and 0.4°C under 35°C,
32°C and 29.4°C brooding temperature respectively. The effect of air
movement on chick temperature was also significantly affected by chick
age (P <0.01). Tgr had a 0.5°C drop on d 1 of age while only a 0.1°C
drop ond 7 of age. In conclusion, our data suggest that Tqr measured by
surgically implanted sensors is a promising method in measuring chick
temperature and can be used to predict Tr. Air movement over chicks
during the first week of age can cause a drop of body temperature and
sufficient heat should be provided.

Key Words: management, circulation fan, brooding, chick temperature,
air movement

158  Comparison of the effects of low versus high air movement
at floor level on bird health and welfare in a commercial broiler
house. Connie Mou*, Michael Czarick, and Brian Fairchild, Univer-
sity of Georgia, Athens, Georgia, United States.

A field study was conducted on 2 commercial broiler farms to compare
the effect of 2 different circulation fan systems on litter conditions and
paw quality over a total of 4 flocks. The 12 m X 152 m houses were
managed to maintain a house relative humidity (Rh) of approximately
60%. One house on each farm was equipped with 8, commonly used
45 cm 125 W low volume circulation fans (CTL) while the adjacent
house was equipped with 8-60 cm 350 W high volume circulation fans
(TRT). Average air velocity at floor level was 0.28 + 0.14 m/s in the
control house and 0.76 + 0.03 m/s in the treatment house. Weekly litter
moisture, water activity (A,,) and footpad scores were collected and
analyzed from both houses. On both farms, litter moisture was higher
in CTL versus TRT house. By Day 14, litter moisture for the 3 flocks
on Farm 1 was on average 25%, 19%, and 19% in CTL houses versus
17%, 16%, and 17% in TRT houses. By the end of each flock on Farm
1, litter moisture was 32%, 32%, and 29% in CTL houses versus 24%,
24%, and 26% in TRT houses. On Farm 2 by Day 14, litter moisture in
the CTL house was 19% versus 15% in TRT house. At the end of the
flock on Farm 2, litter moisture was 26% in CTL versus 24% in TRT
house. On both farms, litter moisture had a greater degree of variation
between sampling locations in the CTL house while TRT house litter
moisture profiles were more uniform. Sidewall litter moisture tended to
be 10% higher in CTL vs. TRT (20% vs. 30%). Water activity levels were
kept below 0.80 on average in the TRT house versus 0.90 in the house
with lower air movement. By Day 14, 21, and 28, the house with higher
air movement had on average 76%, 54%, and 40%, less occurrence of
minor and severe lesions versus lower air movement, respectively. By
the end of each flock on both farms, there was double the occurrence
of severe lesions in CTL versus TRT house.

Key Words: litter management, air movement, water activity, footpad
health, bird welfare

159 Reduced feed intake rate suggests reduced hunger in
broiler breeders with higher body weight. Chantele Gouliquer*!,
Nicole Zukiwsky', Mohammad Afrouziyeh', Jihao You!, and Martin
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Zuidhof?, University of Alberta, Edmonton, Alberta, Canada,
’Martin Zuidhof, Edmonton, Alberta, Canada.

This study was designed to analyze the effect of BW on feed intake rate
and feed seeking behaviors of precision-fed broiler breeders. Assum-
ing that birds on a higher BW treatment would be less hungry and less
motivated to eat, it is hypothesized that they would have a lower feed
intake rate and display fewer aggressive behaviors. The current study
consisted of 10 BW treatments ranging from the breeder-recommended
target BW (CON) to 22.5% higher (CON+22.5%) in 2.5% increments.
Ross 708 broiler breeder pullets (n = 30) were randomly assigned to these
treatments and fed individually by 2 precision feeding (PF) stations. An
additional 6 ad libitum fed birds were also observed as an unrestricted
reference treatment. Feed intake rate data was collected from PF system
records from 16 to 23 wk of age. Live behavior observations were con-
ducted by continuous observation 1 h per day from 23 to 25 wk of age.
Behaviors that were observed included standing, preening, feather pecks,
pecks at head, dislodging other birds to gain station access, and threats.
All data were subjected to 2-way ANOVA using the MIXED procedure
of SAS, with age and treatment as sources of variation. Means were
compared using the LSD test and were reported as different where P <
0.05. Behaviors in all of the treatments showed few differences. During
6second feeding bouts, no difference in feed intake rate was observed
between the control and other treatments. However, feed intake rate
differed between CON+12.5% (10.3 g/min) and CON+15% (10.2 g/
min) vs. CON+22.5% (8.3 g/min). Meal size following each observed
behavior was determined from PF system data. Independent of BW,
birds that displayed threat behaviors had a greater feed intake rate (13.7
g/min) compared with birds that did not display threat behaviors (8.4 g/
min). No other behaviors correlated with meal size. From 23 to 25 wk
of age, unrestricted birds had the lowest feed intake rate (7.3 g/min),
which did not differ from the CON+17.5% birds (9.5 g/min). The current
data supports the hypothesis that relaxing feed restriction in pullets with
higher BW trajectories would reduce feed intake rate.

Key Words: broiler breeders, precision feeding, feed intake rate, feed
seeking behaviors, hunger motivation

160 A strategic approach to study reproductive performance
in broiler breeders. Mohammad Afrouziyeh* and Martin Zuidhof,
University of Alberta, Edmonton, Alberta, Canada.

The amount and timing of growth are important factors affecting age
at first egg, body conformation, and reproductive performance in
broiler breeders. To optimize growth pattern 10 growth trajectories
were designed using a 3-phase Gompertz model with the form: BW =
W i expexPChifet o) where W,,, was the mature BW (kg); b was
the rate of maturing; t was age (wk); tiyg was the inflection point (wk);
i was the growth phase (i =1 to 3). The growth curves were designed
with 2 levels of BW gain in phase 1 (discrete variable). W, was equiva-
lent to breeder recommended BW target or 10% higher. The inflection
point of the second (pubertal) growth phase (tjyg,) was advanced by
5, 10, 15, or 20% (continuous variable). We hypothesized that earlier
growth (advancing the inflection point of the pubertal growth phase) and
higher BW could optimize body frame size, early egg production and
weight, and also advance age at onset of lay by providing a sufficient
metabolic status and fat threshold. Forty females and 11 males were
randomly subjected to the growth trajectories with a precision feeding
system. Age at first egg, early hen-day egg production and egg weight
from 23 to 26 wk of age, and abdominal skinfold thickness at 24 wk
of age were measured. Analysis of covariance was conducted on all
dependent variables using the MIXED procedure of SAS, with tip
and W, as sources of variation. Egg weight was significantly increased
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(P =0.028) during the early production phase by advancing ty,. For
every day that the pubertal growth phase was delayed (relative to the
20% tyyp, advancement), egg weight decreased by 0.103 and 0.093 g
for high and standard BW, respectively. Advancing inflection point of
the second growth phase significantly increased BW at photostimulation
(P <0.0001) and shank length (P = 0.013) as an indicator of the body
frame size. For every day that the pubertal growth phase was delayed,
BW at 22 wk of age decreased by 17.0 and 16.8 g, and shank length
decreased by 0.21 and 0.05 mm for high and standard BW, respectively.
Age at first egg, hen-day egg production, and skinfold thickness were
not affected by BW or advancing the time of second growth. The current
data support our hypotheses that advancing time of the second growth
phase can advance sexual maturity by increasing BW, body frame size
and early egg weight.

Key Words: broiler breeder, multi-phasic growth, sexual maturity,
skinfold thickness

161  The effect of skip a day and everyday rearing feeding
programs in protein synthesis and degradation, heat production,
and body composition of broiler breeder pullets. Antonio Beitia*!,
Pramir Maharjan', Jordan Weil!, Katie Hilton!, Justina Caldas-
Cuevas?, Nawin Suesuttajit!, Diego Martinez', and Chris Coon!,
!University of Arkansas, Fayetteville, Arkansas, United States,
2Cobb-Vantress, Siloam Springs, Arkansas, United States.

Skip a day (SK) and every day (ED) feeding programs have an effect on
hen uniformity ultimately affecting hen performance. The objective of
the study was to evaluate the effects of 2 different feeding programs on
protein turnover (PT), heat production (HP), and body composition (BC)
of broiler breeder pullets. Two-hundred and 40 d-old pullets were reared
in 6 pens on 2 feeding schedules from 0 to 16 wk of age. Pullets were
reared following the Cobb SO0FF parent stock recommended growth
curve. All treatments were fed the same Breeder 1 diet from 0 to 16
wk. Pullets were restricted-fed with feed amount and weighed weekly
with the feed allotment adjusted to achieve desired BW. The SK birds
were fed feed 2 times the ED amount every other day. At 16 wk, 6 birds
from each growth curve were sampled every 4 h for PT study. This was
done for a 24-h period for the ED birds and for 48- hour period for SK
birds with a total of 7 and 13 sampling points respectively. Sampled
birds were given an intravenous flooding-dose of ’N-Phe (150 mM,
40% atom percent excess) at 10 mL/kg for PT determination. After 10
min, birds were sacrificed by CO, inhalation, and Pectoralis major
(breast muscle) and excreta samples were taken. Fractional synthesis
and degradation rates (FSR and FDR) were determined (in %/D) using
data collected from mass spectrometer where selected ion monitoring
was done for m/z ratio of 302 and 303 for enrichment measurement.
HP was measured every 2-wk from 3 to 16 wk rearing period by indi-
rect calorimetry (metabolic chambers) using the expression, HP (kcal)
= 3.872*VO, (L/d) + 1.195 VCO, (L/d). BC was measured every 2
wk from 0 to 16 wk by dual-energy x-ray absorptiometry. Significant
means were separated at P <0.05 using one-way ANOVA (JMP Pro 16).
The FSR values measured for SK and ED after 4 h post feeding were
12.41% and 12.25%. FSR decreased afterward and remained steady
for ED (11.02%) and SK (10.91%) until post 24 h feeding. FSR then
increased for SK at 32 h post feeding (15.94%) followed by its tendency
to decrease and remain steady until post 48 h feeding (11.71%). The aver-
age FBR value observed was higher for SK (17.17%) than ED (6.73%)
(P <0.05). HP from 3 to 16 wk, showed SK pullets had higher HP than
ED (P < 0.01). BC data showed that SK pullets had lower lean mass,
protein mass, and higher fat mass g/kg BW at 6 wk than ED pullets (P
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< 0.05). Overall results indicated that SK pullets were expending more
protein mass than ED birds for their growth during the rearing period.

Key Words: protein synthesis, protein degradation, body composition,
heat production, broiler breeders

162  Assessment of current egg density methods. Laura
Oxford*!, Carla Aranibar!, Deana Jones?, and Jeanna Wilson!,
!University of Georgia, Athens, Georgia, United States, °US National
Poultry Research Center, USDA-ARS, Athens, Georgia, United States.

Specific gravity has been used in the poultry industry as a measure of
egg shell quality and density for many years. It is performed by sinking
intact eggs into water with varying levels of salinity. Eggs that float at
each known salinity are removed and recorded. This method is widely
accepted, however, it is subject to human error and inaccurate observa-
tions. A novel method of determining egg shell density measurements
is the use of a VolScan Profiler. The device was developed to aid in
determining the volume of bakery products and has been proven effective
in determining various measurements of eggs. The VolScan is advanta-
geous over conventional specific gravity measures because the egg is
not destroyed, there is no risk of human error, and the device is very
accurate. The objective of this observational study was to determine
the accuracy of conventional specific gravity measures compared with
the VolScan predicted specific gravity derived from density. For this
study, eggs from the same breeder flock were taken weekly from 28 to
40 weeks of age. A minimum of 443 eggs were sampled weekly using
conventional specific gravity methods and a minimum of 290 additional
eggs were tested weekly using the VolScan. There was an average differ-
ence between the VolScan and conventional specific gravity measures of
0.0078 over the 12 weeks. Statistical analysis was performed using JMP
Pro 14 statistical software. One-way ANOVA analysis results showed
that the VolScan measure of specific gravity was significantly higher
(P <0.0001) than conventional specific gravity methods. The VolScan
method has improved accuracy over traditional floatation methods,
however, VolScan Profiling requires equipment that may not be readily
available across the industry.

Key Words: specific gravity, shell quality, density, VolScan Profiler,
salinity

163  Impact of northern fowl mites on cage-free layer per-
formance from 17 to 48 weeks of age. Rachel Jarrett*!, Marisa
Erasmus', Deana Jones?, Kailynn VanDeWater', Amy Murillo?, and
Darrin Karcher!, ' Purdue University, West Lafayette, Indiana, United
States, USDA ARS, Athens, Georgia, United States, 3 University of
California - Riverside, Riverside, California, United States.

The northern fowl mite (Ornithonyssus sylvarium) is an obligate blood-
feeding ectoparasite of poultry that can cause decreased egg production,
profit loss, anemia, irritation to flocks and personnel, and death to hens in
extreme cases. This study aimed to investigate the effects of the northern
fowl mite (NFM) on laying hen performance and welfare quality between
17 and 48 weeks of age. 800 Tetra brown hens (n =200 per room) were
housed in 4 cage-free rooms at the Purdue University Poultry Unit. Two
rooms were infested with NFM and 2 rooms served as controls. Initial
NFM infestation occurred at 24 weeks on 2% (4 hens) in each of the
NFM rooms. Since no NFM were present, a second infestation on 2% of
hens occurred at 35 weeks on 2% of hens. A final attempt to infest with
NFM occurred at 41 weeks with all hens in NFM rooms being infested.
Egg production and mortality were recorded daily and case weights were
recorded weekly. Monthly Welfare Quality®assessments were taken, as
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well as monthly mite counts on all birds beginning at 28 weeks. Mite
checks were conducted periodically on 25% (50 hens) in all rooms
between wk 25 and 38. Data were analyzed in SAS® using the Glimmix
procedure and all significant statistical differences were reported at P
< 0.05. Regardless of treatment, mortality increased dramatically after
21 weeks, leading to a loss of 473 hens by wk 48. Case weights and
egg production increased over time. NFM hen day peaked in-line with
the Tetra management guide at 28 weeks but was approximately 1%
lower and control hen day peaked 3 weeks later but was 3% higher. At
38 weeks of age, egg case weights in NFM rooms were approximately
4.63 kg higher than in control rooms (P < 0.05). The NFM population
spiked shortly after infestation at 28 weeks and again at 36 weeks (1-10
mites/bird). From 28 weeks on, 60% of birds received an overall feather
score of 2 during Welfare Quality® assessments, meaning that feathers
were missing in at least one area of 5 cm or greater. This was due to
pecking behaviors in all 4 rooms. There was no correlation between
feathering and NFM presence (P > 0.05). Cannibalism and pecking in
both treatments led to extreme feather loss, high mortality, and negatively
impacted production parameters. As a result, the feather loss and high
mortality contributed to the low NFM populations.

Key Words: Ornithonyssus sylvarium, mite, poultry, cage-free, layer

164  Chick length and navel score of four bird strains provided
in ovo photo stimulation. Janessa Henry*, Bruce Rathgeber, and
Xujie Li, Dalhousie University, Truro, Nova Scotia, Canada.

Measures such as chick length and navel score are practical non-lethal
methods for determining chick quality in a hatchery. Providing produc-
ers, a robust healthy chick is key for hatcheries. In the broiler industry,
this is even more important as chicks spend a shorter time in the rearing
facility to achieve the desired market weight. Hatchery practices are
constantly changing, an example that has been under investigation is
to provide light during incubation. The objective of this study was to
determine if chick quality is improved in very different types of chick-
ens when light during incubation is provided. Two replicate trials were
performed using the following strains: Ross 308, Cobb 500, Lohmann
LSL Lite and a 1978 random bred broiler line from the University of
Alberta. All strains were represented in each of the 8 incubators for each
trial. Incubation lighting consisted of 4 treatments: dark (no light), white
LED, dim to red LED, and dim to blue LED. Lighting treatments had
a 12L:12D photoperiod and were replicated for each trial. At 512 h of
incubation, chicks were removed from the incubators, batched weighed
and navel scored. A sample of 10 birds per strain per incubator were
measured for chick length in trial 1 and 12 in trial 2. A 3-point scoring
system was adapted from Tona et al., 2003 chick quality assessment. The
experiment was a split plot completely randomized design, incubation
treatment representing the main plot, and strain as the subplot. Data
were analyzed in SAS 9.4 using the GLIMMIX procedure. There was
a significant difference in chick length among lighting treatments (P =
0.0013). Birds regardless of strain were longer in the dim to blue LED
treatment (16.90cm) and in the dark control (16.89cm) compared with
those incubated in white (16.54cm) or red (16.49cm). Chick length dif-
fered among strains, with Cobb (17.54cm) being longer than the other
strains. Although Ross (16.93cm) were shorter than Cobb they were
longer than the 1978 birds (16.20cm) and layers (16.15¢m). There were
no differences among lighting treatments on navel score or percent of
birds exhibiting the best score. However, there were strain differences
were reported (P = 0.0146), Ross birds (1.80) had a superior average
navel scores compared with the layers (1.93), with Cobb (1.87) and
1978 birds (1.85) intermediate. Blue light did not negatively affect
chick length and could be considered for use in incubators, while white
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and red produced shorter chicks. Considering the provision of light
during incubation is a relatively new concept, more research should be
conducted to determine if there is an optimum light color for hatching
and chick performance.

Key Words: incubation lighting, chick length, navel score, broiler, layer

165  The effects of simulated transport conditions on pullet
blood physiology, body temperature, and behaviour. Samantha
Lalonde*, Kailyn Beaulac, Trever Crowe, and Karen Schwean-Lard-
ner, University of Saskatchewan, Saskatoon, Saskatchewan, Canada.

The objective of this study was to determine the effects of various
temperature/RH combinations and exposure durations on the physi-
ology and behavior of white-feathered layer pullets (sourced from
commercial farms) during simulated transport. The experiment, a
5x2 factorial arrangement of temperature (T) and RH, and exposure
duration (D), consisted of 3 replications. Pullets (n = 240, 8 birds per
T/RH and D) were randomly exposed to 1 of 5 T/RH combinations
(21°C30%RH (21/30), 21°C80%RH (21/80), 30°C30%RH (30/30),
30°C80%RH (30/80), and —15°C (—15)), for either a4 or 8 h D, in 1
of 2 environmental chambers at a crated density of 45.5 kg/m?. Before
exposure birds were orally administered a miniature data logger to
record core body temperature (CBT). Blood samples were collected
before and after exposure from 5 birds/T/RH and D and analyzed for
stress levels via heterophil to lymphocyte (H/L) ratio. Blood samples
from 3 of 5 birds were analyzed for partial pressure of CO, (pCO,),
bicarbonate (HCO; "), and glucose (G) using an iSTAT machine. Surface
foot and comb temperatures were recorded for all pullets before and
after exposure. Behavior during exposure was video recorded, then ana-
lyzed using scan sampling at 5-min intervals. After exposure, all birds
were slaughtered using a small-scale facility, and all data loggers were
retrieved. In a randomized complete block design, data were analyzed
by a one-way ANOVA (Proc Mixed (SAS 9.4)), with farm of origin as
the block. Significant differences were determined at P <0.05. Final G
was higher in birds exposed to 30/80 compared with 2180 and 21/30,
however delta (A) values did not differ. Compared with 21/30, 30/30 and
30/80 pullets had higher Acomb T, whereas pullets exposed to —15 had
lower Acomb T. Final foot T were highest after exposure to 30/80, and
lowest after exposure to —15, however AT values did not differ. Panting
and surveying occurred more in the 30/30 and 30/80 birds, while birds
from 30/80 also spent more time performing active behaviors. Pullets
exposed to 30/30 pecked other birds more often. Preening occurred
more often in 30/30 and 21/80 pullets. Pullets spent more time motion-
less in 21/30 and —15. Compared with the 4 h D, ACBT was higher in
the 8 h D. With increasing D, ApCO, and AHCO;~ decreased. Pullets
were more active in the 4 h, compared with the 8 h, D. In conclusion,
pullets used behavioral (performing thermoregulatory behaviors), and
physiological mechanisms (mobilization of energy stores, and increased
respiration) to cope with hot T and high RH, and increased exposure
D. Differences were noted in time spent performing various behaviors,
mobilization of G stores, surface foot and comb T, ACBT, and blood
ApCO, and AHCO;5".

Key Words: cold stress, heat stress, thermoregulation, hematology,
welfare

166  Interior environment of three laying hen systems during
winter conditions. Yijie Xiong*, Richard Gates, and Kenneth
Koelkebeck, University of Illinois, Urbana, Illinois, United States.
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Proper design and management of the environment in conventional
cage and cage-free laying hen facilities are reasonably well understood.
Maintaining acceptable air quality during winter can be a challenge.
Thus, there is a critical need to better understand the housing environ-
ment in laying hen systems for balancing comfortable environment and
energy efficiency. This field study aimed to assess interior environmental
parameters, including temperature, ammonia (NH;), and carbon dioxide
(CO,) concentrations, in 3 types of commercial laying hen houses during
winter conditions. Six portable monitoring units (PMUs) designed to
continuously measure NH; and CO, concentrations were installed in 2
types of aviaries and an enrichable cage manure-belted house on a com-
mercial layer farm. The 2 aviaries measured 15 x 159 m and consisted of
2 different types of aviary systems (AV1 and AV2), and the enrichable
cage house (EC) measured 25 x 168 m (9 rows, 12 tiers high). At the
time of deployment, there were 46,400 hens (19 wk), 36,300 hens (77
wk) and 497,000 hens (25 wk) in AV1, AV2, and EC. Two PMUs and
2 temperature/RH dataloggers were placed in each house. Two 30.5 m
long air sampling hoses were run from the PMUs along the building
centerline to measure the gas concentrations at 2 elevations (approxi-
mately 1.5 and 2.5 m for AV1 and AV2; 1.5 and 5.3 m for EC). The 2
temperature/RH dataloggers were placed at the same locations where
air was sampled. House air was sampled every 10 s for 10 min followed
by a 20 min fresh air purge, and the process was repeated continuously.
A 2-sample t-test was used to determine variation in 2 elevations for
each measurement within each house. Results for February showed that,
among 125 h of continuous monitoring, mean values for temperature
and gas concentrations were 22.6, 26.9, and 25.4°C, 31, 20, and 36
ppm (NH3), and 2375, 2823, and 2376 ppm (CO,), for AV1, AV2, and
EC, respectively. Mean daily outside temperature ranged from —3.9 to
6.1°C. Substantial temperature stratification (3 to 6°C) was observed
in the 2 aviaries, but not EC. A difference in vertical variation was
observed for each measurement in all houses (P <0.01). The proportion
of hours below the temperature setpoint in each house was 45.6, 62.4,
and 53.7% for AV1, AV2, and EC, respectively. For NH3, the occur-
rence of hours exceeding the 25 ppm OHSA 8h time-weighted average
was 71.8, 23.9, and 98.3% in AV1, AV2, and EC, respectively. The 25
ppm value is proposed for humans but is often used for management
guidelines within poultry houses. These measurements suggest further
improvement to minimum ventilation management would be helpful.
Monitoring will continue for all 4 seasons at the site.

Key Words: Indoor air quality, ammonia, carbon dioxide, aviary,
cage-free house

167 Housing environment and hen strain alter egg produc-
tion, egg quality, and tibia strength as well as eggshell and cloacal
microbiology in post-peak laying hens. Milan Sharma*, Chris
McDaniel, Aaron Kiess, and Pratima Adhikari, Mississippi State
University, Mississippi State, Mississippi, United States.

An experiment was conducted to determine the effects of housing envi-
ronment and laying hen strain on hen-day egg production (HDEP), egg
quality, and tibia breaking strength (TBS) as well as eggshell and cloacal
microbiology. A total of 1152 laying hens (Hy-Line brown (HB) and
Hy-Line W36 (HW)) were randomly allocated into conventional cages
(CC), enriched colony cages (EC) or cage-free free-range housing (CF)
creating a 2 x 3 factorial arrangement with a total of 6 treatments. The
experiment was conducted when hens were 38 to 65 wk of age. Feed
was formulated according to Hy-Line management guidelines, and both
feed and water were provided ad libitum. Egg production was recorded
daily, while egg weight (EW), Haugh unit (HU), and eggshell break-
ing strength (EBS), as well as eggshell and cloacal microbiology, were
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measured once every 6 wk. Data were analyzed as a split plot over time
with 6 replicates for each treatment. A 3-way interaction was observed
among house, strain, and age for HDEP (P = 0.0571). Overall, HDEP
was higher in CF and CC than EC. However, HDEP for HW EC hens
was consistently lower than all other treatments every week, yet HDEP
for HB EC hens did not become lower than the other treatments until
wk 46. An interaction between strain and age (P = 0.007) was observed
for EW where at wk 59 HW had lower EW than HB. There was an
interaction of housing and age for HU (P = 0.0303). Additionally, CC
and CF had higher EBS than EC (P = 0.0009). Main effects of housing
environment and strain were observed (P <0.0001) for TBS where CF
and HW hens had higher TBS than other treatments. A 3-way interac-
tion was observed among house, strain, and age for feed intake (P =
0.0074). Feed intake (FI) was lower in EC than CC, with the highest FI
observed in CF in wk 50-51 and wk 62-63. A higher FI was observed
in HB than HW throughout the study for CC and EC. Feed conversion
ratio per dozen eggs (FCR) was higher in EC than CF and CC in wk
54-55 and wk 58-59 (P < 0.0001). A significantly higher count of total
aerobic, coliform and anaerobic bacteria was observed in the cloaca (P
< 0.0001) of CF when compared with CC and EC. Similarly, bacterial
eggshell contamination was higher in the CF when compared with the
CC and EC for total aerobes (P < 0.0001), anaerobes (P < 0.0001) and
coliforms (P = 0.0003). To conclude, both the housing environment
and laying hen strain had effects on HDEP, egg quality, FI, FCR, and
bacterial population. Although CF hens have high egg production, egg
quality, and TBS, the rate of eggshell contamination, FI and FCR were
also higher. Our findings challenge us to further investigate food safety
and economic benefits, which need to be considered when deciding on
a housing environment to use.

Key Words: housing environment, laying hen strain, egg production,
egg production, egg and cloacal microbiology

168  Effects of housing types on egg production and cecal
microbiota of two different strains of laying hens during the

late production stage. Bishnu Adhikari*!, Se-Ran Jun?, Young Min
Kwon', Aaron Kiess?, and Pratima Adhikari®, ! University of Arkan-
sas, Fayetteville, Arkansas, United States, *University of Arkansas for
Medical Sciences, Little Rock, Arkansas, United States, Mississippi
State University, Starkville, Mississippi, United States.

Due to animal welfare issues, EU banned use of conventional cages
(CC) for laying hens, and non-EU countries including the US are also
under constant public pressure to restrict their use in egg production.
Enriched colony cages (EC) were developed to provide hens more com-
fort movement and allow natural behaviors. Although previous studies
have investigated the performance parameters and welfare of laying
hens housed in CC and EC, there is very limited information regarding
the changes in gut microbiota and their possible roles in egg produc-
tion. Thus, this study was conducted to explore the effects of CC and
EC housing on egg production and cecal microbiota of 2 commercial
laying hen strains, Hyline Brown (HB) and White Leghorns (WL). Hens
were assigned in a 2x2 factorial arrangement in a completely random-
ized design: HB in CC (120) and EC (311), and WL in CC (120) and
EC (355). Hen-day egg production (HDEP) was recorded weekly, and
cecal samples (n = 6/group) were collected at 53, 58, 67, and 72 weeks
of'age for microbiota analysis by MiSeq sequencing of 16S rRNA gene.
Statistical analysis of HDEP data was carried out in split-plot in time
design with significance level set at P < 0.05, whereas sequence reads
were analyzed using QIIME2 ver. 2018.8. Differentially abundant taxa
were identified by LEfSe (P < 0.05, log;oLDA score > 2.0) analysis.
WL had significantly higher HDEP compared with HB on wk 58 (90 vs.
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78.13%) and 72 (64.86 vs. 56.34%). Hens housed in CC had significantly
higher HDEP compared with EC on wk 67 (82.22 vs. 68.11%). More-
over, the composition and diversities of cecal microbiota were affected
by breed, housing, and age in descending order. LEfSe analysis at genus
level revealed 51, 48, 58, and 15 differentially abundant taxa between
HB and WL at 53, 58, 67, and 72 weeks, respectively. Interestingly,
Bifidobacterium was significantly enriched in WL at all time periods,
and in addition, butyrate producing genera such as Butyricicoccus and
Subdoligranulum were significantly higher in WL as compared with HB
at 58 and 72 weeks. Moreover, 13, 8, 23, and 8 differentially abundant
taxa between CC and EC housing were observed at 53, 58, 67, and 72
weeks, respectively. At 67 weeks, Campylobacter and the unknown
genus of family Campylobacteriaceae were significantly enriched in EC
which might be associated with reduced egg production in EC. Likewise,
there were significant differences in both o and B diversity between HB
and WL at all time periods, while a significant difference was observed
between CC and EC only at 67 week (P < 0.05). The overall results
suggest that the difference in egg production between HB and WL, and
CC and EC might be achieved through alterations of cecal microbiota.

Key Words: laying hens, egg production, enriched colony cage, con-
vention cage, cecal microbiota

169  Poultry in the classroom: Effectiveness of an online
poultry-science-based education program for high school STEM
instruction. MaryGrace Erickson*, Darrin Karcher, Neil Knobloch,
Marisa Erasmus, and Elizabeth Karcher, Purdue University, West
Lafayette, Indiana, United States.
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Public knowledge of the poultry industry is limited, yet attitudes toward
the industry shape consumer behavior and influence the attractiveness of
poultry careers and future study. This study assessed an online learning
program contextualizing STEM learning within poultry science which
was designed to increase poultry knowledge and interest. High school
student participants (n = 169) across 16 classes (n = 12 teachers) com-
pleted 7 30-min online modules during the fall 2018 semester. This case
study used a mixed-methods, sequential explanatory design. Student
knowledge and interest in poultry and teacher perceptions of the program
were examined using quantitative measures. The study’s qualitative
portion assessed perceptions of the learning experience and comprised
open-ended student and teacher survey questions and a teacher focus
group. Qualitative data suggested that the program increased students’
poultry knowledge, including awareness of the industry and related
careers. Paired 7-tests showed moderate to large effect sizes regarding
increases in content quiz scores following each module (P < 0.001,
Cohen’s d = 0.45 to 0.80). Students’ mean interest in poultry was
initially low and remained statistically similar upon completion of the
program (M = 1.84, 1.87; P = 0.67). Student and teacher statements
indicated that design features of the program enhanced interest for some
students. Other students did not perceive the program and its poultry
science topics to be interesting or relevant to their lives. Results from
this study can be used to inform the creation of effective poultry learn-
ing resources to contribute to workforce development and enhance the
industry’s public image.

Key Words: online, public awareness, interest, education, learning
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Student Competition: Metabolism and Nutrition: Amino Acids

170  Determining reactive lysine and amino acid availability
in soybean meal using near-infrared reflectance and reference
analysis. Kara Dunmire*'!, Janak Dhakal', Kendre Stringfellow?,
Charles Stark', and Chad Paulk', 'Kansas State University, Manhat-
tan, Kansas, United States, AB Vista, Plantation, Florida, United
States.

Soybean meal, the most widely used protein source in animal feed,
undergoes oil extraction and heat processing which can lead to variation
in amino acid (AA) availability. Diet formulation and animal perfor-
mance can be affected when AAs are not accurately predicted. Therefore,
the objective of this study was to evaluate the correlations between
chemical assay and near-inferred reflectance spectroscopy (NIR) when
measuring protein quality. Crushed soybean white flakes (Hershey, PA)
exposed to mechanical oil extraction but not heat processing were used in
this experiment. Soybean white flakes were autoclaved to simulate heat
processing to create under processed, adequately processed, and over
processed soybean meal. Flakes were ground using a blender and 500 g
samples were put into calico cotton bags to be autoclaved at 128°C for 0,
5,10, 15, 30, 45, and 60 min at 200 kPa. A total of 2 samples per treat-
ment were autoclaved at 3 separate time points to provide 3 replications
per treatment. The duplicate samples were divided and analyzed using
NIR or laboratory analysis. Total AA, available Lys, all other AA, and
urease activity were analyzed to determine the correlation coefficient for
reference method for AA and NIR. Increasing soybean exposure time to
the autoclave decreased (linear, P < 0.05) total AA, Arg, and tended to
decrease CP (linear, P < 0.061) when measured using NIR. Total Lys,
Lys/CP, Reactive Lys, Asp, Cys, Glu, Gly, His, Iso, Leu, Met, Phe, Pro,
Ser, Thr, Tyr, and Val decreased (quadratic, P < 0.05) when measured
using NIR with increasing soybean exposure time to the autoclave. Total
AA, urease, Ala, Asp, Glu, Gly, Iso, Leu, and Val decreased (linear, P <
0.05) when measured with official analytical methods with increasing
autoclave exposure time. Amino acid measurements using analytical
methods decreased (quadratic, P < 0.05) total Lys, Lys/CP, available Lys
and Cys with increasing autoclave exposure time. There was a positive
correlation (» = 0.82) between NIR Lys and analytical Lys. The NIR
reactive Lys was positively correlated (= 0.98) to analytical available
Lys. The NIR Lys/CP was positively correlated (» = 0.99) to analytical
Lys/CP. In conclusion, increasing soybean autoclave exposure decreased
total AAs, CP, available Lys, Lys/CP, and urease. Analytical methods
and NIR were highly correlated for total Lys, available Lys, and Lys/CP.

Key Words: soybeans, soybean meal, heat processing, lysine, amino
acid availability

171  The effect of varying steam conditioning temperature

and time on pellet manufacture variables, digestible amino acid
concentration, and feed enzyme recovery. Timothy Boltz*!, Nelson
Ward?, Victoria Ayres', Angela Lamp', and Joseph Moritz!, ! West
Virginia University, Morgantown, West Virginia, United States, >DSM
Nutritional Products Inc., Parsippany, New Jersey, United States.

This study hypothesized that increased steam conditioning temperature
and conditioning time would improve feed manufacture metrics while
decreasing the digestible amino acid concentration and recovery of a
lysozyme feed additive. The objectives of the study were to assess how
varying steam conditioning temperatures and conditioning times inter-
acted to affect pellet mill motor load, pellet quality, digestible amino
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acid concentration, and enzyme recovery. Corn and soybean meal based
diets that included DDGS and meat and bone meal were conditioned at
either 76°C, 82°C, or 88°C with conditioning times of either 30 or 60
s. The soybean meal used in the formulations had an analyzed trypsin
inhibitor content of 3.64 TIU/mg. Treatments were arranged in a 3 (steam
conditioning temperature) x 2 (conditioning time) factorial in a random-
ized complete block design. Digestible amino acid concentration was
estimated using cececotomized roosters in a Latin Square with crossover
design. Conditioning temperature and time interacted to affect pellet
mill motor load (P < 0.05). Motor load decreased for 30 s conditioning
compared with 60 s conditioning when diets were subjected to 76 and
82°C, but motor load was similar among conditioning times at 88°C. This
interaction was likely the result of lower feed volume in the conditioner
as per 30 s conditioning obtaining greater moisture condensation and
lubrication at lower conditioning temperatures. Pellet quality increased
with increased conditioning temperature (P < 0.05), likely associated
with greater starch gelatinization and protein gelation. Lysozyme activity
decreased when conditioned at 88°C (P < 0.05), but was not affected by
retention time. Conditioning temperature and time interacted to affect
digestible amino acid concentrations of methionine, lysine, threonine,
alanine, aspartic acid, glutamic acid, isoleucine, leucine, proline, and
valine (P <0.05). Increased conditioning temperatures at 30 s increased
digestible amino acid concentrations. Similarly, diets conditioned at 60
s increased digestible amino acid concentration between 76 and 82°C.
However, the digestible amino acid concentration decreased when diets
were conditioned at 60 s and 88°C. Perhaps negative effects of trypsin
inhibitor complexes and ingredient aleurone layers on digestibility
were decreased with increasing temperatures; however, the 60 s 88°C
treatment may have been too thermally aggressive and rendered the
proteins indigestible.

Key Words: conditioning, pelleting, amino acid, digestibility, enzyme

172 Nutritional value of Tenebrio molitor meal for broiler
chickens: standardized ileal amino acid digestibility. Marcos
Nascimento Filho*, Raquel Pereira, Alvaro Burin Junior, Ana Beatriz
Oliveira, Diana Suckeveris, Caio Alexandre Paes Soares, and José
Fernando Machado Menten, University of Sao Paulo, Piracicaba,
Sao Paulo, Brazil.

There has been a worldwide interest and investment in the production of
insects for human and animal nutrition. These products are seen as novel
sources of animal origin protein, which are sustainable in production and
desirable as nutrient-rich feed ingredients. To be used in feed formula-
tion for poultry, the composition and nutritional specifications of the
insect products, such as larvae meal, must be known. This study aimed
to determine the standardized ileal digestibility coefficients (SIDC) of
amino acids of tenebrio (Tenebrio molitor) meal (TM) for broiler chick-
ens. A total of 120 one-day-old male broilers chickens of commercial
strain were weighted, placed in floor pens (10 birds/pen, n = 6) in a
completely randomized design and fed a basal corn-soybean meal starter
dietto 15 d ofage. On d 16, birds were assigned to 2 experimental diets:
semi-purified nitrogen-free diet to estimate the basal endogenous amino
acids flow, and a test diet with TM as the sole source of amino acids,
formulated to reach approximately 20% crude protein. Chromic oxide
was used as an indigestible marker at 0.5%. The experimental period
lasted 6 d. Feed and water were available ad libitum. On d 22, all birds
were euthanized by cervical dislocation and contents from distal third
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of'the ileum until approximately 2 cm above the ileocecal junction were
collected gently by flushing with distilled water. The samples were kept
refrigerated during collection and frozen at — 20 C. Total fresh digesta
from all birds in each pen were pooled for lyophilization. Samples of the
diets, TM, and ileal digesta were analyzed for dry matter, nitrogen, amino
acids and chromium to estimate the digestibility coefficients. Analyzed
values for TM were 97.0% dry matter, 50.0% crude protein, 29.7% fat,
3.8% minerals, 0.07% calcium, and 0.54% phosphorus. The amino acid
contents were 0.78% Met, 3.26% Lys, 2.09% Thr, 3.22% Val, 2.23%
Ile, 2.92% Arg, 2.36% Phe, 3.74% Leu, and 1.82% His, as fed basis.
The calculated average values of SIDC of the indispensable amino acids
were Met, 87.5%; Lys, 89.0%; Thr, 81.6%; Val, 85.6%; Ile, 85.6%; Arg,
91.9%; Phe, 90.0%; Leu, 88.4%; His, 81.2%. Overall, the present study
shows values of SIDC for TM similar to those found in the literature
for other types of insect meal as feed ingredient for chickens. These
are the first measurements on standardized ileal digestibility of amino
acids of TM, which allows adequate formulation using this ingredient
in diets for poultry. Acknowledgment: FAPESP for the research grant
(No 2017/05423-8) and MS scholarship (No 2017/19751-7).

Key Words: insect meal, Tenebrio molitor, digestibility, amino acids,
broilers

173  Effects of high methionine supplementation on tissue
redox, inflammation, and health status of broiler chicks under
heat stress. Guanchen Liu*!, Andrew Magnuson!, Tao Sun', Samar
Tolba', Rose Whelan?, and Xingen Lei', /Cornell University, Ithaca,
New York, United States, °Evonik Nutrition & Care GmbH, Hanau,
Germany.

Methionine as a sulfur-containing amino acid is known for its anti-
oxidant capacity. We determined if adding 30% extra supplemental
DL-methionine (MET) or crystalline DL-methionine hydroxyl analog
(MHA) to grower and finisher diets improved tissue redox, inflammation,
and health status of chicks under heat stress. A total of 360 (day-old)
male Cornish cockerel chicks were divided into 4 treatments (10 pens/
treatment, 9 chicks/pen), and were fed the same corn-soy starter diet
and then respective grower diets (5.8 g SAA/kg) supplemented with
MET (3.09 or 4.02 g/kg) or MHA (7.19 or 9.34 g/kg) and finisher diets
(5.4 g SAA/kg) supplemented with MET (2.77 or 3.60 g/kg) or MHA
(6.44 or 8.37 g/kg). Grower and finisher chicks were raised at a high
room temperature of 31°C with 25% humidity. Blood and tissues were
sampled at the end of each period, and data were analyzed by 2-way
ANOVA. The higher concentration of MET or MHA produced greater
(P < 0.05) hepatic, but lower (P < 0.05) plasma GSH concentrations
than their normal concentration controls during the grower and finisher
periods, respectively. Breast and thigh GSH concentrations in the
grower chicks fed MET were higher (P < 0.05) than those fed MHA.
Supplementing extra MET improved (P < 0.05) plasma ferric reducing
ability of the finisher chicks, but tissue malondialdehyde levels, plasma
corticosterone concentrations, or hepatic protein carbonyl concentrations
were not affected by the dietary treatments. Neither the form nor the
concentration of methionine displayed consistent effects on activities of
4 antioxidant enzymes (GPx, GR, GST, and SOD) in 4 tissues across the
2 periods. However, MHA seemed to induce higher (P < 0.05) enzyme
activities than MET in the grower chicks. There were interactions (P <
0.05) between the form and concentration of methionine on activities
of GR in the thigh and adipose tissues, GST in the liver, or GPx in the
breast. Likewise, such interactions (P < 0.05) were also shown on the
expression of most of the assayed inflammation-related genes in tissues
of'the finisher chicks. Chicks fed MET had higher (P < 0.05) expression
of HSP90 and AKT in the liver and all tested genes except for AKT in
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the breast than those fed MHA. Supplementing extra MET or MHA
suppressed (P < 0.05) expressions of /L-10, HSP70, and HSP90 in the
thigh. The higher concentration of MET or MHA decreased (P < 0.05)
plasma inorganic phosphorous concentrations at both time points, and
elevated plasma alkaline phosphatase activity of finisher chicks. In
conclusion, both forms and concentrations of dietary supplemental
methionine exerted major effects on redox, inflammation, and health
status of grower and finisher chicks in response to heat stress.

Key Words: antioxidant, heat stress, methionine, oxidative stress,
poultry

174  Effects of high methionine supplementation on growth
performance, meat quality, and bone strength of broiler chicks
under heat stress. Tao Sun*!, Guanchen Liu!, Andrew Magnuson!,
Samar Tolba!, Charles Starkey?, Rose Whelan?, and Xingen Lei!,
!Cornell University, Ithaca, New York, United States, *Auburn Uni-
versity, Auburn, Alabama, United States, 3Evonik Nutrition & Care

GmbH, Hanau, Germany.

It remains unclear how methionine concentration or source affects the
production and health of broilers at heat stress. This study determined
effects of 30% extra supplemental DL-methionine (MET) or crystalline
DL-methionine hydroxyl analog (MHA) to grower and finisher diets
on growth performance, health status, meat quality, bone strength, and
feather coverage of chicks under heat stress. A total of 360 (day-old)
male Cornish cockerel chicks were divided into 4 treatments (10 pens/
treatment, 9 chicks/pen), and were fed the same corn-soy starter diet and
then respective grower diets (5.8 g SAA/kg) supplemented with Met
(3.09 or 4.02 g/kg) or MHA (7.19 or 9.34 g/kg) and finisher diets (5.4
g SAA/kg) supplemented with either MET (2.77 or 3.60 g/kg) or MHA
(6.44 or 8.37 g/kg). Grower and finisher chicks were raised at a high
room temperature of 31°C with an average humidity of 25%. Growth
performance was recorded at the end of each period and tissue samples
were collected at the end of the study. Data were analyzed using 2-way
ANOVA and Duncan multiple mean comparisons. Neither the form
nor the concentration of methionine affected the growth performance
except for a lower (P <0.05) feed intake in the finisher chicks fed MHA
than those fed MET. Dressing percentage and the meat to bone ratio
of the thigh were not affected by the diets, chicks fed MET had higher
(P < 0.05) hardness of the breast muscle than those fed MHA and the
higher MET or MHA concentration improved (P < 0.05) chewiness of
the breast muscle (tested by TA.XT texture analyzer) . Incidences of
woody breast and white striping were affected by treatments. Plasma
and tissue lipid profiles were unaffected by the diets except triglyceride
concentration in the thigh was higher (P <0.05) in the chicks fed MHA
than those fed MET. Hepatic fatty acid content was lower (P < 0.05) in
the grower chicks fed MHA than those fed MET, with similar decreases
in saturated (SFA), monounsaturated (MUFA), and poly-unsaturated
fatty acids (PUFA). In contrast, concentrations of the 3 types of fatty
acids in the breast were higher (P < 0.05) in the finisher chicks fed MHA
than those fed MET. Higher MET or MHA concentration enhanced
(P < 0.05) SFA and MUFA contents in the thigh and all types of fatty
acids in the adipose tissue of finisher chicks. Higher MET and(or) MHA
concentration elevated (P < 0.05) energy at maximum load of tibias of
grower chicks but decreased that of finisher chicks. Feather coverage
was not affected by the diets. In conclusion, the form and concentration
of supplemental dietary methionine showed effects on eating quality and
fatty acid composition of meat and tibia strength of grower and finisher
chicks under heat stress.

Key Words: antioxidant, heat stress, methionine, meat, poultry
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175  Responses of varying levels of DL-methionine and TSAA
on [13C]Met and ['*C|Cys oxidation in broilers. Jordan Weil*!,
Pramir Maharjan!, Antonio Beitia!, Katie Hilton!, Nawin Suesuttajit',
Victor Naranjo?, and CN Coon!, !University of Arkansas, Fayette-
ville, Arkansas, United States, °Evonik Nutrition and Care, Hanau,
Germany.

For feed formulations and protein synthesis, the metabolism of sulfur
amino acids (SAA) is important because methionine is the first limiting
amino acid for poultry. Additionally, considering the metabolite, glutathi-
one, plays a key role in tissue building, muscle repair, and the reduction
of oxidative stress, understanding the metabolite is increasingly impor-
tant as the poultry industry moves toward antibiotic-free (ABF) produc-
tion settings. In 2 experiments, 2400 Cobb 500 chicks were reared to
determine the rate of CO, produced (VCO,) through stable isotopes and
indirect calorimetry as well as the oxidation of [1-13C]Met and [1-13C]
Cys. Birds were fed grower diets containing varying levels of TSAA in
both experiments (Evonik AMINOChick®2.0). At 21d old, birds were
selected for either control, intravenous (IV) or intragastric (IG) infusion
of [1-13CIMet (Exp 1), or [1-13C]Cys (Exp 2), followed by sampling at
intervals ranging from 5 to 420 min post-infusion. Additionally, birds
were selected for metabolic chambers. Blood was collected and '3CO,
enrichment was determined by isotope ratio mass spectrometry (IRMS).
Small intestine, pancreas, kidney, and liver tissues were harvested at each
of the time periods to determine the amino acid enrichment over time.
Samples were analyzed using a gas chromatography-mass spectrometer
(GC-MS) and high pressure liquid chromatography (HPLC), depending
on the metabolite of interest. Results were analyzed using JMP Pro 13.1.
Deficient levels of TSAA resulted in birds that were unable to overcome
such deficiency, resulting in poorer feed conversions and greater loss
of methionine label as '3CO,. Comparison of *CO, revealed differ-
ences in IG and 1V infusions (P < 0.05). Loss of [1-13C]Met through
13CO, in birds fed adequate TSAA increased (18 vs 11%; P < 0.05),
as determined through IRMS. Eventual loss of [1-3C]Met determined
through whole blood and plasma enrichment showed an increase in
oxidation for IG infusions when compared with IV infusions (20.4 vs
10.2; P < 0.05). Differences in IG and IV infusions also existed when
looking at diets deficient in cysteine (9 vs 3%). These deficiencies in
cysteine also resulted in a decrease in glutathione production in the liver
as observed through a ratio of reduced: oxidized glutathione (11 vs 327;
P <0.05). As the poultry industry moves toward more ABF production
settings, understanding methionine, TSAA, and glutathione pathways
becomes increasingly important. Ultimately, the loss of the Met and
Cys labels to '3CO, proves worthy for understanding TSAA utilization
and metabolism, considering greater >*CO, production from ['*C]Met
may signify increased cysteine synthesis.

Key Words: methionine, sulfur amino acids, glutathione, stable iso-
topes, broilers

176  Digestible sulfur amino acid requirements of broiler
chicks over short time periods in the starter phase of production.
Albaraa Sarsour* and Michael Persia, Virginia Tech, Blacksburg,
Virginia, United States.

Sulfur amino acids are the first limiting amino acids in common poultry
diets and are crucial for growth and muscle development. Generally,
requirement experiments have focused on defined periods of time called
starter, grower, finisher phases resulting in requirements over a 10 to 20 d
feeding period. It is impractical economically in commercial production
to mix diets and transport them to the farm every week. However, Pope
etal., 2002 put forward the idea to formulate high and low nutrient dense
diets placed in 2 different bins on the farm. These diets would be fed at
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different proportions within a phase to better meet the requirements of
the birds that were hypothesized to linearly decrease as the chicks’ age.
This idea was put forward on assumption of a linear response without
validating data, therefore, experiments were conducted to determine the
requirement of Digestible sulfur amino acids (DSAA) from 3 to 6, 6-9
and 9 to 12 d of age. A deficient diet containing 0.63% DSAA was for-
mulated using corn, soybean meal, and corn gluten meal. Experimental
diets were formulated from this basal diet by adding DL-methionine in
0.07% increments to generate 0.70, 0.77, 0.82, 0.89, 0.96, and 1.03%
DSAA. In each experiment, 350 male Hubbard x Ross 708 chicks were
classified by body weight and randomly assigned to the 7 diets with 10
replicates of 5 birds in battery cages. Chicks and feeders were weighed
at the start and end of each 3-d period. All chicks were sacrificed and
breast weight was determined. Relative breast weight, BWG and FCR
were calculated. Data were analyzed using a one-way ANOVA in SAS
(P <0.05). Requirements were estimated using broken line regression
in JMP 14. No differences were observed in feed intake in any of the
experiments (P> 0.05). The DSAA requirement for BWG was estimated
tobe 0.717,0.787, and 0.838% or 136, 179, and 287 mg/d DSAA from
3 to 6, 6-9 and 9-12 d, respectively. The requirement for relative breast
weight was estimated to be 0.841, 0.812, and 0.871% or 160, 235, and
296 mg/d DSAA from 3 to 6, 6-9 and 9-12 d, respectively. Lastly, the
requirement for FCR was estimated to be 0.693, 0.730, and 0.675% or
132,155, and 230 mg/d DSAA from 3 to 6, 6-9 and 9-12 d, respectively.
These data may suggest that DSAA requirements for BWG do respond
in a linear manner, but both relative breast weight and FCR may not
respond in a linear manner over the starter phase of production.

Key Words: digestible sulfur amino acids, requirement, broiler

177  Evaluation of a valine fermentation product on perfor-
mance of male broilers fed valine deficient corn-soy diets. Bryce
Leopold*!, Austin Jasek', Jason Lee?, Keith Haydon?, and Craig
Coufall, 'Texas A&M University, College Station, Texas, United
States, °CJ America, Downers Grove, Illinois, United States.

Two experiments were conducted to evaluate a new valine fermenta-
tion product (70% L-valine) on male broiler performance. Experiment
1 was designed to determine the level of digestible valine reduction
necessary to impact performance. Experiment 2 evaluated the inclusion
of the valine fermentation product compared with L-valine (98.5%)
when included in a valine deficient diet through 28 d of age. Diets in
both experiments were corn and soybean meal based. Performance
data in both experiments were analyzed via a one-way ANOVA with
differences determined at P < 0.05 and means separated using Duncan’s
Multiple Range test. Experiment 1 consisted of 3 dietary treatments
varying in levels of digestible valine (60, 68, and 76% dVal:dLys) with
16 replicates per treatment and 7 birds per replicate for a total of 336
Cobb 500 male broilers. Growth performance was decreased (P < 0.05)
with reducing dVal level. The 60% dVal diet resulted in lower BW and
higher FCR as compared with the 76% dVal diet throughout the trial.
The intermediate level dVal (68%) was intermediate (P > 0.05). Experi-
ment 2 was designed using the lowest level of dVal;dLys as the negative
control (NC). Experiment 2 evaluated 3 dietary treatments, each with 15
pens with 35 Cobb 500 male broilers per pen. Experimental treatments
included a positive control (PC) with L-valine (76% dVal:dLys), a NC
with valine deficiency (60% dVal:dLys), and NC + the valine fermenta-
tion product equal to the level of PC. The NC broilers had the lowest
BW and higher FCR (P < 0.05) compared with all other treatments
throughout the experiment. Following the starter phase, broilers fed the
fermentation product had elevated BW and reduced FCR compared with
the L-valine fed broilers, presumably due to the additional nutritive value
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present in the fermentation product. At the conclusion of the study (28
d), broilers fed different valine sources had similar BW and FCR. These
data confirm the importance of adequate dietary valine and demonstrate
a new valine fermentation product provides equivalent performance to
L-valine when included at equivalent valine concentrations.

Key Words: broiler, valine, amino acid, performance

178  Influence of branched chain amino acid inclusion in diets
varying in ingredient composition on broiler performance, pro-
cessing yields, and paw quality and litter characteristics. Trevor
Lee*!, Jason Lee?, and Samuel Rochell!, /University of Arkansas,
Farmington, Arkansas, United States, 2CJ America, Downers Grove,
Illinois, United States.

The current experiment evaluated the influence of supplementing
the branched chain amino acids (BCAA) Val and Ile in corn-soybean
meal-based (CSBM) diets with or without either animal protein meal
(APM) or peanut meal (PM) on broiler growth performance, process-
ing characteristics, and paw quality and litter characteristics. Ross 708
male chicks (1,512 total) were allocated 6 treatments (21 birds/pen) in
a factorial arrangement of 3 diet types (CSBM, PM, and APM) with or
without BCAA inclusion from 0 to 48 d: 1) CSBM, 2) CSBM+BCAA,
3) CSBM+PM, 4) CSBM+PM+BCAA, 5) CSBM+APM, 6)
CSBM+APM+BCAA. Starter diets were formulated to contain 1.28%
digestible Lys with minimum ratios of digestible amino acids relative
to Lys set to 0.74, 0.67, 0.75, 0.67, and 1.07 for TSAA, Thr, Val, Ile,
and Arg, respectively. Supplementation with BCAA reduced analyzed
CP content by 1.87, 1.43, and 1.24 percentage units in the CSBM, PM,
and APM starter diets, respectively, with analyzed total Gly+Ser con-
centrations of the BCAA-supplemented diets of 1.28, 1.24, and 1.39%.
Treatments were fed in starter (0 to 14 d), grower (14 to 28 d), finisher
(28 to 39 d), and withdrawal (39 to 48 d) phases with 12 replicate pens
per treatment. Body weight gain, FI, and FCR were evaluated for each
phase and cumulatively. At 48 d, footpad lesions were scored and litter
analyzed for nitrogen, pH, and moisture. At 49 d, 6 birds per pen were
randomly selected for processing. There were no interactive effects (P
> 0.05) between diet type and BCAA inclusion on any performance or
processing measurement. From 0 to 28 d, birds fed PM diets had higher
(P =10.014) BWG and lower (P = 0.001) FCR than birds fed APM or
CSBM diets. However, effects of diet type on performance diminished
by d 39. Supplementation of BCAA increased (P=0.014) FI of broilers,
but did not influence (P > 0.05) BWG or FCR. At processing, carcass
weights were heaviest for PM-fed birds, lightest for APM-fed birds,
and intermediate for CSBM-fed birds (P < 0.05). Inclusion of BCAA
increased total white meat weight (P = 0.042) and yield (P = 0.016),
but also increased relative (P = 0.001) and absolute (P = 0.002) fat pad
weights. Footpad lesions were lowest for APM-fed birds, highest for
CSBM-fed birds, and intermediate for PM-fed birds (P <0.05), with no
effects (P > 0.05) of BCAA supplementation. There were no treatment
effects (P > 0.05) on litter moisture or pH, but BCAA supplementation
reduced (P < 0.05) litter nitrogen content. In conclusion, these data
indicate that BCA A inclusion can support CP reductions for high amino
acid density diets that vary in ingredient composition while maintaining
broiler growth performance, improving breast meat yield, and reducing
nitrogen excretion.

Key Words: valine, isoleucine, peanut meal, animal protein meal, broiler

179  Determination of the 4th limiting amino acid for male
and female Cobb MV x 500 broilers from 15 to 35 d in low crude
protein vegetable based diets. Craig Maynard*!, Sonia Liu?, Jason
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Lee?, Justina Caldas-Cuevas*, Edward Diehl*, Samuel Rochell,
and Michael Kidd', /University of Arkansas, Fayetteville, Arkan-
sas, United States, °The University of Sydney, The Oaks, New South
Wales, Australia, 3CJ America, Downers Grove, Illinois, United
States, *Cobb-Vantress, Siloam Springs, Arkansas, United States.

With more interest in reducing environmental nitrogen, determination
of the 4th limiting amino acid (AA) is necessary to ensure good broiler
performance when fed low CP corn-soybean meal diets. Therefore, 2
concurrent experiments (Exp) were conducted to determine the 4th
limiting AA for male and female Cobb MV x 500 broilers for the 15 to
35 d period using the diet deletion technique. Least cost formulation
constraints for AA minimums were allowed to fall in the test diet from
20.29% to 18.65% CP (positive control: PC). Test diets were adequate
in TSAA, Lys, and Thr. Nine subsequent diets were created by remov-
ing all (negative control: NC) or a single AA and included: NC, -Val,
-Ile, -Leu, -Trp, -Arg, -His, -Phe, and -Gly+Pro deletions. Experiment
1 utilized male broilers and the former diets, whereas Exp 2 utilized
female broilers fed the NC and all AA deletion diets. One thousand-9
hundred and 20 sexed broiler chicks were distributed across 96 pens
(20 birds/pen) and randomly assigned experimental diets. Body weight
gain, feed intake, and feed conversion ratio (FCR) were determined
for the 15 to 35 d experimental period. At 36 d, 6 birds per pen were
processed for the evaluation of carcass traits. All data were analyzed
using a one-way ANOVA and means were separated using a repeated
t-test where appropriate. No differences (P > 0.05) were detected for
any live performance parameter in Exp 2 for females, whereas BW gain
(P=0.051) and FCR (P < 0.05) were impacted in Exp 2. Removal of
supplemental Val resulted in reduced (P = 0.051) BW gain compared
with birds fed the PC diet, similar to birds fed the NC diet (P > 0.05).
The removal of supplemental Ile decreased (P < 0.05) 15 to 35 d FCR
in males, while all other AA deletions resulted in FCR similar to the PC
(P> 0.05). Carcass yields were unaffected (P > 0.05) by supplemental
AAremoval in either Exp. However, in Exp 1, removal of supplemental
Val, Phe, and Gly+Pro resulted in reduced (P < 0.05) breast and wing
weights compared with birds fed the PC diet, similar to birds fed the
NC diet (P > 0.05). Removing Val and Gly+Pro from the diet reduced
(P <0.05) carcass weight, whereas removing Val and Phe reduced (P <
0.05) leg quarter weight to values similar (P> 0.05) to birds fed the NC
diet. No carcass trait weights were effected (P > 0.05) by supplemental
AA deletion in Exp 2 except wing weights which increased (P < 0.05)
for birds fed diets devoid in Phe. In conclusion, the 4th limiting AA for
corn-soybean meal based low CP vegetable diets appears to be either
Val or Gly+Pro, but further research is needed to identify the effects of
non-essential AA, specifically Gly and Pro, and their individual impact
on performance and carcass traits.

Key Words: limiting amino acid, broiler, performance, carcass traits

180  Effects of feeding reduced crude protein diets to broilers
while maintaining amino acid concentrations on growth perfor-
mance, ammonia production, and meat yield. Tanner Wise*2, Jer-
emiah Davis?, Victor Naranjo!, Vincent Hess!, and William Dozier,
112, ! Evonik Nutrition & Care GmbH, Hanau, Germany, >Auburn
University, Auburn, United States.

An experiment was conducted to determine the effects of feeding
reduced crude protein (CP) diets to broilers while providing adequate
essential amino acid (AA) concentrations on growth performance,
ammonia concentrations, and carcass characteristics from 1 to 33 d of
age. Fifteen hundred Ross x Ross 708 male chicks were distributed
into 60 floor pens (25 birds/pen; 0.09 m?/bird). Broilers received 1 of 6
dietary treatments (10 replicate pens per treatment) varying in CP con-
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tent. Diet 1 (control) was formulated with DL-Met, L-Lys, and L-Thr
(23.2,20.7, and 19.1% CP) in the starter (1 to 14 d of age), grower (15
to 25 d of age), and finisher (26 to 33 d of age) periods, respectively,
while additional L-Val, Gly, L-Ile, L-Arg, and L-Trp were sequentially
supplemented in the order of limitation respective of diets 2 through 6.
Dietary CP was reduced in diets 1 to 6 by 3.4, 3.4, and 2.3% points in
the starter, grower and finisher periods, respectively. Standardized ileal
digestible (SID) Lys concentrations in the starter, grower, and finisher
diets were formulated to 1.24, 1.08, and 1.00%, respectively, with mini-
mum ratios of SID SAA, Thr, Val, lle, Arg, Trp, and total Gly + Ser at
0.76,0.68,0.80,0.69, 1.05,0.17, and 1.70 (starter period), respectively.
Broilers fed reduced-CP diets supplemented with DL-Met, L-Lys, L-Thr,
L-Val, Gly, L-Ile, L-Arg, and L-Trp had similar (P> 0.05) body weight
gain and feed intake compared with those provided the control diet from
1 to 25 and 1 to 33 d of age. Feeding reduced-CP diets supplemented
with DL-Met to L-Arg did not affect (P > 0.05) feed conversion ratio
compared with those receiving the control diet. Feed conversion ratio
differences (P < 0.05) were observed when L-Trp was supplemented to
the diets compared with broilers fed Diets 2 to 5 from 1 to 25 and 1 to
33 d of age. Equilibrium ammonia concentrations of the litter at the end
of experimentation was 52% lower (48.85 vs. 93.68 mg/kg; P < 0.05)
for broilers fed diets supplemented with DL-Met to L-Trp compared
with the control-fed birds. Dietary treatments did not alter (P > 0.05)
weights and yields of carcass, drums, thighs, wings, tenders, or fillets.
Results from this study indicated that sequential addition of supplemental
AA in the order of limitation from DL-Met to L-Trp allowed reduction
of dietary CP content beyond 2.0% points without depressing growth
rate and meat yield of broilers from 1 to 33 d of age while reducing
ammonia emissions.

Key Words: amino acid, broiler, crude protein, glycine

181  The effect of amino acid density on performance and pro-
cessing yield in Cobb 700 x Cobb MV mixed-sex broilers. Corey
Johnson*!, Rocky Latham?, Jason Lee’, Christine Alvarado', Craig
Coufal, and Tri Duong', /Texas A & M University, College Station,
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Texas, United States, *Tyson Foods, Springdale, Arkansas, United
States, 3CJ America, Downers Grove, Illinois, United States.

The objective of this study was to investigate the phase effects of feed-
ing increased digestible amino acid (dAA) density on the performance
and processing yield of Cobb 700 x Cobb MV mixed-sexed broilers.
Experimental animals were allocated to 7 treatment groups with 10
replicate pens of 34 birds arranged as a randomized complete block
design and were fed diets with varying dAA densities using a 4-phase
feeding program (starter: d 0-12, grower: d 12-26, finisher: d 26-36,
and withdrawal: d 36-49). Broilers were fed one of 3 dAA levels
(Low, Medium and High) during the starter phase and one of 4 dAA
levels (Low, Medium, High and High+) during the grower, finisher,
and withdrawal phases. Treatment combinations consisted of LLLL,
MLLL, MMMM, MHHH HMMM, HHHH and HH"H*H". Diets were
formulated to maintain equivalent dEAA: dLys ratios across all treat-
ments within a given phase. The dLys content of the low diets was 1.22,
1.10, 0.95, and 0.90% for the starter, grower, finisher, and withdrawal
phases, respectively. Body weight (BW), feed intake (FI), and mortality-
adjusted feed conversion ratio (FCR) were evaluated ond 12, 26, 36 and
49. On d 50, 3 males and 3 females from each pen were processed to
determine boneless-skinless breast and fat pad yield. Data were analyzed
via ANOVA, and means were separated using Duncan’s Multiple Range
test (P <0.05). Increasing the dAA density reduced FCR and increased
BW during the starter (P < 0.01) and grower (P < 0.01) phases. On a
cumulative basis, FCR was reduced (P < 0.05) by 5.3 points in broilers
that were fed the HH"H"H™ compared with those fed the LLLL treat-
ment. Breast meat yield (% of live weight) was increased in broilers
fed MMMM and HHHH (+4.6%) and in those fed HH"H"H" (+8.2%)
compared with broilers fed LLLL (P < 0.01). Fat pad yield followed a
classical decrease as dAA increased, ranging from 1.70% in the LLLL
to 1.27% in broilers fed HH*H™H" (P < 0.01). The results of this study
can be utilized to determine the viability and impact of feeding diets
with increased dA A supplementation to the Cobb 700 x MV.

Key Words: heavy broiler, digestible amino acids, breast yield, Cobb
700, amino acid density
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182  Cricket meal (Gryllus sigillatus) for use in broiler chicken
(Gallus gallus domesticus) diets. Holly Fisher*!, Stephanie Collins!,
Bruce Rathgeber!, Beth Mason?, and Stefanie Colombo!, /Dalhousie
University, Debert, Nova Scotia, Canada, 2 Cape Breton University,
Sydney, Nova Scotia, Canada.

Access to a variety of protein sources for use in animal feeds is vital to
ensure food security and efficient food production. Insect-based proteins,
such as crickets, are an emerging sector, but there is a gap in knowledge
regarding the use of crickets in broiler chicken diets. This study investi-
gated dietary inclusion of cricket meal (CM) (Midgard Insect Farm, Inc.)
at 0% (non-medicated control), 0% (medicated control, Virginiamycin
and Coban), 5%, 10%, 15%, and 20% CM, on growth parameters, organ
weights, and carcass quality of broiler chickens. The objective was to
determine the effect of 5 dietary inclusion levels of CM on growth, feed
intake, health, and meat quality of broiler chickens. This experiment
was run as a completely randomized design. Six hundred and 24 Ross
508 broilers were randomly housed in 24 floor pens (26 birds/pen) in
an environmentally controlled room. Bird weights and feed intake were
recorded weekly and growth parameters were calculated. On d 13, 20,
and 35, 3 birds from each pen were euthanized and individual organs
were weighed. On d 35, meat quality was analyzed and liver color (L*
a* b*; lightness, red/green, yellow/blue) was measured using a Hunt-
erlab MiniScan EZ 4500L spectrophotometer. To assess meat quality,
the right breasts from 3 birds per pen were weighed and cooked in one
batch to determine % cook loss. The texture of both raw and cooked
meat was measured using a TA. XTPlus texture analyzer. Data was
analyzed as an ANOVA using IBM SPSS 25 and statistical significance
was determined using the REGWF-test (o = 0.05). Data was tested for
normality and non-parametric statistics were used when required. The
final average weight of broilers fed 5% CM (1933.4 g) was lower than
that of broilers fed the non-medicated control (2095.6g) and 10% CM
(2063.5g) (P <0.05). The total weight gain of chickens fed 5% CM was
lower than that of chickens feed CM at the higher inclusion levels and
the controls (P < 0.05). Bursa size was highest in birds fed 15% CM
(0.23% of body weight) and lowest in birds fed the medicated control
(0.16% of body weight; P <0.05), with no significant differences from
other treatments. Breast weight and meat texture were not influenced
by feed treatments. Breast meat from broilers fed 15% CM had higher
% cook loss (P < 0.05). The livers from broilers fed 5% CM had lower
a* color values than birds fed the medicated control diet (P <0.05). The
results suggest it is best to include cricket meal at a dietary inclusion
level above 5% when incorporating this ingredient in a non-medicated
broiler chicken diet.

Key Words: cricket, broilers, nutrition, meat quality, growth
performance

183  Nutrient intake in a free-choice feeding trial using insect
meal as a novel ingredient. Raquel Pereira*, Marcos Nascimento
Filho, Ana Beatriz Oliveira, and José Fernando Machado Menten,
University of Sao Paulo, ESALQ, Piracicaba, Brazil.

Chickens have the natural behavior of feeding themselves from a variety
of insects during their entire lifecycle. A free-choice feeding trial using
insect meal as a feed ingredient for chickens was conducted to study
the preference and to determine the nutrient intake compared with a
complete diet. A total of 60 14-d-old male broiler chickens of com-
mercial strain were divided into 2 dietary treatments: a control group,
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and Tenebrio molitor (larvae) meal (TM) group. Control group was fed
a standard corn-extruded semi-whole soybean diet and the TM group
had the choice to feed among TM, ground corn, extruded semi-whole
soybean, or a supplement mixture (vitamin-mineral premix) offered
separately in 4 identical feeders. Each group consisted of 6 replicate
floor pens (5 birds/pen) assigned in a completely randomized design.
Feed and water were available ad libitum. The control group was used
as a reference for feed and nutrient consumption by the chickens. All
feeders were weighed and refilled daily to assess each ingredient intake
and feed conversion ratio. The intake of metabolizable energy digestible
protein, total lipids, crude fiber, and minerals was calculated in kcal or
g per day and adjusted to the body weight (kcal or g.kg BW 1.d™") for
3 weeks. After Shapiro-Wilk analysis, Student’s #-test was performed
at P <0.05. The TM was the most consumed ingredient accounting up
to 70% of the daily feed intake. The TM-fed group had improved feed
conversion ratio on wk 2 (1.22 vs 1.58) and on wk 3 (1.36 vs 1.63)
compared with the control group. The nutritional specifications of TM
are 93.0% dry matter, 5,004 kcal AMEn.kg !, 49.3% CP, 85.9% pro-
tein digestibility, 29.3% ether extract, 4.5% crude fiber and 3.8% ash.
Energy intake per kg BW was higher for the TM group by 22% in wk
2 and 15% in wk 3 (P <0.01). Digestible protein intake per kg BW was
also higher by 33% and 17% (P < 0.01) on wk 2 and 3, respectively,
compared with control. The greatest differences were found for lipid
intake per kg BW, which was139% higher, and mineral intake per kg
BW, which was 58% lower for the TM group for the entire period (P
< 0.01) compared with control. Similarly, crude fiber intake was 19%
higher for the TM group on wk 2 (P < 0.05). In conclusion, the free-
choice trial indicated a clear preference of the chickens for TM. Also,
the daily intake of metabolizable energy, protein, and lipids was higher
for the TM group compared with the standard diet resulting in improved
feed conversion. We thank the research grants from FAPESP to Dr. José
F. M. Menten (No 2017/05423-8) and Vida Proteina for the Tenebrio
molitor meal supply

Key Words: protein, energy, lipids, feed conversion, broiler

184  True metabolizable energy and amino acid digestibility

for seven insect meals. Nahal Matin*, Pamela Utterback, and Carl
Parsons, University of lllinois at Urbana-Champaign, Champaign,
Illinois, United States.

Seven precision-fed rooster assays were conducted to determine nutrient
composition, nitrogen-corrected true metabolizable energy (TME,) and
standardized amino acid digestibility for 3 black soldier fly larvae meals
(BSFL), one partially defatted BSFL, one cricket meal and 2 mealworm
meals (regular and honest). The TME,, values were determined in 3
rooster assays using conventional roosters and the standardized amino
acid digestibility values were determined in 3 rooster assays using
cecectomized roosters. In the rooster assays, the birds were fasted for 24
h and then crop incubated with 25 to 30 g of the BSFL or mealworms.
The cricket meal was fed at 15 g and mixed with 15 g of corn and TME,
and amino acid digestibility values were calculated by difference. Data
were analyzed within rooster assay using a one-way ANOVA for a com-
pletely randomized design. Nutrient analysis of the meals indicated that
the crude protein varied from 44 to 54% among the 4 BSFL, was 64%
for the cricket meal and varied from 49 to 53% for the 2 mealworms.
Crude fat was 18 to 19% for the BSFL, 12% for the partially defatted
BSFL, 19% for the cricket meal and 29% for the 2 mealworms. Total
phosphorus content of the 7 meals ranged from 0.7 to 1% and calcium
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varied from 0.04 to 3.5%. Neutral detergent fiber varied greatly from
9 to 35% among the meals with the 2 mealworms being much lower
in fiber than the other insect meals. The TME, values for the 3 BSFL
were generally consistent and averaged 4079 kcal/kg DM. As expected,
the partially defatted BSFL contained a lower level of TME,. Due to
their low fiber content and high fat content, the TME values for the 2
mealworms were high and in excess of 5000 kcal’kg DM. Amino acid
concentrations of the various insect meals ranged from 0.67 to 1% for
methionine, 0.38 to 0.52% for cysteine, 2.7 to 4% for lysine, and 1.6 to
2.1% for threonine. Standardized amino acid digestibility values were
generally high (85-95%) for the 4 BSFL and 2 mealworms. Amino acid
digestibility values were slightly lower for the cricket meal. Digestibility
of cysteine was generally lower and more variable than other amino
acids in the 7 meals. The results of this study indicated that the nutrient
composition can vary substantially among different insect meals but
all insect meals contained high levels of TME, and digestible amino
acids compared with feed ingredients commonly used in poultry diets.

Key Words: insect meals, metabolizable energy, protein, amino acid
digestibility, black soldier fly

185  The effects of feeding high-oleic peanuts on the growth
performance of broilers. Elliot Sanders*!, Matthew Livingston',
Brittany Wall!, Thien Vu', Ramon Malheiros!, Kimberly Livings-
ton!, Luiz Carvalho!, Peter Ferket!, and Ondulla Toomer!-2, North
Carolina State University, Raleigh, North Carolina, United States,
2USDA-ARS, Raleigh, North Carolina, United States.

Locally grown feed ingredients of high energy and protein content, such
as peanuts, maybe economically feasible alternatives to corn and soy-
bean meal in broiler diets. Even though normal-oleic peanuts have been
demonstrated to be an economically viable feed ingredient for poultry,
their dietary inclusion increases the risk of fat oxidation and aflatoxin
contamination which may adversely affect growth performance and
enteric health. In contrast, new high-oleic peanut cultivars (80% oleic
fatty acids and 2% linoleic fatty acids) have greater oxidative stability
during storage and manufacturing, and they may be more resistant to
aflatoxin contamination. We hypothesized course ground high-oleic
peanuts as a feasible feed ingredient for broilers when formulated into
amino acid-balanced corn-soy based diets. The objective of this study
was to determine the effect of dietary full-fat high-oleic peanuts on the
growth performance and jejunum villi morphology of broilers. Age-
appropriate feed phases were manufactured into 3 experimental diets of
similar caloric and digestible amino acid content to meet breeder nutrient
recommendations: 1) dietary inclusion of ~10% coarse-ground full-fat
high-oleic acid peanuts (HOP); 2) a corn-soybean meal positive control
diet with 5.5% added poultry fat (PC); and 3) a negative control diet
containing 6% defatted peanut meal and 5.5% peanut oil (NC). Three-
hundred Ross 708 broilers were randomly placed in 10 replicate pens of
10 chicks/treatment and raised until 42 d. Body weights (BW) and feed
intake (FI) were determined weekly, and feed conversion ratio (FCR)
was calculated after adjustment for mortality rate (averaging 1.3% over
42 d). Intestinal samples were collected from 5 birds per pen at 42 d for
jejunum villi histomorphometic analysis. ANOVA was performed on
all variables using a general linear mixed model in SAS (9.4). Broilers
in the HO PN group had significantly lower body weights than the PC
and NC groups, respectively, at 14d (419 g versus 469g and 471 g/bird,
P <0.05) and weekly through to 42 d (2,430g versus 2,546 and 2,588,
P <0.06). Similarly, the broilers in the HO PN group had significantly
higher 0—42d feed conversion ratio (FCR) than broilers in the PC and
NC groups, respectively, (1.68 versus 1.56 and 1.55, P < 0.05). There
were no significant differences in jejunal villi surface area between the
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treatment groups, indicating no significant dietary effects on enteric
mucosa inflammation. Evidently, dietary inclusion of coarse ground
high-oleic peanuts may have lower than expected nutrient availability
but without allergenic effects. Further studies are justified to define the
nutritional value relative to corn and soybean meal.

Key Words: high-oleic peanuts, peanut oil, broilers, growth perfor-
mance, villi morphology

186  Effect of almond hull as an alternative ingredient on
broiler performance and nutrient digestibility. Jinquan Wang*,
Woo Kim, and Fanbin Kong, University of Georgia, Athens, Georgia,
United States.

The objective of this study was to evaluate 2 varieties of almond hulls
(Non-pareil: NP; Carmel: CA), by-products derived from the almond
industry, as alternative feed ingredients for broilers. In experiment 1,
NP and CA nutritional values were determined by proximate analysis
and rooster model. The dry matter (DM), nitrogen (N), fat, crude fiber,
and ash for NP and CA was 85.50, 0.77, 1.62, 13.11, 8.54, 57.43% and
88.11, 0.80, 1.82, 26.35, 5.98, 48.90% respectively. The N corrected
true metabolizable energy (TMEn) values from NP and CA were 1,624
and 1,514 kcal/kg respectively from 20 roosters. The essential amino
acids in NP and CA were determined non-digestible by 20 cecaminzed
roosters. In experiment 2, a total of 560 one-day old Cobb 500 male
chicks were randomly placed to 7 experimental treatments with 8 rep-
licates as 10 birds each for 19 d with a completely randomized design.
Treatments consisted of a control diet based on corn and soybean
meal; T2 to T4 were formulated to contain 3, 6 and 9% of NP, respec-
tively; and T5 to T7 were formulated to contain 3, 6 and 9% of CA,
respectively. Data of T2 to T4 (NP) with control and T5 to T7 (CA)
with control were subjected to SAS using one-way ANOVA following
GLM procedure separately. The significance level was set at P < 0.05.
Means were separated using Duncan’s Multiple Range Test. For T2
to T4 (NP) with control, inclusion of NP at 3% decreased (P < 0.05)
feed intake compared with control during d 0—7 of age. No difference
was found on body weight gain and feed conversion ratio within treat-
ments. Inclusion of NP at 3% decreased (P < 0.05) DM digestibility
and N corrected apparent metabolizable energy (AMEn) compared with
control. 9% NP inclusion further decreased (P < 0.05) DM digestibility
compared with 3% NP inclusion group. However, inclusion of NP at 6
and 9% group increased (P < 0.05) AMEn compared with inclusion of
3% NP and reached to a similar level to control. Only 9% NP inclusion
group decreased (P < 0.05) ileal N digestibility compared with control,
however, the N retention was not influenced by treatments. For T5 to
T7 (CA) with control, inclusion at 9% increased feed intake and feed
conversion ratio compared with control group during d 8-19 and d 0-19
of'age. No difference was found on body weight gain within treatments.
Inclusion at 3 and 9% of CA decreased (P < 0.05) DM digestibility
compared with control group, however, 6% inclusion of CA showed a
similar DM digestibility to control. No difference was found on AMEn,
ileal N digestibility and N retention within treatments. In conclusion,
despite the moderate negative effect on nutrient digestibility from NP
and CA, both almond hulls can be used in broiler diet up to 9% without
compromising body weight gain.

Key Words: almond hull, alternative ingredient, broiler, growth per-
formance, nutrient digestibility

187  Nutrient profile and digestibility of Brassica carinata meal
in chicken and in vitro anticoccidial activity of glucosinolate-
sinigrin of Brassica carinata meal. Sudhir Yadav*, Po-Yun Teng,
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Lorraine Fuller, and Woo Kim, University of Georgia, Athens, GA,
Georgia.

Coccidiosis is one of the main risks to production and economic losses
in the poultry industry. Furthermore, anticoccidial drugs resistance could
add up to cause more devastating condition, which mandates explora-
tion of novel and effective therapies. Brassica carinata also known as
Ethiopian mustard, is oilseed crop grown for jet bio-fuel and residue
after extraction of oil is of interest to animal nutritionists. This study
was conducted to determine the nutrient profile, total metabolizable
energy (TME), and amino acid (AA) digestibility of 2 groups: B. cari-
nata meal containing low glucosinolate (CMLG) and B. carinata meal
containing high glucosinolate (CMHGQG) for chickens. The CMLG was
analyzed to contain 28umol/g glucosinolate, 44.3% CP, 9% CF, 1.25%
EE, and 8.37% total ash and CMHG contains 100umol/g glucosinolate,
43.9% CP, 8.9% CF, 1.47% EE, and 7.74% total ash on DM basis. The
precision-fed rooster assays with conventional (randomly allocated 10
birds/group) and cecectomized roosters (randomly allocated 10 birds/
group) were conducted to determine TME and AA digestibility respec-
tively. After 24h of feed withdrawal, each rooster was then precision-
fed 35 g of B. carinata meal, and excreta samples were collected for
a period of 48h. The TME of CMLG and CMHG was determined to
be 2,046 Kcal/kg and 1,878 Kcal/kg DM, respectively. Standardized
digestibility for Lys, Met, Cys, Thr, and Val were 72.4%, 87.8%, 69.3%,
74.9%, and 78.6% for CMLG and 79.5%, 89.3%, 70.7%, 75.5%, and
80% for HGCM, respectively. This study also evaluates the anticoccidial
activity of sinigrin, a glucosinolate found in plants of Brassicaceae
family. Sinigrin at doses 0f 0.01, 0.04, 0.07, and 0.1 mg/mL along with
positive control (monensin at 0.5 pg/mL) and negative control (RPMI
media) were challenged with Eimeria tenella sporozoites in vitro in
Madin-Darby bovine kidney (MDBK) cells. Data from in vitro were
analyzed using MIXED procedure of SAS. One-way ANOVA was run,
and Tukey’s was used to compare means between different doses effect
on the sporozoites count. Results showed that higher doses 0.07 and
0.1 mg/mL significantly reduced the sporozoites count compared with
negative control. In conclusion, B. carinata meal nutrient profile and
digestibility are comparable to soybean meal, canola meal and rapeseed
meal. Sinigrin present in B. carinata exhibited a marked reduction effect
invitro on E. tenella. Thus, B. carinata meal can be a potential feedstuff
for chicken to replace conventional protein sources in the diet along
with benefit against coccidiosis.

Key Words: Brassica carinata, chicken, digestibility, glucosinolate,
in vitro

188  Zinc source and microalgae supplementation in broiler
breeder diet affects the growth plate morphology of offspring

leg bones at hatch. Marquisha Paul*, Szamare Crowder, Lizza
Macalintal, Anthony Pescatore, Tuoying Ao, Mike Ford, and Karl
Dawson, Alltech-University of Kentucky Nutrition Research Alliance,
Lexington, Kentucky, United States.

Previous research has demonstrated that broiler breeder nutrition directly
affects offspring skeletal development. Long bone elongation is driven
by chondrocyte proliferation and differentiation in the growth plates,
which are located at the bone epiphyses. This study was conducted to
evaluate the effect of supplementing microalgae (FORPLUS, Alltech,
Inc.; source of docosahexaenoic acid) and 2 sources of Zn, ZnO or
Zn-proteinate (Bioplex® Zn, Alltech, Inc.), in broiler breeder diets on
offspring growth plate morphology of femurs and tibias at hatch. An
RCB design with a 2x2 factorial trt structure was used for this study.
A total of 240 Cobb500 broiler breeder hens and 20 Cobb500 broiler
breeder roosters were randomly assigned to a corn-soybean meal diet
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containing either 0 or 2% microalgae and an additional 40 mg Zn/kg
diet as ZnO or Zn-proteinate for the entire rearing period. Breeders were
raised in floor pens with ad libitum access to water and nest boxes, 15L:
9D lighting, and controlled access to feed. Each dietary trt consisted of
5 rep floor pens (12 hens + 1 rooster/pen). Fertile eggs were collected
and set in 10-week intervals at 3 time points: 19-20 wk of lay, 30-31 wk
of lay, and 41-43 wk of lay. At hatch, the femurs and tibias of breeder
offspring were collected and processed for morphological evaluation of
the proliferative zone (PZ), hypertrophic zone (HZ), and proliferative +
hypertrophic zones (PZ+HZ) of the proximal growth plates. Data were
subjected to 2-way ANOVA (GLM procedure of SAS v9.4) with means
separated using Fisher’s LSD test. A main effect of breeder dietary Zn
source when breeders were 19-20 wk of lay was observed for offspring
femur growth plate morphology. Offspring from breeders fed Bioplex®
Zn had greater (P < 0.05) femur PZ, HZ, and PZ+HZ heights than off-
spring from breeders fed ZnO. At 30-31 wk of lay, an interaction effect
of breeder dietary microalgae supplementation level and Zn source was
observed for offspring tibia growth plate morphology. Offspring from
breeders fed 0% FORPLUS + Bioplex® Zn had the greatest (P <0.05)
tibia HZ and PZ+HZ heights compared with offspring from breeders fed
other diets. Main effects of breeder dietary microalgae supplementation
level and Zn source when breeders were 4143 wk of lay were observed
for offspring tibia growth plate morphology. Offspring from breeders
fed 2% FORPLUS or Bioplex® Zn had greater (P < 0.05) tibia HZ and
PZ+HZ heights compared with offspring from breeders fed ZnO and
0% FORPLUS, respectively. In conclusion, dietary supplementation of
Bioplex® Zn or FORPLUS in broiler breeder diets increased the growth
plate zone heights in the leg bones of offspring at hatch.

Key Words: broiler breeder, zinc, microalgae, offspring bone, growth
plate morphology

189  Effects of encapsulated cinnamaldehyde and citral on
growth performance, gut health, and cecal microbiota in broiler
chickens. Chongwu Yang*!2, Yan Martel Kennes?, Dion Lepp?,
Xianhua Yin?, Qi Wang?, Hai Yu?, Chengbo Yang!, Joshua Gong?,
and Moussa Diarra?, ! University of Manitoba, Winnipeg, Manitoba,
Canada, °Guelph Research and Development Centre, Agriculture
Agri-Food Canada, Winnipeg, Manitoba, Canada, >Centre de
Recherche en Sciences Animales de Deschambault, Deschambault,
Quebec, Canada.

This study investigated the effects of encapsulated cinnamaldehyde
(CIN) and citral (CIT) alone or in combination (CIN + CIT) on the
performance, gut health, and cecal microbiota of broilers vaccinated
or not against coccidiosis. Two groups of 3,200 d-old male Cobb 500
broilers (vaccinated = 1,600; non-vaccinated = 1,600) were randomly
allocated to 5 treatments: Non-medicated feed (control basal diet) and
basal diet supplemented with bacitracin (BAC, 55 ppm), CIN (100 ppm),
CIT (100 ppm) and a combination of CIN (100 ppm) + CIT (100 ppm).
Statistical analyses on growth performance and severity of intestinal
lesions were conducted according to a complete randomized design using
the GLM procedure (SAS, 9.4. SAS) with treatment groups as sources
of variation (4 pens/treatment) and the individual pen as experimental
units . Differences in relative abundances between treatment groups were
analyzed by Dunn’s test. In general, average daily feed intake (ADFI),
average daily gain (ADG) and feed conversion ratio (FCR) were sig-
nificantly improved in both BAC- and CIN-treated birds (P <0.05). The
incidence of minor coccidiosis (sub-clinical) was significantly higher (P
< 0.05) in vaccinated birds than in non-vaccinated birds in accordance
with high oocyte counts in the vaccinated birds. Diet supplementation
with BAC or tested encapsulated essential oils showed similar effects
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on the coccidiosis incidences. CIN appeared to be more effective than
CIT in controlling necrotic enteritis (NE), although an additive effect
was observed in CIN+CIT treated birds. Cecal microbiota analysis by
the 16S rRNA sequencing showed a clustering by vaccination group.
No treatment effects were observed on the abundance of total 4 detected
phyla including Actinobacteria, Firmicutes, Proteobacteria, Tenericutes.
At the genus level, abundances of 3 of 40 detected genera including
Leuconostoc and 2 unassigned genera were found to be affected by
treatments (P < 0.05). Other beneficial genera including Lactobacillus,
present at a relative abundance >1% appeared to be prevalent but not
statistically significant in essential oils fed birds. The results suggested
that CIN alone or in combination with CIT in feed could influence
cecal microbiota composition and improve the intestinal heath and
performance of broiler chickens.

Key Words: broiler, encapsulated essential oils, growth performance,
gut health, cecal microbiota

190  Evaluation of the effects of putrescine, as a component in
“in ovo” nutrition of broilers. Emanuele Goes*, Gabriela Cardoso
Dal Pont, Priscila Raijche, Rosiane de Aratjo, Chayane da Rocha,
and Alex Maiorka, Universidade Federal do Parana, Curitiba,
Parana, Brazil.

In ovo feeding techinique consists on inoculating solutions containing
nutrients and/or compounds within the egg with specific functions,
resulting in a greater energy reserve for the embryo and accelerating
enteric development before hatching. Thus, this study aimed to develop
nutrient solutions with putrescine and, after inoculation in ovo, evaluate
its effects on hatching rates, intestinal morphophysiology and growth
performance of broilers at pre-initial phase. The eggs used came from
broiler breeders with 32 weeks of age and average weight of 61.5 +
1.5g. After selection, eggs were distributed in a completely random-
ized design in 5 treatments divided into incubation trays. Each tray
was considered a repetition, totaling 8 replicates with 5 treatments of
18 eggs each, in a total of 144 eggs per treatment equally represented
in each tray within hatchery machine. Experimental groups consisted
of 4 nutrient solutions containing different concentrations of putrescine
(0.05, 0.1, 0.15 and 0.2%) diluted in 0.9% physiological solution and a
control group (without inoculation). Inoculation of the sterile solutions
occurred at 17 d of incubation and later eggs were transferred to the
hatcher. After hatch, 330 birds were housed according to their treatments,
totalizing 5 treatments of 6 replicates with an average of 11 birds each.
Two d after hatching, ileum of 4 animals were collected per treatment
for preparation and subsequent reading of histomorphological slides.
Broiler’s performance was evaluated only in the pre-initial phase, and
all birds were fed ad libtum with the same corn and soybean meal based
diet. The polynomial regression model was used to evaluate putrescine
levels. Hatchability (%) fell while the putrescine levels were increased
in the treatments (P < 0.01). For intestinal histomorphometry analyzes,
there was a linear increase (P <0.01) in response to putrescine levels for
villi height (um) and number of goblet cells. On the other hand, crypt
depth (um) was lower on treatments where higher doses of putrescine
were inoculated. About performance, there was no significant difference
(P> 0.05) for feed intake and average weight gain, while feed conver-
sion ratio was better for the control group (P = 0.01). The increase of
mucus production to protect the intestinal epithelium of animals that
received putrescine in ovo resulted in worse feed conversion ratio at
pre-initial phase. Putrescine in ovo, showed effects on cell proliferation
and behaved as a trophic agent in the development of intestinal villi,
but the doses used caused some toxicity to broilers.

Poult. Sci. 98(E-Suppl. 1)

Key Words: 1,4-amino-butane, biogenic amines, embryo nutrition,
intestinal development, intestinal health

191 Influence of coccidiosis vaccination and starter diet lipid
concentration on nutrient and energy digestibility, and broiler
growth performance and processing characteristics. Alyson
Gautier* and Samuel Rochell, University of Arkansas, Fayetteville,
Arkansas, United States.

Subclinical infections elicited by coccidiosis vaccination impair lipid
digestibility and energy utilization in broilers. An experiment was
conducted to determine if live performance, processing characteristics,
and apparent ileal digestibility (AID) of nutrients and energy (IDE) in
coccidiosis vaccinated broilers can be improved by feeding diets that
account for potential vaccine-induced reductions in lipid digestibility.
Six experimental treatments based on a factorial arrangement of 2 coc-
cidiosis control methods [control group with in-feed diclazuril (CTL)
or vaccinated (VAC)] and 3 starter diets with varying supplemental
soybean o0il (SBO) concentrations were administered to male Cobb 500
broilers in floor pens with 12 birds per pen (0.09 m?/bird). A 1x dose
of a live coccidiosis vaccine was given to VAC birds via oral gavage
on day of hatch. Experimental starter diets were fed from 0 to 18 d
and contained 2.10% (standard), 2.67% (moderate), and 3.24% (high)
SBO and calculated AME,, contents of 3,008, 3,058, and 3,108 kcal/kg,
respectively. All birds were fed common grower (18 to 31 d) and finisher
(31 to 43 d) diets. Body weight gain (BWG), feed intake (FI), and feed
conversion ratio (FCR) were determined at 18, 31, and 43 d. On d 11,
blood and ileal digesta were collected from all birds in 7 replicate pens
to measure plasma carotenoids and determine AID of nitrogen, ether
extract (EE), and IDE. For performance, 12 replicate pens were used
to 43 d, and all birds from 8 replicate pens were processed at d 44. Atd
11, VAC increased (P < 0.05) excreta oocyst counts and decreased (P <
0.05) plasma carotenoids and AID of nitrogen and EE in all diets when
compared with CTL birds. Interactive effects (P < 0.05) were observed
for IDE, whereby the vaccine-induced reductions in IDE were greatest
for the standard and moderate SBO starter diets. From 0 to 18 and 0 to
31 d, VAC decreased (P < 0.05) BWG, although FI was only reduced
(P <0.05) from 0 to 18 d. Interactive effects (P < 0.05) were observed
for FCR from 0 to 18 and 0 to 31 d, whereby VAC increased (P < 0.05)
FCR of birds fed moderate and high SBO levels but not those fed the
standard SBO. From 0 to 43 d, no treatment effects (P> 0.05) on BWG
and FI were observed, whereas VAC increased FCR of birds fed the
moderate SBO starter but not those fed the other SBO diets (VAC x
Diet, P<0.05). Carcass yields were lower (P < 0.05) for VAC birds than
for CTL birds, but there were no treatment effects (P > 0.05) on breast
or abdominal fat pad yield. In conclusion, these data demonstrated that
starter diet lipid concentration and coccidiosis vaccination had interac-
tive effects on broiler FCR that extended beyond the starter period.

Key Words: coccidiosis, digestibility, vaccination, lipid, broiler

192  The role of dietary calcium in necrotic enteritis develop-
ment and pathogenesis. Christopher Eagleson*!, Ariel Bergeron',
Chance Williams?, Craig Wyatt*, Dan Klamfoth?, and Audrey McEIl-
royl, !Texas A&M University, College Station, Texas, United States,
2 Wayne Farms, Oakwood, Georgia, United States, 3Lhoist North
America, Fort Worth, Texas, United States, *AB Vista, Plantation,
Florida, United States.

Previously, we have published the influence of dietary calcium (Ca)
inclusion levels on naturally occurring necrotic enteritis (NE). This
trial was conducted to further investigate dietary Ca involvement in NE
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pathogenesis and evaluate the performance alterations associated with
natural NE occurrence. A randomized, complete block design trial was
conducted to determine the impact of 2 limestone sources of 2 particle
sizes with 2 dietary inclusion rates on the pathogenesis of NE. A total of
3600 d-old Ross male broilers were assigned to 8 dietary treatments (trt)
fed in 3 phases (0-14 d, 14-28 d, and 28-35d). Each trt was replicated
by 9 pens and all birds received a coccidia vaccine at day of age. NE
was allowed to occur naturally following mild intestinal response to day
of age coccidia vaccination. All diets included 1000 FTU/kg of phytase
and the Ca:P ratio remained at approximately 2:1. Dietary treatments
were: 1.05% Ca 1 at 120 sieve (trt 1), 1.05% Ca 1 at 200 sieve (trt 2),
1.05% Ca 2 at 120 sieve (trt 3), 1.05% Ca 2 at 200 sieve (trt 4), 0.75%
Ca 1 at 120 sieve (trt 5), 0.75% Ca 1 at 200 sieve (trt 6), 0.75% Ca 2
at 120 sieve (trt 7), and 0.75% Ca 2 at 200 sieve (trt 8). All data were
subjected to ANOVA using the GLM procedure. Means were deemed
significantly different at P < 0.05 and separated using Tukey’s HSD. A
2x2x2 factorial analysis was used to determine the impact of dietary Ca
inclusion rate, Ca particle size, and Ca source. Beginning at d16 numer-
ous birds were clinically morbid, and mild mortality resulting from NE
increased and persisted through d23. At d14, interaction of particle size
and limestone source indicated birds fed the 120 sieve Ca 1 had reduced
BW compared with other sizes and source combinations. At d28 and d35,
interaction of limestone source and inclusion rate indicated the higher
inclusion rates of Ca 1 reduced BW. During d14-28 and d0-28 there
was an inclusion rate and source interaction with birds fed higher Ca
1 having increased FCR. During the finisher phase and d0-35 a 3 way
interaction indicated birds fed trt 1 had increased FCR. During d0-35
birds fed trt 1 or 2 (1.774 and 1.679 respectively) had approximately
1 point decrease in FCR compared with trt 3, 5, and 8 (1.593, 1.601,
1.589 respectively). Trt 4, 6, and 7 had FCR similar to trt 2. NE caused
increased mortality, predominantly during d14-21, with Ca rate and
particle size interaction. Birds fed 1.05% total Ca at 200 sieve (2.9%)
had increased mortality compared with birds fed 0.75% total Ca at 200
sieve (0.0%). Collectively, this data indicates that not only inclusion rate
of dietary Ca, but also limestone source and solubility characteristics
effect broiler performance and mortality attributable to NE.

Key Words: calcium, necrotic enteritis, performance

193 Impact of feeding dietary sources of docosahexaenoic and
a-linolenic acids to ISA brown and Shaver white pullet breeders
and/or progeny on tibia attributes of 18-wk pullets. Reza Akbari
Moghaddam Kakhki*!, Kayla Price?, Janna Moats>, Niel Karrow!,
Tina Widowski!, and Elijah Kiarie!, /University of Guelph, Guelph,
Ontario, Canada, *Alltech Canada, Guelph, Ontario, Canada, 30 &
T Farms, Saskatoon, Saskatchewan, Canada.

Structural bone development ceases at sexual maturity suggesting
modification of nutrition before puberty may be a better strategy for
optimizing bone health in hens than post-puberty. We evaluated the
effects of maternal and rearing dietary n-3 fatty acids (FA) and genet-
ics on tibia attributes of progeny at 18 wks of age (woa). ISA brown
(ISA) and Shaver white (SHAV) female and male breeders (26 woa;
3 group pens of 279 and 4 & per strain) were fed 3 different diets:
Control (CON); CON + 1% of dried micro-algae (Aurantiochytrium
limacinum) fermentation product, as a source of docosahexaenoic acid
(DHA); and CON + 2.48% of LinPRO, a dry extruded product consist-
ing of full-fat flaxseed, as a source of a-linolenic acid (ALA). Test diets
(DHA and ALA) had equal amounts of n-3 FA and ratio of n-6: n-3
FA. Hatched female offspring were divided into post-hatch treatments
(5 replications with 9 ISA or 10 SHAV pullets) as follows: A) breeder
CON: CON (CON-CON), DHA (CON-DHA) and ALA (CON-ALA),
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B) breeder DHA: CON (DHA-CON) and DHA (DHA-DHA) and C)
breeder ALA: CON (ALA-CON) and ALA (ALA-ALA). Pullets were
kept in conventional cages and sacrificed for tibia sampling at 18 woa.
The left tibia was surgically separated into 3 parts: epiphysis, medullary
and cortical. Dry (DW), ash weight (AW) and ash percentage (AP) were
measured in the 3 parts and normalized by body weight (BW). The right
tibia breaking strength (TBS) was measured by the Instron machine as
the amount of applied Newton (N/m?) pressure at 2 mm/sec. Data were
analyzed as a complete randomized design with 2 (strains) x 7 (diets)
factorial arrangement. Except for AW in cortical, there was no interaction
between strain x diets or the main effect of diet (P > 0.05) on wk-18
BW and whole or other parts of tibia attributes. Strain effects (P <0.05)
was such that ISA pullets had heavier 18-wk BW (1,785 vs. 1,427 g),
tibia (4.9 vs. 4.3 g/lkg BW) and medullary (0.64 vs. 0.44 g/kg BW) than
SHAV pullets. Moreover, although ISA pullets exhibited heavier (P <
0.05) tibia epiphysis and cortical than SHAV pullets, the later had higher
AP in the whole tibia (39 vs. 35%) and medullary (1.21 vs. 0.69%). The
interactive effect of strain x diet improved TBS of DHA-DHA and ALA-
ALA (P =0.024) by 47 and 36%, respectively relative to CON-CON in
SHAV pullets. The cortical AW was improved in SHAV (P = 0.007) by
13.1 and 23.8% in DHA-CON and DHA-DHA, respectively compared
with CON-CON. The strain effects were strong on tibia attributes on
18-wk old pullets. Maternal feeding of n-3 FA was more effective when
concomitant with rearing feeding of n-3 FA compared with the CON in
supporting structural bones (cortical) in SHAV pullets.

Key Words: maternal feeding, rearing feeding, pullets, bone quality,
n-3 fatty acids

194  Effect of dietary supplementation with EconomasE™ and
two sodium sources on production parameters, egg quality, and
blood electrolyte responses of laying hens exposed to elevated
temperatures. Opeyemi Olojede*!, Mike Ford!, Anthony Pescatore!,
Tuoying Ao?, and Sunday Adedokun', 'University of Kentucky, Lex-
ington, Kentucky, United States, *Alltech Inc, Nicholasville, Kentucky,
United States.

Acute heat stress is often associated with reduced feed intake which
can influence the intake of micronutrients. Furthermore, temperature
above the thermoneutral zone can result in the loss of CO, through
panting affecting acid-base homeostasis in the blood. In this study, we
investigated the effect of an antioxidant EconomasE (0 or 0.2 g/kg) and
2 sodium sources (NaCl or NaCl+NaHCO5) on laying hens exposed
to elevated temperature in terms of egg quality, egg production, and
blood metabolites. Hy-line Brown hens at 26 wk of age were randomly
assigned to one of 4 dietary treatments with 9 replicates per diet with
12 hens per rep. The hens were housed 2 birds per cage (25 x 41 cm)
and photo-stimulated with 16L: 8D. Feed and water were provided ad
libitum. The birds were maintained at a thermoneutral (TN) temperature
of 23.8°C until 31 wk of age. Then, all birds were maintained under
cycling elevated temperature conditions (HS) at 32.2°C for 8 h per day
(from 9:00 a.m. to 5:00 p.m.) for 5 wk and allowed to recover at TN for
another 5 wk (REC). This was repeated following the same sequence.
Throughout the experiment, egg production was recorded daily. Twice a
week for 3 weeks within each temperature period, 6 eggs per replicate per
treatment were collected, weighed and evaluated for eggshell breaking
strength and albumen height. One bird from each 6 replicates (6 bird
per treatment) was sampled, before heat treatment, at the end of HS, and
5 weeks after heat treatment. Serum glucose, mineral concentrations,
and acid-base equilibrium related parameter (HCO™;, Na*, K*, CI-, Ca)
levels were determined. Dietary supplementation with EconomasE or
different sodium sources did not affect egg production or egg quality
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parameters. Before HS, the glucose level was elevated (P < 0.05) in
birds fed a diet with NaCl+NaHCO; compared with those fed other diets.
During the HS period, dietary NaCl+NaHCOj significantly increased
(P <0.01) HCOr; and decreased (P < 0.01) CI'. At the end of the REC
period, K* decreased (P < 0.05) and Cl remained lower (P < 0.05) with
the inclusion of NaCl+NaHCOs. An interaction was observed with
Economase and sodium source, where hens fed the diet containing no
Economase and only NaCl as the sodium source, had the lowest body
weight during the REC period. These results indicate that during HS,
NaCl+NaHCOj; supplementation elevated serum HCO; and reduced Cl1
levels circumventing the effects of respiratory alkalosis.

Key Words: layers, electrolyte balance, egg quality, heat stress, blood
metabolites

195  Effects of phosphorus source and level of insoluble fiber
in the diet on growth performance, gizzard development, and
bone mineralization of broilers from 1 to 14 days of age. A. F. de
Juan*!, J. Guayasamin!, P. Hernandez!, A. Mereu?, I. Ruiz-Ascaci-
bar?, D. Menoyo', and Gonzalo Mateos!, UPM, Madrid, Madrid,
Spain, *Yara Iberian, Madrid, Spain.

The effects of source of phosphorus and level of inclusion of oat hulls
(OH) in the diet on growth performance, bone mineralization, and giz-
zard development were studied in Ross 308 straight-run chicks from 1 to
14d of age. All birds were fed ad libitum a common corn-soybean meal
diet in crumble form. The experiment was conducted as a completely
randomized design with 6 diets arranged as a 2x3 factorial with source
of phosphorus [monosodium (MSP), monocalcium (MCP), and calcined
bone (CBP) phosphates] and level of inclusion of OH (0 and 3%) as main
effects. Each treatment was replicated 10 times and the experimental
unit was a cage with 12 birds. The estimated phosphorus digestibility
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coefficients were 91.0, 88.5, and 86.9% for the MSP, MCP, and CBP,
respectively. All the diets contained 0.25% digestible P (dP). The Na*
and CI" contents of the diets were 0.19 and 0.17%, 0.17 and 0.32%, and
0.17 and 0.32% for the MSP, MCP, and CBP diets, respectively. At 7
and 14 d of age, 2 birds per cage were euthanized by CO, asphyxiation
and weighed individually. In addition, representative samples of the
bones were obtained by severing the foot at the tibio-metatarsal joint. To
study the development of the proximal part of the GIT the gizzard was
excised and clampled to avoid digesta contamination and the full and
empty weight and the pH of the contents were recorded. Data were ana-
lyzed as a completely randomized design with the source of phosphorus
and level of OH in the diet as main effects. The source of phosphorus
did not affect any of the growth performance or gizzard traits studied
of the birds from 1 to 14 d of age. An interaction (P < 0.05) between
phosphorus source and age was observed for FCR. Broilers fed the
diets containing 3% OH consumed more feed (P < 0.05), and tended to
have higher ADG (P = 0.062) but had similar FCR than broilers fed the
control diets. Furthermore, energy efficiency, defined as Kcal of energy
intake per gram of BWG, improved (P < 0.001) with OH inclusion. In
absolute (g) and relative (% BW) terms the full and the empty gizzards
were heavier (P <0.001) in broilers fed 3% OH than in broilers fed the
control diets, but no differences were observed for gizzard pH. Foot ash
content was neither affected by phosphorus source, nor by OH inclusion
level. In summary, based on the P digestibility used for the different
phosphorus sources, phosphorus source, in diets formulated with equal
dP did not affect neither broiler performance, nor bone mineralization,
nor gizzard development of young broilers. The inclusion of 3% OH
improved the size of the gizzard and improved BW gain and energy
efficiency in young broilers.

Key Words: bone mineralization, broilers, fiber, gizzard, phosphorus
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207  Effects of riboflavin and Bacillus subtilis on growth
performance of Ross 708 male broilers with or without coccidial
challenge. Sabin Poudel* and Wei Zhai, Mississippi State University,
Mississippi State, Mississippi, United States.

The study was aimed to improve broiler growth performance by reduc-
ing bile salt hydrolase enzyme (BSH) activity in the intestine. Both
intestinal microflora and probiotics produce BSH, which hydrolyze
conjugated bile salt. Reduced conjugated bile salt concentration reduces
fat digestion and absorption. The objective was to determine the effects
of riboflavin (as a BSH inhibitor) and probiotics (Bacillus subtilis PB6)
on broiler performance, carcass yield, and woody breast condition (WB)
under coccidial challenge. A total of 1,248 d-old Ross 708 male broilers
were randomly divided into 12 treatments in 8 blocks ina 3 x 2 x 2
(riboflavin x Bacillus subtilis * coccidial challenge) factorial arrange-
ment. The 3 levels of riboflavin used were 0.75, 6.6, and 20 ppm. On d
14, birds were gavaged with 20 x doses of commercial cocci vaccine.
Body weight gain (BWG), feed intake (FI) and feed conversion ratio
(FCR) were determined on d 14, 28, 35, and 41. On d 41, 5 birds/ pen
were processed and deboned. Data were analyzed using 3-way ANOVA,
with significance level set at P < 0.05. None of the riboflavin, Bacillus
subtilis, or coccidial challenge treatments affected overall mortality
from d 0—41. However, the supplementation of Bacillus subtilis low-
ered mortality from d 3541 (P =0.050). Bacillus subtilis also lowered
overall FI from d 0—41 (P = 0.028), but did not affect BWG or FCR.
Bacillus subtilis lowered carcass, breast, and tender weights of birds
only when they were supplemented with 0.75 ppm riboflavin (P=0.053,
0.005, and 0.008). The birds were successfully challenged as coccidial
lesions were increased in duodenum and jejunum (P < 0.0001) caused
by Eimeria acervulina and Eimeria maxima on d 27. The coccidial
challenge exhibited different effects on growth performance during
different growth phases. The challenge reduced FI, BWG, and increased
FCR between d 14-28 (P < 0.0001); did not alter the FI, but increased
BWG (P =0.0011) and lowered FCR (P = 0.003) between d 28-35;
did not influence FI between d 35-41. From d 35-41, the challenge
lowered FCR only in birds fed 0.75 ppm riboflavin (P = 0.013), but
increased BWG only in birds fed 6.6 ppm riboflavin (P = 0.009). The
coccidial challenge also increased abdominal fat pad weight and slight
WB incidence (P = 0.020 and 0.040). In conclusion, birds’ response to
riboflavin, Bacillus subtilis, and challenge varied with age. Riboflavin
inclusion level affected birds’ response to Bacillus subtilis and coccidial
challenge. More research should be conducted to determine the effects
of these 3 factors on intestinal microbiota, gut health, and internal
organ development to reveal how to use probiotics more effectively in
antibiotic-free broiler production.

Key Words: riboflavin, Bacillus subtilis, coccidiosis, growth perfor-
mance, broiler

208 How do dietary protein source and graded level of pea
interact in coccidiosis-challenged, cage-housed broiler chickens?
Rachel Savary*, Andrew Van Kessel, and Henry Classen, University
of Saskatchewan, Saskatoon, Saskatchewan, Canada.

Dietary protein of animal origin is often considered a risk factor for
the development of enteric disease in broiler chickens. Evidence sug-
gests that carbohydrate fermentation reduces these negative effects by
increasing the protein utilized for microbe growth and decreasing protein
fermentation. Undigested starch (e.g., pea) is a potential fermentation
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source to accomplish this goal. This experiment studied the impact of
diets containing animal- (ABP) or plant-based protein (PBP) and graded
levels of pea on the response of cage-housed broilers to 30 times (x)
label dose of coccidial vaccine. A RCBD in a 2x3x2 factorial arrange-
ment with 10 replicate cages of 5 birds was used. The main factors were
protein source (ABP or PBP), level of pea (0, 15 or 30%) and coccidiosis
challenge (0x or 30x). Un-medicated diets, formulated to meet broiler
grower recommendations, were fed for the duration of the trial. Wheat
and soybean meal were used in PBP diets while ABP diets replaced
a portion of the soybean meal with fish meal (7%) and porcine meal
(3%). At 21d birds were gavaged with 1 mL of Coccivac-B52 (Merck
Animal Health, approx. 2.83 x 10* sporulated oocysts) or distilled
water. Response criteria were evaluated at 28d. Analysis of variance
was completed in SAS 9.4 with significance set at P < 0.05. Means are
listed as 0x versus 30x or in the following order: protein x challenge,
ABP-0x, ABP-30x, PBP-0x, PBP-30x; pea x challenge, 0%-0x, 0%-30x,
15%-0x, 15%-30x, 30%-0x, 30%-30x. Coccidial challenge induced
disease as indicated by the presence of oocysts in challenged birds,
reduced body weight gain (BWG; 635, 611 g bird "), feed intake (915,
892 g bird ') and excreta moisture (74.8, 72.5% moisture), and increased
small intestine (SI) digesta content and SI, ceca and colon size. Results
were inconsistent on whether ABP or PBP caused more severe disease.
Challenge reduced excreta moisture of ABP-fed birds more than PBP-fed
birds (73.2°,70.19, 76.4%, 74.8) but Eimeria maxima shedding was less
for ABP than for PBP (4.23 and 4.97 log oocyst per g). Level of pea did
not reduce the negative effect of either protein source as shown by the
lack of 3-way interactions among main effects. Including pea increased
challenge severity. Increased pea reduced BWG and the reduction due
to challenge was greater at 15 or 30% pea inclusion (6562, 6552, 6532,
600P, 596, 579 g bird!). Similar effects were noted for excreta drying
and SI weight. Total oocyst shedding increased with 15 and 30% pea
(5.07%, 5.47%, 5.50% log oocyst per g). In conclusion, dietary protein
source did not consistently affect the response to coccidiosis challenge,
and increasing dietary pea level increased the severity of the infection
regardless of protein source.

Key Words: Eimeria, fish meal, porcine meal, soybean meal, wheat

209  Evaluation of four different doses of Eimeria-challenge
on growth performance and gut health parameters of broilers.
Po-Yun Teng*, Sudhir Yadav, Fernanda Castro, Alberta Fuller, and
Woo Kim, University of Georgia, Athens, Georgia, United States.

Coccidiosis is an intestinal tract disease caused by Eimeria spp. infec-
tion. These parasites are able to penetrate and reproduce in the lining
cells of gut which causes severe damage in the intestine. This study
was conducted to evaluate different Eimeria challenge doses on growth
performance and parameters of intestinal health in broilers. The non-
challenge control and 4 different doses were used in the study. A mixed
Eimeria spp. solution with 50,000 E. maxima, 50,000 E. tenella, and
250,000 E. acervulina per milliliter was prepared for the highest dose
challenge treatment. The mixed solution was diluted by 2-fold serial
dilution to make the medium-high (25,000 E. maxima; 25,000 E. tenella;
125,000 E. acervulina), the medium-low (12,500 E. maxima; 12,500 E.
tenella; 62,500 E. acervulina), and the lowest dose (6,250 E. maxima;
6,250 E. tenella; 31,250 E. acervulina). A total of 360 13-d-old male
Cobb 500 (males from the female line) broilers were randomly allo-
cated into 5 treatments with 6 replicated cages. Growth performance
was calculated from 0 to 6-d post infection (DPI), and intestinal lesion
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was scored on 6 DPI. Gut permeability was measured on 3, 5, 6, 7, and
9 DPI to test dynamic change of gut leakage in Eimeria-challenged
broilers. Data were analyzed as a PROC GLM Contrast in SAS version
9.4 with significance at P < 0.05.The results indicated significant linear
reduction in body weight gain (370, 270, 243, 205, and 189), and feed
intake (547, 481, 440, 438, and 427) with the increase of Eimeria dose,
whereas significant linear increase was found for feed conversion rate
(1.48,1.79, 1.83, 2.15, and 2.32) (P < 0.01). Similarly, the percentage
of higher lesion scores was increased by dose of Eimeria challenge in
the ceca (Score 3 and 4, 0%, 13%, 27%, 33%, and 67%). There was no
significant difference in the gut permeability on 3 DPI, but a significant
linear trend was found on 6 DPI (14, 136, 207, 216, and 234 ng/ml)
and 7 DPI (4, 47, 69, 48, and 230 ng/ml) (P < 0.01). On 9 DPI, the gut
permeability of birds in each challenged treatment was recovered to
normal levels. In conclusion, the higher Eimeria dose that birds were
challenged, the more damage was caused in the gut of broilers. Addition-
ally, gut permeability is a well-operated parameter to measure dynamic
change of gut health in the Eimeria-challenge model.

Key Words: coccidiosis, Eimeria, broiler, gut permeability

210 Comparing of gut health by I See Inside methodology in
broilers raised in controlled environment and common backyard
structure. Barbara Schreiner Spiassi*!, Adrien Sanches!, Bruna
Belote!, Igor Soares!, Amanda Tirado!, Ana Heemann!, Aline Tuji-
moto Silval!, Paulo Hiimmelgen', and Elizabeth Santin?, ! Univer-
sidade Federal do Parand, Curitiba, Parand, Brazil, *ISI Institute,
Curitiba, Parana, Brazil.

The Free Range systems are gaining more popularity mostly because
consumer pressure and market opportunities. There are few studies
comparing the effect of the Free Range systems in gut health. A trial
was conducted to compare the gut health by ISI methodology, in broilers
raised in controlled environment (NC) and raised in a common backyard
structure with (WS) and without (60g/T) salinomycin (WTS), in diet. A
total of 96 birds were used, divided in 3 groups (each bird is a replicate),
all were male broilers, Cobb 500. Weakly, feed and birds were weight
and 8 birds by treatment were euthanized and ileum samples were col-
lected for ISI evaluation. In the ISI methodology, an impact factor (IF)
that ranges from 1 to 3 is defined for each tissue alteration according
to the reduction on organ functionality and a score (S) that ranges from
0 to 3 is given according to the intensity or frequency of each altera-
tion. To ISI final value, the IF of each alteration is multiplied by the
respective score and summed according to the formula IS = Z(IF*S).
The data were submitted to one-way ANOVA and Tukey’s test (P <
0.05). At 14 and 28d the birds from WTS (14D 8.46; 28D 11.56) and
WS (14D 4.32; 28D 10.4) groups displayed higher (P < 0.05) ileum
ISI total scores when compared with NC (14D 3.47; 28D 8.83). It was
observed lower (P < 0.05) body weight gain (BWG) for WS (438g) and
WTS (448g) at 14 d compared with NC (604g). The feed intake was
lower for NC at 7d, but higher in 21 and 28d (7D163g; 21D 1808g;
28D 3005g) than WS (7D 202g; 21D 1479¢g; 28D 2598¢) and WTS
(7D 229g; 21D 1508g; 28D 2356g). A relation between ISI scores for
ileum and BWG was observed during 14 and 28d - When the higher
was the ileum score, the lower was the BWG. Also, the feed conversion
ratio was better (P < 0.05) for NC in 7 and 14d (7D 0.85; 14D 1.05)
than WS (7D 1.05; 14D 1.56) and WTS (7D 1.47;14D 1.74). This trial
can shows that birds raised in Free Range system presented lower gut
health and performance when compared with birds for the same lineage
raised in controlled system, since they have much more contact with
environment challenges. The Free Range system does not mean that the
animal have better health and welfare. Despite the salinomycin used,
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there is no improve in intestinal parameters for Free Range, suggesting
that new strategies or dosages should be explored to control coccidiosis
and improve gut health in this system.

Key Words: free range, salynomicin, coccidiostatic, gut health, ISI

211 A field evaluation on the effect of feeding spray-dried
plasma in the starter period on the overall performance and gut
health of broilers. Bruna Luiza Belote*!:2, Bruno Carvalho?, Camila
Martins®, Ricardo Gonzalez Esquerra?, Amanda Tirado?, Aline Tuji-
moto Silval2, Igor Soares?, Luis Rangel*, and Elizabeth Santin', /ISI
Institute, Curitiba, Brazil, °Federal University of Parand, Curitiba,
Brazil, ’Federal University of Vicosa, Vicosa, Brazil, ?APC, Ankeny,
United States, >JAAC&T Assessoria em Pesquisa Cientifica, Sdo
Paulo, Brazil.

A field evaluation was undertaken to test the effect of feeding spray-
dried plasma (SDP) on the performance, gut health of commercial
broilers, value of the I See Inside methodology (ISI®) in assessing gut
health under field conditions. A total of 105 farms were used at a broiler
integrator in Brazil, 51 fed a control starter diet and 54 fed a starter
diet with 1% SDP formulated into the diet. Both diets were fed from 0
to 10 d of age after which both groups were fed common diets. Diets
contained zinc bacitracin as growth promoter and 200 ppm of CuSO4
since d 1. Data were analyzed altogether or by type of farm: Positive
pressured (PP), negative pressured (NP) or environmentally controlled
(EN); with 79.0, 16.2 and 4.8% of the total farms evaluated, respectively.
Birds were sent to market as they reached the desired weight therefore
age at slaughter (AS) was evaluated as a dependent variable along with
other performance measures. At age of 12 to 16 d, 6 birds per farm were
randomly selected, euthanized, and their ileum sampled for ISI analysis
in 35 farms (16 and 19 from Control and SDP farms, respectively).
The Shapiro-Wilk test revealed that the distribution of the data was not
normal and therefore the Mann-Whitney U test was used using SPSS®
20.0 software. AS was 1 d lower (P < 0.05) for SDP birds irrespective
of type of barn (54 d vs 53 d on PP and 53 d vs 52 d on NP for Control
vs SDP, respectively). Feeding SDP also improved FCR Adj to 2.8 kg
vs Control by 4.4 and 5.0% (P < 0.05) and FCR in PP farms by 5.6 (P
<0.05) while numerical FCR improvements were observed in NP barns
(3.0%; P> 0.5). Mortality was reduced by feeding SDP by 0.51% and
0.8% points (P <0.05) on PP and NP farms, respectively. Out of the 35
farms sampled for ileum histology evaluations, 16 and 19 were fed the
SDP vs the Control diets, respectively. Significantly lower (P < 0.05)
ileal histological alterations (ISI scores) were observed in chickens
from SDP vs Control farms for lamina propria thickness (2.52 vs 2.61),
inflammatory cell infiltration in epithelium (0.25 vs 0.29), inflammatory
cell infiltration in lamina propria (1.40 vs. 1.58), congestion (0.02 vs
0.05) and Total ISI score (8.28 vs 8.57), which is an indicator of overall
intestinal health and its inflammatory status. In conclusion, feeding 1%
SDP in the starter period to broilers resulted in improved performance
under field conditions irrespective of type of barn. Gut health was also
improved by feeding SDP and the intestinal measurements taken with
the use of the ISI® methodology correlated well with the performance
improvements observed

Key Words: spray-dried plasma, field evaluation, broilers, gut health,
ISI histology

212 Microscopic enteritis in broilers—A chronological
evaluation by the I See Inside histologic analysis. Igor Soares*!,
Adrien Sanches', Bruna Belote'!, Paulo Hiimmelgen', Ana Hee-
mann', Amanda Tirado!, Aline Tujimoto Silva', Anderson Cunha?,
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and Elizabeth Santin?, ! Universidade Federal do Parand, Curitiba,
Brazil, 2Universidade Federal de Sdo Carlos, Sdo Carlos, Brazil, 3ISI
Institute, Curitiba, Brazil.

The inflammation of the intestinal mucosa has been related to disease
in humans and animals. The concept of Microscopic Enteritis (ME)
used in human pathology through the Marsh Classification system has
no counter-part in veterinary medicine. In poultry science, the I See
Inside (ISI) methodology, unlike the current linear measures of villi
and crypts, displays possibilities to describe and understand the avian
ME. Herein, 2 trials were conducted to describe the development of
ME through the ISI methodology in broilers under enteric challenge
or not. In each trial, a total of 64 birds were divided into 2 groups of
4 replicates with 8 birds each: non-challenged (NCH) and challenged
(CH) by gavage with Eimeria vaccine in a 10X higher dose at d 1 and
10 cfu/mL of Clostridium perfringens at 10, 11, and 12 d. Weakly,
feed intake (FI), body weight gain (BWG) and feed conversion ratio
(FCR) were evaluated and birds were euthanized for the sampling of
ileum for ISI histologic evaluation, analysis of IL-8 and IL-10 mRNA
expression and quantification of macrophages, CD4+ and CD8+ cells.
In the ISI methodology, an impact factor (IF) that ranges from 1 to 3 is
defined for each tissue alteration according to the reduction of the organ
functionality and a score (S) that ranges from 0 to 3 is given according
to the intensity or frequency of each alteration. To obtain an ISI final
value, the IF of each alteration is multiplied by the respective score
and the results are summed according to the formula ISI = X(IF*S).
The data were submitted to one-way ANOVA and Tukey’s test (P <
0.05). The CH group presented lower BWG at 1-14 d, 1-21 d and
1-28 d and worst FCR at 1-7 d and 1-21 d and displayed higher ISI
final value at 7 d (NCH 5.24 - CH 8.66), 14 d (NCH 5.50 - CH 9.19)
and 28 d (NCH 11.29 - CH 13.31) due to increased inflammation and
thickness of lamina propria and epithelium, enterocytes proliferation
and congestion. Comparing the histologic parameters, both groups
presented the same chronological increase in intestinal inflammatory
alterations since the 7 d, but the intensity was higher in the CH group.
The CH group showed a higher expression of IL-8 mRNA at 7 d and
IL-10 mRNA at 21 d compared with the NCH group. At all ages, higher
counting of macrophages was observed in the CH group. This group
displayed lower counting of CD4+ cells at 7 d and higher counting at
14 d and 21 d. The number of CD8+ cells was higher in the CH group
at 21 d. The histopathologic data allowed the description of the ME as
a basal enteritis in unchallenged broilers and the infection, associated
to the expression of cytokines, increases the intensity of the inflamma-
tory alterations which are linked to losses in zootechnical performance.

Key Words: microscopic enteritis, basal enteritis, ISI, regenerative
inflammation, histopathology

213  Evaluation of a novel probiotic Bacillus subtilis in the
control of necrotic enteritidis in broilers. Amanda Tirado*!, Bruna
Belote!, Patrine Thiele!, Barbara Schreiner Spiassi', Rafael Vieira',
Wanderley Quinteiro-Filho?, and Elizabeth Santin, ! Universidade
Federal do Parand, Curitiba, Parand, Brazil, *Adisseo, Sdo Paulo,
Brazil.

The aim of this experiment was to evaluate the efficiency of a Bacillus
subtillis strain (DSM 29784) on gut health in non-challenged birds and
challenged with Eimeria and Clostridium perfringens. 160 male broilers
(from 1 to 28 d of age) were distributed in a completely randomized
design, 2X2 in factorial arrangement model, divided into 4 treatments
with 4 repetitions each, starting with 10 birds in each repetition. The
treatment groups were: NC (negative control) — non-challenged with
no additive in the diet; NCBS — non-challenged with B. subtillis (BS)
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in the diet; CH - challenged with no additive in the diet; CHBS - chal-
lenged with BS in the diet. At d 1 of the trial, the groups CH and CHBS
received Eimeria vaccine 15 times the manufactured recommendation
dose. At d 10, 11 and 12, they were inoculated with 10® cfu/bird of C.
perfringens (CP) by oral gavage. The non-challenged groups received
the same quantity of sterilized water by oral gavage as well. The bird’s
performance was weekly evaluated for feed intake (FI), body weight
gain (BWG) and feed conversion ratio (FCR) and it was sampled ileum
and cecum for histopathological analysis using the I See Inside (ISI)
method. Data were analyzed using ANOVA and means were compared
by Tukey’s test at 5% probability. All the challenged groups, at 7, 14
and 21 d, had significantly higher total ISI score than the non-challenged
ones, meaning they had more microscopical intestinal lesions. When BS
was added to the diet, the birds showed less lesions at 7and 14 d. At 7 d,
CH had significantly higher total ISI score (7.62) than CHBS (6.51), NC
(6.35) and NCBS (5.22) due to higher lamina propria thickness found
in the histology. This could explain why the non-challenged groups had
better BWG than all the other groups. At 14 d, due to Eimeria cycle
is expected higher presence of oocysts, proliferation of enterocytes,
lamina propria thickness, epithelial thickness, inflammatory cell of the
lamina propria and goblet cells proliferation in challenge groups what
is related to better BWG at 14 d in the non-challenged groups (601.64g)
than in the challenged ones (472.51g). At this critical age, the CH had
higher ISI total score (11.36) compared with CHBS (5.74) indicating a
positive effect of BS in this groups. At 28 d, the non-challenged birds
had better BWG and FCR. All other groups did not show any significant
difference. The results demonstrated that using BS as a feed additive
for broilers improve the gut health in birds challenged with Eimeria
and C. perfringens.

Key Words: coccidiosis, clostridiosis, histopathology, probiotic, gut
health

214  Increased ileal deoxycholic acid levels were associated
with reduced necrotic enteritis in broiler chickens. Mohit Bansal*,
Rohana Liyanage, Mussie Abraha, Ayidh Almansour, Hong Wang,
Anamika Gupta, Billy Hargis, and Xiaolun Sun, University of Arkan-
sas, Fayetteville, Arkansas, United States.

Chicken necrotic enteritis (NE), caused by Clostridium perfringens and
coccidiosis, is responsible for billions of dollars in loss annually. The
withdrawal of antibiotic growth promoters is the main factor for the
reemergence of NE in chickens. Dietary supplementation with second-
ary bile acid deoxycholic acid (DCA) prevents NE in broiler chickens.
The objective of this study was to examine the impact of dietary DCA
on the dynamics of ileal bile acids and NE in chickens. Day old broiler
chicks were randomly assigned to 6 groups of diets supplemented with
0 (basal diet), 0.8, 1.0 and 1.5 g/kg (on top of basal diet) DCA. The
birds were challenged with Eimeria maxima (20,000 oocyst/bird) at d
18 and C. perfringens (10 cfu/bird/day) at d 23 and d 24 to induce NE.
Birds were sacrificed at d 26 and ileal tissue and content samples were
collected for histopathology evaluation and bile acid analysis. Gas
chromatography and mass spectrometry (GC-MS) were used to measure
primary bile acids of chenodeoxycholic acid (CDCA), cholic acid (CA),
and secondary bile acids of deoxycholic acid (DCA), ursodeoxycholic
acid (UDCA) and lithocholic acid (LCA) in ileal content. The significant
differences between groups were calculated by Student’s unpaired #-test
with statistical significance when P < 0.05. Interestingly, the composi-
tion in the ileal content of non-infected healthy broiler chickens was
mainly primary bile acids, composed of 3.47 mM CDCA, 1.20 mM CA,
0.04 mM DCA, and 6.89 x 107> mM UDCA and 5.48 x 107 mM of
LCA. After infection, UDCA levels in NE infected birds were reduced
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compared with non-infected birds (6.89 x 10> mM vs 3 x 107 mM, P
< 0.05). Dietary DCA supplementation increased the concentration of
the secondary bile acid in ileal content. Feed supplemented with 0.8, 1.0
and 1.5 g/kg DCA increased ileal content concentration by 123 (2.73
mM), 107 (2.38 mM), and 136 (3.00 mM) folds compared with control
NE birds (P <0.05). At the cellular level, E. maxima and C. perfringens
infection-induced NE showed inflammation and shortening of villi,
crypt hyperplasia, and massive infiltration of immune cells in lamina
propria. Importantly, increased ileal DCA concentration was coupled
with reduction of NE induced intestinal histopathology compared with
NE birds (ileitis score 6.6, 5.6, 2.8 vs 12.4 respectively). In conclusion,
levels of secondary bile acid DCA in ileal content may influence the
outcome of NE in broiler chickens.

Key Words: necrotic enteritis, bile acids, GC-MS, ileal content,
histopathology

215  Experimental induction of necrotic enteritis in broiler
chickens based on performance, intestinal morphology, gut
microflora changes, and gut lesion scores indices. Ali Danesh-
mand*!, Hassan Kermanshahi!, M. H. Sekhavati!, Ali Javadmanesh!,
Monire Ahmadian!, Marzie Alizadeh!, and Raveendra KulkarniZ,
!Ferdowsi University of Mashhad, Mashhad, Khorasan Razavi, Iran
(the Islamic Republic of), °North Carolina State University, Raleigh,
North Carolina, United States.

The present study was conducted to compare different methods for
experimental induction of necrotic enteritis (NE) in broiler chickens.
360 one-day-old male Cobb chickens were randomly assigned to 4
experimental groups with 6 replicates of 15 birds each. The experimental
groups were: 1. Control diet (corn-soybean meal) group (Ctrl), 2. Ctrl +
Eimeria + Clostridium perfringens co-inoculation group (ECp), 3. Ctrl
+25% corn replaced by wheat (W) + Clostridium perfringens inocula-
tion group (WCp), and 4. W + Eimeria and Clostridium perfringens
co-inoculation group (WECp). Birds were inoculated with Eimeria
on d 11 and orally gavaged with C. perfringens on d 15. On d 17 and
24, 2 birds from each replicate of treatments were randomly selected,
cuthanized and the contents and segments of small intestine were
carefully separated for microflora, histomorphology and lesion score
indices evaluations. All data were analyzed by ANOVA in a completely
randomized design using the GLM procedure of SAS software. The
results of the present study showed that chickens receiving ECp and
WECp reduced (P < 0.05) body weight gain and negatively affected FCR
at d 24. Chickens showed a severe (P < 0.05) morphological damage
of the jejunal epithelium compared with those of other groups at d 17
and 24. Chickens fed with ECp and WECp showed higher (P < 0.05)
lesion scores in the jejunum and ileum compared with those of birds
received Ctrl feed at 17 and 24 d of age, while WCp had no significant
effects on lesion scores. The inclusion of ECp and WECp increased (P
<0.05) the population of Clostridia and E. col and decreased (P < 0.05)
the Lactobacillus population in the ileum of broilers compared with
other groups at d 17 and 24. In conclusion, the co-inclusion of Eimeria
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and C. perfringens with or without inclusion of wheat can effectively
reproduce NE in broiler chickens and thus, can be proposed as reliable
methods for future NE-related investigations.

Key Words: necrotic enteritis, NE inducers, gut morphology, microbial
population, broiler chickens

216 Abundance of peptide transport 1 and mucin 2 mRNA in
response to delayed access to feed in the small intestine of early

posthatch broilers. Kuan-Ling Liu* and Eric Wong, Virginia Poly-
technic Institute and State University, Blacksburg, Virginia, United

States.

Newly hatched broilers are often subjected to delayed access to feed
(DAF) and water up to 48 h posthatch, which impacts small intestinal
development. The objective of this study was to determine the effect
of DAF on the abundance of peptide transporter 1 (PepT1) and mucin
2 (Muc2) mRNA in small intestines of early posthatch broilers. The
peptide transporter PepT1 plays an important role in transporting
short peptides, while Muc?2 secreted from goblet cells forms a layer of
mucus that lines the intestinal epithelial tract as a protective coating.
Cobb-500 broiler chicks hatching within a 12-h window were randomly
distributed into 3 groups: control with no feed delay (ND), 24-h feed
delay (D24), and 36-h feed delay (D36). The quantification of cells
expressing Muc2 and PepT1 mRNA was investigated by quantitative
PCR on all 3 segments of the small intestine at hour (h) 0, h24, h36,
h72, h120, and h168 posthatch. The cell localization was determined
by in situ hybridization at the same time points until h120. Statistical
analysis was performed using JMP Pro 14 and significant differences
were determined by #-test and one-way ANOVA. In the duodenum at
h72, PepT1 mRNA abundance was elevated in both D24 (P = 0.015)
and D36 (P = 0.0012), while Muc2 mRNA was lowered in D24 (P =
0.012) and D36 (P =0.0154) compared with ND. In the jejunum, PepT1
mRNA abundance was elevated in D24 and D36 at h24 (P=0.063) and
h36 (P=0.0008), respectively. A similar pattern was found in the ileum,
where PepT1 mRNA abundance was greater in D24 at h24 (P = 0.062)
and in D36 at h36 (P = 0.056). In contrast, D36 birds at h36 had lower
Muc2 mRNA abundance in the jejunum (P = 0.0009). An analysis of
the number and distribution of goblet cells in both the upper half and
the lower half of the villi was determined and expressed as a ratio (VU/
VL). The VU/VL was greater in D24 at h24 in the jejunum (P = 0.026)
and ileum (P =0.012), and in D36 at h36 (P = 0.0008) in the jejunum.
This result showed that DAF leads to a reduction in the number of goblet
cells in the lower half compared with the upper half of the villus. In
summary, broilers with DAF increased the abundance of PepT1 mRNA
but decreased Muc2 mRNA and the number and distribution of goblet
cells. This may result in enhanced uptake of amino acids as short pep-
tides in the small intestines, but a decrease in the mucus layer, which
can increase the risk of infection from pathogens.

Key Words: PepT1, Muc2, goblet cell, delayed access to feed, small
intestine
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217  Blood pH and blood gasses of laying hens as affected by
limestone particle size, phytase inclusion, and time after oviposi-
tion. Micaela Sinclair-Black*!2, Roselina Angel®, Wenting Li*, and
Peter Plumstead’, ' Chemunique (Pty) Ltd., Johannesburg, Gauteng,
South Africa, *University of Pretoria, Johannesburg, Gauteng, South
Africa, 3University of Maryland, College Park, Maryland, United
States, *DuPont Animal Nutrition, Wilmington, Delaware, United
States, "Chemunique (Pty) Ltd., Johannesburg, South Africa.

The objectives of this study were to determine if blood pH, blood
gasses [partial pressure of CO, (PCO,), partial pressure of O, (PO,),
total CO, (TCO,), O, saturation percentage (sO,), bicarbonate (HCOy"),
blood sodium (Na) and blood base excess (BEecf)] in laying hens were
affected by limestone (LM) particle size, phytase inclusion and time
post oviposition (OP). The experimental design was a 2x2 factorial of
2 particle sizes of LM, grit (1.5mm geometric mean diameter (GMD))
or fine (0.2mm GMD) and 2 levels of added phytase from Buttiauxella
sp. (0 or 600 FTU/kg). Amberlink hens at 31 wk of age were individu-
ally housed. A single hen was a replicate (n = 1 hen) and there were 16
replicates per treatment. A corn basal diet was mixed to contain no LM
or inorganic P (1.14 g/kg Ca and 3.6 g/kg P). The basal diet was then
used to mix 4 dietary treatments. LM containing 38.05% Ca was added
to the basal diet to achieve 3.70% Ca. Each hen received a meal of 130
g of feed each day and the exact time of OP recorded. For the same hen,
blood collection commenced within 5 min of OP and then every 3h for
24h following OP. All blood parameters were measured using an i-STAT
point-of-care laboratory system (Abbott Point of Care, East Windsor,
NJ). The effects of LM particle size, phytase, blood collection time
point, and their interactions on the various blood parameters were tested
by SAS MIXED model using repeated measures (SAS, 9.4). Individual
hens were treated as random effect and pre-trial average daily feed intake
and body weight were included in the model as covariates. Time post
OP affected all blood parameters (P < 0.01). Blood pH increased from
6.35 at OP to 6.44 by 6h post OP and decreasing after 18h post OP.
Hens fed LM grit compared with hens fed LM fine respectively, had
higher PCO, (38.4%,37.1%), lower PO, (35.43%, 37.95%) and lower
SO, (66.20%, 70.75%). Significant 2-way interactions between LM
particle size and time post OP were observed for BEecf, HCOs, TCO,
(P <0.05), all of which increased more rapidly from 3 to 12h post OP,
when hens received fine LM. Phytase had no significant effect on blood
gasses, with the exception of Na (P < 0.05). The results of this study
demonstrate that blood gasses changed significantly throughout the egg
formation cycle in the laying hen and were altered by LM particle size.
The addition of different LM particle sizes used in the diet, may have
effects on the physiological status of the hen.

Key Words: blood parameters, limestone, phytase, laying hen,
oviposition

218  Quantitative relationships among intestinal histology,
nutrient absorption and performance of broilers: A meta-regres-
sion approach. Diego Martinez*!, Carol Ponce-de-Leon?, and Carlos
Vilchez!, !La Molina National Agrarian University, Lima, Peru,
2LIAN Development & Service, Lima, Peru.

Villus height (VH), crypt depth (CD) and their relationship (V/C) are
used as indicators of nutrient absorption potential, nutrient expenditure
and feed efficiency, respectively. However, the accuracy and consistency
of these assumptions are unknown. The objective was to determine the
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quantitative relationships among the effects on histology variables (D,
duodenum; J, jejunum; I, ileum; A, average), on measured apparent
metabolizable energy (AME) -as indicator of nutrient absorption- and
on performance (ADG, daily weight gain; FCR, feed conversion ratio).
Scientific papers including all these variables in the same experiment,
regardless of the factor being evaluated, were collected. Data from 2001
t0 2017 were considered including 66 registries, 884 independent groups
of birds, 1254 intestinal samples, 20,952 intestinal readings and 956
AME measurements. Criteria to determine data suitability were residuals
of random-effects model normally distributed (Shapiro-Wilk; P> 0.05),
significant heterogeneity of effect-sizes (HG) (Q test; P < 0.01) and
no bias (Egger’s test; P > 0.10). Effects were expressed as effect sizes
(Z) (kcal/kg, g/d and g/g for AME, ADG and FCR, respectively) or as
percent changes (A) for response or moderator variables, respectively.
For each model, HG was quantified using mixed-effects models, 12, 1, I?
and H? were calculated, and 95% confidence intervals (IC95) of slopes
were determined. Relationships (slopes) were considered consistent
if the bounds of the IC95 had the same sign, and if so a “e®” symbol
appears after the slope value. Multiple linear models were constructed
with moderator variables significantly related (P < 0.10) when tested
one at a time. Model evaluation criteria were pseudo-R? and AIC and
BIC information criteria. The analysis was performed with the Metafor
package in R version 3.5.2. All variables were normally distributed (P
> (0.05), presented significant HG (P < 0.0001) and were unbiased (P >
0.10). Results showed that per each percent increase (+1A) in VHp, VHy,
VH,, V/C,, V/C, or V/Cp, T in AME is +3.8e, +3.2e, +4.30, +3 20,
+2.80 (P <0.01) and +1.5@ (P <0.5), respectively; per +1A in AME,
CDy, V/Cyor V/ICy, 2 in ADG is +0.71e (P < 0.01), —0.13e (P < 0.05),
+0.07 and +0.06 (P < 0.10), respectively; and per +1Ain ADG, AME or
VHp, X in FCR is —0.005e, —0.012e (P<0.01) and —0.002e (P <0.10),
respectively. In addition, multiple linear models were obtained for X in
AME based on A in VHp and V/C; with slopes of +2.88e and +2.52e,
respectively (P <0.01) and for X in FCR based on A in AME and ADG
with slopes of —0.006 (P < 0.10) and —0.004e (P < 0.01), respectively.
In conclusion, the assumed relationships referred at the beginning were
demonstrated and, most of them, are consistent.

Key Words: meta-analysis, meta-regression, AME, intestinal histology,
nutrient absorption

219  Growth performance and tight junction gene expressions
in broilers fed a lower protein diet for 14 days post-hatching.
Shemil Macelline*!, Samiru Wickramasuriya', Hyun Min Cho!,
Eunjoo Kim!, Taeg Kyun Shin', Jun Seon Hong!, Jae Cheol Kim?,
John Pluske*, Ho-Jun Choi?, and Jung Min Heo!, !Chungnam
National University, Daejeon, Korea (the Republic of), °CJ CheilJe-
dang Corporation, Seoul, Korea (the Republic of), 3AB Vista Asia
Pte. Ltd., The Mezo, Singapore, !Murdoch University, Murdoch,
Australia.

The current study tested a hypothesis that broilers fed a lower protein
(LP) diet supplemented with crystalline amino acids (CAA) would
sustain growth performance and maintain makers of intestinal integ-
rity compared with those fed a higher protein (commercial) diet. One
hundred and 44 one-day-old Ross 308 broiler chicks (male) were
allocated into 3 dietary treatments to give 6 replicates per treatment (8
birds per pen) in a completely randomized design. Dietary treatments
were (1) high protein diet (HP: 23.5% CP to meet or exceed the require-
ment for Ross 308 broilers), (2) low protein diet (LP: 18.0% CP that
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is lower than nutrient requirement for Ross 308 broilers), and (3) LP
supplemented with CAA (LPAA: 18.0% CP with supplementation of
limiting essential AA and glycine+serine to meet the ideal AA pattern
for Ross 308 broilers). Average daily gain (ADG), feed intake (FI),
and feed conversion ratio (FCR) were measured weekly. On d 14, one
bird close to the median body weight was selected from each cage for
euthanasia, and ileal tissue samples were collected. Data were analyzed
using one-way ANOVA of the GLM procedure in SPSS (version 24).
Broilers fed a LP diet grew slower (ADG 22.3 vs 33.5¢g) and converted
the feed less efficiently (FCR 1.61 vs. 1.19) than broilers fed a HP diet
(P <0.001). Supplementation of CAA to the LP diet partly recovered
the performance loss (P < 0.001). However, broilers fed a LPAA diet
grew slower (ADG 27.5g vs. 33.5¢g) and converted feed less efficiently
(FCR 1.32 vs. 1.19) than those birds fed a HP diet (P < 0.01). Broilers
fed a HP diet ate more feed (P < 0.05) compared with broilers fed either
LP or LPAA diet (FI 39.8, 35.7 and 36.7g, respectively), which partly
explains the superior performance of the HP-fed birds. Interestingly,
birds fed a LPAA diet did not increase feed intake while grew faster
than birds fed a LP diet. This finding suggest that CAA supplementation
may fulfilled the AA requirement of birds but other dietary factors that
may reduce feed intake have influenced performance response between
the 2 groups. Broilers fed a LP diet upregulated zonula occludin 1 (ZO
1) expression in the ileum compared with broilers fed a HP diet (P <
0.05), while broilers fed a LPAA diet showed intermediate expression
of ZO 1. This results might reveal that broilers fed LP compensatively
expressed the ZO 1 to maintain intestinal integrity in response to external
stimuli such as diet composition or commence bacteria load in the gut
compared with broilers fed a HP diet. In conclusion, broilers fed a LP
diet supplemented with CAA partly restored the growth performance
(ADG, FCR) loss of the broilers fed a LP diet without altering gut
integrity for 14 d post-hatching.

Key Words: broiler, crystalline amino acids, growth performance, lower
protein diet, tight junction gene

220  Effect of dietary different oil sources on laying perfor-
mance, egg quality, and serum antioxidant activity in laying hens.
Yifeng Zhu*, Ping Wang, Ping Bai, Mei Ding, Qiufeng Zeng, Yue
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Xuan, Wei Su, and Ying Zhang, Sichuan Agricultural University,
Chengdu, China.

This study was conducted to compare the effect of different oil sources
on laying performance, egg quality, and serum antioxidant activity in
laying hens. A total of 360 40-wk-old Lohmann pink-shelled laying
hens were randomly assigned to 4 treatments (6 replicates of 15 hens
each). Four isoenergetic and isonitrogenous diets supplemented with
3% different oil sources, including soybean oil (control group, SBO),
crude rice bran oil (RBO), oxidized rice bran oil (ORBO), and poultry
fat (PF). The trial lasted for 12 weeks. The differences between dietary
treatments were analyzed using one-way ANOVA. Differences between
the treatment groups were considered statistically different at 7 <0.05. In
term of egg production performance, PF group had a higher ADFI than
RBO group in laying hens during 1 to 4wk (P =0.01), and SBO group
had a higher ADFI than PF group during 9 to 12wk (P = 0.01). There
were no difference in egg production, average egg weight, FCR, dirty
egg rate, and broken egg rate among the different oil sources treatment
(P >0.05). The SBO group had a higher eggshell thickness than RBO,
and PF had a lower eggshell thickness than ORBO group (P <0.01). SBO
group had a higher yolk color than ORBO group at wk4 (P =0.05), and
ORBO group had the lowest yolk color than other 3 oil sources group
at wk12 (P < 0.01). RBO had a higher yolk relative weight than PF
group at wk4 (P = 0.03), while PF group had a higher albumen relative
weight than other 3 sources of oil at 4 wk (P = 0.03). PF group had a
trend to decrease serum GST content at 12 wk (P = 0.08). Dietary oil
sources had no effect on serum concentrations of T-AOC, SOD, GSH-PX
activity, and MDA content at wk12 (P > 0.05). The results indicated
that compared with SBO group, dietary supplementation with PF and
ORBO reduce ADFI, and the thickness of eggshell and yolk color of
were better than the RBO, ORBO, and PF group.

Key Words: oil sources, laying hens, egg production performance, egg
quality, serum antioxidant activity

221  Not Presented

222  Not Presented
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223  Natural multifunctional solutions (Alquermix) to improve
productivity in broilers. David Diez!, Carlos Domenech', Claudia
Espinoza?, Connie Gallardo Vela?, Jtlia Pié¢ Orpi*!, and Manuel
Rosemberg?, 'Biovet, S.A., Constanti, Tarragona, Spain, *Universi-
dad Cientifica del Sur (UCSUR), Lima, Peru.

Background: Alquermix line is composed of natural multifunctional
products that contain a patented mycotoxin binder, feed preservatives,
enzymes, probiotics, and active botanical molecules that optimize the
physiology of the organs. These solutions are designed to replace addi-
tives commonly used in farms. Objective: An experiment was conducted
to evaluate whether Alquermix products could replace several additives
in broilers through the analysis of growth performance and carcass qual-
ity. Methods: The trial was carried out in an experimental poultry unit
with 248 one-day-old male broilers (Cobb 500). Chickens were raised
for 42 d and allotted to 2 treatments: 1) CN (control diet with organic
acids as feed preservatives, aluminosilicates as mycotoxin binders,
diclazuril as a coccidiostat, bacitracin as an antibiotic growth promoter,
a multivitaminic and an enzyme with protease, amylase, -mannanase,
xylanase, B-glucanase, cellulase, pectinase, phytase and probiotics);
and 2) AX (basal diet without the mentioned additives + Alquermix
products at 4 kg/ton, continuously during all the trial). There were 4
replicates per treatment and 31 broilers per replicate. Body weight, feed
conversion rate (FCR) and mortality were evaluated weekly. Uniformity
was evaluated on d 10, 20 and 42. Carcass characteristics and lesions in
organs (macroscopically and microscopically) were evaluated at the end
of the trial. Data were analyzed using PROC GLM procedures of SAS
9.2 and P value less than 0.05 was set as statistically significant. Results:
Weight in AX was significantly higher on d 7 and numerically higher
on d 42 (24 more grams per bird). FCR was a 2.61% better in AX on d
42 (P = 0.054), this improvement was significant in the first growing
stage (d 1-10). Weekly mortality was lower in AX (P <0.001) compared
with the control (2.99% vs. 4.57%, at the end of the trial). Uniformity
was higher in AX group (83.7% vs. 78.0%, P < 0.05). AX significantly
improved breast yield, decreased abdominal fat and breasts had better
appearance than those of the CN. Animals in CN showed more lesions
in the gizzards and more prevalence of fatty, friable livers and intestinal
lesions related to coccidia. Histology findings were correlated with those
in the macroscopic observation. Conclusions: It is possible to replace
conventional (chemical) additives with natural ones. Replacement of
feed additives with Alquermix multifunctional products can better pro-
ductive parameters and carcass quality in broilers. Results suggest birds
fed Alquermix were more protected against coccidia and mycotoxins.

Key Words: feed additives, broilers, growth performance, gut effi-
ciency, ABF

224  Good indication for enhanced performance and elimina-
tion of low intestinal inflammation and hyperemia through a
natural synergistic approach in broilers raised without medica-
tion under experimental conditions. Alireza Khadem*!, Milena
Sevastiyanova?, Ricardo Sahagun?, Christos Gougoulias?, and Jamal
Al-Saifi?, 'Faculty of Veterinary Medicine, Ghent University, Merel-
beke, Belgium, 2Innovad® NV/SA, Antwerpen, Belgium.

Social concern and government regulations related to potential devel-
opment of antibiotic resistance have increased the need for effective
non-antibiotic growth promoters. A combination of several active ingre-
dients acting synergistically with multifunctional activity on pathogenic
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bacteria, intestinal epithelial layer integrity and inflammation may hold
the best promise. The objective of this study was to assess the use of a
commercial blend of esterified fatty acid, essential oils and plant extract
(Lumance®) as an effective antibiotic replacement in broiler chickens.
Using a 2-way ANOVA model, 32 pens with 62 Cobb 500 male chicks
were split into 4 groups: control (T1), coccidiostat (T2), antibiotic +
coccidiostat (T3) and Lumance® (T4). Body weight (BW), feed intake
(FI) and FCR ratio were determined on d 7, 14, 21 and 28. On d 22,
gut morphology and morphometry parameters were determined. The
litter from the previous flock was used as natural challenge to the
birds. Overall, T4 and T3 fed chicks showed a significantly higher BW
and lower FCR compared with the control group. No differences were
found between T3 and T4 concerning BW, FI and FCR. No differences
were found between T2 and T1 groups for all measured parameters. No
lesions due to coccidiosis were reported in the intestinal contents of all
4 groups. The thickness and fragility of intestine were not affected by
the dietary treatments including the control. Moreover, intestinal hem-
orrhage, abnormal contents and excessive mucus production were not
observed in any treatments. Despite the addition of bird litter from the
previous flock, this study failed to produce significant challenges to the
birds as evidenced by the absence of lesions in all treatments including
the control group. However, there was a significant difference between
the treatments with regards to intestinal inflammation and hyperaemia
(P =0.015) at d 22. More specifically, no intestinal inflammation and
hyperaemia were observed for the T4 and T3 whereas, the control (T1)
and T2 groups demonstrated moderate levels of abundance of intesti-
nal inflammation and hyperemia. The lack of intestinal inflammation
and hyperemia in T4 and T3 groups was in good agreement with their
improved performance when compared with the control at D21 in terms
of BW and FCR. In conclusion, Lumance® demonstrated an ability for
enhanced performance and use in broilers diets by eliminating any signs
of inflammation and hyperemia. At the same time Lumance® demon-
strated a fully effective replacement application to routine medication
alternatives, proving thus a long-term environmentally sustainable
approach with no risks to antibiotic resistance and its detrimental
consequences.

Key Words: non-antibiotic growth promoters, inflammation, hyperae-
mia, Lumance®, feed additives

225  Effects of various probiotic product types on broiler per-
formance in antibiotic-free conditions. Chasity Pender*!, Shelby
Curry', Raj Murugesan', Daniel Petri?, Audrey Duff?, and Lisa
Bielke?, /Biomin America, Inc., Manassas, Virginia, United States,
2Biomin Holding GmbH, Getzersdorf, Austria, 3The Ohio State Uni-
versity, Wooster, Ohio, United States.

As consumer and regulatory opinions evolve, industry experts and
researchers are actively seeking alternative solutions to reduce usage
of antibiotics in poultry production. Probiotics have been receiving
increased attention for their ability to improve enteric health in poultry.
However, the probiotic products available on the market vary in their
composition and mode of action, thus may have different performance
outcomes. Therefore, the objective of this study was to evaluate different
types of probiotic products on broiler performance. A total of 480, day-
old Ross 708 male chicks were allocated to 1 of 4 treatment groups: 1) a
standard control diet, 2) a diet supplemented with a Bacillus spp. based
probiotic product (BAC), 3) a diet supplemented with a live multi-strain
probiotic product (LIVE), or 4) a diet supplemented with a yeast-based
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product (YST). Each group consisted of § replicate pens with 15 birds
per pen. The trial was conducted over a 35-d period and performance
variables were calculated weekly as cumulative measures. Data were
analyzed using the GLIMMIX procedure of SAS with significance
reported at P < 0.05. At the end of first week, all supplemented groups
demonstrated significantly greater feed intake (FI) compared with the
control, but were not different from each other. There was a trend (P =
0.085) for increased BW gain in the LIVE and YST groups compared
with the control, with the BAC group being intermediate. By d 14, YST
had higher BW gain than the control, while the other supplemented
groups had intermediate BW gain. By d 28, LIVE birds had significantly
higher FI than the control and BAC birds; the YST group had higher FI
than the BAC group, but was similar to other groups. Both the LIVE
and YST groups had augmented BW gain when compared with the
control. For the overall period (0-35 d), there was a trend (P = 0.083)
for LIVE and YST birds to have increased FI and the LIVE group had
significantly improved BW gain than the BAC group, though it was not
significantly different from other groups. Overall, these results suggest
that broiler performance may vary depending on the probiotic product
used and its mode of action, thus further understanding the classification
of probiotics (i.e., single or multi-strain, live or spore forming, yeast,
or mixed product) may be warranted.

Key Words: probiotics, bacillus, yeast, lactic acid bacteria, performance

226  Effect of levels of butyrate formulation in broiler starter
feeds on performance enhancement. Bart Boomsma*!, Krzysztof
Kozlowski?, Ashley Wagner?, Jan Jankowski?, Bertrand Medina?,
and Ivan Gerard3, ! Palital Feed Additives, Velddriel, Netherlands,
2University of Warmia & Mazury, Olsztyn, Poland, 3Probiotech Inter-
national, Saint Hyacinthe, Canada.

The beneficial effects of butyric acid supplementation in broiler diets
on epithelial cell health and bird performance have been well docu-
mented and thus adapted by many in the commercial broiler industry.
The objective of this study was to test the dose efficacy in the starter
feed of a new commercially available butyrate product on the perfor-
mance of broilers. Healthy 1 d old Ross 308 male broilers (n = 450)
were allocated to 5 treatments with 10 pens each, and 9 birds per pen.
Four treatments contained a form and level of butyrate as described:
Intest-Plus Aeon (Palital Feed Additives), a 50% matrix encapsulated
combination of Ca- and Na-butyrate with a design for slow release,
was offered at 3 levels (T1:1000; T2:600; T3:300 g/T) for the first 14
d, followed by 300g/T for all treatments until the end of the trial (d
35). The positive control (PC) offered Intest-Plus CC80 (Palital Feed
Additives), 80% unencapsulated Ca-butyrate, at 600g/T for 14 d, then
400¢g/T to d 35. The fifth treatment was a negative control (NC) that did
not contain butyrate. Growth performance parameters which included
live weight (LW), average daily gain (ADG), feed intake (FI), and feed
conversion ratio (FCR) were measured at d 7, 14, 21, and 35. Feed and
water were available throughout the trial ad libitum. Data was analyzed
by ANOVA with pen as experimental unit. Statistical significance was
setat P <0.05. Atd 7, LW and ADG was greater (P < 0.05) in butyrate
treatments compared with NC (LW: 125.4 g; ADG: 12.6 g); however,
there was no difference in LW (P > 0.05; PC: 132.9; T1: 131.9; T2:
131.9:; T3: 132.5 g) or ADG (P > 0.05; PC: 13.6; T1: 13.5; T2: 13.5;
T3: 13.6 g) between butyrate treatments. There was no effect (P> 0.05)
of treatment on FI or FCR at d 7, or any performance parameter at d
14 or 21. There was an improvement (P < 0.05) of d 35 LW and ADG
for all butyrate treatments compared with NC (LW: 1.960 kg; ADG:
54.9 g). The only difference demonstrated (P < 0.05) within butyrate
treatments was between T1 (2.103 kg) and T2 (2.019 kg) as the heavi-
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est and lightest birds, respectively. Subsequently, the same pattern (P <
0.05) was seen for ADG within butyrate treatments, where gains were
greatest for T1 (59 g) compared with T2 (56.8 g). There was no effect
(P> 0.05) on d 35 FI or FCR. The results at d 7 translated to d 35 and
are consistent with the notion that dietary butyrate inclusion enhances
broiler performance. However, these results also indicate that butyrate
form may have a lesser impact on broiler performance than inclusion
level in the starter feed. More research may be warranted to determine
if encapsulation has a greater impact on performance in gut health
challenged models.

Key Words: broiler, performance, butyrate

227  Effect of probiotics and essentials oil on growth perfor-
mance of broilers: Meta-analysis approach. Amal Rouissi*!,
Frederic Guay', Martine Boulianne?, and Marie-Pierre Létourneau-
Montminy', 'Laval University, QC, Quebec, Canada, *Faculty

of Veterinary Medicine, University of Montreal, Saint-Hyacinthe,
Quebec, Canada.

The development of antibiotic resistance has led many countries to
reduce their use, and even ban them as growth promoters in animal
production. Consequently, research has been done to find alternatives to
antibiotic growth promoters. The objective of this study was to quantify
the effects of probiotics and essentials oil (EO) in comparison to an
antibiotic-free control diet by compiling the relevant literature data in a
database and study it with meta-analysis tool. Publications were retained
only if growth performance has been measured, the diet composition
provided, as well as the dietary dose of alternatives. The range of doses
used for probiotics were from 10% to 10° cfu / g and for EO from 50
to 1000 mg / kg. Thirty-six publications for probiotics and 79 for EO
published between 2000 and 2017 were included in the database. For
EO, the database included supplements of oregano oil (21.5%), thyme
(20.5%), blends with oregano oil (20.5%), blends without oregano
(10.5%) and other essential oil (27%). For probiotics, only 2 supplements
were included Bacillus (67%, from 10* to 10° cfu/g) and Lactobacillus
(33%, from 10° to 108 cfu/g). Dietary level of metabolizable energy (ME)
and crude protein (CP) has been recalculated based on feed composi-
tion and expressed relative to the requirement of the genetic line and
tested as X variables as well as the dose of alternatives. Only negative
control without antibiotics and alternative treatments were used. All
statistical analyses were carried out using the MIXED procedure of
SAS 9.4 software with the random effect of the trial. All variables found
significant (P < 0.05) were retained and the interactions between these
variables were tested. Neither CP nor ME showed significant effect on
the response of growth performance to EO and probiotics. Also, for
both databases, the effect of EO type or the type of probiotic was never
significant. Results for EO, showed no effect on ADFI, while ADG
increased (quadratic effect, P < 0.001) (R? = 0.998) with increasing
the dose. Similarly, FCR also decreased (quadratic effect, P < 0.001 R?
=0.936) with doses of essential oils. Results for probiotics showed no
effect on ADFI while ADG linearly increased (P <0.01; R2=0.997) and
FCR linearly decreased (P = 0.04; R?=0.979) with doses of probiotics.
Models for FCR, showed maximum reduction of 4% (300400 mg / kg
for EO) with EO considering the quadratic effect while that of probiotic
evolve linearly leading to 8% (10° and 108 cfu/g) effect at the maximal
dose tested. This meta-analysis helps to quantify the effects of antibiotic
alternatives on broiler growth performance.

Key Words: broiler, essential oil, probiotics, meta-analysis

87



228  Effects of butyrate, manna oligosaccharide, Bacillus
subtillis and B-glucans from naked oat on growth performance of
broilers. Amal Rouissi*!, Frederic Guay!, Martine Boulianne?, and
Marie-Pierre Létourneau-Montminy', ‘Laval University, QC, Quebec,
Canada, *Faculty of Veterinary Medicine, University of Montreal,
Saint-Hyacinthe, Quebec, Canada.

Nowadays, there is a need for alternative approaches to maintain feed
efficiency and broilers health in the absence of Antibiotic growth
promoters. Given the plenty of products available, we first used meta-
analysis tool to quantify their effects on growth performance and
highlight modulating factors on organic acid, prebiotics, and probiotics
sub-database. The most used and efficient products has been identified
and then tested in terms of growth performance and gut health. Three
thousand-2-hundred and 20 male day-old Ross 308 chicks were fed
in 3 phases: starter (0—10 d), grower (11-21 d) and finisher (22-34 d)
with one of the 7 treatments: T1) Control diet, T2) T1+coated butyric
acid (Novyrate C; 1.0, 0.5 and 0.25 kg/t in starter, grower, and finisher
respectively), T3) T1+ mannan oligosaccharide (Actigen; 0.8, 0.4 and
0.2 kg/t in starter, grower, and finisher respectively), T4) T1+ Bacillus
(Gallipro, DSM 17299; 0.125 kg/t), T5) T2+T3+T4, to assess synergy
or antagonist effects, T6) a portion of corn-soybean meal replaced by
30% naked oat (B-glucans), and T7) T6+butyric acid, manna oligosac-
charide and Bacillus to test positive effect of adding alternatives in
naked oat diet. All diets were formulated to fulfill 96% of metabolizable
energy and digestible lysine. Broilers were randomly distributed to 10
replicate pens of 45 broilers per treatment in a complete randomized
block design. Using MIXED procedure (SAS Institute 9.4), contrasts
were used to study: 1) T1vs T2, 2) T1vs T3, 3) T1vs T4, 4) T1 vs TS,
5) T1 and T6 and 6) T6 and T7. During the starter phase, there was an
increase of ADFI (6%), ADG (15%) and decrease of FCR (9%) (P <
0.001) in T6 and T7 (naked oat diets) in comparison to T1. In grower
phase, ADG remained higher and FCR lower in T6 and T7 (P < 0.001)
and T4 (Bacillus) increased FCR in comparison to T1 (respectively, 3%;
P <0.001). In the finisher phase, butyric acid was the best alternatives
with increase by 4% of ADG and decrease by 5% of FCR (P < 0.01).
On the overall experiment, lower ADG was observed in T4 (P < 0.01)
and highest FCR in T4 and T7 (P <0.001). Finally, no significant effect
of the treatment on mortality. In summary, the replacement of part of
the corn-soybean meal by naked oat, which considered as B-glucans,
improves growth performance especially during the starter phase; butyric
acid improves growth performance while bacillus subtillis reduced it
from the finisher phase in comparison to control. Results of gut health
parameters will help understanding the mode of action of these additives
and better using them in broilers diet.

Key Words: broiler, performance, alternatives, growth promoters,
naked oat

229  Phytogenic feed additive offers an alternative to antibi-
otic growth promoters in broiler diets. Abiodun Bello*!, Shi Bai?,
Yueming Dersjant-Li', Wenting Li', and Leon Marchal', ‘DuPont
Animal Nutrition, Nutrition & Biosciences, Leiden, South Holland,
Netherlands, 2Sichuan Agricultural University, Chengdu, Sichuan,
China.

The drive to reduce the risks of antibiotic residue in poultry meat neces-
sitates the reduction or removal of antibiotic growth promoters (AGP)
in poultry diets. The effect of a phytogenic feed additive (Enviva® EO;
minimum of 4.5% cinnamaldehyde and 13.5% thymol) as an alterna-
tive to AGP in poultry diets was evaluated in broilers raised in non-
experimentally challenged conditions. Three dietary treatments were
randomly assigned to 750 male Ross 308 broilers (25 birds per floor
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pen x 10 pen replications per treatment) in a completely randomized
design. A nutritionally adequate basal diet was used to formulate the
3 test diets: 1) with AGP (enramycin at 47.2 g/ton and salinomycin at
544 g/ton, BD+AGP), 2) without AGP (BD-AGP), 3) with EO at 100
g/ton (BD+EO). Diets were based on corn-soybean meal and contained
DDGs, cottonseed meal, rapeseed meal, and rice bran with 1000FTU/kg
phytase in all diets and fed ad /ib in 4 dietary phases as crumble (0—-10d)
and pellet (11-21, 22-35, and 35-42d). Body weight gain (BWG), feed
intake and feed conversion ratio (FCR) were measured in each phase. At
d 21, 5 birds per pen were sampled for apparent ileal digestibility (AID)
of protein, neutral and acid detergent fibers. Data were analyzed using
JMP 14.1. Protein digestibility tended to be increased (P = 0.071) by
the BD+AGP (77.1%) and BD+EO (76.9%) compared with BD-AGP
(73.9%), AID of neutral and acid detergent fibers were each increased
(P <0.05) by BD+EO (33.7 and 16.9%) relative to BD+AGP (28.1 and
12.8%) and BD-AGP (26.7 and 13.5%), respectively. There was no diet
effect on 1-42 d BWG and feed intake between BD+AGP (2,612 and
4,306 g), BD-AGP (2,594 and 4,264 g), and BD+EO (2,613 and 4,264
g), respectively. Similarly, no diet effect was seen on 0—42d mortality
and culled birds percentage. However, the 1-42 d FCR was improved
(P < 0.05) in the BD+EO (1.632) than in BD+AGP (1.664) birds and
intermediate in BD-AGP (1.653) birds. The results indicated that the
phytogenic feed additive supplementation may have positive effect
on protein and fiber digestion by modulating the microbiota diversity,
population and/or colonization in the ileum and ceca to benefit protein
digestion and fiber degradation, which can be linked to the improved
feed efficiency in the EO-supplemented broilers. The results imply that
the phytogenic feed additive may be used as alternative to AGP in broiler
diets, with improved nutrient utilization and feed efficiency.

Key Words: broilers, nutrient digestibility, essential oil, feed efficiency,
phytogenics

230  Bacillus amyloliquefaciens CECT 5940 helped overcoming
negative effect of heat stress in broiler chickens. Juliano Cesar De

Paula Dorigam, Kiran Doranalli, and Nadia Yacoubi*, Evonik Nutri-

tion & Care GmbH, Hanau, Germany.

Heat stress (HS) has an important impact on animal performance and
welfare in many regions of the world. Heat stress leads to a decrease in
feed intake and consequently to a decrease on animal growth because
of reduced access to critical nutrients for optimal growth. To overcome
the negative effect of HS in animals it is common to use feed with
higher nutrient concentration or to use feed additives. Therefore, the
present study was conducted with a hypothesis that feeding a Bacillus
amyloliquefaciens CECT 5940 probiotic would improve the perfor-
mance under thermo-neutral (TN) conditions and that the effects would
be more pronounced under HS conditions. A total of 624-d-old Arbor
Acres Plus male broiler chick were allocated to 4 treatments. Dietary
treatments were arranged in a 2x2 factorial design, where factors were
stress (TN vs HS) and probiotic supplementation (with or without B.
amyloliquefaciens CECT 5940) were the main factors. All diets were
formulated to meet the breed’s requirements. Treatments with probiotics
were supplemented with 500g/ton of the probiotic (2x10° cfu/g). The HS
birds were under continuous high T° (32°C + 2°C) from day one while
the TN birds were raised under T° as per breeder’s recommendation.
Final body weight (FBW), body weight gain (BWG), feed intake (FI) and
feed conversion (FCR), nitrogen retention (N.R.), and histology analysis
of the GIT were assessed. Blood samples were analyzed for immune
biomarkers. Data was submitted to ANOVA followed by duncan’s test
at 5% probability. Heat stress had a significant impact on animal per-
formance. At the end of the trial (d 35), HS reduced significantly (P <
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0.05) FBW and BWG by 214 g/bird as compared with the birds raised
under TN conditions. Heat stress significantly decreased (P < 0.05)
FI by 252g/bird and significantly increased (P < 0.05) FCR (1.631 vs.
1.587). Supplementing B. amyloliquefaciens CECT 5940 significantly
(P <0.05) improved animal performance under TN conditions and HS.
Probiotics supplementation improved significantly (P <0.05) FBW and
BWG by 3.7%, increased FI by 2.6%, and improved FCR by 1.2% at d
35. Heat stress significantly decreased N.R. (P = 0.003), while B. amy-
loliquefaciens CECT 5940 was able to increase N.R. by 1.5%. The HS
significantly decreased (P < 0.05) the CD4 T-cells and immunoglobulin
(IgG) in the blood while supplementation with B. amyloliquefaciens
CECT 5940 was able to restore CD4 T-cells (P < 0.05) and IgG values
to similar level as the TN-reared birds. In this study, HS had a negative
impact on the broilers immune system that resulted in a decrease in
animal performance. The addition of the probiotic was able to counteract
the negative of HS and improve animal performance.

Key Words: heat stress, broiler, probiotic

231  Effects of apple cider vinegar on weight gain and carcass
weight in Cornish cross broilers. Mackenzie Weldy*!, Madison
Allison!, Bei Li Martin!, Toree Williams2, and Zac Williams?,
!University of Findlay, Findlay, Ohio, United States, >’Michigan State
University, Lansing, Michigan, United States.

The issue of gut health, specifically in regards to disease and weight
gain, has traditionally been solved utilizing antibiotics. Recently, more
natural feed supplements have increased in popularity as a source of
antimicrobial properties. Furthermore, frequent and increased utilization
of antibiotics have also encouraged the growth of antibiotic resistance.
Previous research examined the effects of combining various organic
acids, like fumaric and acetic acid, on growth and weight gain in broil-
ers, but effectiveness of acids yielded conflicting reports. Some studies
support the idea of fumaric and acetic acid decreasing the pH of the
gut, thus inhibiting growth of harmful bacteria and indirectly increasing
feed utilization and overall weight gain. Past studies have also presented
neutral results pertaining to organic acids having no effect on weight
gain. The objective of the current study was to evaluate the effects
of organic acids, specifically acetic acid in raw apple cider vinegar
(RACV) form, as opposed to medicated feed, on weight gain and carcass
weight of Cornish cross broilers. Forty-eight broilers were randomly
separated into 4 treatment groups (n = 12): treatment 1- non-medicated
feed and untreated water; treatment 2- non-medicated feed and water
treated with RACYV; treatment 3- medicated feed and untreated water;
treatment 4- medicated feed and water treated with RACV. Basal diet
of Keller non-medicated feed, in treatment groups 1 and 2, and Keller
medicated feed in treatment groups 3 and 4 met N.R.C standards for
broilers. RACV supplementation in water occurred in treatment groups
2 and 4 (14.8 cc of RACV per 3.78 L of water). Broilers were allowed
ad libitum access to feed and water for the 7 wk duration of the study.
Broilers were fed and housed as a group. Cumulative feed and water
intake was recorded twice daily for all treatment groups to ensure proper
nutrition requirements. Each coop were weighed once a wk, following a
2 wk growth period, and weight was recorded. A completely randomized
design was utilized and differences in weight gain and carcass weight
were analyzed using SPSS at P < 0.05. At the conclusion of the experi-
ment, results indicated neither RACV or medicated feed had an effect
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on weight gain, slaughter weight, or carcass weight in all 4 treatment
groups throughout the 5 wk duration (wk 1 P=0.054, wk 2 P=10.0642,
wk 3 P=0.887, wk 4 P=0.758, wk 5 P = 0.432, Slaughter Weight P
=0.522, and Carcass Weight P = 0.577 respectively). Based on results
of the current study, RACV may not be a viable alternative to antibiotic
use in broiler production to increase weight gain and carcass weight.

Key Words: vinegar, growth promoter, broiler production, antibiotics,
organic acids

232  Effects of apple cider vinegar versus medicated feed on
Coccidiosis in Cornish crosses. Madison Allison*!, Bei Li Martin!,
Mackenzie Weldy!, Toree Williams?, and Zac Williams?, ! University
of Findlay, Maplewood, Ohio, United States, *Michigan State Univer-
sity, Lansing, Michigan, United States.

Due to increased demands of antibiotic free poultry products and an
increase in antibiotic resistance, antimicrobials are becoming more
favored. Previous studies on antimicrobial activity demonstrated that
the decrease of pH in the gut creates an uninhabitable environment for
Coccidiosis growth. Organic acids have been identified as possible
alternatives to antibiotics, however, few studies have investigated acetic
acid specifically. The objective of the present study was to determine
the effects of raw apple cider vinegar (RACV) supplemented in water
on levels of Coccidiosis in broilers. Before the study, 48 Cornish cross
chicks were fed DuMOR starter feed crumble. At 2 wk of age, chicks
were designated to 1 of 4 treatment groups utilizing a completely ran-
domized design. Each of the 4 treatment groups contained 12 chicks (n
= 12): treatment 1 — non-medicated feed and untreated water; treatment
2 —non-medicated feed and RACV water; treatment 3 — medicated feed
and untreated water; treatment 4 — medicated feed and RACV water.
Treatments 1 and 2 were fed basal rations of Keller non-medicated
feed, which was synonymous to medicated feed in Treatments 3 and 4
and met N.R.C feed requirements for broilers. Treatments 2 and 4 were
supplemented with RACYV diluted in water (14.8 cc of RACV per 3.78
L of water) and all treatments were allowed feed and water ad libitum.
Weights of feed and water were recorded twice daily to ensure broilers
received proper nutrition. Fecal samples were collected for a duration
of 5 wk, every 7 d utilizing sterile swabs directly following defecation.
Four treatments were separately tested for Coccidiosis via McMaster
method. Each fecal matter sample was diluted in saturated Epsom
salt solution and ejected into the McMaster slide and each chamber
of the grid was observed for oocyte presence. Data was analyzed via
SPSS with P < 0.05. Results from all 5 test d concluded no difference
between treatment groups 1, 2 and 4 in terms of Coccidiosis presence.
During the last 2 wk of testing, treatments 1, 2 and 4 indicated coccidia
oocytes were present, however no oocytes were detected in treatment 3
throughout the duration of the study, specifically wk 4 (P =0.491) and
wk 5 (P = 0.491). Coccidiosis oocytes were expected to be detected
in treatment 1 thus, detection of oocytes was unexpected in Treatment
4, as medicated feed and RACV were provided. Results indicated that
RACYV and anticoccidial components of medicated feed have no effect
on Coccidiosis presence due to the development of oocytes. Further
research into antimicrobials should be perused in the interest of con-
sumer preference.

Key Words: coccidiosis, broiler, vinegar, organic, alternative
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Physiology and Reproduction

233  Physiological mechanisms regulating metabolic efficiency
in commercial broilers. Laura Ellestad*!, Samuel Latzsch!, Michael
Rothrock?, and Jean Guard?, ! University of Georgia, Athens, Georgia,
United States, >USDA-ARS, Athens, Georgia, United States.

Recent implementation of the Veterinary Feed Directive and increased
demand from the public for food produced without antibiotics have
created a need for development of strategies to maintain broiler produc-
tion efficiency in the absence of antibiotic growth promoters. As feed
accounts for almost 70% of total broiler production cost, understanding
basic mechanisms regulating efficiency of feed nutrient use is crucial
to developing these strategies and preserving production margins, par-
ticularly in antibiotic-free systems. In any given population of broilers
raised under the same conditions, there is a natural variation in metabolic
efficiency as measured by feed conversion ratio [FCR; g feed intake
(FI)/g body weight gain (BWG)]. The objective of this study was to
identify physiological parameters associated with hormonal regulation
of nutrient uptake and utilization differing between high efficiency (low
FCR) and low efficiency (high FCR) commercial broiler chickens. Male
Ross 708 broilers (108 birds) were reared in single-bird battery pens
between post-hatch day (D) 7 and D35, and BWG, FI, and FCR were
calculated on an individual bird basis from D7- D35. On D36, blood,
liver, and muscle were collected from the 6 highest (HE) and lowest (LE)
efficiency birds based on FCR for measurement of circulating hormones
and expression of genes associated with hormonal action and nutrient
partitioning (n = 6). Data were analyzed with a 2-tailed Student’s ¢-test.
While there were no differences between HE and LE groups in terms
of D35 final body weight, BWG, or FI, LE birds had a significantly
higher FCR than HE birds (1.69 £ 0.03 vs 1.41 £ 0.007; P < 0.0001).
Circulating levels of thyroxine (T,) were higher in the LE group (17.4
+0.42 vs 13.6 £ 0.62 ng/mL; P < 0.05), and levels of corticosterone
(CORT; 558.8 + 70.0 vs. 364.1 £ 72.8 pg/mL; P = 0.0787), growth
hormone (GH; 1532 +251.9 v. 1043.9 £ 35.3 pg/mL; P =0.1030), and
insulin (INS; 7.0 £ 1.0 vs. 4.61.69 £ 0.4 uIU/mL; P = 0.0788) tended
to be higher in LE birds. Plasma levels of insulin-like growth factor 1
(IGF1) and triiodothyronine did not differ between groups. In muscle,
mRNA levels of IGF1 receptor (2-fold), cationic amino acid transporter
1 (CATI; 5-fold), and glucose transporter (GLUT) 5 (2-fold) were higher
in HE birds (P <0.05). Levels of mRNA for CAT! (2-fold) and GLUT2
(1.2-fold) were also higher in the liver of HE birds (P < 0.05), while
expression of sodium-glucose transporter 1 (1.8-fold) was higher in
LE birds (P < 0.05). These data suggest that plasma Ty, and to a lesser
extent CORT, GH, and INS, may contribute to improved feed efficiency
by altering expression levels of key amino acid and sugar transporters
in metabolically important tissues such as liver and muscle.

Key Words: feed conversion ratio, nutrient partitioning, metabolism,
liver, muscle

234  Intestinal microbial ecology associated with metabolic
efficiency in commercial broilers. Michael Rothrock*!, Laura Elles-
tad?, and Jean Guard!, USDA-ARS, Athens, Georgia, United States,
2University of Georgia, Athens, Georgia, United States.

In the absence of antibiotic growth promoters, the broiler industry needs
to develop new strategies to maintain broiler production efficiency. To
better develop these strategies, a basic understanding of the microbiome
effects on broiler feed efficiency is needed, with the hope that this knowl-
edge can be leveraged to make production strategies more efficacious.
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There is a natural variation in metabolic efficiency as measured by feed
conversion ratio [FCR; g feed intake (FI)/g body weight gain (BWG)] in
a given population of broilers. The objective of this study was to identify
microbiological constituents associated with high efficiency (low FCR)
and low efficiency (high FCR) commercial broiler chickens. Male Ross
708 broilers (108 birds) were individually reared between post-hatch
day (D) 7 and D35, and on D36, jejunum, ileum, duodenum, and cecum
were collected from the 6 highest (HE) and lowest (LE) efficiency
birds based on FCR for microbiome analysis (n = 6). For phenotypic
microbiome analysis, tissue samples were homogenized in tryptic soy
broth (1:3 wt/vol dilution), filtered, normalized to a 1.0 OD600, and used
to seed Biolog EcoPlates to assess the microbial communities’ ability
to utilize 31 different C-sources. For genotypic microbiome analysis,
genomic DNA was extracted from homogenized tissue samples using
the QIAamp DNA Stool kit, and 16S rDNA sequencing was performed
using the Illumina MiSeq platform and processed using the QIIME2
pipeline. There were definite differences between gastrointestinal tract
segments, regardless of feed efficiency, with the cecal microbial loads
being more than 1 log higher than duodenal samples and more than 3
logs greater than ileal and jejunal segments. EcoPlate data indicated that
microbial respiration was significantly higher, according to a 1-tailed,
paired #-test, in LE birds (P < 0.0001) in cecal, duodenal, and jejunal
segments, with metabolism of C-sources such as glycogen, a-D-lactose,
glucose-1-phosphate, and g-hydroxyl-butyric acid differing between
groups. Genotypic microbiome analysis showed that while gastrointesti-
nal segment was the greatest driver of richness, diversity, and community
structure within these samples, there were significant differences in taxa
within each segment between HE and LE broilers, including those within
the dominant Firmicutes and Bacteriodetes phyla. These data suggest
that microbial signatures are associated with feed efficiency differences
that can be linked on a genotypic and a phenotypic community-scale
level. These microbial signatures need to be studied further, as they rep-
resent potential targets for future strategies to maintain or even improve
current production efficiencies within the poultry industry.

Key Words: feed efficiency, microbiome, gastrointestinal tract, carbon
metabolism

235  The effect of an advanced growth curve for early pho-
tostimulation at 15 wks using two different feeding regimes
during rearing on egg production through 40-wks of age. Andrew
Benson*, Muslah Ahammad, Charles Meeks, Zachery Jarrell, Adam
Davis, and Jeanna Wilson, University of Georgia, Athens, Georgia,
United States.

A 2X2 factorial designed experiment was completed to compare the
effects of (a) 2 rearing growth curves/photostimulation ages (15 or 21
wks) with (b) 2 different feeding regimens, every-day spin feeding (EDS)
vs skip-a-day (SAD), on broiler breeder production through 65 wks of
age. For this experiment, 2,400 females and 360 male Cobb-500 broiler
breeder chicks were randomly divided into one of 4 treatments, with 3
replicates per treatment. From 2 wks of age until photostimulation, birds
were fed either on a SAD basis to reach target body weight (2.1 kg) for
photostimulation at 15 wks (15-SAD) or 21 wks (21-SAD) with chain
feeders; or EDS basis to reach target body weight at 15 wks (15-EDS)
or 21 wks (21-EDS). Following obtainment of target body weight, at
either 15- or 21-wks, the birds were transferred to breeding pens with
9 replicate pens (38 hens and 4 roosters each) per treatment, and photo-
stimulated (14L:10D). The weight profile of the birds that were moved
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into the breeding pens mirrored the weight profile of the same population
at the end of the rearing period. Weight at age of photostimulation for the
different groups were 2.02 (15-EDS), 2.09 (15-SAD), 2.03 (21-EDS),
2.11 (21-SAD) kgs. All data were analyzed by GLM using SPSS (ver-
sion 25) with significance considered at P < 0.05. During rearing, the
pullets fed on the advanced growth curve for photostimulation at 15
wks had significantly better body weight uniformity than the 21-week
growth curve treatments when measured at 8 and 14 wks of age. Both
15-week rearing feeding regimens reached 5% egg production at 20
wks of age, while both 21-week rearing feeding regimens reached 5%
egg production at 24 wks of age. The weight at 5% egg production of
the 15-week photostimulated hens was greater than that of the 21-week
hens. This increase in weight during early production may have led to
the significant increase in double yolk (DY) eggs in the 15-week birds
(2.4% DY) when compared with the 21-week birds (0.9% DY) through
40 wks of age. The 15-week birds had peak egg production at 26 wks
(75.3% for 15-SAD and 75.7% for 15-EDS) while the 21-EDS birds
peaked at 30 wks with 85.3% egg production, and the 21-SAD birds
peaked at 32 wks with 83.1% egg production. Through 40 wks of age,
the average number of eggs/hen was greater for the 15-week birds (82.8
eggs/hen) than the 21-week birds (77.6 eggs/hen). In addition, hens
reared with the EDS treatments had greater average eggs/hen than the
SAD birds at both 15-wks (83.8 vs 81.6 eggs/hen) and 21-wks (78.5 vs
76.6 eggs/hen) of age. In conclusion, obtainment of target body weight
for early photostimulation at 15 wks advanced age at first egg by 4 wks
and increased egg production through 40 wks of age.

Key Words: photostimulation, broiler breeder, egg production, rear-
ing, pullets

236  Germ cell dynamics during nest breakdown and forma-
tion of primordial follicles in the domestic turkey (Meleagris
gallopavo). George Hall*!, Julie Long?, Ben Wood'-, and Gregoy
Bedecarrats', ! University of Guelph, Guelph, Ontario, Canada,
’Beltsville Agricultural Research Centre USDA, Beltsville, Maryland,
United States, 3Hybrid Turkeys, Kitchener, Ontario, Canada.

Within the avian ovary post-hatch, the breakdown of germ cell nests
and the formation of primordial follicles marks a pivotal time in cellular
depletion and reorganization. Since upon sexual maturation, birds lack a
germinal bed with self-renewing oogonium, consequently, this cellular
change heavily influences the finite number of ova available throughout
their reproductive life span. This study aimed to histologically assess
the different subpopulations of germ cells within the cortex of the left
ovary during germ cell nest breakdown in the domestic turkey. This was
accomplished by measuring the size and density of pre-follicular germ
cells and primordial follicles within ovaries collected from poults at 1,
3,5,7,9, 11,13, 15 and 21 d post-hatch. Whereas, the total germ cell
count was determined from ovaries at 5, 9 and 15 d post-hatch. Four
ovaries were analyzed per age group. Ovaries were fixed, sectioned (5
um) and stained (H&E) for imaging. For size and density measurements,
6 to 16 sections per ovary were evaluated; for total germ cell counts,
the entire ovary was assessed. Measurements were averaged for each
ovary before analyses. Among age groups, a one-way ANOVA was used
to test for significance (P < 0.05); followed by a post-hoc test (Tukey)
to determine which ages differed. Based on our results, germ cell nest
breakdown was initiated 5 - 7 d post-hatch, as shown by the first decrease
(P <0.001) in the pre-follicular germ cell density. This was accompa-
nied by the appearance of primordial follicles on d 7. Initiation of nest
breakdown is temporally followed on d 9 by the first increase (P <0.05)
in size of both pre-follicular germ cells and primordial follicles. This
growth ended by d 13, with no further change in size (P > 0.05). The
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majority (>90%) of nest breakdowns concluded by d 15, as evidenced
by a lack of change in both pre-follicular germ cell and primordial fol-
licle densities in older ovaries. Before the initiation of germ cell nest
breakdown (d 5) and after the majority had broken down (d 15), the
total germ cell count was 1,057,402 + 194,627 and 169,578 + 31,594
(mean + SEM), respectively, which equates to an 84% decrease in the
total germ cell population. The presence of pre-follicular germ cells at
21 d post-hatch suggests that a further decrease in the overall germ cell
population may occur. It appears that, in the domestic turkey, the loss
of germ cells during nest breakdown is comparable to the domestic
chicken, but exceeds the average 2-thirds lost in mammalian species.

Key Words: pre-follicular germ cell, primordial follicle, nest break-
down, ovary, turkey

237  Biostrong® Libido improves semen quality of male
breeders and increases female reproductive performance. Megan
Koppen*! and Jan Dirk van der Klis?, !Delacon USA, Inc., Carlisle,
Pennsylvania, United States, *Delacon Biotechnik GmbH, Steyregg,
Austria.

Male fertility is critical in turkey breeding as it directly correlates to
hatchability. Crucial for sperm quality and male fertility is an effective
antioxidant system to counteract sperm cell membrane lipid peroxida-
tion and reduction of free radical formation responsible for sperm DNA
fragmentation. Phytogenics can increase resilience of spermatocytes by
stimulating cellular antioxidant capacity thus upregulating cellular anti-
oxidant response element (ARE), which results in increased production
of antioxidant enzymes. On top, essential oils and saponins can support
hormonal regulation of spermatogenesis and increase testosterone pro-
duction. Biostrong® Libido (BSL) is a proprietary blend of essential
oils, flavonoids, and quillaja saponins developed to improve male
breeder fertility. A field trial was conducted to evaluate the efficacy of
BSL on semen quality and quantity in turkey toms; and consequently,
reproductive performance in female breeders. BSL was supplemented
at 750 g/MT to 1,200 male turkey breeders fed corn-soy based diets
starting at 22 weeks of age, immediately following selection (5 weeks
before milking). Packed cell volume (PCV) and mLs per milked tom
was evaluated over a period of 32 weeks. The weekly averages of the
test barn were compared with a 9-cycle-average. Female reproductive
performance was also evaluated. A house of female breeder turkeys
(approximately 20,000 hens) was inseminated with semen from the
BSL supplemented toms. Measurements gathered from these hens were
from the first week of lay through end of production (over a period of
24 weeks). Reproductive performance was measured based on percent-
age of fertile eggs and were compared with 4 control barns. Due to
trial design, statistics were unable to be performed. Percent differences
among treatments were identified and used to demonstrate potential
product efficacy in a commercial setting. BSL fed toms showed a 6.5%
increase in PCV compared with the 9-cycle-average over the 32-week
period. Additionally, mLs per milked tom increased by 5% compared
with the control flocks. Turkey hen breeders inseminated with semen
of'toms fed BSL compared with the average of 4 control barns showed
percentage of fertile eggs in the first half of production (1-13 weeks
of lay) increased by 0.43% and by 0.19% during the second half of
production (14—24 weeks). Female production for the entire 24-week
period averaged 0.35% more fertile eggs in the BSL inseminated hens.
Based on the results of this field trial with turkey breeders, dietary
supplementation with BSL may improve semen quantity and quality
and exert positive effects on the reproductive performance of females.

Key Words: fertility, semen quality, turkey, phytogenics, antioxidant
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238  Transcriptional regulation of albumen biosynthesis and
eggshell biomineralization in the oviduct of laying hens. Birendra
Mishra*, Nirvay Sah, Donna Kuehu, Sanjeev Wasti, and Rajesh Jha,
University of Hawaii at Manoa, Honolulu, Hawaii, United States.

Besides environmental, nutritional, and pathological conditions, ovi-
ductal functions also govern the egg production and quality. Recently,
we identified several novel genes associated with albumen formation
in the magnum, and eggshell biomineralization in the shell glands.
The objectives of this study were to determine the enriched biological
process and pathways, and solute carrier (SLC) genes that mediate the
1) albumen synthesis and secretion in the magnum, and 2) eggshell
biomineralization in the shell glands. Segments of oviducts were col-
lected from Hy-line laying hens at 3 h post-ovulation (p.o.) and 15-20 h
p.o., molter, and non-laying hens. Total RNAs isolated from the magnum
oflaying hens at 3 h p.o. vs. non-laying hens (n = 3/group), from the shell
gland of laying hens at 15-20 h p.o. vs. non-laying hens (n = 3/group),
respectively, were subjected to RNA-Sequencing. Biological pathways
and SLC genes obtained from the RNA-Seq data were further validated
in all the experimental groups (n = 6/group) using real-time PCR
(qPCR). In the magnum, biological processes (L-serine biosynthetic
process, regulation of immune system process, and proline transport)
and metabolic pathways (superpathways of serine and glycine biosyn-
thesis I, matrix metalloproteases inhibitors, asparagine biosynthesis I,
asparagine degradation I and choline degradation I) were enriched. Using
gqPCR, we further confirmed that Interstitial Collagenase, Gelatinase
B, Cingulin, and several family members of SLCs related to anion and
cation exchanger, amino acid transporter were significantly higher in
laying hens at 3 h p.o. Identified biological process and pathways may
increase the bioavailability and transport of essential ions, amino acids
and immune-related molecules in the lumen of magnum for albumen
biosynthesis. In the shell gland, biological processes (serine biosynthetic,
cellular sodium ion homeostasis) and pathways (calcium signaling,
pantothenate, and CoA biosynthesis) were the most-enriched. Using
qPCR, we further confirmed calcium signaling pathways (Otopetrin 2,
Calcitonin, Stanniocalcin 2, and Plasma membrane Ca®" transporting
2) and SLCs genes related to sodium/hydrogen exchanger, sodium
bicarbonate cotransporter, zinc long-chain fatty acids transporter, and
glucose-6-phosphate exchanger were significantly higher in shell gland
at 15 h p.o. Identified biological process and pathways may increase
the bioavailability, mineralization, and remodeling of calcium for the
eggshell formation. In conclusion, this study identified the biological
pathways involved in the albumen biosynthesis and eggshell forma-
tion, and can potentially be used to enhance the egg production traits
in chickens.

Key Words: RNA sequencing, gene expression, biological pathways,
magnum, shell gland/uterus

239  Organic matrix protein profile associated with changes
in crystallographic texture and mechanical properties in guinea
fowl eggshell. Nathalie Leroy!, Alejandro Rodriguez?, Lucie
Combes-Soia?, Aurelien Brionne', Valerie Labas?, Yves Nys*!, and
Joel Gautron', 'Boa, IN.R.A, Université de Tours, Nouzilly, France,
2UMR PRC IN.R.A85 CN.R.S 7247, Université de Tours, Nouczilly,
France, *University of Granada, Departamento de Mineralogia y
Petrologia, Granada, Spain.

Guinea fowl eggshells have a particular ultrastructure and crystallo-
graphic arrangement that is different from other birds and is at the origin
from its exceptional mechanical properties. It is a 2-layer structure with
different microstructure: the inner layer (1/3) is constituted of columnar
calcite crystal units which progressively develop preferred orientation
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as observed in hens but the outer layer is made of calcite microcrystals
with varying crystallographic orientations and interlocking boundar-
ies. The study of early shell mineralization in Guinea fowl revealed
the formation of a transient amorphous calcium carbonate as recently
observed in hens, then formation of larger crystals issued from space
completion and elongation of the crystals due to inhibition by the organic
matrix of faces parallel to the C axis. The shift from larger to smaller
crystal is suspected to be controlled by the shell organic matrix proteins
and proteoglycans. That was confirmed by a quantitative proteomic
study (nanoLC-MS/MS) of the eggshell matrix of shell sampled before
and after the changes in crystallography of guinea fowl shell (8 birds
sampled /stage; The comparison of protein abundance carried out using
weighted spectral count and the eXtracted lon Chromatogram combined
with Anova and Hierarchical clustering). The level of 149 proteins was
quantified at 5 calcification stages. Neognathae (chicken, Guinea fowl,
zebra finch...) have in common 54 proteins including 4 proteins related
to the biomineralization process (Nucleobindin-2, extracellular serine/
threonine protein kinase, Milk Fat Globule-EGF factor 8 protein and
Calbindin D-28K. Among the 15 most abundant Guinea fowl proteins
at the early stage of shell formation, 10 proteins were analog to the
chicken (OVAL, OVM, OVOT, HPX, LYZ C, OC-17-like, HAPLN3
(Hyaluronan and proteoglycan link protein 3), CST3, HBAA and CLU).
Nine proteins were unique to the Guinea fowl eggshell including 2 acidic
proteins with putative calcium-binding domains LOC110408336 and
CGREF1 and Dromaiocalcin-1-like, the homolog to Ovocleidin-17. 61
matrix proteins were present in the shift period. Among them are calcium
binding proteins (NPNT-X1, CALBP1, Protein S100-A6, ANXA1 and 2,
CDH2...), core proteins of proteoglycans (TSKU, GPC4...), and other
proteins regulating the activity of proteins driving the mineralization
(SSP1, OC-116GDF6...). The identification and quantification of the
proteins of the eggshell matrix should allow a better understanding of
the mechanisms of shell formation and the control of its mechanical
properties. It might be used for determination of biological markers for
the genomic selection of chicken layers with improved shell mechani-
cal properties.

Key Words: guinea fowl, eggshell, crystallography, proteomic, shell
matrix protein

240  The effect of cooling rate of broiler hatching eggs on
embryonic development, hatchability and hatch time. Serdar
OzIii* and Okan Elibol, Ankara University, Faculty of Agriculture,
Ankara, Diskapi, 06110, Turkey.

The effect of the egg cooling profile of broiler hatching eggs after ovi-
position on embryonic development and hatchability of fertile eggs was
studied. Hatching eggs were obtained from Ross 308 broiler breeders at
35 wk (prime) of age in Exp 1, and at 28 wk (young) and 64 wk (old)
of age in Exp 2, respectively. A total of 120 eggs were collected and
then randomly placed to cardboard egg trays in Exp 1. The eggshell
and internal egg temperatures were measured intervals 40 min during
egg cooling process. To measure the internal egg temperature, a 4-mm
diameter hole was drilled into the top of the each egg after measured
the eggshell temperature. In Exp 2, a total of 3,150 eggs that had been
laid within a 15 min period were collected and then randomly assigned
to 2 temperature controlled chambers with either control (360°- 480”)
or rapid (45°-120’) cooling to 24 and 18°C EST, respectively. Eggs
were remained in the chambers until the EST of both cooling groups
were similar, then eggs were transported to hatchery and were stored
for 6 d at 16°C and 75% RH. Each tray of 150 eggs was considered to
be a replicate and there were 5 replicate trays per cooling profile treat-
ment in each flock age. Some (25 embryos in each batch) of the eggs
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were opened before and after cooling profile treatment to determine the
stage of the blastoderm. The eggs were randomly set in a single com-
mercial incubator in Exp 2. The CORR procedure of SAS was utilized
to determine correlation coefficient for eggshell temperature relative to
internal temperature in Exp 1. Data from the completely randomized
design were subjected to ANOVA using the GLM procedure of SAS
in Exp 2. A significant (P < 0.0001) positive correlation (r = 0.995)
existed between eggshell temperature and internal egg temperature.
The stage of embryonic development was advanced by control cooling
and by the older flock. In younger flock eggs, fertile hatchability was
significantly decreased by rapid cooling due to higher early and late
embryonic mortality (P < 0.05). However, early embryonic mortality
and percentage of second grade chicks was reduced (P < 0.05) and
fertile hatchability was numerically higher by rapid cooling compare
with control in older flock eggs. In conclusion, the data from this study
demonstrated that rapid cooling after lay retarded the stage of blastoderm
development in eggs from both young and old broiler breeder flocks.
This was apparently detrimental, as indicated by higher early and late
embryonic mortality, in the case of the young flock but beneficial in the
case of the old flock. The hatchability differences between young and
old flock eggs by rapid cooling rate might depend on the differences of
embryonic development at oviposition.

Key Words: hatching broiler egg, egg temperature, egg cooling rate,
hatchability, hatch time

241  Development of a chicken intestinal organoid culture and
its characterization. Mohan Acharya', Annie Donoghue', Joshua
Lyte!, and Narayan Rath*2, ! University of Arkansas, Fayetteville,
Arkansas, United States, °USDA/ARS, Fayetteville, Arkansas, United
States.

Organoids are 3 dimensional constructs of tissues that can simulate
tissue functions hence, have been studied for the purpose of regenerative
medicine, analyzing physio-pathology of tissues and interaction with
different agents including microbes. However, most advances in this
area has been limited to mammalian species with few studies in avian
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models. Optimum maintenance of gut health and protection against
pathogenic organisms is an impending issue in poultry production due to
the restrictions in antibiotics growth promoters. To identify factors that
may improve intestinal competency for growth and protection against
pathogens, we sought to develop chicken enteric organoid culture for
screening of selective agents and to examine the interaction with patho-
gens. We isolated intestinal villi from day old chicks, purified, and cul-
tured in DMEM-F12 media containing antibiotic/antimycotic, 10% fetal
bovine serum, bovine pituitary extract, insulin, selenium, transferrin,
and, polyamine supplements which favor the repair of the severed ends
of'villi to spheroids within 24 h of incubation. The structural changes in
the organoids over 3 d were verified using scanning electron microscopy
which showed these organoids budding and proliferating 3 dimension-
ally and contained vascular tissues. We examined the organoids by
immunofluorescent staining with several different antibodies, lectins,
and antigen ligands, which showed the presence of several epithelial
antigens including cadherin, keratin, Na-K ATPase, mucin, and showed
the cells with polarized localization of B-actin. The organoids could be
infected with Salmonella, expressing green fluorescent protein (GFP).
We tested the effect of selective agents that are known to affect intestine
such as dextran sulfate (inducer of colitis), retinoic acid (vitamin A), 2,4
dinitrophenol (a weight reducing agent), deoxycholic acid a (bile acid),
capsaicin and lipopolysaccharide, both, inflammatory agents, phorbol
12-myristate 13-acetate (a protein kinase C activator), B-glycophate
(a pesticide), and indomethacin (a prostaglandin inhibitor), for their
effect on organoids. We are currently evaluating the effects of enteric
neurochemicals, such as serotonin, on organoid response to pathogens of
relevance to the poultry industry. Our results show that these chemicals
differentially affect the organoids some of which cause severe damage
whereas others, showed little to no change. These results suggest that the
intestinal organoids have potential to screen for chemicals and factors
which can improve gut health, serve as antibiotic alternatives, provide
a template to study nutrient absorption, host bacterial interactions, and
other physiological mechanisms.

Key Words: chicken intestinal organoids, structure, immunohisto-
chemistry, Salmonella
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Processing and Products

242 Salt-uptake characterization of whole carcasses during
chilling. Stephanie Richter*!, Daniel Sabo!, Nicole Bartenfeld
Josselson?, Comas Haynes', and Richard Jeff Buhr?, 'Georgia Tech
Research Institute, Atlanta, Georgia, United States, *USDA-ARS,
Athens, Georgia, United States.

This study supports our multiyear investigation of ice slurry for poultry
immersion chilling. The study focus is to analyze the penetration of salt
into poultry product, as it is a component of ice slurry. High salt presence
in final meat product has producer labeling and consumer avoidance
effects. Poultry skin is assumed to act as a barrier to limit water and salt
uptake during the processing chilling phase. This experiment examines
salt uptake tendencies of whole carcasses (WOGs) during immersion
chilling at different salinities. All sample WOGs were collected post-
evisceration and kept at temperature (28-35°C). WOGs were chilled for
60 min by one of 5 methods; ambient air (23°C), air chill (4°C), chilled
water (5°C), 4.5% salinity chilled water (5°C) or 15% salinity chilled
water (5°C). Chilled salt water was used to maintain constant and con-
sistent chloride concentrations throughout the experiment. This avoided
dilution effects of ice melting and assumed the worst case scenario of
salt concentration. Chilling temperatures were selected to coincide with
temperatures typical in current ice slurry applications. Pre- and post-
chill, all WOGs were weighed and deep breast meat temperatures were
logged. Post-chill, 3 samples were collected per carcass: breast skin,
breast meat, and drumstick meat. This initial investigation included 3
replicates (n = 75 carcasses; total 225 samples). Carcass samples were
analyzed for salt concentration, specifically chloride. Salt was recovered
from the skin and meat samples using a USDA-approved plant dry-ash
method. The total chloride concentration was determined using an ion
chromatograph (IC). Statistical analysis was corrected from IC data to
account for sample weight and dilution factor. Chloride concentration
was calculated as ppm/gram. One-way ANOVA test were used to com-
pare chloride concentrations given groups defined by chilling treatment
and carcass skin/meat sampling type, considering mean + SD (p-value
= < 0.05). Initial results show, of all 15 groups (5 chilling types * 3
sample types), 4.5% salinity and 15% salinity skin samples were the
only statistically significant group (P = < 0.0001) in chloride ppm/g.
4.5% salinity skin samples averaged 524 ppm/g and 15% salinity skin
samples averages 2275 ppm/g. Results show no statistical significance
(P > 0.05) between white and dark meat samples between the chilling
forms. Results indicate that salt concentrations increase in the skin and
does not affect white or dark meat. Further testing will examine a post-
rinse to see if the chloride can be removed during processing.

Key Words: chloride, salt, brine, immersion chilling

243  Influence of carbon dioxide controlled atmosphere and
electrical stunning methods on broiler carcass blood loss and
heart beat cessation. Dianna Bourassa*, Ileana Berganza, Ranjit
Boyal, Ella Lawley, and Jessica Starkey, Auburn University, Auburn,
Alabama, United States.

Consumer attitudes toward improving animal welfare have led to a
shift from electrical to controlled atmosphere stunning (CAS) for
broiler chickens. Current CAS systems are multi-phase with increasing
concentrations of carbon dioxide between the induction, transition, and
completion phases. In some systems, oxygen (O,) is added during the
induction phase to minimize aversion to CO,. To assess the impact of
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a multi-phase CAS system on blood loss and cessation of heart beat,
36 broiler chickens were stunned by one of 4 methods: 1) no stunning,
2) electrical waterbath, 3) multi-phase CAS with O, added during the
induction phase, and 4) multi-phase CAS without added O,. For non-
stunned (n = 6) and electrically stunned birds (n = 6), a unilateral neck
cut was conducted on all birds. For CAS birds with (n = 12) or without
(n = 12) added O,, half of the birds received a neck cut and half did
not. Weight of blood lost over time was recorded on an individual bird
basis and calculated as a percentage of live weight. During each stunning
method, birds were equipped with cutaneous electrodes, electrocardio-
grams (ECG) recorded with a DSI PhysioTel telemetry device, and data
analyzed using Ponemah software. The main effect of stunning method
on blood loss and time of heart beat cessation was statistically analyzed
using the ANOVA procedure of SAS with means separated by Tukey’s
HSD test. Birds non-stunned or electrically stunned lost more blood (2.1,
1.6%) within the first 30 s compared with CAS birds with or without O,
(0.6, 0.4%; P <0.0001). At 2 min non-stunned or electrically stunned
birds lost more blood (2.7, 2.2%) compared with CAS birds with or
without O, (1.3, 1.0%; P <0.0001). However, the final weight of blood
loss at 6 min for non-stunned, electrical, and CAS with or without O,
was not significantly different (2.8, 2.4, 2.3, 2.0%; P =0.3559). For all
stunning methods, heart rate was suppressed (<180 beats per min) within
100 s following stunning. Heart beat cessation occurred more quickly
for non-stunned and electrically stunned birds (589, 574 s) compared
with CAS with or without O, (375, 354 s; P = 0.0040). However, this
may have been due to suppression of heart rate that occurs during CAS.
When the CAS stunning duration of 280 s was considered, there were
no significant differences between methods (569, 574, 655, 634 s; P =
0.4036). For CAS birds, application of neck cut did not impact cessation
of heart beat (654 s cut, 632 s non-cut; P =0.5061). Although stunning
broiler chickens using a CAS system initially slows blood loss, blood
loss at 6 min was not affected. The use of CAS did not alter heart beat
cessation in comparison to electrically or non-stunned birds.

Key Words: controlled atmosphere stunning, blood loss, electrocar-
diogram, electrical stunning

244  Effect of spaghetti meat abnormality on the muscle
protein composition of broiler breast meat. Brian Bowker*, Giulia
Tasoniero, and Hong Zhuang, USDA-ARS, U.S. National Poultry
Research Center, Athens, Georgia, United States.

Recent data suggests that the spaghetti meat (SM) myopathy observed in
broiler pectoralis major muscle impairs meat quality and functionality;
however, the impact of the myopathy on muscle protein composition
is unknown. The objective of this study was to determine the effects of
SM on protein characteristics and profiles of broiler breast meat. Breast
fillets (30 normal (N), 30 SM) were collected from a commercial pro-
cessing plant at 3 h post-mortem and stored overnight at 4°C. Exudate
was collected and analyzed for protein content and SDS-PAGE protein
profiles. Fillets (10 N, 10 SM) were cut into superficial and deep layers.
Muscle protein fractions (myofibrillar and sarcoplasmic) were isolated
and analyzed using SDS-PAGE. Protein solubility and content were
measured. The effects of muscle condition, layer, and their interaction
were analyzed using a 2-way ANOVA. SM fillets had lower protein
content than N fillets (P < 0.0001) in the superficial layer of the muscle.
Myofibrillar protein solubility was lower in SM fillets than N fillets (P <
0.001). Sarcoplasmic protein solubility was lower in the superficial layer
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of the muscle compared with the deep layer (P < 0.0001). Although the
protein concentration of the exudate from N and SM fillets was similar,
the SM fillets lost more protein due to having a greater (P < 0.05) drip
loss than SM fillets (n = 1.22 vs SM = 1.44%; P = 0.0131). Electro-
phoretic profiles of exudate proteins were generally similar between N
and SM fillets; however, the relative abundance of protein bands corre-
sponding to 34 kDa (lactate dehydrogenase), 47 kDa (enolase), 67 kDa,
and 71 kDa were different between N and SM fillets (P < 0.05). With
regards to the sarcoplasmic protein fraction, muscle layer influenced (P
<0.05) relative abundance of 5 proteins. The SM condition did not have
a strong impact on the sarcoplasmic protein profile. For the myofibril-
lar fraction of the muscle, SM exhibited a lower relative abundance
of a 73 kDa protein (P < 0.01). Muscle layer significantly influenced
the relative abundance of myofibrillar protein bands corresponding to
25 kDa and a high molecular weight protein (>250 kDa). In N fillets
the relative abundance of the protein band corresponding to 100 kDa
(o-actinin) was similar between the deep and superficial layers of the
muscle. However, in SM fillets the relative abundance of the 100 kDa
myofibrillar protein band was lower (P < 0.05) in the superficial layer
of the muscle compared with the deep layer. Overall data suggest that
although the SM condition influences the total amount and functional-
ity of proteins in the muscle, the sarcoplasmic and myofibrillar protein
profiles in SM are similar to normal breast meat.

Key Words: broiler chicken meat, spaghetti meat, myofibrillar protein,
sarcoplasmic protein, exudate protein

245  Texture characteristics of wooden breast fillets deboned
at different times. Giulia Tasoniero*!, Brian Bowker?, and Hong
Zhuang', 'U.S. National Poultry Research Center, USDA-ARS,
Athens, Georgia, United States, ?USDA-ARS, Athens, Georgia,
United States.

The aim of this study was to understand whether deboning time contrib-
utes to the altered texture attributes of Wooden Breast (WB) fillets. A
total of 30 unaffected (NORM) and 30 severely affected (WB) carcasses
were sampled during 2 trials. For each trial, carcasses were selected at
15 min PM based on palpable hardness of the breast fillets and allotted
into treatments with different deboning times: trt A (5 NORM + 5 WB;
right fillets deboned at 15 min PM), trt B (5 NORM + 5 WB; right
fillets deboned at 3 h PM), and trt C (5 NORM + 5 WB; right fillets
deboned at 6 h PM). Left fillets from each carcass were deboned at 24
h PM and considered as a controls for their right counterparts. Multiple
instrumental texture analyses were performed on the cranial-middle
portion of the Pectoralis major muscles. Irrespective of the deboning
time, all fillets were subjected to a single 30% compression in the raw
state at 24 h PM (1 measurement/fillet). Thereafter, all fillets were
cooked (76 C at core) and let sit at room temperature overnight before
being subjected to shear force assessments. Cooked fillets were sheared
first with MORS and B-MORS methods. Thereafter, a strip of meat not
previously punctured was removed and 2 Warner-Bratzler shear force
measurements were taken. Using an ANOVA mixed model, deboning
time was evaluated as a fixed effect within muscle condition (sampling
session and sample ID as random effects). Compression tests indicated
that raw WB meat experienced texture changes from 15 min to 24 h
PM, with the highest force required to compress fillets deboned at 6
h PM (15 min =354 N;3h=309N;6h=480N;24h=30.6N;
P < 0.05). Differently, deboning time had no effect (P > 0.05) on raw
NORM sample compression values. As for the shear analyses of cooked
fillets, MORS test did not detect any texture change due to deboning
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time for NORM breast. However, the other 2 shear methods showed
that hot deboned NORM fillets possessed the highest shear values fol-
lowed by a gradually reduced shear force trend through the 24 h PM (15
min=164N;3h=156N;6h=12.8N;24h=12.8 N, P<0.05 for
B-MORS and 15 min=65.9N;3h=55.1N; 6 h=44.1N; 24 h=37.7
N, P <0.05 for Warner-Bratzler shear). On the contrary, no changes (P
> 0.05) in shear values due to different deboning time were observed
in cooked WB meat regardless of shear method. These results suggest
that early postmortem changes in breast muscles and their influence on
meat texture are different between normal and WB fillets.

Key Words: wooden breast, deboning time, instrumental texture attri-
butes, Warner-Bratzler shear, MORS

246  Sodium formate (Amasil® NA), monobutyrin (SILO-
Health® 104) and bacitracin methylene disalicylate (BMD) effect
on intestinal and processed parts bacteria count when fed to
broiler chickens challenged with mild coccidia and clostridium
perfringens (Cp). Michael Coelho!, Peter Ader*?, and James
McNaughton?, 'BASF Corporation, Humble, Texas, United States,
’BASF SE, Lampertheim, Lampertheim, Germany, SAHPharma,
Hebron, Maryland, Germany.

The Objective of the trial was to evaluate the efficacy of SILOHealth 104
(SH) and Amasil Na (NA) as an antibiotic (Coban + BMD) replacement,
when broilers are reared on built-up litter floor bedding (from 3-previous
trials) under a mild coccidia and Clostridium perfringens (Cp) challenge.
A total of 3,744 Ross 708 birds were used in a randomized complete
block design with pen as the experimental unit, treatment as the fixed
effect, and block as the random effect (52 birds/pen x 8 treatments x
9 replications). Birds were blocked by weight and sex. The treatments
were T1 = PC, no additive, no Cp; T2 = NC, no additive, Cp; T3 =
NC +4/4/4 kg/MT monobutyrin (SH) in starter/grower/finisher; T4 =
NC+4.0/2.5/1.5 kg/ MT SH; T5 =NC+2.5/1.50/0.75 kg/MT SH; T6 =
NC+8/8/8 kg/MT Amasil NA (NA); T7 = NC+2.5 kg SH + 4.0 kg/MT
NA/ 2.5 kg SH + 4.0 kg/MT AN/2.5 kg SH + 4.0 kg/MT NA; and T8
= NC+ Coban+50 g/MT BMD. Least significant difference was used
to compare means of treatment groups. T1-8 had litter inoculated on
DO with 2,500 oocytes of E. acervulina and E. maxima/bird, and T2—-8
had litter inoculated with 5*10* cfu/bird of E. coli and 5*10* cfu/bird
of Cp. On D21 and 42, 3 birds from each pen (27 birds/treatment)
were sacrificed and data collected on Small Intestine (SI) and cecal (C)
bacteria. At 4345 d of age, 10 birds (5M and 5F) were processed from
each replicate (9-replicates), to determine lesion scores and bacteria
count. D21 SI lesion scores (0-3) (0.204, 1.667, 1.019, 1.037, 1.333,
0.778, 0.667 and 0.796, P < 0.05, respectively): D21 SI Clostridium
(CL) (3.595, 4.519, 4.209, 4.136, 4.388, 3.954 and 3.683 cfu log 10,
P = <0.05, respectively); D21 SI Campylobacter (CA) (3.343, 4.489,
4.243, 4.074, 4.414, 3.834, 3.576 and 3.956, P < 0.05, respectively);
D42 SI CL (3.526, 4.534, 4.200, 4.074, 4.168, 3.973, 3.733 and 4.035
cfulog 10, P <0.05, respectively; D42 SI CA (3.329, 4.276,3.93, 3.957
4.088, 3.829, 3.531 and 4.002 cfu log 10, P < 0.05, respectively; cecal
CL (3.480, 4.485, 4.277, 4.059, 4.165, 3.975, 3.678 and 4.042 cfu log
10, P <0.05, respectively; cecal CA (3.330, 4.243, 3.940, 4.055, 3.778,
3.521 and 3.930 cfu log 10, P < 0.05, respectively; D45 processing
breast CA (1.482, 2.850, 2.496, 2.655, 2.482, 2.094, 1.920 and 2.753
cfulog 10, P < 0.05, respectively; breast salmonella incidence (1.111,
25.556, 13.333, 18.889, 15.556, 10.000, 7.778 and 6.667%, P < 0.05,
respectively. In conclusion, monobutyrin, sodium formate and BMD
significantly reduced bacteria count in small intestine, cecal and pro-
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cessing breast versus NC. The monobutyrin, sodium formate reduced
bacteria count in small intestine, cecal and processing breast similarly
to the BMD treatment.

Key Words: monobutyrin, sodium formate, broilers, processed parts
bacteria, Clostridium perfringens

247  Not Presented
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248  Non-Mhc background genes increase Rous sarcoma
progression in major histocompatibility (B) complex genotype
B24B24. Robert Taylor*! and Renee Kopulos?, ' West Virginia Uni-
versity, Morgantown, West Virginia, United States, °Northern Illinois
University, DeKalb, Illinois, United States.

Major histocompatibility (B) complex genes are key in controlling
Rous sarcoma virus (RSV)-induced tumor growth. Additional genes
affect such tumor growth to a lesser degree. Numerous Mhc haplo-
types have been characterized for their effect on tumor outcome which
may be either regression or progression. The objective of the current
study was to examine RSV tumor growth in the progressive B24B24
genotype in 2 different genetic backgrounds. Congenic Line 6.15-5
(B5BS5) sires were crossed to B24B24 dams from Line UNH 105 New
Hampshire chickens. The F; B5B24 sires were backcrossed to B24B24
dams. Resulting B24B24 progeny were designated as UNH 245 having
a genetic composition of 75% Line UNH 105 and 25% Line 6.15-5. In
2 trials, 6 wk old UNH 105 and UNH 245 chicks were injected in the
wingweb with Bryan high-titer RSV subgroup A pseudotype (20 pfu).
Tumor size was assessed using a defined scoring system 6 times over
a 10 wk period after inoculation. A tumor profile index (TPI) for each
bird was assigned based on the 6 tumor scores over the 70 d experi-
mental period. ANOVA was employed to assess statistical differences.
The 2 stocks were compared for mean tumor size within a time period
and rank transformed TPI. Tumors grew to comparable size through
3 wk post-inoculation in both groups. From that time, tumor size was
significantly larger in UNH 245 (n = 52) compared with UNH 105 (n
= 38) at 6, 8 and 10 wk post-inoculation. A size plateau was found at 6
wk post-inoculation in UNH 105 but at 8 wk post-inoculation in UNH
245. The higher TPI of UNH 245 birds (2.92 + 0.17) was significant
compared with the TPI found in UNH 105 (2.21 + 0.13). Mortaility in
UNH 105 = 7/38 (18.4%) was lower (X2 = 12.8, P < 0.001) than that
found for UNH 245 birds = 29/52 (55.8%) Non-Mhc genes influenced
the tumor growth. The 25% genetic composition from Line 6.15-5 in
UNH 245 was sufficient to introduce genes that added to the negative
effect of Mhc genotype B24524.

Key Words: MHC, Rous sarcoma virus, oncogene, tumor, progression

249  Marek’s disease-vaccines induced differential expression
of microRNAs in the primary lymphoid organ of bursa at 26th
day post inoculation. Huanmin Zhang*!, Lei Zhang'-?, Chen Zhu*,
Kunzhe Dong?, and Mohammad Heidari', USDA-ARS, East Lansing,
Michigan, United States, *Chinese Academy of Agricultural Sciences,
Changchun, Jilin, China, 3Augusta University, Augusta, Georgia,
United States, *Michigan State University, East Lansing, Michigan,
United States.

MicroRNAs (miRNAs) are small noncoding RNAs, which are typically
17-24 nucleotides in length. Recent studies showed this epigenetic
factor, miRNAs, along with long non-coding RNAs, drives phenotypic
changes in both immunity and malignant cell development. MicroRNA
alters the properties and behavior of cells through regulating gene
expression and the accessibility of chromatin that determines cell fate.
Those reports also showed cancer vaccine induces epigenetic changes.
Our previous studies demonstrated that 2 highly inbred lines of White
leghorns convey drastically different protective efficacy in response
to Marek’s disease (MD) vaccines, such as HVT and CVI99/Rispens,
against vv+ MD virus challenge. This study was designed to profile
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miRNAs present in the primary lymphoid organ, bursa, of the 2 inbred
lines of chickens at 26th day post vaccination and to identify differ-
entially expressed miRNAs induced by the vaccines. Chicks sampled
from both MD-resistant line 65 and susceptible line 7, were inoculated
on the day of hatch at a uniform dose of 2,000 FPU per bird for HVT
or Rispens. A non-vaccinated control group was also included per line
under the same conditions. Bursa tissues were taken on the 26th day
post hatch from all treatment groups including the controls. Total RNA
samples were extracted and subjected to small RNA sequencing on an
Illumina HiSeq 4000 system. The miRDeep* package (v3.8) was run
to identify miRNAs from the sequencing data. A total of 829 unique
miRNAs was identified from all the treatment groups, including 621
novel miRNAs. HVT induced 4 and zero while Rispens induced 14 and 1
differentially expressed miRNAs in the line 65 and 7, birds, respectively.
Within line, Rispens induced 29 and 3 differentially expressed miRNAs
over HVT in lines 65 and 7,, respectively; between the lines, Rispens
induced 32 differentially expressed miRNAs in line 65 over line 7,, and
HVT induced 35, in line 65 over line 7,. These results suggest CVI988/
Rispens induced a stronger response in line 65 birds than in the line 7,
birds. Pathways depicting target genes of the differentially expressed
miRNAs will be discussed.

Key Words: Marek’s disease vaccines, vaccine efficacy, host genetics,
microRNAs

250  Marek’s disease virus infection induced mitochondria
changes in chickens. Jiuzhou Song*! and Qin Chu?, !University

of Maryland, College Park, Maryland, United States, Institute of
Animal Husbandry and Veterinary Medicine, Beijing, Beijing, China.

Mitochondria are crucial cellular organelles and participate in many
cell processes including immune response, growth development, and
tumorigenesis. Marek’s disease (MD), caused by an avian a-herpesvirus,
commonly known as Marek’s disease virus (MDV), is characterized
with lymphomas and immunosuppression. In this research, we hypoth-
esize mitochondria may play roles in response to MDV infection.
Mitochondrial DNA (mtDNA) abundance and gene expression in 3
immune organs including Bursa of Fabricius, thymus and spleen were
ascertained in 2 well-defined chicken lines, the MD-susceptible line 7,
and the MD-resistant line 65. The samples were collected at 5, 10 and 21
d post-infection (dpi) from 5 birds per line, per group. Relative contents
of mtDNA over 3 time points were determined using qPCR analysis of
the mitochondrial gene ND2 and the nuclear gene B-actin as a control.
Regression analysis was used to do the analysis. Meanwhile, the gene
expression were studied using RNA sequencing in all 3 tissues at 2 1dpi.
Though RNA-seq data analysis, we found that MDV challenge had little
impact on mitochondria contents in chickens of the MD-resistant line,
but the mitochondrial abundance and gene expression level were obvi-
ously altered in spleen of MD-susceptible chickens at the transformation
phase. At the transformation phase (21dpi), mitochondrial DNA contents
decreased significantly in spleen of the MD-susceptible line 7, birds in
contrast to the MD-resistant line 6;. While the mtDNA-genes and the
nucleus-genes relevant to mtDNA maintenance and transcription were
significantly upregulated. Furthermore, we found that gene POLG2
may play a potential role that leads to the imbalance of mtDNA copy
number and gene expression alteration. MDV infection induced imbal-
ance of mitochondrial contents and gene expression, demonstrating the
indispensability of mitochondria in virus-induced cell transformation
and subsequent lymphoma formation, such as MD development in
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chicken. This is the first report on relationship between virus infection
and mitochondria changes in chicken, which will provide important
insights to advance the understanding on pathogenesis and tumorigenesis
due to viral infection.

Key Words: mitochondria, gene expression, Marek’s disease, immune
response, T cell transformation

251  Protection efficacy of a recombinant vaccine with double
deletion of Marek’s disease virus-encoded oncogenes. Lakshmi
Sunkara, John Dunn, and Mohammad Heidari*, USDA-ARS, East
Lansing, Michigan, United States.

Marek’s disease virus (MDV), a highly cell-associated oncogenic
a-herpesvirus, is the etiological agent of Marek’s disease (MD), a con-
tagious lymphoproliferative disease of domestic chickens. MDYV causes
immunosuppression, neurological disorders, chronic wasting, blindness,
bursal/thymic atrophy (BTA), and fatal T cell lymphomas in susceptible
chickens that infiltrate lymphoid tissues, visceral organs, and peripheral
nerves. Non-oncogenic strains of MDYV as well as recombinant mutant
viruses have been used to control MD. A recombinant virus lacking
both copies of MDV-encoded Meq oncogene, tMd5AMeq, has been
shown to provide better protection against highly pathogenic strains
of MDV than CVI988/Rispens, the gold standard vaccine for MD. The
recombinant vaccine, however, induces lymphoid organ atrophy like that
of the parental virus, rMdS. To improve the safety of the recombinant
vaccine by eliminating or reducing its BTA-associated negative feature,
we deleted one or both copies of viral telomerase (VTR), a second
virus-encoded oncogene, in addition to Meq, rMd5 AMeqaAvTR. To also
test the effect of VIR deletion on MDYV pathogenicity and replication
in the skin of infected chickens, we deleted both copies of vTR gene
from the cloned parental virus, rMdS. Unpaired Student’s 2-tailed ¢-test
was used to determine the statistical significance between the genome
copy number of the challenge virus and those of the mutant constructs.
The data was considered statistically significant when P < 0.05. The
double deletion mutant virus, rMd5AMeqA VTR, was highly protective
against very virulent pathotypes of MDV. Deletion of both copies of
vTR in rMd5 reduced the viral replication significantly in the skin and
tumor development in the visceral organs. Single or double deletion of
vTR in tMd5 AMeq reduced the viral genome copy numbers in the skin
of infected chickens by more than 3.5 and 26 folds at 20 dpi, respec-
tively. Deletion of VIR in rMd5AMeq, reduced the bursal atrophy but
did not eliminate it completely. In summary, the recombinant vaccine
with double deletion of MDV-encoded oncogenes was highly protec-
tive against very virulent pathotypes of MDV with minimal effect on
bursal atrophy.

Key Words: Marek’s disease (MD), Marek’s disease virus (MD), Meq
oncogene, viral telomerase (vVITR), bursal/thymic atrophy (BTA)

252  Evidence of reduced virulence patterns of avian patho-
genic E. coli (APEC) in broilers from enviva CSI bacillus
strains following inoculation from breeder hens. Jordon Gruber*,
Elizabeth Kim, Alastair Thomas, and Terry Parrott, Danisco US Inc.,
DuPont Animal Nutrition, Cedar Rapids, lowa, United States.

Pathogen transfer from breeder hens to chicks is a growing area of focus
because of both the linear route of infection and the subsequent implica-
tions on the formation of the chick microbiome. Avian Pathogenic E. coli
(APEC) is one such pathogen with an established relationship of transfer
from breeder hens to progeny increasing risk of disease. Three separate
complexes (2 different commercial integrators - both geographically
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separated), volunteered for sampling. In total, 180 breeders, 90 eggs, and
120 chicks were sampled all through thier linear relationships (breeders,
eggs from same breeders, and chicks from hatcheded eggs followed from
original breeder samplings). From either the ileal samples of birds or
total surface of eggs, total E. coli was isolated on selective agar plates.
From each sample, 5 random colonies were selected for multiplex-PCR
to determine combination of genes. Together, samples were processed
using established primer sets and a Qiaxcel machine with internal imag-
ing technology. Using virulence genes as a marker for pathogenicity,
the relationship between APEC in breeder hens and downstream chicks
was investigated following isolation from both gastrointestinal tracts
and physical surfaces within the hatchery. Breeder hens, hatchery, and
broilers all maintained APEC as resident bacteria, while the hatchery
maintained the highest APEC density followed by breeder hens and then
broilers. This relationship in density was also reflected in distribution
of virulence genes, whereby isolates from physical locations within the
hatchery contained an average combination of 6 to 7 direct virulence
genes, while breeder hens averaged a combination of 5 genes. However,
in downstream broilers containing Enviva CSl in their diets, the average
gene combination of APEC was 2 genes. Virulence gene combinations
included cvaCliss, irp2/cvaC/tsh/iucC/iss, and tsh/iucC/iss — highlight-
ing both specific toxin production, iron sequestration and host-survival
capability. Virulence factors play an important role in establishing an
infection, but may also come at a cost of competition within bacterial
networks. To this end, virulence factors undergo a selection process
during transmission from breeders to hatchery and chicks, while further
competition from probiotics may force bacteria to select for alternative
fitness strategies. Together, this research helps to further demonstrate
the direct relationship of pathogen transfer from breeders to broilers,
while also showing a successful strategy in reducing virulent strains
through a customized DFM plan.

Key Words: APEC, fitness, breeders, microbiome, hatchery

253 Immunohistochemistry for CPA and NetB toxins in an
intestinal ligated loop model used to reproduce necrotic enteritis
in chickens. Martine Boulianne*, Faculté de Médecine Vétérinaire,
Université de Montréal, St. Hyacinthe, Quebec, Canada.

Even though necrotic enteritis is an economically important disease,
the pathogenesis of this disease is still poorly understood. Intestinal
ligated loop models using Clostridium perfringens (CP) have been used
in various animal species and have been shown to be a useful model to
further our understanding of the disease. Recently we have developed
and validated such a model for necrotic enteritis (NE) associated CP in
chicken. Our objective was to compare the virulence of mixed and single
CP strains inocula from previous surgeries, using immunohistochemistry
(IHC) for CPA and NetB toxins. All surgeries were conducted with the
Animal Care Committee’s approval. Specific pathogen free chickens
were pre-medicated then anaesthetized. Nine 2 cm-loops were created
and inoculated to compare up to 5 different CP strains and 4 negative
controls (brain heart infusion media). Birds were closely monitored
during a 7 h post-surgical anesthesia then humanely euthanized. His-
tological lesion scoring, IHC using NetB and CPA antibodies, and CP
isolation were performed for each sampled loop. Our model showed no
NE related lesion in the BHI inoculated loops while typical NE lesions
were observed in the CP inoculated loops. Histological lesions varied
in severity depending on the CP strain used. In the case of mix inocula,
one strain usually becomes predominant. There was an association of
NetB positive CP strains with in situ localization of the bacteria as well
as CPA and Net toxins within necrotic enteritis lesions. IHC proved to be
an interesting tool to compare strain virulence. While all CP inoculated
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loops tested positive to CPA in small and discrete areas, only NetB posi-
tive CP strains showed a coloration to NetB in large areas of the lesions.
THC for NetB toxin stained enterocytes at the villous tips, Gram-positive
bacterial clusters present at the villous tips as well as degenerated and
sloughed enterocytes present within the luminal exudate. IHC for NetB
toxin in NE lesions visually demonstrates its role in the pathogenesis
of the disease.

Key Words: necrotic enteritis, pathogenesis, Clostridium perfringens,
histopathology, immunohistochemistry

254 A proteomic view of cross-talk between intestinal micro-
biota and host immune system: New insights in poultry health.
Denise Russi Rodrigues*!, Kim Wilson!, Whitney Briggs', Audrey
Duff', Kaylin Chasser!, Johel Bielke!, Walter Bottje?, and Lisa
Bielke!, /The Ohio State University, Wooster, Ohio, United States,
2University of Arkansas, Fayetteville, Arkansas, United States.

Given the relevant cross-talk between the gut microbiota and host
physiology, we have previously addressed the impact of intestinal pio-
neer colonizers on the ileal microbiome. To complement our previous
study, we used a proteomics approach to predict changes in biological
processes by Ingenuity Pathway Analysis software to examine ileal
functional shifts in response to exposure to lactic acid bacteria (LAB)
or Enterobacteriaceae strains in ovo. Embryos at 18 embryogenic days
were inoculated with either saline (S), 10% cfu of Citrobacter freundii
(CF), Citrobacter species (C2) or LAB (L) into the amnion. At 10 d
post-hatch, 10 birds from each treatment were selected for a collection
of ileum samples for proteomic mass spectrometry analysis. Our further
findings indicated that the pioneer colonizers have a major impact on
the modulation of immunity in young broilers. Functional analyses
of proteins differentially expressed (P < 0.1), relative to S treatment,
revealed the occurrence of ileal inflammation pathways in broilers
treated in ovo with L (z-score = 1.80) and CF (z-score = 2.32). L treat-
ment was associated with molecular networks involved in inflamma-
tory response, although CF expressed evidence of downregulation of
inflammation inhibitors. LAB in ovo exposure activated pathways that
corresponded with activation and trafficking of immune cells, while
CF and C2 inhibited cell movement of immune cells and expression of
cytokines signaling pathways, suggestive of inhibited function of the
immune system. These results demonstrated that inoculation with L
affected development and maturation of immune functions during the
carly life of broilers. In addition, our previous microbiome analyses
showed that L significantly increased the colonization of the segmented
filamentous bacteria (SFB), which, in turn, might be potentially associ-
ated with the enhancement and maturation of the immune response. On
the other hand, the interaction between SFB and ileal microbiota may
be triggered the inflammation of ileal mucosa found in broilers treated
to LAB-probiotic in ovo.

Key Words: enterobacteriaceae, inflammation, in ovo technique, pro-
biotics, segmented filamentous bacteria

255  The use of biomarkers in the battle against mycotoxicosis
in poultry. Astrid Koppenol*! and Luiz Caron?, /Impextraco NV,
Heist op den Berg, Belgium, 2Universidade Federal do Parana,
Curitiba, Brazil.

Diagnosis of mycotoxicosis in poultry is difficult. When clinical signs
are detected, it is already too late as mycotoxins are immunosuppressive
creating opportunity for infectious disease to manifest. Biomarkers are
great tools to find significant effects as early as possible in the animals
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reaction against mycotoxicosis. To evaluate the effect of naturally
contaminated feed, 96 male Cobb 500 d-old-broilers were assigned to
a control or a contaminated diet until 28 d of age (48 animals over 6
pens per treatment). The contaminated diet was formulated by replac-
ing control corn by a naturally Fusarium contaminated corn, resulting
in a contamination of 17 ppm FB1+FB2. Blood was collected from 8
animals per treatment and used to quantify circulating lymphocytes
through flow cytometry, activity of aspartate transaminase, gamma
glutamyl transferase, alkaline phosphatase and levels of uric acid, total
protein, albumin, globulin, total leucocytes count and hematocrit, as well
as free sphinganine to sphingosine ratio. Blood biochemistry data were
processed by 1-way-, whereas flow cytometry data by 2-way-ANOVA
(ANOVA) with Bonferroni post hoc test comparing groups, considering
each sample as a replicate within each treatment. Results showed that
fumonisins had detrimental effects in broilers, resulting in decreased
Ht, decreased TLC, increased Alb/Glb and SA:SO values in the blood.
The immune response to fumonisins was also clearly demonstrated by
a significant effect on the amount of circulating helper T-lymphocytes,
regulatory T-lymphocytes and terminally activated cytotoxic T-lympho-
cytes. The number of circulating monocytes and macrophages was also
significantly decreased, showing the immunosuppressive properties of
fumonisins. In conclusion, the use of biomarkers clearly demonstrated
significant changes in an early stage and hence are a promising tool to
be used to evaluate in vivo effects generated by mycotoxins on health
status and production losses.

Key Words: broiler chicken, mycotoxins, fumonisins, flow cytometry,
immunity

256  The effects the fermentation metabolites of Original XPC
have on reducing of Salmonella Reading using an in vitro turkey
ceca culture model. Kristina Feye*!, Peter Rubinelli', W. Evan
Chaney?, JA Byrd?, Hilary Pavlidis?, and Steven Ricke!, University
of Arkansas, Fayetteville, Arkansas, United States, °Diamond V,
Cedar Rapids, lowa, United States.

Salmonella Reading is a profound human health issue facing the turkey
industry today, with one death reported as of the time of the production
of this paper in the United States between 2018 through the current era
(March 2019). The fermentation metabolites of Diamond V Original
XPC™ (XPC) have been documented to have anti-Salmonella effects
in poultry. Ceca were harvested in a commercial turkey processing plant
from birds that were fed a diet that did not contain antibiotics or XPC.
Using an established in vitro ceca culture method at the University of
Arkansas, a total of 2 trials, with 5 ceca per trial and 2 technical replicates
per ceca, were tested with and without XPC for its effects on reducing
Salmonella Reading. XPC was included at 1% (wt/vol) in a commer-
cial grower feed. The treatment groups were: XPC alone, XPC+Ceca,
XPC+Ceca (inoculated), control, control (inoculated). For the inoculated
groups, after the cultures were allowed to pre-adapt, they were individu-
ally inoculated with a commercial turkey field isolate of Salmonella
Reading or Salmonella Typhimurium (ST97; 1e8 cells/mL for both
isolates). Samples were taken for microbial and microbiome analysis at
24 h and 48 h post-inoculation. Using linear regression, Sa/monella load
and prevalence was reduced by 24 and 48 h, with no difference between
the tested serovars (P < 0.05; significance for all results). Therefore,
without an effect of serovar, the Sal/monella treatments were analyzed
together and it indicates that effects of XPC are not serovar specific in
turkeys. For detecting the percent recovered Sa/monella within the limit
of detection, the main effect of treatment was significant (P <0.05), with
XPC having 5-fold fewer positive plates at 24 h and 2.8-fold at 48 h as
compared with the controls. Salmonella load decreased 5.29 Log;, by
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24 h, and that reduction is 2.15 Log,q cfu/mL greater than the control
(P <0.05). By 48 h, XPC groups had an additional 1.75 Log;, cfu/mL
compared with the 24 h time point. Compared with the control, there
was a 1.78 Logq cfu/mL reduction. Therefore, XPC is able to reduce
Salmonella load and prevalence irrespective of the serovar tested in the
in vitro turkey ceca model. As a result, XPC reduces Sa/monella irre-
spective of serovar and provides evidence to suggest that implementing
XPC proactively as a component of food production proactively has the
potential to reduce Salmonella in turkeys.

Key Words: microbiome modulating, Sa/monella Reading, XPC,
chicken, food safety

257  Myofiber-type switching, and dysregulation of lipid
metabolism accompanies development of wooden breast myopa-
thy in commercial broiler chickens. Michael Babak and Behnam
Abasht*, University of Delaware, Newark, Delaware, United States.

Several studies have been conducted to decipher the occurrence of
Wooden Breast (WB), a meat quality defect in commercial broiler
chickens. Prior transcriptomic studies conducted in our laboratory have
shown evidence of myofiber-type switching and dysregulation of lipid
metabolism associated with the development of WB. To gain a deep
understanding of the occurrence and implication of these 2 biological
processes in health and disease states, we examined the expression
of LPL and PLIN1 (lipid-related genes) and CSRP3 and MYBPCI
(muscle-related genes) using RNA in situ hybridization on Legacy (18 d
post-hatch) and Ross chicken lines (20 d post-hatch). Subsets comprising
Legacy, unaffected Ross and WB-affected Ross (n =3 each) targeting the
4 genes was used. Expression of LPL in the pectoralis major muscles of
healthy chickens was observed in the endothelial cells of capillaries and
small-caliber veins. Conversely, affected chickens revealed enhanced
expression of LPL on the same sites as well as in adipocytes. PLIN1
was only expressed by affected chickens in adipocytes. MYBPCl1
expression was intermittently distributed along the length of myofibers
in unaffected, and homogenous in affected chickens. While CSRP3 did
not show expression in Legacy chickens, the expression was multifocal
in affected chickens. Additionally, CSRP3 was always co-expressed
with MYBPCI, but not the other way. To our knowledge, this is the
first study to show expression of LPL from the vasculature endothelium
in chickens. This study also confirms the existence of myofiber-type
switching and provides mechanistic insights into increased lipid uptake
and metabolism in WB disease process.

Key Words: wooden breast, myopathy, commercial broiler chickens,
LPL, CSRP3

258  Effects of dietary vitamin E and selenium supplementa-
tion on performance, immune response and oxidative status of
broilers under heat stress. Ali Calik, Mallory White*, Nima Emami,
and Rami Dalloul, Virginia Tech, Blacksburg, Virginia, United States.

High ambient temperature is one of the most common stressors in
modern poultry production, resulting in reduced feed intake and weight
gain, and increased mortality. This study evaluated the effects of Vitamin
E (Vit E) and selenium (Se) supplementation on performance, rectal
temperatures, and expression of heat shock proteins (HSPs), immunity
and oxidative stress related genes in liver tissues of broilers exposed to
daily 4-h elevated temperature during d 28-35. A total of 640 Cobb500
male birds were randomly allocated to 32 floor pens in a 2 x 2 facto-
rial arrangement that included heat stress (optimal and high heat) and
dietary treatments (basal diet or Vit E + Se). Vit E and Se were added
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to the basal diet at the rate of 250 mg/kg and 1 mg/kg diet, respectively.
For the heat stress groups, temperature was maintained at 35 + 1°C and
applied once daily from 10 a.m. to 2 p.m., then reduced again to 25 +
1°C for the remainder of the day. All chicks were weighed on a per
pen basis and feed intake (FI) was recorded on d 7, 14, 21, 27, and 35.
Liver samples were taken on d 28 and 35 (2 birds/pen) from birds of
average pen weight for qPCR analysis. The birds’ (2 birds/pen) rectal
temperature was monitored daily with a rectal probe during the heat
stress period. Data were subjected to a 2-way ANOVA using the GLM
procedure of JMP (Pro13). During the heat stress period, birds fed the
diet containing Vit E and Se had significantly lower mortality (0.97%
vs 3.57%) compared with control birds. Moreover, dietary supplementa-
tion of Vit E and Se significantly increased body weight gain (BWG)
and FI during the overall experimental period. Heat stress significantly
upregulated HSP response on d 28 and d 35. However, expression of
HSP70 and HSP90 was significantly (P < 0.001) downregulated with
Vit E and Se treatment on d 28 and 35. Expression of the oxidative
stress related genes GPx and GST were significantly downregulated by
Vit E and Se supplementation on d 28. However, no differences were
observed in CAT, GPx, SOD, and GST expressions on d 35. Expression
of TLR2, TLR4, TNFa, IFNy, IL-1p, IL-4, IL-10, and iNOS was not
affected on d 28. However, gene expressions of TLR2, TNFa, IFNy,
IL-1p, IL-10, and iNOS were significantly downregulated in birds fed
the diet containing Vit E and Se on d 35. Also, the heat stress challenge
significantly increased broiler body temperature during d 28-35. In
conclusion, dietary supplementation of Vit E and Se might help alleviate
the negative effects of high ambient temperature and improve broiler
performance by influencing oxidative and immune related gene expres-
sion in the liver during heat stress challenge.

Key Words: broiler, heat stress, heat shock proteins, immune response,
vitamin E & selenium

259  Effect of different biotic additives on noiler chickens at
chick phase. Kemi Idowu!, Olajide Adeyemi!, Olajide Sogunle',
and Solomon Idowu*?, 'Federal University of Agriculture, Abeokuta,
Abeokuta, Ogun, Nigeria, *Federal College of Animal Health and
Production Technology, Moor Plantation, Ibadan, Oyo, Nigeria.

Overtime, the amount of antibiotic used as growth promoters in live-
stock industry as drastically increased. This has led to consumer and
governmental efforts to reduce the administration of antibiotic in poultry
production. Therefore, alternatives to the use of antibiotics must be
found to enhance the growth performance, and bring out the genetic
potential of the modern day chicken. Probiotic, Prebiotic, and Synbiotic
are alternative sources that can improve the immune status of poultry.
The focus of alternative antibiotic growth promoters (prebiotic, probi-
otic, and synbiotic) is to enhance the performance and health status of
chicken. Noiler chicken is a hybrid of broiler and cockerel. It has the
resistance traits of cockerels and meat characteristics of broilers. A total
of 3 hundred and 60 d old Noiler chickens were randomly dis