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ABSTRACT WITHDRAWN

FINAL ID: 2
TITLE: Effects of enriched floor housing and battery caging on molecular indicators of chronic stress in Bovan brown
laying hens
Abstract Body: Plasma corticosterone (CORT) concentrations are commonly used as the gold standard for stressrelated studies, however plasma concentrations show large variability making it a poor indicator of chronic stress.
Immunoglobulin-A (IgA), and feather CORT have responded to known stressors in previous studies and show
potential as viable biomarkers for chronic stress. However, IgA has not yet been tested in a poultry context, and few
studies evaluated feather CORT as a biomarker for chronic stress in poultry. Conventional battery cages (BC) can
negatively impact laying hen welfare as birds are restricted in their ability to show highly motivated behaviors, resulting
in chronic stress. Enriched floor (EF) housing does allow for the expression of these behaviors. The objective of this
study was to investigate plasma IgA, fecal IgA, and feather CORT responses in layer hens raised in BC and EF
housing. Bovan brown hens (n=186) were randomly divided into 4 EF pens (23 birds/pen) or 28 BC (3 birds/cage). EF
pens included 10 nest boxes, PVC perches, 1 hay bale, and cabbage provided 2x/week. At weeks 29 and 43 of age,
plasma samples (n=12/treatment) were taken to determine plasma IgA concentrations. At weeks 21, 25, 29, 39, and
43 of age, pooled fecal samples (n=4/treatment) were collected to determine fecal IgA concentrations. Week 43 fecal
samples could not be assayed. At weeks 21, 25, 29, and 43 of age, tail feathers (n=12/timepoint: 6/treatment) were
cut to determine CORT concentrations. Samples were assayed using commercial ELISA kits. Plasma and feather
samples were collected repeatedly from the same birds. Data were analyzed using mixed models (housing system
and week as fixed factors; bird and housing ID as random factors). Data are presented as LSmeans±SEM. Plasma
IgA concentrations tended to be higher in EF pens than in BC at week 29 (60.3 ng/µL vs. 44.1 ng/µL; P=0.0501) but
did not differ in week 43. Hens housed in EF pens showed higher fecal IgA concentrations across all ages when
compared to BC hens (423.5±45.5 µg/g vs. 295.0±44.5 µg/g; P=0.0300). Additionally, EF hens showed lower feather
CORT concentrations across all ages compared to BC hens (0.042±0.005 pg/mg feathers vs. 0.062±0.006 pg/mg
feathers: P=0.0085). Low environmental temperatures and feather loss in BC layers could have contributed to high
feather CORT concentrations as those have been linked previously. These results indicate that fecal IgA and feather
corticosterone show promise as sensitive and valid biomarkers for chronic stress related to laying hen housing
systems. However, additional validation is needed to ensure that fecal IgA concentrations are due to chronic stress
and not differences in immune status between treatments.
KEYWORDS: IgA, Corticosterone, Layers, Biomarker , Enrichment .
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FINAL ID: 3
TITLE: High and Low Stocking Density Effects on Floor-Raised Pullet Welfare
Abstract Body: The pullet phase is crucial to the lifetime success of laying hens. Management choices made during
this phase may have lasting effects on the birds’ physiology, behavior, growth, and lifetime production. However, the
pullet phase has limited established welfare and management guidelines. This study used two different stocking
densities to identify markers of welfare in pullets; hypothesizing that pullets housed at tighter stocking densities would
have poorer bird-based outcomes. Using a 2x2 factorial design with Lohmann Brown-Lite or Lohmann LSL-Lite pullets
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at high (437 cm /bird) or low (1059 cm /bird) stocking density, twelve replicates of stocking density/strain
combinations were housed across 48 floor pens. These pullets were followed from 0-16 weeks of age. Group size,
feeder space, and water space were held constant across stocking densities. Feather coverage, keel and footpad
scores, and shank length were measured monthly. Pen feed consumption and body weights of approximately 17% of
all birds in this study were taken weekly. The liver was removed from approximately 20 birds per stocking
density/strain combination at 1, 3, 6, 12, and 16 weeks of age. No birds were added to maintain stocking density in the
study due to a confounding effect of stress from the addition of new birds. A linear mixed model one-way ANOVA was
used for body weight and shank length. Strain, stocking density, and age were fixed effects and room and pen, with
pen nested under room, were random effects. A linear model one-way ANOVA with strain, stocking density, and age
effects or strain and stocking density effects was used to analyze uniformity and FCR respectively. There was a
significant age effect (p<0.001) on uniformity, body weight, shank length, and relative weight of the liver. There were
significant strain effects (p <0.05) on FCR, body weight, shank length, and relative liver weight. There was a significant
strain by stocking density effect (p<0.05) on uniformity and body weight. Kruskal Wallis Rank Sum tests were used to
evaluate feather coverage, footpad, and keel scores. Footpad and keel scores as well as neck, vent, and leg feather
scores were perfect for the duration of the study. Age of bird had a significant effect on back, wing, tail, and total
feather coverage (p<0.001). Strain had a significant effect on wing coverage (p=0.02). Overall, the two stocking
densities used in this study had minimal adverse effects on the pullets’ health and welfare- no parameters were
affected by stocking density alone. Further research is needed to identify markers of welfare in pullets.
KEYWORDS: pullet, stocking density, welfare, stress.
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FINAL ID: 4
TITLE: Resource-use of laying hens in a free-range setting in response to a mobile robot
Abstract Body: Advances in robotics promote interest in applications in the egg industry to reduce human labor.
However, there are concerns regarding potential bird stress stemming from bird-robot interactions. The objective of
this study was to test the influence of using a mobile robot to restrict hen access to the range in a free-range setting,
on resource-use, and range access of hens. Two free-range pens were used with 16 Brown Leghorn hens, 40-weeks
old in each; doors to range areas were closed daily at 20:30 and opened at 06:30. A mid-sized robot
(L:50×W:30×H:20 cm) was placed in one pen (ROB) to prevent hens from exiting the door to the range area during
the morning (06:30 to 11:30). The robot was programmed to move forward and backward on the litter area in front of
the range door continuously during the morning period. Hens in the second pen (CON) were not exposed to a robot
and could be supposed to freely exit the range door after it opened in the morning. The robot was placed in the test
pen during the night range restriction started at 6:30 the next day and continued for two weeks. Bird resource-use
(number of birds on litter, nestboxes, and perches), and range access in both pens, were recorded daily via hourly
scans during the morning period, using ceiling-mounted cameras for two weeks. Differences in resource-use and
range access, across days between ROB, and CON pens, were assessed using GLMM with Tukey's Post hoc test
applied to significant results in R 3.3.1 (α set at 0.05). The robot successfully prevented hens' access to the range
area during morning hours and throughout the 2-week test period. In the ROB pen, no hens (0%) were able to access
the range, while on average, 62.5% of the hens in the CON pen accessed the range daily (P ≤ 0.05). On the first day
of observation, more hens (67.8%) were observed perching in the ROB than CON (6.3%) pen (P ≤ 0.05); however, by
the sixth day after robot introduction, the percent of hens perching was similar in both treatments (ROB: 10.23, CON:
6.86; P = 0.12). Similarly, fewer hens (6.25%) were observed on litter in the ROB pen on the first day when compared
to the CON pen (25%; P ≤ 0.05). However, the number of hens on litter areas increased gradually to 53% by the third
day of observation in ROB pen, compared to 18.75% in CON pen (P ≤ 0.05). On average, 25% of hens in the ROB
pen were observed inside nestboxes daily during morning hours compared to 10% in the CON pen (P ≤ 0.05). Thus,
the mobile robot used in the current preliminary study successfully restricted hen access to range areas and improved
nest use. Disturbances in perch and litter use in response to robot introduction were diminished gradually and
disappeared by the sixth day of the trial.
KEYWORDS: Robot, Resource-use , Free-range, Hens.
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FINAL ID: 5
TITLE: Laying hens do not modulate flapping flight performance after symmetric wing feather loss
Abstract Body: Feathers grant most birds flight capabilities, and any loss or damage to flight feathers of the wing can
impact flight performance. Laying hens experience feather damage and loss due to collisions and feather pecking, and
they have naturally high wing loading and limited flight capabilities. Yet, when housed in aviaries, hens require flight
feathers to navigate three-dimensional spaces to access resources. Our research aims to determine whether
symmetric wing feather loss impacts flapping-flight performance in laying hens, so we modified wing areas using
feather clipping. We used high-speed video to measure wing and whole-body kinematics in 18 adult laying hens 34
weeks of age to test for changes in power output and trajectory during flapping-flight descent. The hens were
randomly placed into one of three treatment groups: unclipped (control, fully feathered), half-clipped (bilateral primary
feathers clipped), or full-clipped (bilateral primary + secondary feathers clipped). The hens descended while flapping
their wings from a 150 cm tall apparatus. We used frontal views to measure wingbeat amplitude (degrees), frequency
(Hz), and angular velocity of the wrist (rad s-1), and their respective asymmetries and lateral views to measure
descent velocity (m s-1), descent angle (degrees), and vertical and horizontal acceleration (m s-2). We predicted that
progressive increases in wing loading due to feather clipping would cause birds to compensate with their wing motions
to accomplish similar body trajectories. A linear mixed model was used to identify treatment effects and differences
between treatment groups. Wing clipping status did not significantly affect any wing kinematic measures nor vertical
acceleration. Half-clipped hens demonstrated a lower descent velocity (P=0.0337) and descent angle (P=0.0372) than
full-clipped hens. Both half- and full-clipped hens exhibited significantly lower horizontal acceleration than unclipped
hens (P=0.0031 and P=0.0018, respectively). All hens landed with a descent velocity averaging 3.94 m s-1, a landing
velocity 2-3X that of adept fliers. Our results suggest that intact laying hens operate at the maximal power output
supported by their anatomy and are, therefore, at the limit of their ability to modulate their wing kinematics to control
flight trajectory.
KEYWORDS: feather loss, wing kinematics, whole-body kinematics, flapping performance, laying hen.
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FINAL ID: 6
TITLE: Commercial field assessment of broiler welfare when enriching barns with perching, pecking and resting
enrichment combinations
Abstract Body: Complex environments that allow animals to perform natural behavior promotes better physical and
mental wellbeing. Inactivity in broilers contributes to welfare concerns in the industry such as lameness and
pododermatitis. Our objective was to evaluate potential health and behavioral benefits of providing environmental
enrichments in commercial broiler barns. We conducted two field trials across eight barns, containing an average of
27,000 birds per flock, with replicated treatment flocks to evaluate different enrichment combinations on object
utilization, bird behavior, leg health and pododermatitis compared to unenriched control flocks. Trial one compared
different pairings of perching objects (rung ramp, slatted ramp, 4” wide perch, 2” wide perch) with pecking objects
(straw bales, mineral pecking block). Trial two assessed a perching object (aluminum grid ramp) paired with resting
objects (plastic tunnels) and pecking objects (hanging chain links). Objects were provided at a rate of 1 object per 750
square feet of usable barn space. Behavior observations were made weekly in a pre-determined observation area
using scan sampling with an ethogram. Prior to slaughter, femur and tibia bones from six males and six females were
subjected to bone mass and ash content analyses. During processing at the slaughter facility, 200 footpads were
scored on a scale of 0 (non-existent) to 2 (severe) for pododermatitis severity every 20 minutes throughout each flock.
A pododermatitis index was calculated as the number of birds having each score multiplied by the score. Data were
statistically analyzed using a mixed model with season and farm as random variables. Treatments that included the
mineral pecking block decreased pododermatitis index (P=0.047) compared to the control. Enriched treatment flocks
had an increase in femur (P=0.007) and tibia (P=0.042) ash content compared to the control. The greatest impact was
in trial two, with an increase in femur ash content as a proportion of bone (P<0.001) and femur weight as a proportion
of bird weight (P=0.007) compared to the control. Straw bales paired with slatted ramps, increased in comfort behavior
(P=0.027) and decreased inactive behavior (P=0.020). Enrichment improved welfare in commercial barns by
decreasing pododermatitis, increasing activity, and increasing comfort behavior, which is presumed to indicate an
improved mental state. Heavier and higher ash content suggested improved bone health and skeletal integrity.
KEYWORDS: broilers, enrichments, leg health, pododermatitis, comfort behaviour.
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FINAL ID: 7
TITLE: The delivery matrix and number of chickens influence the behavior of broiler chickens during preference tests:
Preliminary results
Abstract Body: The gustatory preferences of broiler chickens for some sapid compounds have been reported in
previous studies. However, to date there are no studies that analyzed preferences for compounds added in-water and
in-feed at the same time, also considering different number of chickens in tests. The objective of the present work was
to assess the effect of delivery matrix and chicken number on the behavior of broilers during choice-tests. A total of 24
one-day old male broiler chickens (Ross 308) were distributed by weight into 16 floor pens, with 8 pens containing one
chicken per pen, and the other 8 pens containing two chickens per pen. The experimental period lasted 23 days in
which chickens were fed a commercial balanced starter diet that satisfied their nutritional requirements. From days 7
to 23, pens were randomly assigned to a 2 × 2 factorial design considering two levels of delivery matrix (water/ground
wheat) and two levels of chicken number (one/two chickens) performing preference tests. Monosodium glutamate,
lysine, sucrose and calcium carbonate were used as representative compounds of umami, umami, sweet and calcium
tastes, respectively. They were diluted in water or mixed with ground wheat for preference testing against tap-water or
ground wheat as control options, respectively. Tests lasted 8 hours and chickens were video recorded for 10 minutes
twice, at the beginning and at the middle of exposure to the solutions/feeds. The total time of approach, number of
bouts, bout duration and number of pecks at the drinker/feeder containing the sapid compound was registered in each
pen. Data was analyzed with ANOVA by using the GLM procedure of SAS. A greater approach time (p=0.035) and
number of pecks (p<0.001) was observed when compounds were mixed with ground wheat instead of diluted in water.
The number of chickens performing preference tests influenced the total approach time (p<0.001), number of bouts
(p<0.001), bout duration (p=0.018) and number of pecks (p<0.001), values being higher when two chickens performed
the tests rather than just one. The compounds used for preference testing did not affect any of the parameters
evaluated (p>0.328). Similarly, no significant interaction effects between matrix × compound or chicken number ×
compound were observed (p>0.058). It is concluded that the behavior of broiler chickens during a preference test is
influenced by the matrix in which tested compounds are offered, as well as by the number of chickens conducting the
test. Preliminary, a ground wheat matrix and two chickens per pen seem to better adjust to this type of evaluation.
However, further research is needed to elucidate whether this response might vary later in chickens’ productive cycle.
KEYWORDS: behavior, broiler chicken, chicken number, delivery matrix, preference.
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FINAL ID: 8
TITLE: How does egg laying influence HPA-axis activity in turkey lines selected for growth or reproductive traits?
Abstract Body: Feather corticosterone (FCORT) can be used in domestic poultry as a biomarker for longitudinal HPAaxis activity. Although FCORT varies between individuals, genetic lines, and even between feathers from the same
individual, it is unknown why this variation occurs. Given the primary role of corticosterone as a metabolic hormone,
investigating how FCORT is influenced by periods of high energy demand (e.g., egg laying) could elucidate potential
reasons for these differences. The objectives of this study were to compare FCORT concentrations in turkey hens
from two different genetic lines before and during egg laying and to evaluate if there are differences between two
different feathers of individual birds. One line (line A) was a male line with selection focused on growth traits, and the
other line (line B) was a female line with selection focused on reproductive traits. Secondary feathers 1 and 3 were
collected from 100 hens (N=50 per line) at 30 weeks of age (pre-lay). The same hens were revisited during lay (45
weeks of age) to collect regrown feathers. The FCORT samples were evaluated using ELISA. Linear mixed models
were used to assess the effect of genetic line (A vs. B), period (pre-lay vs. lay), and feather (secondary 1 vs. 3) on
FCORT concentration. Intra- and inter-individual variation in FCORT were further described by calculating the
standard deviation (SD, pg/mg) and coefficient of variation (CV, %). An increase in FCORT during lay was detected
for line B (P<0.0001) but not line A (P=0.3155). During lay, an increase in FCORT was detected in both feather types,
though secondary 1 and secondary 3 differed from one another in total FCORT concentration. The FCORT CV among
individuals (53-56%, inter-individual) were typically greater than the differences within individuals (29%, intraindividual). We conclude that egg laying can influence FCORT measurements in turkeys; however, this is dependent
on genetic line and feather type. Egg laying is energetically demanding, and line B produces more eggs than line A,
which may explain the observed differences between the lines because of the stronger selection for egg production.
This relatively non-invasive technique, when used appropriately, may provide important physiological information to
research and industry, linking HPA-axis activity, reproductive investment, and genetics of female turkeys.
KEYWORDS: glucocorticoid, breeding, biomarker, stress, welfare.
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FINAL ID: 9
TITLE: Is Turkey Welfare Evaluated? -Validation of Footpad Scoring Systems to
Improve Turkey Welfare
Abstract Body: Even though footpads are evaluated for footpad dermatitis (FPD) during processing, visual scoring is
known to underestimate severe lesions in broilers. Few studies have examined agreement among FPD scoring
methods used on the same turkey, thus it is not known if turkey FPD misclassification occurs and if welfare is
evaluated with this approach. Pads can be scored externally on live turkeys (live scoring, LS) and postmortem (PS)
when pads are clean; or histologically (HS). One histological FPD scoring system exists for turkeys that is based on
the inflammatory process although it is clear that injury and regeneration are present. The objectives tested the
agreement between LS and PS; and among LS, PS and HS. Turkeys were sampled (n=163) at young (Y) and market
(M) ages from 18 commercial flocks. Footpads were evaluated three times: 1) LS on farm; 2.) PS after euthanasia and
placement of pads in formalin, and 3) HS. For the LS and PS, a 3-point scale was used (0-no lesions, 2-severe). For
the novel HS, pads were scored for injury (0-no injury, 4-damage to subdermis), regeneration (0-no signs, 1-intact
epidermis and dermis), predominant inflammation (0- no signs, 3-widespread heterophilic inflammation, necrosis, and
vascular proliferation), and background inflammation (0-no signs, 1-lymphoplasmacytic aggregates and/or
perivascular cuffs). Spearman correlation tested the relationships and only strong correlations reported (r>0.60).
Cohen’s Kappa Statistic tested inter-rater repeatability between two scorers in PS, intra-rater repeatability in PS and
HS. The inter-, and intra-rater tests indicated that scorers interpreted all scoring systems repeatable and accurately.
The strong correlation between LS and PS (r=0.65 and 0.77 for Y and M, respectively) indicated that most signs of
FPD with LS were identified when compared to PS with the most discrepancy within the score 1 category. For M, 60%
received the same (score 1) at LS and PS. In relationship to HS, stronger correlations were detected for M. Both LS
and PS correlated with the injury score (r=0.65 and 0.62, respectively), and LS was associated with predominant
inflammation scores (r=0.61). Regeneration was seen in M samples with severe FPD. External scores of 0 and 1 were
found to be more severe histologically based on injury score. Findings indicate the revision of the 3-point external
system to better match HS is needed. In addition, components of injury, inflammation, and regeneration were
identified histologically, indicating that FPD is a dynamic process.
KEYWORDS: footpad dermatitis, scoring, turkey, validation, welfare.
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FINAL ID: 10
TITLE: Effect of eugenol supplementation on broiler performance, litter moisture and foot pad dermatitis
Abstract Body: Footpad dermatitis (FPD), a condition characterized by lesions on the footpads of poultry, has become
a major welfare and economic concern globally. Eugenol, an essential oil from plant extract, has been used
extensively in poultry due to its reported anti-microbial, anti-inflammatory and anti-oxidant benefits. The aim of this
R
study was to assess the impact of supplementing a broiler diet with an eugenol-rich feed additive (Avidry ) on litter
moisture, FPD and broiler performance under commercial husbandry conditions. A pen trial with two treatments (trial
and control), each having three replicates of 2250 day-old chicks was conducted in a completely randomized block
R
design. Avidry was added only in the pre-starter and starter diets at a rate of 0.2%. Grower, finisher and post-finisher
feeds were commercial standard diets. Bodyweight (BW) was taken on days 0, 7, 14, 21, 28, 35 and 42 by weighing a
3% representative sample of birds. Feed intake and mortality corrected feed conversion ratio (FCR) was assessed
over the corresponding periods. The FPD score was assessed on days 10, 20, 35 and 42, whilst litter moisture was
analyzed on days 35 and 42. Data from the experiment was analyzed in Genstat through ANOVA. There was no
significant difference in weight gain (WG) for week 1 between the trial and control, though trial birds grew slightly
faster (128 vs 118g; P=0.058). However, WG was significantly greater in trial pens than in control pens for week 2
(274 vs 255g; P=0.002) and week 3 (421 vs 394g; P=0.001), resulting in final BW at week 6 being greater for trial
pens than for control pens (2491 vs 2383g; P= 0.01). Average weekly feed intake (AWFI) for week 1 was not
significantly different between the treatments (168 vs 165g, P=0.310). However, AWFI increased significantly in the
trial pens for week 2 (311 vs 303g; P= 0.008) and week 3 (577 vs 550g; P=0.004). From week 4 to week 6, AWFI did
not differ (P>0.05). FCR for week 1 was lower for trial pens than for control pens (1.27 vs 1.32; P= 0.016), and by
week 6, cumulative FCR in the trial had resulted in smaller values than in control pens (1.73 vs 1.78; P = 0.041). Litter
moisture was reduced in the trial pens compared to the control pens, both at day 35 (42.0% vs 45.0 %; P= 0.019) and
day 42 (46.1% vs 51.4%; P=0.01). This concurred with smaller FPD score in trial pens than in control pens at 35 days
(18 vs 27; P=0.001) and at 42 days (32 vs 41; P= 0.001). The results obtained in this experiment indicate that the
R
addition of Avidry in the diet gave better technical performance, dryer litter and lower FPD score.
Key Words: Wet litter, Foot Pad Dermatitis, Eugenol, Broiler Performance
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FINAL ID: 11
TITLE: Evaluating differences in gut morphology and sickness behavior in fast and slow growing broiler chickens
when infected with Salmonella enterica serovar Typhimurium
Abstract Body: Salmonella enterica serovar Typhimurium (ST) is often a non-harmful member of the chicken gut
microbial community, making it a challenge to detect in broilers prior to slaughter. However, it is possible that different
broiler breeds may vary in resistance to ST. The objective of this study was to evaluate differences in gut morphology
and sickness behavior between fast- and slow-growing broiler breeds when challenged with ST. Ross 308 (FG) and
Redbro (SG) broilers (N=312 birds) were raised in the same pen until d 7 when they were randomly assigned and
exclusively placed in isolators (N=24 isolators, 11 birds/isolator). On d 14, half of the FG and SG birds (N=12 isolators)
8
were orally gavaged with 1.3 x 10 cfu/mL ST and half received tryptic soy broth (CON). Ileal and jejunal segments
were collected from 48 birds on d 7, 13, 17, 21, and 24 (days post challenge [DPC] -7, -1, 3, 7, and 10, respectively).
Video was recorded for 1 hr the day before each sampling, starting at d12, and analyzed for postures and behaviors.
Histology data was statistically analyzed with JMP ANOVA and behavior data was analyzed with SAS GLIMMIX. On
DPC -7, all histological measures significantly differed between breeds. FG jejunum villus height - crypt depth ratio
was 0.22 lower (P=0.03) than SG, and FG ileum villus height - crypt depth ratio (IVCR) was 0.35 lower (P<0.0001)
than SG. On DPC 10, there was no significant difference between breeds, but there was an effect of challenge on
IVCR. The IVCR of FG-CON birds was 1.40 greater (P=0.007) than in FG-ST birds, and the IVCR of SG-CON birds
was 0.76 greater (P=0.007) than SG-ST birds. There was no effect of challenge on the proportion of birds sitting and
no effect of breed or challenge on the proportion of birds standing. More (P<0.0001) birds of both breeds and
treatments sat at DPC 2 (65.93%) and DPC 6 (66.32%), the first two DPC recordings, than at DPC -2 (53.86%) and
DPC 9 (59.55%). Fewer (P<0.0001) FG birds stood at DPC 6 (24.09%), while fewer SG-CON birds stood at DPC 2
(33.06%) and fewer SG-ST at DPC 6 (27.36%). The proportion of SG birds sham foraging generally increased with
age (P<0.0001) and was similar between CON and ST except at DPC 9, where more (P=0.01) SG-CON (4.11%)
sham foraged than SG-ST (2.53%). However, a similar proportion of FG-CON and FG-ST birds sham foraged each
day. The results suggest differences may exist between Ross 308 and Redbro broilers regarding gut integrity and
sickness behavior in response to S. Typhimurium infection. This information may aid breeding decisions that improve
Salmonella resistance in broilers and reduce the Salmonella threat to the broiler production industry and human food
supply.
KEYWORDS: broiler, Salmonella, breed, gut, behavior.
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FINAL ID: 12
TITLE: The effect of enrichments and spotlights on broiler production and tibia morphology
Abstract Body: Lights and enrichments provide environmental complexity to broiler housing environments.
Enrichments can potentially improve leg health and lighting has been shown to affect behavior and welfare. However,
information on the effect of enrichments and lighting to tibia morphology is limited. We aimed to see if supplemental
lighting and structural enrichments impacts welfare measures and broiler tibia morphology. Broiler chickens were
housed in 16 pens (n=25 birds/pen) in 2 rooms. The experiment was a 2x2 factorial design with pens randomly
assigned to one of four enrichment treatments (TRT): a spotlight, an enrichment, both a spotlight and an enrichment,
and a control (no spotlight or enrichment). The spotlight was a pin beam light hung above the pen and the enrichment
was a platform with a 5° angle ramp. Within each pen, 5 focal birds were identified (n=80). Feed consumption and
mortality were recorded daily and used to calculate feed conversion ratio. Body weight was collected at four time
points (placement of birds [d0], feed change from starter to grower [d10], feed change from grower to finisher [d37],
and final collection [d53]). On d53, live and postmortem measures were collected on focal birds. Welfare was scored
for hock burn, footpad dermatitis, and plumage condition. Post-mortem weight (g), volume (mL), and morphological
measures of the right and left tibia (proximal angle, total length [mm], depth of the intercondylar areas, and width at
10%, 25%, 50%, 75%, and 90% of total length) were taken. Means and deltas (left-right) of both tibia were calculated
for each bird. Data were analyzed in JMP Pro 14 using a two-way ANOVA to determine effect of TRT on production
and tibia measures. There was no effect of TRT on production or welfare measures (P>0.05). Mean widths of the tibia
increased with enrichments: proximal head width (P=0.02), and at 90% (P<0.01), 75% (P=0.01) and 25% (P=0.01) of
total length. Tibia weight (P=0.04) and volume (P=0.03) increased with enrichments. Mean widths of the tibia
decreased with spotlights at 90% (P<0.01) and 75% (P<0.01) of the total length. The depth of the lateral intercondylar
areas of the proximal head were shallower with spotlights (P=0.03). To conclude, production and welfare measures
were unaffected by the presence of enrichments or supplementary lighting, but differences in tibia morphology were
seen at several locations on the bone. The combination of enrichment and spotlight did not impact the morphology of
the tibia. Although the spotlights and enrichments did not impact production or welfare measures in this study, they did
impact leg bone morphology and further research should aim to understand the impacts in a commercial setting.
KEYWORDS: Tibia, Enrichment , Lighting, Welfare , Broiler.
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FINAL ID: 13
TITLE: Adoption of Precision Livestock Farming technologies by broiler farmers
Abstract Body: A questionnaire was applied to 204 broiler farmers of Southern Brazil to analyze factors that influence
their adoption of Precision Livestock Farming technologies related to broiler welfare (PLF-AW). A total of 184 farmers
satisfactory answered the questionnaire with 24 questions regarding socioeconomic and productive data as well as on
the adoption and willingness to adopt PLF-AW technologies. Farmers were showed pictures of PLF-AW and asked on
their utilization in a “yes” or “no” question. Opinions of farmers about PLF-AW technologies potentialities to improve
four factors, namely animal welfare, farmer welfare, economic/productive indicators and data management were
assessed through their level of agreement in a five-point-Likert scale to three statements for each factor. Factor score
was calculated as the average score of the three statements. Willingness of farmers to adopt PLF-AW was measured
by their level of agreement regarding statements about animal welfare improvements with the use of PLF-AW and its
possible economic outcomes in a five-point-Likert scale. Socioeconomic and productive data of farmers as well as
their opinions on technology potentialities were evaluated through a logistic regression using R programming
language to analyze the influence of each variable on the likelihood of PLF-AW adoption. Willingness to adopt PLFAW technologies were compared by Kruskal Wallis and Dunn test with p-value adjusted by Bonferroni at 5%
significance. The logistic regression model was estimated with 13 variables, presenting Pseudo R square of 0.28 and
Chisquare P-value of 0.01. Four variables of the model significantly influenced the adoption of PLF-AW technologies
by broiler farmers: farmer experience, broiler slaughter weight (heavy or griller), having another activity besides broiler
production for commercialization purposes and having high beliefs on PLF potentiality to improve animal welfare.
Farmer experience and producing heavy broilers negatively influenced the likelihood of PLF-AW technologies
adoption (P<0.05). Having another farm activity increased the likelihood of PLF-AW adoption by 5.3 times over those
farmers who were strictly dedicated to broiler production (P<0.05). Having high beliefs on PLF-AW positively
influenced the adoption of PLF-AW by 3.2 times for each extra point attributed in the Likert scale (P<0.05). Farmers
indicated that they would not adopt PLF-AW technologies only if it represented a loss of income. In general, broiler
farmers who produced griller chickens, had less experience with broiler production, had another farm activity for
commercialization purpose and believed in welfare improvements with PLF-AW technologies were more likely to
adopt such technologies.
KEYWORDS: Information Technology, Sensors, Smart farming, IoT, Animal Well-being.
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FINAL ID: 14
TITLE: What are the Birds Playing with?: Effects of Environmental Enrichments on Well-being measures in colony
caged Japanese Quail (Coturnix japonica)
Abstract Body: Breeding purpose Japanese quail (Coturnix japonica) are often maintained in a barren environment
with little stimulation. Enriching the birds’ environment can improve their well-being, but the environmental
enrichments (EE) like beads and ropes, which have been studied previously, fail to do so due to a lack of practicality
and biosecurity. The aim of this study was to evaluate the effectiveness of different EEs on the well-being of breeding
quail. 40 breeding colony cages of quail (1 male, 2 females/cage) were used. Treatments consisted of two categories
of EEs: protective (protective hut, grass, plastic leaves hanging) and stimulatory (mirror, feeder toy, foraging mat).
Using an incomplete Latin square design, each cage received one of the 6 EEs or a control (no EE), for a period of
two weeks. Behaviors were recorded for 4 hours a day, 3 days a week and analyzed by scan sampling (1 scan/ 5
minutes). Body scores, body weight and egg weights were recorded at the beginning and the end of the two weeks.
Eggs laid were recorded daily. Measures were analyzed using a one-way ANOVA in SAS 9.4. All EEs reduced
walking as compared to the control (P<0.05) but did not affect the overall inactivity levels. Protective EEs reduced
walking significantly more than the stimulatory EEs (P=0.0072). Compared to the control, all EEs decreased
aggressive pecking (P<0.01), with the feeder and the hut exhibiting the highest reduction (P=0.0022 and P=0.0022).
All EEs, except hanging, reduced vigilance (P<0.001). Feeder, hut and mirror were the most effective EEs in
decreasing vigilance (P<0.0001). The birds interacted more with the protective EEs as compared to the stimulatory
ones (P=0.0401), with no significant difference seen among the interactions with the three protective EEs (P>0.05).
The number of interactions with the stimulatory EEs differed amongst themselves, with the mat being significantly
more interacted with than the mirror (P=0.0006) and the feeder (P=0.0456). Exposure to all EEs, except hut, reduced
the injury scores (P<0.05), with the hanging showing the highest impact (P<0.0001). The EEs did not impact the
feather and the footpad scores (P>0.05). The birds’ body weight, egg count and egg weight remained unaffected by
the EEs (P>0.05). Overall, the EEs reduced stereotypical behaviors and injuries, without impacting the production
parameters. Interactions with the EEs highlight the presence of unwanted social interactions in barren cages, which
can be avoided by the use of EEs. Our results suggest a great benefit of the use of appropriate EEs for improving
well-being of breeding colony quail.
KEYWORDS: Quail, Environmental enrichment, Welfare , Behavior, Housing.
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FINAL ID: 15
TITLE: Mobility of laying hens in multi-tiered housing systems is affected by flight feather loss
Abstract Body: For most birds, wing use is necessary to move through various environments, regulate body
temperature, and escape predation. The flight feathers (FFs) present on each wing are needed for birds to sustain
flight, so much so that the loss of one feather is enough to impair flight ability. For egg-laying hens housed in multitiered housing systems, mobility is essential to access distributed resources within elevated tiers. However, laying
hens are commonly missing wing feathers due to feather-pecking behaviour, and overall wear and tear. It is unknown
how the loss of FFs affects elevated resource access in laying hens. To investigate this, 120 adult laying hens (60
brown-and 60 white-feathered birds) were housed in 12 floor pens (1 strain per pen). Pens were furnished with two
elevated platforms (70cm height), two perches, and two feeders and nest boxes (one of each on the ground or fixed to
an elevated platform). Within each pen, hens were randomly assigned to one of three treatments: control (FFs intact),
half clip (bilateral trimming of the primary FFs), or full clip (bilateral trimming of the primary + secondary FFs). An RFID
system was used to record the total duration in minutes that each hen spent accessing each feeder and nest box for
48-hour intervals on week 0 (prior to treatment), 2, 4, and 6 post-treatment application. We predicted that hens would
spend less time at the elevated feeder and nest box if they received the half clip or full clip treatment, with the full clip
spending the least amount of time. A generalized linear mixed model was used to determine the effect of FF clipping
on elevated resource access within each strain. Results of this study demonstrated that elevated feeder and nest box
usage was different for each strain and was affected by wing clipping. For white-feathered hens, the full clip treatment
affected elevated resource usage with approx. 40% less time at the elevated feeder (p <.0001) and elevated nest box
(p=0.0004) two weeks post-treatment. Brown-feathered hens predominantly ate from the ground feeder at week 0 and
did so post-treatment. However, there was a decrease in elevated nest box usage for brown-feathered hens of both
clipping treatments, with an approx. 55% (half clip, P < 0.001) and 60% (full clip, P < 0.001) decrease two-weeks posttreatment. These results highlight the importance of intact FFs in enabling laying hens to move freely, fly, and navigate
a multi-tiered environment.
KEYWORDS: elevated resource access, flight feathers, multi-tier housing, feather pecking, laying hens.
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FINAL ID: 16
TITLE: The effect of early life environmental complexity on skeletal characteristics in two strains of laying hen pullets
Abstract Body: Given the ongoing shift from conventional cage to alternative housing for layers, understanding the
impact of the various commercial rearing systems on skeletal development in pullets is essential to improve their bone
health and welfare. This study compared the effect of three styles of commercial rearing aviaries, differing in the
opportunities for load-bearing exercise available during different stages of early life, and conventional rearing cages
on skeletal characteristics in two consecutive flocks of Lohmann Brown Lite (B) and Lohmann Select Leghorn Lite (W)
laying hen pullets. Aviary designs varied in the amount of three-dimensional space, perches, and raised platforms
within brooding compartments where birds were housed for the first six weeks of life. At 6 WoA, the compartments
were opened giving access to the open litter floor area, ramps, perches, and other vertical tiers. At 6, 11, and 16
weeks of age, 10-15 pullets of each genetic strain per aviary system and 7-8 pullets of each strain from conventional
cages were sampled for dissection (N=502). Long bones of the wing and leg were analyzed for breaking strength,
length, and diameter, and keels were analyzed for lateral area and proportion of cartilage to bone. Increasing access
to diverse load-bearing activity during development was expected to yield enhanced skeletal traits compared to less
complex and more restrictive environments. Statistical analyses were conducted with SAS 9.4 software using a
generalized linear mixed model. Aviary-reared birds generally had stronger radii (p≤0.0048), humeri (p≤0.0002), and
femurs (p≤0.0339) and larger keels (p<0.0151) than cage-reared birds. Importantly, W birds in the moderatelycomplex aviary consistently presented with the proportionally longest (p≤0.0009) and widest wing and leg bones
(p≤0.0207) of all housing styles at 6 WoA, despite reduced three-dimensional space during the brooding period
relative to the most open-concept aviary. However, after the brooding compartments opened at 6 WoA, this effect
disappeared. The implications of strain remain somewhat complex, though the differences observed here indicate that
W birds tended to have proportionally longer (p≤0.0487), stronger bones (p≤0.0176) and larger (p<0.0001), more
ossified keels (p<0.0001) than B birds. Thus, rearing aviary housing and genetic strain significantly impacted skeletal
characteristics in pullets. Further investigation into the effect of the unique features of the various commercial systems
may provide further insight into the optimal strategy for their implementation on-farm.
KEYWORDS: aviary, rearing, poultry welfare, skeletal development, keel bone.
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FINAL ID: 17
TITLE: Rearing aviary design and genetic strain affect spatial cognition in laying hen pullets
Abstract Body: Cage-free housing systems for laying hens offer behavioural freedom whilst being challenging for
hens to navigate. The structural complexity demands well-developed spatial cognition to ensure that hens find
resources located on the different levels within the system. Said cognitive traits are established during the rearing
phase and the focus of this study. We raised two flocks (1500 brown-feathered and white-feathered chicks each) of
laying hen pullets in four different commercial rearing systems. Chicks were reared in barren pullet cages (C), as well
as three different types of aviaries, with aviary style 1 (A1) being least complex, aviary 2 (A2) moderately complex,
and aviary 3 (A3) being the most complex. Rearing aviaries mainly differed in their complexity during the brooding
phase (first six weeks of life), where A1 offers two perches, A2 an elevated platform, and three perches and A3 a large
swinging platform and six perches. From each of two flocks of pullets, 17 birds per rearing group and strain
participated in a T-maze test (n=272) at 13 weeks of age. The goal boxes at the end of the T-mazes arms were
painted either green or blue to offer a visual clue. Reward side and reward-side colour were assigned in a balanced
way across all treatment groups. The rewarded goal box offered both a food reward and an escape option. Individuals
were given a maximum of 15 trials of 90 sec each, less if they reached learning criteria (80% success within five
consecutive trials). Number of trials needed to reach learning criteria was then analysed in R and R Studio version
3.5.2. using survival analysis (packages ‘survival’ and ‘survminer’) with strain and style and their interaction as fixed
2
effects and flock as a random effect. White-feathered pullets learned overall faster than brown-feathered pullets (χ =
7.88, p= 0.005, white: Lower quartile (Q1)= 4 trials (tr), median (M)= 4 tr, upper quartile (Q3)= 5 tr, brown: Q1= 4 tr,
M= 5 tr, Q3= 9 tr). Rearing environment affected the learning speed with a trend for A3 pullets learning faster
2
compared to any other group (χ = 3.1, p= 0.07, A3: Q1= 4 tr, M= 4 tr, Q3= 5 tr, A2: Q1= 4 tr, M= 4 tr, Q3= 5 tr, A1:
Q1= 4 tr, M= 4 tr, Q3=5 tr, C: Q1= 4 tr, M= 5 tr, Q3= 8 tr). In conclusion, genetics and environmental complexity during
rearing can facilitate spatial cognition resulting in pullets that learn resource locations faster. A hen with better spatial
cognition would be expected to have an easier transition into an adult aviary, which could improve her welfare.
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FINAL ID: 18
TITLE: Effects of early-life microbiota modulation on aggression, concentrations of brain serotonin and blood
cytokines in egg-laying strain chickens
Abstract Body: Accumulating evidence from human and rodent studies has indicated that modulations of gut
microbiota affect host physiological homeostasis and behavioral expression. Similarly, modulation of gut microbiota
could be a feasible strategy for reducing aggression and improving welfare in chickens. The objective of this study
was to determine the effects of early-life cecal microbiota transplantation (CMT) on aggression, brain serotonin, and
blood cytokines in egg-laying strain chickens. Chicken lines 6 (gentle) and 7 (aggressive) were used as donors and
3
2
a commercial strain Dekalb XL was used as recipients for CMT. Cecal content was diluted with gut microbiome media
at 1:10 before transplantation. A total of 84 d-old male chicks of Dekalb XL were randomly assigned to 1 of 3
treatments with 7 cages per treatment and 4 birds per cage (n=7): 0.1 mL saline (control), 0.1 mL cecal content
solution of line 6 (6 -CMT), and 0.1 mL cecal content solution of line 7 (7 -CMT). CMT was conducted via oral
3 3
2 2
gavage once daily from d 1 to 10, and then once weekly from wk 3 to 5. Paired aggression tests among the birds with
similar BW between treatments were conducted at wk 5 and 16, respectively. Samples of blood, spleen, and
hypothalamus were collected from post-tested birds at each time point for detecting CMT-induced changes of plasma
concentrations of Tumor necrosis factor (TNF)-α, Interleukin (IL)-6, IL-10 and relative splenic mRNA expressions and
brain concentrations of serotonin and tryptophan. Statistical analysis was carried out with R studio one-way ANOVA
for parametric data and the Kruskal-Wallis test for non-parametric data. Significance was set at P ≤ 0.05 and trends
were defined at 0.05 < P ≤ 0.1. Compared to 7 -CMT and control birds, 6 -CMT birds exhibited less aggression at wk
2
3
5 (P < 0.05) with a trend of difference at wk 16 (P < 0.1). 6 -CMT birds also had higher concentrations of
3
hypothalamic serotonin (P < 0.05) at wk 5, while the treatment difference was decreased at wk 16 (P > 0.1). In
addition, 6 -CMT birds tended to have higher concentrations of hypothalamic tryptophan at both wk 5 and 16 (P <
3
0.1). There were no treatment effects on measured cytokines at wk 5. At wk 16, plasma concentration of IL-6 was
lower, but IL-10 was higher (P < 0.05) with a trend for lower TNF-α (P < 0.1) in 6 -CMT birds among the treatments. 6
3
-CMT birds also had a tendency of lower splenic IL-6 and TNF-α mRNA expression than 7 -CMT birds (P < 0.1).
3
2
These results indicate that early postnatal CMT has a potential to modify aggression in egg-laying strain chickens via
regulation of central serotonergic activity and peripheral immune response.
KEYWORDS: cecal microbiota transplantation, aggression, serotonin, immune response, chicken.
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FINAL ID: 19
TITLE: High and Low Stocking Density Effects on the Immune System of Floor-Raised Pullets
Abstract Body: The pullet phase lasts from 0-16 weeks of age and management choices during this phase have the
potential to alter the birds’ physiology, behavior, growth, and lifetime production. However, there are limited welfare
and management guidelines during the pullet phase. Using stocking density as a stressor, this study hypothesized
that tighter stocking densities would equate to poorer immunity and lower immune organ size. A 2x2 factorial design
2
2
with Lohmann Brown-Lite or Lohmann LSL-Lite pullets at high (437 cm /bird) or low (1059 cm /bird) stocking density
was used. There were twelve stocking density/strain replicates housed across 48 floor pens and the birds were
followed from 0-16 weeks of age. Group size, feeder space, and water space were held constant across stocking
densities. The pullets were vaccinated for Newcastle disease (NDV) at approximately 2, 4, 8 and 12 weeks of age.
Blood samples were taken at 6, 9, 12, and 16 weeks of age to measure H:L ratios and NDV vaccine titers. Using
approximately 20 birds per stocking density/strain combination, the bursa and spleen were removed at 1, 3, 6, 12, and
nd
16 weeks of age and the 2 thymus lobe of both right and left sides was removed at 1, 6, 12, and 16 weeks of age.
These organs were weighed, and length, width, and height measurements taken. Body weights were also recorded
from these euthanized birds to calculate relative organ weights. A linear mixed model one-way ANOVA using strain,
stocking density, and age as fixed effects and room and pen, nested under room, as random effects, was used for
analysis of H:L ratios, NDV vaccine titers, and organ dimensions and weights. Data was transformed as needed to
best fit statistical models. At 16 weeks of age, 25 days post-breast vaccination with NDV, average IgG vaccination
titers for the brown strains were 10,681 and 5,120 for the high and low stocking densities respectively while the white
strain titers were 7,189 and 8,570 for the high and low stocking densities respectively. Vaccine titers had significant
age, strain, strain x age (p<0.001) and age x stocking density (p=0.03) effects. There were significant strain effects (p
<0.05) on H:L ratio, spleen and bursal dimensions, and relative weights of the left thymus and bursa. Overall, stocking
density alone did not affect immune parameters within this study. The two stocking densities used in this study had
minimal adverse effects on the pullet’s immune organ size and did not cause enough stress to alter immune function
as measured by H:L ratio and NDV IgG titer.
KEYWORDS: pullet, stocking density, welfare, immunity, stress.
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FINAL ID: 20
TITLE: Effects of perch material on performance, perching times and welfare in laying hens
Abstract Body: A 6-week study was conducted to determine what perch material was best for welfare of layer hens in
a cage-free environment. Total 72 hens (6 hens per pen) at 47 weeks of age were used in this study. Out of total 12
identical cage-free pens, 6 pens had metal iron pipe while another 6 had wooden dowel as perch material. Both perch
types were 6 ft long, placed at 2.5 ft distance from the litter and had 30 cm linear hen space while perching. Hens had
an adaptation period of 6 days and the pens where the birds were placed contained a littered floor, waterline and a
hanging feeder. Hen weights, amount of feed given, and paw/comb/feather scores were recorded at the start of the
study. Eggs were collected daily and recorded for all pens to calculate Hen-Day Egg Production (HDEP). Feed
consumption, hen day egg mass (HDEM) and feed conversion ratio were recorded weekly. For the final weeks of the
trial, individual Hikvision® Night Vision cameras were placed in each pen to record perch placement at different time
points during day and night to track how many birds were perching and data were collected. At the end of the trial, hen
weight as well as their paw, comb and feather scores were recorded. Data was analyzed using a completely
randomized design with split plot in time for all the variables measured and values that were P≤0.05 were considered
significant. HDEP significantly increased over the age of hens (P=0.0063) which indicated the birds’ production was
improving. Regardless of perch type, HDEM significantly increased as time passed (P=0.0004) where the overall
mass of eggs laid by hens continued to increase from 46.6 to 59.2 from weeks 49 to 50, respectively. Feather score
significantly decreased from weeks 47 to 51 with 0.319 and 0.577 values, respectively (P=0.0075). Paw and comb
scores did not change and stayed relevantly the same throughout the experiment. There was a significant increase in
hen weight over the experiment’s duration (P=0.0009) from weeks 47 to 51 wk. Perching behavior was significantly
affected by time (P=0.0001). At 01:00, mean percentage of birds perching was 95.75% indicating that overall, birds
preferred to perch at night regardless the type of the perch material. Similarly, 100% of birds were on the floor at
07:00, 98% were on the floor at both 13:00 and 17:00 and only 4.25% of birds were on the floor during 01:00. No
significant differences were found between hen preference to perch type. A longer time may be needed to acclimate
birds to their environment so that the perch data is not influenced by the birds reacting to a new environment. This
research drives us to keep looking to better the welfare of hens used in a laying environment.
KEYWORDS: cage-free, laying hen, perch material, welfare.
CURRENT CATEGORY: Animal Well-Being and Behavior
PRESENTER: Ashlyn J McIntyre
1
1
2
3
AUTHORS (FIRST NAME, LAST NAME): Ashlyn J. McIntyre , Pratima Adhikari , Ishab Poudel , Tom Tabler ,
2
Victoria R. Hodge
INSTITUTIONS (ALL):
1. Poultry, Mississippi State University, Starkville, MS, United States.
2. Poultry Science, Mississippi State University, Mississippi state, MS, United States.
3. Mississippi State University, Missississpi State, MS, United States.

FINAL ID: 21
TITLE: Using An Excel Workbook Called “The Calibration Curve Confidence Calculator” (Cccc.Exe) For Analyzing
Standard Curve-Type Experiments
Abstract Body: Bioassays are fundamental to understanding nutritional properties of feed ingredients and many
physiological responses. Bioassays often involve standard curve-type trials and the objective is different from many
other research trials. The objective of many bioassays is to estimate the mean and minimize its confidence interval for
samples of unknown composition. Bioassays are not fundamentally different from chemical assays, except in the
amount of variation typically observed between the responses of living organisms versus carefully controlled chemical
reactions. The CCCC.exe workbook was designed to compare 4 common methods of estimating the variation in
standard, or calibration curve-type results (Counter-intuitive (one-way ANOVA), Intuitive (normal regression, reverse
prediction), Sophistic (reverse regression, normal prediction), and Abductive (Graybill’s Method)). Inputs include the
points of the standard curve (x , y and responses of the test samples(y ). There can be up to 50 points in the
i i)
0
standard curve and 10 replicates per test sample. Outputs include the mean (x ), confidence interval, CV, SEM,
0
Lower Limit of Detection and Lower Limit of Quantification for each method. The standard curve is transformed by 12
methods to determine the transformation (if any) that will be most helpful to linearize the standard curve. A power
analysis spreadsheet using the Abductive method takes costs per observation, observations per replicate and
replicates per unknown test sample and graphs expected SEMs against total cost of the experiment. The workbook is
free to download from www.poultryhub.org.
KEYWORDS: Bioavailability, Statistics, Design, Calibration, Excel.
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FINAL ID: 23
TITLE: Extended Lay Cycles: A new path to sustainable egg production in Canada
Abstract Body: Extended lay cycles refer to the managerial trend of keeping laying hens in production for longer than
the historical goal of 68 to 75 weeks of age. Managing flocks beyond 90 weeks of age is becoming common in North
America, Latin America, and Europe, mainly as genetic companies aim to achieve 500 eggs within 100 weeks of lay
without molting. However, flock cycle lengths in Canada have remained steady at 12-month production cycles (67 to
71 weeks of age), only deviating to accommodate yearly peaks and valleys in chick, pullet, and specialty egg
demands. Literature shows that flocks are regularly achieving 97% peak of lay and shell quality within acceptable
limits at 80 weeks of age (i.e., Egg weight = 65.2 g, Haugh units = 71.7, Relative shell weight = 11.3%, Shell thickness
= 404.2 μm) using linear mixed models. While the improved genetic potential (i.e., persistency of production and egg
quality) of laying hens has made extended lay cycles possible, these birds require exceptional management to
achieve this potential. For producers, outweighing this challenge are the economic, environmental, and social benefits
of longer flock cycles, which contribute to sustainable egg production. Although the benefits are clear, the path to
longer flock cycles can be complicated in Canada, which has a unique industry infrastructure (i.e., supply
management). The objective of the present study was to compare the Canadian egg-laying industry to others
successfully pursuing extended flock cycles and provide an in-depth understanding of what barriers exist in Canada.
Research methods involved interviews (n=20) with industry service providers and producers across North America,
Latin America, Europe, and Australia. Curation of information identified seven factors that affect the successful pursuit
of longer flock cycles. These factors include the pullet rearer market (i.e., competition, availability, and flexibility), the
processing industry (i.e., processor availability and egg market), and supply management (i.e., competition and
innovation). Related to these factors are common challenges for producers worldwide (i.e., animal health, welfare, and
shell quality) and challenges that specifically affect Canadian producers (i.e., geography, market size, and supply
management). Three interviews served as informal case studies that illustrate the successful adoption of extended
flock cycles and insight into producer motivations and challenges. Additionally, while many suggest that Canada's
national supply management system is the main barrier to longer flock cycles, the results of this project indicate that
other factors such as infrastructure, geography, and culture play a role and may apply to other countries.
KEYWORDS: laying hens, longer cycles, persistency, sustainability.
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FINAL ID: 24
TITLE: Assessment of retention trends in the College of Agriculture and Life Sciences to determine possible internal
recruitment efforts for Poultry Science Departments
Abstract Body: With only 6 poultry science departments remaining in the U.S. and poultry production steadily
increasing, the demand for poultry science graduates cannot be met. Therefore, recruitment in these departments is
necessary to attempt to meet the industry’s demand for qualified employees. Recent research from our lab has
focused efforts on external recruitment practices for poultry science departments as well as methods of recruitment
students prefer. However, to our knowledge, no research has assessed recruitment efforts internally within Poultry
Science degree-granting institutes. With current dropout rates for university students nationwide at 40% and
approximately 30% of those students being college freshman dropping out within one year; these students may be
retained at their respective universities if recruited into a department that would be a “better fit” i.e., poultry science.
Therefore, the objective of this study is to determine potential areas within the Colleges of Agriculture (CALS) at
Poultry Science degree-granting universities where recruitment efforts could be focused on increasing retention at the
university level and increasing student numbers within Poultry Science Departments. Retention rates were collected
through institutions of effectiveness at two universities, and Mississippi State University’s (MSU) Graduating
Positioning Systems (GPS) software was utilized to assess possible trends for each department within CALS. Data
was collected from Fall 2010 to Fall 2019, and retention rates were analyzed to obtain a 10-year average, along with
the GPS system analyzing five-year trends (2010 - 2015). It was determined that most students within CALS at MSU
tend to change majors or leave the university within their first year, resulting in an average retention rate of 59% for
the college. Using data from the GPS system, it was determined that Biochemistry and Animal and Dairy Sciences
have the largest population of students who change majors but still graduate from the university each year (n=50 and
17, respectively). When comparing to data collected from another Poultry Science degree-granting institute, similar
trends were observed with Animal and Biological Sciences having the 2 largest populations of students changing
majors within the first year. This descriptive data suggests that internal recruitment within CALS at Poultry Science
degree granting institutes could be a cost-effective and easy method for Poultry Science Departments to increase
student numbers as well as increase retention within CALS. For future research, data will be collected from more
Poultry Science departments to provide replication and possibly confirm trends observed.
KEYWORDS: Recruitment, poultry science , retention rates.
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FINAL ID: 25
TITLE: Assessment of current Hatch-out Program curriculum Implemented in K-12 for Mississippi
Abstract Body: Consumer education is imperative, as their preference/purchases heavily influence the agriculture
industry. Additionally, their decisions have been linked to educational experiences in K-12 education. Therefore, a lack
of agriculture education in the classroom may negatively impact the agriculture industry. Meaning implementing
agricultural literacy in the classroom is imperative; however, it has been proven there is a lack of comfortability with
agriculture curriculums by K-12 instructors. Mississippi State University has utilized a program (Hatch-out Program) to
incorporate poultry curriculum into K-12 classrooms, and although the program has been implemented in previous
years, the curriculum has not been formally evaluated for effectiveness. Therefore, the proposed objective is to
determine if previous participants of the Hatch-out Program feel that it is adequate or needs improvements. An 18question survey was delivered to previous participants (n=42) of the Hatch-out Program using Qualtrics. The
participants were given 3 weeks to complete the survey at their convenience, and a reminder email was sent out
weekly. Results from the survey were overwhelmingly surprising. With a 67% return rate, with 89.3% of answers
indicating that teachers acknowledged a lack of confidence when it came to using and instructing their students with
the Hatch-out Program, and only 3 (10.7%) teachers identifying their knowledge of the poultry industry as “Confident”.
In four different areas of the Hatch-out Program (materials, activities, lessons, curriculum), teachers indicated a strong
confidence in feeling prepared to teach the students when given the current materials for each. However, when given
the opportunity to provide open ended feedback for each part of the program, there were recommendations for
improvements from some teachers with 37.5% for materials, 25% for activities, 14.3% for lessons, and 22.2 % adding
comments on the curriculum. 53.3% of the teachers also identified areas of overall improvement to the program such
as instructional videos serving as a teacher aid and for students to watch throughout the week with detailed
explanations, more age appropriateness and more help understanding the program. With these results, a modified
curriculum will be developed that will aid teachers in feeling more confident in implementing poultry curriculum into
classrooms in Mississippi. This revised hatch-out program can then be evaluated for student and teacher knowledge
gained, longevity of knowledge retained, and the overall effectiveness of the program.
KEYWORDS: agriculture literacy, K-12, hatch-out program, poultry.
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FINAL ID: 26
TITLE: An online webinar series to teach backyard flock owners about poultry viral respiratory diseases
Abstract Body: To educate backyard and small flock poultry owners about viral respiratory diseases, diagnostics, and
prevention, the University of Minnesota (UMN) Extension Poultry Program offered a webinar series. Our objectives
were to increase backyard flock owners’ awareness of viral poultry diseases, how to utilize the Veterinary Diagnostic
Laboratory (VDL), and biosecurity measures to prevent disease. The weekly series began mid-January 2021 and was
hosted using Zoom for five weeks. Promotion of the programs was disseminated using the UMN Extension webpage
calendar of events, social media and an established email distribution list. Webinar topics included: 1. anatomy and
physiology of avian respiratory system 2. avian influenza and Newcastle disease 3. infectious laryngotracheitis,
infectious bronchitis virus, and Mycoplasma 4. Veterinary Diagnostic Laboratory 5. biosecurity. The one-hour webinars
consisted of pre-recorded lectures, followed by 30 minutes for live question and answer and group discussion. The
recorded lectures were then posted on the UMN Extension Poultry YouTube channel for future viewing. As of April 30,
2021, the recordings had a total of 152 views. Attendee satisfaction was evaluated through weekly Qualtrics surveys,
sent electronically within one day following each webinar. Of 109 total attendees across the five webinars, 19 survey
responses were obtained for a return rate of 17%. Survey questions asked if the information was presented clearly, if
attendees felt they had a deeper understanding of the material after the presentation, and if their questions were
answered clearly. Responses were reported using a 5-point Likert scale, from “strongly agree” to “strongly disagree”.
Answers ranged from “strongly agree” to “neither agree nor disagree”, with 93% of all responses being “somewhat
agree” or “strongly agree”. Qualitative knowledge gain was also evaluated through the Qualtrics surveys and the
attendee’s activity in the chat box. Many questions were generated, in addition to general dialogue surrounding
backyard and small flock poultry. Survey feedback indicated the webinar content was relevant to backyard poultry
owners; 90% of respondents strongly agreed that presenters deepened their understanding of each topic. Participant
survey responses and interactive chat each week demonstrated the webinars were of interest to the attendees.
Future webinar suggestions included cold weather care, vaccination, parasite control, and feed additives (e.g.,
oregano). Overall, the format and content of these webinars was well-received and proved useful to backyard flock
owners. This webinar series was funded by the United States Department of Agriculture (USDA).
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FINAL ID: 27
TITLE: Genome wide association study for shell color in White Leghorns using a SNP Chip and low-pass sequencing
data
Abstract Body: SNP chips have become a standard tool for genomic analysis with high reproducibility and
increasingly affordable pricing. However, the information is limited to a predetermined number of genomic locations
depending on chip size. This limitation can be overcome by the use of low-pass sequencing where all genomic
locations are interrogated but at a lower accuracy than in standard sequencing thus reducing the cost but the
accuracy of calls is recovered by combining the genotype calling with imputation. Some literature suggests that using
low-pass sequencing can improve the accuracy of GWAS thus the objective of this study was to compare GWAS
using 54k Axiom SNP chip and low pass sequencing. For this study shell color was measured as a composite index
(with chromometer) and averaged for 3 eggs at approximately 35 weeks of age for 1080 White Leghorn hens. These
hens were genotyped with a customized 54k SNP chip, and sequenced at 1x coverage with genomic information
reported at 32M locations, 7.6 M of which were segregating with frequency >1%. Additional analysis was performed
with 2755 hens added that had chip data and phenotypes but no sequence to verify the signal. PCA analysis did not
show any strong stratification, therefore a simple association analysis was performed in Plink, adjusting for first 3
-20
principal components as covariates did not have strong impact on the results. Two strong signals (P< 10 ) were
detected, one on Chr 9 at 22Mb, and one on Chr 20 at 104-105Mb. The signal co-localized on Chr 9 with MFSD1 and
OCX32, LXN, RSRC1, GFM1, MLF1 and SHOX2 of which OCX32 was previously suggested as associated with shell
color in layers. According to annotation one SNP in SHOX2 was classified as missense mutation with a moderate
impact on encoded protein, while other highly significant SNPs had LOW impact or MODIFIER annotation. On Chr20:
VSTM2L, CTNNBL1, WFDC2, UBE2C, SNX21, TNNC2, ACOT8, ZSWIM3, CTSA, NEURL2, PLTP, and PCIF1, with
13 variants were annotated as having high or moderate impact on encoded proteins, but none of them were among
the lowest p-value locations. The signals were detected with the same strength at the same location using both chip
and sequence data. Sequence data allowed combining GWAS signal with annotation, however, due to LD it did not
narrow down the candidate region. Additional chip data made the signal stronger and narrowed down the region on
Chr 20 by 0.4Mb. To take full advantage of sequencing, tens of thousands of records are needed to break LD,
otherwise its benefits for GWAS resolution above carefully designed SNP chip may be limited.
KEYWORDS: GWAS, low-pass sequencing, shell color.
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FINAL ID: 28
TITLE: Reducing susceptibility to pendulous crop in turkey (Meleagris gallopavo) via genomic selection: estimation of
genetic parameters, accuracy and bias
Abstract Body: Pendulous crop (PC) in turkeys occurs when the crop distends from its normal position preventing the
normal movement of feed and water into the digestive system. This condition negatively impacts production and
welfare. In this study, we estimated the genetic parameters for PC incidence and its genetic correlation with five
production traits. Additionally, we evaluated the prediction accuracy and bias of breeding values for selection
candidates using pedigree (BLUP) or pedigree-genomic (ssGBLUP) relationships among the animals. A total of
170,844 records were made available by Hybrid Turkeys, Kitchener, Canada. Of these, 5,445 were affected with PC.
In addition, the data included 9,634 records for breast meat yield (BMY); 5,592 records for feed conversion ratio (FCR)
and residual feed intake (RFI) in males; 170,844 records for body weight (BW), and walking score (WS) between 18
and 20 weeks of age for males (71,012) and females (99,832), respectively. Within this population, 36,830 animals
were genotyped using a 65K SNP chip (Illumina Inc.). All animals passed the quality control criteria, and 53,455 SNP
were retained for subsequent analysis. Heritability for PC was estimated at 0.16 ± 0.01 and 0.17 ± 0.01 using BLUP
and ssGBLUP, respectively. The incidence of PC was not genetically correlated with WS or FCR. Low unfavourable
genetic correlations with BW (0.12 and 0.14), BMY (0.24 and 0.24) and RFI (-0.33 and -0.28) were obtained using
BLUP and ssGBLUP, respectively. Using ssGBLUP showed higher prediction accuracy (0.21) for the breeding values
for the selection candidates than the pedigree-based model (0.14). Whereas the bias of the prediction was slightly
reduced with ssGBLUP (0.33 ± 0.05) than BLUP (0.30 ± 0.08), both models showed a regression coefficient lower
than one, indicating inflation in the predictions. These results suggest that PC is a heritable trait and selection for
lower PC incidence is feasible. Although further investigation is necessary, selection for BW, BMY and RFI may
increase PC incidence. Incorporating genomic information would lead to higher accuracy in predicting the genetic
merit of PC incidence in selection candidates.
Keywords: Pendulous crop; single-step; genetic correlation; prediction accuracy; prediction bias
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FINAL ID: 29
TITLE: Single-step genomic evaluation of hatchability trait in turkeys (Meleagris gallopavo) using a random regression
model
Abstract Body: Hatchability traits are economically important due to their direct effect on poult output. Sustainability
and production of turkey poults is a major priority for turkey breeding companies. Hatchability is traditionally recorded
as the number of fertile eggs that hatched into poult (HOF) and is collected on a weekly or biweekly basis. This trait is
collected throughout the productive life of the animal and is cumulated, thereby resulting in each animal having a
single record for the trait. Furthermore, genetic evaluation of this trait has been estimated using pedigree
relationships. However, the longitudinal nature of the trait and the availability of genomic information has revived
interest in using random regression (RR) to capture the differences in repeatedly recorded traits, as well as the
incorporation of genomic relationships. Therefore, the objectives of this study were to compare the applicability of a
RR model with a cumulative (CUM) model using both pedigree and genomic information for genetic evaluation of
HOF, as well as to estimate expected selection responses. For this study, a total of 63,935 biweekly HOF records
from 7,211 hens mated to 1,524 toms were available from a maternal turkey line. In total, 4,832 animals had genotypic
records and the pedigree record had 11,191 animals. Estimated heritability from the CUM model was 0.24 for HOF
with pedigree information. With RR, heritability estimates ranged from 0.11 to 0.17 for HOF using pedigree
relationship. The incorporation of genomic relationships subsequently increased heritability by an average of 28% and
23% for the CUM and RR models, respectively. Expected selection response per year ranged from 1.06 to 5.73 for all
studied traits. Estimated responses from RR were more than two fold estimates from the CUM model. Likewise,
selection responses estimated using only pedigree information were lower than those including genomic information.
Our findings suggest that a RR model using pedigree and genomic relationships caused higher response to selection
compared to a CUM model.
Keywords: Genomic and pedigree; single-step; random regression; turkeys
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FINAL ID: 30
TITLE: Tracking Vascular Inflammation Associated With White Striping In Broilers Using Expression Profiling
Abstract Body: Fast-growing broilers often demonstrate myopathies like white striping, which negatively impacts meat
quality, consumer appeal, and industry earnings. Our primary objective in this study was to discern molecular
mechanisms associated with white striping. We hypothesized that gene expression pathways associated with
microvascular damage and macrophage activation would initiate ahead of and become more pronounced throughout
the progression of white striping in broiler muscle. Commercial Cobb 500 broilers were fed a conventional corn/soy
meal diet from hatching to market weight with twenty broilers culled each week. Gross pathology and histology
(hematoxylin & eosin, Masson’s Trichrome) were documented for pectoralis major muscles. Total RNA was isolated
from pectoralis major muscle. For 15 broilers from each week, mRNA was purified, fragmented and converted to
cDNA. Adapters were ligated to the ends of double-stranded cDNA and PCR amplified to create libraries. Illumina
NovaSeq Sp500 RNA sequencing generated 250 bp paired end reads. Reads were checked for quality with multiQC
v1.7,trimmed using trimmomatic PE, and then aligned to the annotated Gallus gallus genome (GRCg6) and quantified
using Salmon software. Quantitative files were applied to DESeq2. Contrasts were analyzed using Panther and
Advaita Corporation’s iPathwayGuide. Weights of culled broilers were analyzed using ANOVA analyses with Tukey’s
multiple comparison tests. White striping scores, pathology ranks, and histopathology scores of the culled birds were
analyzed using Goodman and Kruskal’s gamma non-parametric measure of correlation. RNAseq data were analyzed
using DEseq2, which performed Wald tests of pairwise comparisons between weeks with Benjamini-Hochberg
multiple test corrections. When all broilers were assessed for white striping score, pathology rank, and histopathology
score, we found a highly positive correlation with cull weight and week. Pathological changes were evident as early as
week two, and transcriptomics revealed changes in expression corresponding to the pathology. By the third week,
severity in pathology was evident with expression differences indicative of involvement of pathways associated with
natural killer cell mediated cytotoxicity, chemokine signaling, and leukocyte transendothelial migration. Thus, as
Commercial Cobb 500 broilers grew, pectoralis major muscle pathology was evident as early as two weeks posthatching. Vascular inflammation appeared to increase over time and was associated with the severity of muscle
pathology. Future efforts should be directed at preventing or reducing vascular inflammation to determine if it is a
cause or symptom of the muscle changes.
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FINAL ID: 31
TITLE: A demonstration of amitosis in post-embryonic erythrocytes, possibly due to mycotoxin exposure - a 60-yearold challenge met.
Abstract Body: During development cells of the early erythrocyte series normally divide by a mitotic process.
Chromosomal duplication and separation with the aid of a spindle apparatus assure daughter cells receive an equal
allotment of genetic material. In rare cases when the division does not involve either chromatin condensation or
production of a spindle; it is described as amitosis. Over 60 years ago in his classic treatise, Lucas illustrated an
embryonic erythrocyte appearing to be dividing by amitosis. However, he doubted this process could occur in postembryonic cells. He hypothesized that a firm establishment of amitotic nuclear division might require in vitro study.
The objective is to describe the process of amitotic division in post-embryonic erythrocytes. Materials and methods:
During a light microscopic study (40x) of ~ 20 duck blood smears per interval (2 to 20 wk) and stained with WrightGiemsa, dividing atypical cells were identified and photographed (100x). The division process begins with constriction
of the nucleus followed by constriction of the cytoplasm. At early stages both the cytoplasm and nuclear constriction
continue and the cell begins to separate. At intermediate stages the nascent daughter cells further separate and may
remain attached only through an isthmus containing both chromatin and cytoplasm. At the late-stage separation is
nearly complete, and daughter cells remain attached only by a thin thread. Chromosomes or a spindle apparatus are
never observed in such cells and the nuclear membrane remains intact throughout amitotic division. In rare cases, one
daughter cell may again separate producing an erythroplastid, a cell devoid of nuclear material. This process is
termed “complex amitosis”. Therefore, amitosis can occur in both normochromic (mature) or in earlier polychromic
erythrocyte stages. It is proposed that these observations establish amitosis in post-embryonic circulation. They are
sufficient to meet the challenge long-ago proposed by Lucas. Moreover, as the blood samples were obtained from
ducklings and older ducks with fungal infection or deliberately exposed to AFB , amitosis could result from mycotoxin
1
induced damage to DNA. Therefore, amitosis and erythroplastid production may be useful as cytological indicators
useful in the study of mycotoxicosis.
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TITLE: Synergistic Induction of Poultry Host Defense Peptides by Epigenetic Compounds
Abstract Body: A need for effective antibiotic alternatives is ever increasing, given restricted use of in-feed antibiotics
in the U.S. and many other countries. Modulation of endogenous host defense peptide (HDP) synthesis has emerged
as a promising antibiotic-alternative approach. We previously identified a number of epigenetic modifiers to be capable
of inducing HDP synthesis following a high-throughput screening. To further assess whether different classes of
epigenetic compounds such as histone deacetylase inhibitors (HDACi) and histone methyltransferase inhibitors
(HMTi) have a synergistic effect on HDP gene induction, chicken HTC macrophage cells were treated with two
different HDACi (butyrate and mocetinostat) and two HMTi (BIX01294 and UNC1999) individually or in combination for
24 h, followed by total RNA extraction and RT-qPCR analysis of chicken HDP gene expression. Statistical analysis
was performed using one-way analysis of variance (ANOVA) followed by Tukey's multiple comparisons test. Our
results indicated that BIX01294 synergized significantly with butyrate or mocetinostat to increase the expression of
avian β-defensin 1 (AvBD1), AvBD2, AvBD8, AvBD9, AvBD14, and cathelicidin 2 (P < 0.05). A combination of
UNC1999 with butyrate or mocetinostat also significantly induced AvBD1, AvBD4, AvBD9, and AvBD10 in a
synergistic manner (P < 0.05). Chromatin immunoprecipitation (ChIP) was further performed to explore the synergistic
mechanism. HTC cells were treated with butyrate and BIX01294 individually or in combination for 12 h, followed by
ChIP with the antibody specific to acetylated histone 3 (H3Ac) and qPCR analysis with primers targeting the AvBD9
gene promoter. We found that butyrate and BIX01294 synergistically enhanced H3Ac acetylation at the AvBD9 gene
promoter (P < 0.05). Taken together, our results indicated that HDACi and HMTi cooperate with each other to induce
HDP gene expression through promoting histone acetylation of HDP gene promoters, which likely results in chromatin
relaxation and increased accessibility of gene promoters to transcription factors. The outcomes of the research could
potentially lead to the development of epigenetic modifiers as novel alternatives to antibiotics for disease control and
prevention in poultry and likely other livestock species as well.
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FINAL ID: 33
TITLE: Expression characteristics of chicken lncRNA FKBP5-AS and its effect on proliferation and differentiation of
myoblasts
Abstract Body:
Long noncoding RNAs (lncRNAs) have recently gained considerable attention as key players in growth regulation of
livestock. However, the role of lncRNA in the regulation of chicken skeletal muscle development remains poorly
understood. LncRNA FKBP5-AS has been identified based on our transcriptome data, in this research, the expression
characteristics of lncRNA FKBP5-AS and its effect on proliferation and differentiation of chicken myoblasts were
further investigated. qRT-PCR was used to detect the expression levels of FKBP5-AS in different tissues of Arbor
Acres (AA) broilers at different developmental stages (E12, E19, D21, D42). 24 d male AA broilers were injected
intraperitoneally with insulin (5 IU/kg) in the experimental group and phosphate buffered saline in the control group
(n=8). 21 d male AA broilers were randomly divided into three groups and received intraperitoneal injection of glucose
solution (2g/kg), sodium pyruvate (2g/kg) or saline (n=8). Twenty 18-day-old female broilers were randomly divided
into ad libitum group (AL) and energy restriction (ER) group. From 18∼48 d, AL broilers were fed ad libitum with
control diet (13.17 MJ/kg ME, according to CFSC, 2004), ER broiler was subjected to 30% energy restriction. Data
were analyzed by one-way analysis of variance with a Duncan’s multiple-range test. The results showed that FKBP5AS had the highest expression level in skeletal muscle, especially in embryonic (E19) pectoral muscle (P < 0.01).
Responded to exogenous insulin, glucose, sodium pyruvate and 30 % energy restriction, the expression of FKBP5-AS
was significantly increased after 120 min of insulin treatment, 10 min of glucose treatment and 60 min of sodium
pyruvate treatment (P < 0.01), and the expression of FKBP5-AS was decreased after 30 % energy restriction (P <
0.05) when compared with the control group. Furthermore, after knocking down FKBP5-AS in chicken myoblasts using
small interfering RNA, the proliferation key genes including cyclin-dependent kinase 2 (CDK2), proliferating cell
nuclear antigen (PCNA), and Cyclin D1 (CyclinD1) were significantly upregulated (P < 0.05), which was confirmed by
increased cell activity from cell counting assay (P < 0.01). Knocking down FKBP5-AS also resulted in decreased the
expression level of the differentiation key gene such as myogenin (MYOG) and myosin heavy chain (MYHC) (P <
0.01). In conclusion, the novel identified lncRNA FKBP5-AS were mainly expressed in skeletal muscle, and inhibited
proliferation and promoted differentiation of chicken primary myoblasts. These results will shed a light for further
exploring the physiological function and regulation mechanism of chicken FKBP5-AS.
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TITLE: Identification and functional study of insulin-responsive microRNAs in chicken pectoralis
Abstract Body: Although emerging evidences indicated that microRNA (miRNA) is of considerable significance in both
development and metabolism, the role of insulin-responsive miRNAs in the development and metabolism of skeletal
muscle remains poorly understood in chicken. Here, the miRNAs related insulin-responsive were identified in chicken
pectoralis. With this aim, forty 24-day-old male Arbor Acres broilers were randomly divided into two groups and
received intraperitoneal injection of 5 IU/kg insulin or phosphate buffered saline (PBS) after 16 h of fasting. Blood
glucose levels were measured and pectoralis was collected for RNA sequencing at 15 min and 120 min after injection.
Data all were analyzed by one-way analysis of variance with Duncan’s multiple-range test. Results showed that blood
glucose gradually declined and reached to minimum at 120 min (P < 0.01) as insulin treatment. Furthermore, we
screened 616 known miRNAs and 66 novel miRNAs of pectoralis through RNA sequencing; Compared with the PBS
group, 18 and 14 differentially expressed miRNAs (DEMs) were screened after insulin injection for 15 and 120 min,
respectively; 31 DEMs were screened after insulin injection 120 min relative to 15 min (P < 0.05 and |FC| ≥ 1). The
outcomes from GO and KEGG enrichment analysis on the target genes of DEMs showed that target genes mainly
enriched in glucose metabolism and muscle development. Of note, miRNA-214b-3p was observed remarkably downregulated after insulin treatment for 120 min and during the period from 15 to 120 min. Accordingly, the expression
characteristics of miR-214b-3p in chicken myoblast was further defined, and the data showed that the expression of
miR-214b-3p in the proliferation stage was higher than that in differentiation stage (P < 0.01). We detected the effect
of miR-214b-3p overexpression on the proliferation of chicken myoblast using CCK8. Subsequently, we
overexpressed miR-214b-3p for 48 h and stimulated chicken myoblast with 0.02 µM insulin for 20 min, collected the
cells and detected the expression of related marker genes by qPCR. Results shown that miR-214b-3p overexpression
could promote cell proliferation and inhibit cell differentiation of chicken myoblasts (P < 0.05). MiR-214b-3p also could
inhibit the glycogenesis of chicken myoblasts but promote insulin signal transduction (P < 0.05). In summary, the
current study shows that certain miRNAs are modified response to insulin manipulation, especially miR-214b-3p that
plays a key role in the glucose metabolism of chicken myoblasts, proposing them as potential resource for further
studies on the specific mechanisms of miRNA in skeletal muscle development and glucose metabolism in chickens.
KEYWORDS: insulin, chicken, miRNA, skeletal muscle, glucose metabolism.
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FINAL ID: 35
TITLE: Effect of probiotics on tight junction protein mRNA in the small intestine of young chicks
Abstract Body: Abstract: Tight junction (TJ) proteins in the small intestine form a paracellular barrier to prevent
intestinal pathogens from entering the blood circulation and to regulate the permeability of ions, water and solutes.
The objective of this study was to investigate the effect of probiotics on the mRNA abundance for the TJ proteins
claudin 1 (CLDN1), occludin (OCLN), zonula occludens 1 (ZO1) and junctional adhesion molecule 2 (JAM2) in the
small intestine of young broiler chickens. Cobb 500 broiler chicks (n = 204) were hatched and randomly placed into 3
treatments: basal diet without probiotics (Control) and two basal diets supplemented with different probiotics (Probiotic
1 or Probiotic 2). Each treatment had 6 replicate cages. At day (d) 2, d4, and d6, one chick from each replicate cage
was randomly selected for collection of the duodenum, jejunum, and ileum. A piece from the middle of each segment
was fixed for paraffin embedding and in situ hybridization analysis. An additional piece was minced and stored at -80
for gene expression analysis. Two-way ANOVA and Tukey’s test were used for statistical analysis. Significance was
set at P < 0.05. Probiotic 2 significantly increased CLDN1 mRNA in the ileum compared to Control (P < 0.05). There
were no differences in the mRNA abundance of the other TJ proteins, and no significant interactions between
treatment and age for mRNA expression of all the selected TJ proteins. In situ hybridization showed that OCLN mRNA
was expressed in the epithelial cells of both the villus and crypt in all three small intestinal segments. There was
greater intensity of the OCLN signal in the bottom of the villi compared to the tip of villi on day of hatch. These results
suggest that Probiotic 2 may improve intestinal integrity in the ileum by increasing CLDN1 mRNA expression.
KEYWORDS: Tight junction proteins, probiotics, small intestine, in situ hybridization, chicken.
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FINAL ID: 36
TITLE: EFFECT OF FASTING AND HEAT STRESS ON BLOOD PARAMETERS, CARCASS AND MEAT QUALITY
OF TWO BROILER CHICKEN STRAINS
Abstract Body: Exposure to high ambient temperatures has long been recognized as having a detrimental effect on
broiler production efficiency and meat yield. Seasonal heat exposure has been reported to cause undesirable changes
in meat characteristics. The main purpose of this experiment was to show the effect of different management heat
stress, fasting and heat stress of both persistent (gradual\daily) and acute (sudden) on carcass trait, blood parameters
of two genotype of broilers (Arbor acre and Hubbard). Use of unsuitable genotypes of birds in hot regions results in
decreased growth rate, reduced protein gain and high mortality. A total of 800 (one day old chick) with equal numbers
of Hubbard and Arbor Acre was used for this study. The birds were randomly distributed into 8 experimental group
comprising of both genotypes and threby grouped into4 groups for each type of heat stress per genotype (Fasting and
Acute Heat Stress) for a period ranging from 0 min to 90 minutes feed restriction. The above regime was also followed
for the Fasting and Persistent Heat Stress group. Foe the Meat quality analysis, a total of 80 aduclt broilers of both
genotypes were used for the study. The Carcass traits were measured and meat quality was determined with the birds
of both genotypes to know the genotype that has better carcass and meat quality attributes.The result obtained from
this study shows that the effect of carcass trait on heat stress (acute and persistent) and feed restriction on Hubbard
and Arbor Acre. The result shows that there is significant different (p<0.05) in dressing percentage of persistent heat
stress, dressing weight and dressing percentage of Hubbard. Also, drip loss for Arbor Acre strains is significant in both
persistent and acute conditions. Consistently, cooking loss for Hubbard strain is higher and has more quality of water
lost than Arbor acre strain and persistent bird had higher cooking loss than acute heat stress. It was thereby
concluded from the study that Arbor acre has a good and higher carcass quality than Hubbard and the strain is
preferred to be used by farmers in the hot seasons of the year.
KEYWORDS: Broiler chickens, Strain, Heat Stress, Cooking loss, Drip loss.
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FINAL ID: 37
TITLE: Effects of chronic heat stress on the expression of nutrient transporters in the jejunum of modern broilers and
their ancestor Wild Jungle Fowl
Abstract Body: Heat stress (HS) is one of the main threats to poultry production sustainability via its strong adverse
effects on broiler growth, feed efficiency, meat yield, and welfare. The compromised growth performance maybe
attributed to leaky gut syndrome and a change in nutrient absorption. This study aims to evaluate the effect of chronic
HS on the expression of nutrient transporters in the jejunum of 4 populations: Athens Canadian Random Bred
(ACRB), 1995 Random Bred (95RAN), 2015 Random Bred (MRB), and Jungle fowl (JF). One-day male chicks
(n=150/line) were placed by line in environmentally controlled chambers. A daily cyclic heat stress (36 degrees
Celcius) was applied to half of the chambers on day 28 (HS) until the end of the trial; the remaining chambers
remained under thermal neutrality (TN) at 24 degrees Celcius. Growth performance was evaluated and jejunum tissue
was collected on day 54. The gene expression of carbohydrate transporters Glut1, Glut2, Glut5, Glut6, Glut8, Glut9,
Glut10, Glut11, Glut12, Glut14 and SLC5A1; amino acid transporters LAT1, SLC6A14, SLC7AL and SLC7A6 and fatty
acid transporters CD36 and iFABP was determined by qPCR. Western blot analysis of some of the aforementioned
proteins was also conducted. Growth performance and gene expression data were analyzed using two-way ANOVA
considering chicken population and environmental condition as the main effects. If ANOVA showed significant effects,
the means were compared by Tukey’s multiple range test using GraphPad Prism 6.00; significance was set at P≤0.05.
Under both TN and HS conditions, MRB showed the highest BW54 and cumulative FI followed by the 95RAN. The
cumulative FCR had a line effect (P<0.0001), however, no environmental treatment effect was observed (P=0.8185).
Under HS, JF showed higher gene expression of carbohydrate (Glut1, Glut5, Glut8, Glut9, Glut10 and SLC5A), amino
acids (SLC6A14 and SLC7A6) and fatty acid (CD36 and iFABP) transporters compared to the other populations. HS
upregulated the expression of Glut1, Glut5, Glut10, SLC6A14, CD36 and iFABP in JF, and reduced Glut2 and Glut10
in MRB. Preliminary results from the western blot showed a decrease of Glut3 protein expression in all lines under
chronic HS. Together, these data showed: 1) a population-dependent expression of nutrient transporters, which may
explain the difference in feed efficiency between the chicken population, and 2) that HS alters the expression of these
transporters.
KEYWORDS: heat stress, broiler, gene expression, protein expression, nutrient transport.
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FINAL ID: 38
TITLE: Evaluation of Olfm4 and Muc2 Expression in the Jejunum of chickens Divergently Selected for Eight Week
Body Weight
Abstract Body: Divergent lines of White Plymouth Rocks have been selected for high weight (HWS) and low weight
(LWS) for over 63 generations with the LWS line developing anorexia nervosa causing starvation even with ad libitum
access to feed. Symptoms of starvation in the LWS chicks, include failure to provide nutrition to organs and intestines
and inhibition of the development of absorptive capabilities and immune function in the gut, which increase mortality
risk. Nutrient deprivation is known to affect intestinal function and the regeneration of the mucosa layer as well as
epithelial turnover, but these pathways are not well understood in the LWS line. The objective of this study was to
determine the effect of nutrient deprivation on intestinal stem cell proliferation and mucus production in LWS birds in
the post-hatch period. Jejunal samples from 6 HWS and 6 LWS birds were collected on day of hatch (doh) and day (d)
3 post-hatch for histology analysis. Samples were embedded in paraffin and analyzed using the RNAscope in-situ
hybridization method to examine expression of mucin 2 (Muc2), an important mucus protein that is expressed in
goblet cells and olfactomedin 4 (Olfm4), a stem cell marker. Images were captured under 40x magnification for
localization and enumeration of Olfm4 and Muc2 expressing cells and villus morphology. Villus height (VH), crypt
depth (CD), and VH/CD were measured for the Olfm4 images using ImageJ. Muc2 images were analyzed to
determine the density of goblet cells. One-way ANOVA was performed for all measurements. Goblet cell density was
greater in HWS birds than LWS birds on doh (P < 0.0001). From doh to d3, goblet cell density increased in HWS birds
(P < 0.0001), but decreased in LWS birds from doh to d3 (P < 0.0001). VH, CD, and VH/CD was similar between LWS
and HWS birds (P > 0.05) on doh, but was less in LWS birds than HWS birds on d3 (P < 0.0001). Olfm4 expressing
stem cells were similar between LWS and HWS birds on doh, but increased in HWS birds and decreased in LWS
birds from doh to d3. These results show that from doh to d3 HWS birds increased stem and goblet cells, but LWS
birds decreased stem and goblet cells, which may partially explain their impaired growth characteristics.
KEYWORDS: goblet cells, intestinal stem cells, Muc2, Olfm4, selected lines.
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FINAL ID: 39
TITLE: Genome-Wide SNPs Regulating Nervous System Functions Associated with Stress Response Traits in High
and Low Stress Lines of Japanese Quail
Abstract Body: Stress management is an important part of maintaining production efficiency in poultry, and improving
management techniques is reliant on our understanding of physiological stress responses. The nervous and
neuroendocrine systems play important roles in these stress responses. Single Nucleotide Polymorphisms (SNPs),
common genetic mutations responsible for genotypic and phenotypic diversity in animals, can be used as biomarkers
for detection of genetic alterations. As part of an analysis to understand the genetic mechanisms underlying stress
responses, whole genomic resequencing was performed on 20 birds from High Stress (HS) and Low Stress (LS) lines
of Japanese quail using Illumina HiSeq 2 x 150 bp paired end read technology to detect SNPs within the two lines of
quail. Alignment of sequencing data to the quail genome found 6,364,907 SNPs across both lines with 10,364 SNPs
occurring in coding regions. Of these SNPs, we identified 2,886 unique, non-synonymous SNPs with a SNP% ≥ 0.90
and a read depth ≥ 10. Ingenuity Pathway Analysis was used to identify significantly affected molecular pathways,
functions, and genes with ties to neural development, neurological signaling, and the neuroendocrine system using a
Fisher’s Exact Test (p-value < 0.05). These findings suggest that the SNPs identified in these two lines of quail could
be responsible for observed phenotypic differences in stress responses.
KEYWORDS: Stress response, SNPs, Quail, Nervous System, Ingenuity Pathway Analysis.
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FINAL ID: 40
TITLE: SNP-based breeding for broiler resistance to ascites and evaluation of correlated production traits
Abstract Body: This study evaluated Marker-Assisted Selection (MAS) for ascites resistance in broilers, assessing its
impact on disease phenotype and related production traits. Previously, we used whole genome resequencing (WGR)
to fine-map 28 chromosomal regions as associated with ascites phenotype. SNP genotypes were determined and
used to selectively breed 2 generations using our experimental ascites broiler line (REL) to produce birds homozygous
for the resistant chromosomal alleles. The F2 generation was then compared to the REL line for ascites phenotype
and production traits. For ascites phenotype, 2 cohorts of MAS and REL mixed-sex offspring were placed in a
hypobaric chamber for 5 wk each. Cohort 1 (T1; n=332 MAS, 246 REL) was maintained at 9,000 ft simulated
elevation; Cohort 4 (T4; n=212 MAS, 221 REL) was maintained at 11,000 ft. Mortalities were necropsied for BW, fluid
presence, heart condition, and right ventricle to total ventricular (RVTV) ratio. For production traits, 2 cohorts of MAS
and REL mixed-sex offspring (T2: n=233 MAS, 220 REL; T3: n=206 MAS, 209 REL) were placed in floor pens for 8
wk each and fed an industry-standard diet in starter (0 to 14 d), finisher (14 to 35 d), and withdrawal (35 to 56 d)
phases. Pen BW was taken at 0, 2, 4, 6, and 7 wk. Feed conversion ratio (FCR) was calculated based on the final wk
of growth and all birds were processed at 8 wk. For meat quality, the deboned breasts of 200 birds (100 MAS/REL: 50
male/female) were evaluated for color, pH, drip and cook loss, and shear force. Additionally, 100 birds (50 MAS/REL:
25 male/female) were assessed on heart, liver, lung, and spleen weights, and RVTV ratio. Ascites phenotype and
processing, organ weight, meat quality data were analyzed by 2-way ANOVA and live production data analyzed by 1way ANOVA. All means were separated by Tukey’s HSD (P≤0.05). MAS resulted in sex- and simulated elevationdependent reduction in ascites incidence in both cohorts. Compared to the REL line, T1 MAS saw a decrease
(P=0.041) in ascites incidence while T4 MAS saw a numerical decrease (P=0.162) in ascites incidence. Comparisons
of the MAS and REL lines found no negative (P>0.05) impacts on the MAS line in feed intake, FCR, deboned parts, or
meat quality. There were some improvements in single cohorts of MAS, but the only improvements consistent in both
cohorts were for absolute and relative tenders weights (P≤0.014). We conclude that the MAS line is comparable and,
in some instances, superior, in growth performance to the control while being more resistant to ascites. This study
represents the first SNP-based selection program for a complex trait and indicates that MAS based on WGR has
significant breeding potential in agricultural systems.
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FINAL ID: 41
TITLE: Expression of Genes in the Apoptosis Pathway in the Yolk Sac of Embryonic and Early-Post-Hatch Broiler
Chickens
Abstract Body: The yolk sac (YS) of an embryonic chick starts to be internalized and degrades during late
embryogenesis. Apoptosis, also known as programmed cell-death, is speculated to be part of this degradation
process. There are many proteins involved in apoptosis, but the primary ones are initiator and executioner caspases.
Initiator caspases are among the first apoptotic enzymes to be activated and their role is to activate the executioner
caspases and cytochrome C which disrupts the integrity of the cell and destroys proteins in the cell. The objective of
this study was to examine the mRNA abundance of genes involved in the apoptosis pathway in the YS of Cobb 500
chickens at embryonic day 17 (e17), e19, day of hatch (doh), and day (d) 1.5, d3, d5 and d7 post-hatch. The genes
investigated in this study included, the apoptosis inhibitor Bcl2, the initiator caspases 8 and 9, the executioner
caspases 3, 6, and 7, and cytochrome c. RT-qPCR was performed to analyze gene expression using the e17 YS
sample as the calibrator. Statistical analysis using least squares means contrasts in JMP was performed on the gene
expression data to determine if there was a linear, quadratic, or cubic contrast. The results showed a significant linear
response for caspases 3 (P = 0.0022), 7 (P = 0.0039) and 8 (P = 0.0061), cytochrome c (P = 0.0004) and Bcl-2 (P =
0.0017) from e17 to d7. Caspase 9 had a significant quadratic contrast (P < 0.0001), i.e., an increase from e17 to d1.5
and then a decrease to d7. Caspase 6 had significant linear (P = 0.0023) and quadratic (P = 0.0026) contrasts. In
summary, a number of caspase genes that are involved in the apoptosis pathway are upregulated in the YS from e17
to d7. However, the anti-apoptotic gene Bcl-2 is also upregulated, which suggests that degradation may be occurring
through a non-apoptosis pathway.
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FINAL ID: 42
TITLE: L-Tryptophan and phosphate sensing by the chicken extracellular calcium-sensing receptor via potential
docking sites to initiate downstream G protein-coupled signaling cascades
Abstract Body: Laying hens have a dynamic bone turnover and a high demand for calcium from both feed and bone
storage due to the daily egg-laying cycle. This study aims to reveal the modulation mechanism and binding sites of an
3agonist (L-tryptophan) and an antagonist (inorganic PO ) to chicken extracellular calcium-sensing receptor
4
(cCaSR). Based on a luciferase reporter system (in response to the second messengers), the two modulators showed
biased agonism or antagonism through Gα , G /Gα , and Gα -mediated signaling pathways and induced the
q βγ
i
12
2+
changes in the second messengers, including intracellular Ca , ERK1/2, and RhoA, respectively. Each well from a
multi-well plate was used as the experimental unit for all analyses. All data were expressed as mean ± SEM with at
least three biological repeats. Statistical significance was determined using one-way ANOVA followed by Dunnett’s
multiple-comparison test. P-value < 0.05 was considered statistically significant. L-tryptophan-induced cCaSR
2+
2+
2+
activation required the presence of Ca , and the Ca concentration affected its potency. The EC curve for Ca
50
left-shifted by 13.57%, 5.18%, and 1.02% in the presence of 1 mM L-Trp in the Gα , G /Gα , and Gα -mediated
q βγ
12
3- i
signaling pathway. The cCaSR response was significantly inhibited with increasing PO4 concentration by 92.97%,
331.50%, and 30.23% at 2 mM PO
compared with the control in the Gα , G /Gα , and Gα -mediated signaling
4
q βγ
i
12
3pathway. Therefore, both L-tryptophan and PO
biased to Gα -mediated NFAT-RE signaling pathway. According to
4
q
molecular docking results, there was one predicted binding site of L-tryptophan to cCaSR with the residue interaction
at Trp 70, Ser 147, Ala 168, Ser 169, Ser 170, Tyr 218, Ser 272, Glu 297, and Ala 298. There were two predicted
3binding sites of PO
to cCaSR. The first binding site interacted with residue Arg 66, Arg 69, His 412, Arg 414, and
4
Ile 415; the second binding site interacted with residue His 192, Thr 195, Lys 225, Lys 516, and Arg 519. In
3conclusion, this study demonstrated that similar to human CaSR, L-tryptophan and inorganic PO
were also cCaSR
4
modulators, acting as positive and negative allosteric modulators, respectively, with biased agonism and antagonism
in vitro. As human CaSR has been recognized as a therapeutic target in osteoporosis, the results also provided
3theoretical evidence that L-tryptophan and inorganic PO
could be used as potential nutritional ligands to prevent or
4
attenuate chicken osteoporosis through the cCaSR modulation.
KEYWORDS: Chicken extracellular calcium-sensing receptor, L-tryptophan, Inorganic phosphate, G protein-coupled
signaling, Molecular docking.
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FINAL ID: 43
TITLE: Protective Immunity Elicited by Live Commercial Coccidia Vaccines (LCV) against Recent Field Isolates and
Vaccine Strains
Abstract Body: Coccidiosis is a parasitic disease of the intestinal tract of animals caused by coccidian protozoa of the
genus Eimeria. It is a costly disease associated with poultry production across the world. Use of live vaccines have
proven to be important for control of coccidiosis, however vaccines from different companies can vary in terms of
number and type of Eimeria species, total number of oocyst and attenuated status of the organism. The objectives of
this study were to measure the level of protection provided by five live commercial coccidian vaccines (LCV) against
homologous and heterologous challenges at 19, 26 and 33 days of age and measure the level of pathology for each
isolate in coccidia naïve chickens via histopathology. A Randomized Complete Block design with six treatments and
two replicates/treatment (400 birds/replicate). Significant differences among treatments means were determined using
Tukey’s-HSD test with a 5% level of probability. The dependent variables that were measured were body weight gain
and microscopic lesion scores (MS). Four thousand eight hundred chickens were assigned to the following six groups
(Non-vaccinated control (Con), vaccine A, vaccine B, vaccine C, vaccine D, and vaccination E). Vaccination was
performed via coarse spray (d0). Birds were challenged on 19, 26, and 33 d of age with 3-5 field isolates and a
homologous antigen. Four to five birds/replicate were challenged with each field isolate and homologous antigen. MS
were determined 6 days post challenge. No differences (P> 0.05) were detected in the d 19 to 26 average gain of
broilers between the treatments. However differences were detected in the d 26-32 and d 33-39 average gain of
broilers. The average gain of the C treated broilers from d 26-32 and d 33-39 was lower (P ≤0.05) compared to the
gain of broilers from the vaccinated treatments. Birds vaccinated with vaccines A, C, and E had a 53.3, 66.7, and
66.7% reduction, respectively in MS when birds were challenged with E. acervulina at 19 d of age compared to the
Con group that was challenged. Birds vaccinated with vaccine A, C, D, and E had a 70.8, 87.5, 83.3, and 91.7%
reduction, respectively in MS when birds were challenged with E. tenella at 19 d of age compared to the Con group.
Only birds vaccinated with vaccine A demonstrated a MS reduction (66.7%) compared to the Con when these groups
were challenged with E. maxima at 19 d of age. However, vaccine A, B, D, and E had 69.6, 40, 48 and 89.6% MS
reduction, respectively compared to the Con when birds were challenged with E. maxima at 26 d of age. Therefore the
average gain of broilers may be improved when LCV are used to control coccidiosis, and LCV can reduce MS of
coccidiosis challenged birds.
KEYWORDS: coccidiosis, broilers, live coccidia vaccine.
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FINAL ID: 44
TITLE: Prevalence of Eimeria lesions quantified by ISI application in commercial farms of broiler in South America
Abstract Body: A continuous and detailed sanitary monitory is a key tool to insure the effectiveness of antimicrobial
programs, mainly when we have plenty of new phytogenic alternatives being evaluated to replace antibiotics in the
birds feed. Therefore, we have developed the ISI application, through which we turn the bird’s overall health into
numbers in real time. The service is based on the scoring of certain alterations in the respiratory and locomotive
systems, and in the gastrointestinal tract of the necropsied birds. Each parameter is scored from zero to 3, according
to the extension and intensity of the alteration. The surveyed scores (S) are multiplied by the parameter impact factor
(IF), which varies from 1 to 3 according to the impact of that alteration on the tissue physiology. The final ISI score is
assessed by the formula ISI = ∑ (IF*S), which refers to the sum of all parameters. The present study aimed to survey
the prevalence of coccidiosis in broilers farms of South America by using the ISI mobile app. For that, the frequency
(%) of macroscopic lesions caused by Eimeria acervuline, E. maxima and E. tenella was assessed in the period of
st
st
January 1 to December 31 of 2020, with a total 6,130 flocks of broilers evaluated. Five birds between 25 and 35
days of age were euthanized and evaluated per flock, totalizing 30,656 animals. Based on postmortem lesions, 5.3 %
birds presented lesions of E. acervuline, 5.2 % birds presented lesions of E. maxima and 5% birds presented lesions
of E. tenella. The month with the highest frequency of coccidiosis was september (17.8%). Other alterations were
frequent in the same period, as respiratory lesions, small intestine lesions, yolk retention and pancreas atrophic. The
change of season, variation in grain quality, and poor management could be some of factors associated to it. It is
estimated that the lesions provoked by Eimeria resulted in a loss of US$ 0.005 per bird. Nowadays, around 7 billion of
broilers are slaughtered per year in South America. Considering that approximately 5% of the evaluated birds
presented coccidiosis, irrespective of the Eimeria specie, the impact of coccidiosis could reach 350 million dollars a
year. Our data reinforces the temporal variation in the prevalence of coccidiosis in broilers flocks, providing an
estimative of the economic impact of the disease. This ISI application provides quantitative data in real-time, allowing
a agile decision making and providing possible interactions among the environmental and management factors and
the animal health.
KEYWORDS: I See Inside, coccidiosis, gut health, Index, Scoring method.
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FINAL ID: 45
TITLE: Evaluation of anticoccidial capacities of a novel blend of botanicals on Eimeria-challenged broilers
Abstract Body: Coccidiosis can cost around 5.2 US cents/bird and 81% of this comes from lost performances.
Although many coccidiostats still exist, poultry industry is always looking for new molecules that may alternate into
their existing coccidia-preventive programs to ensure continuous efficacy of current treatments over time. This trial
evaluated a novel proprietary feed additive [SYNBIOTEC (SYN), a blend of essential oils and solid plant extracts)
designed by Probiotech Int. to support broiler performances under Eimeria-challenged conditions. A total of 720 dayold ROSS 308 chicks (36 males/pen, 4 replicates) were randomly allotted into 5 treatments: Non-treated (NT);
Monensin at 125 ppm (MON); 500, 375 and 250 ppm of SYN in starter (d1-14, S), grower (d14-28, G) and finisher
(d29-42, F) diets (SYN1); 250, 500 and 250 ppm of SYN in S, G and F diets (SYN2) and 500, 250 and 125 ppm of
5
SYN in S, G and F diets (SYN3). At d9, a total 1.4x10 attenuated oocysts of E. acervulina, E. tenella and E. maxima
(Livacox®, Biofarm) were orally inoculated. Diets were offered in pellet form (crumbles for starter) with no antibiotic
growth promoters. Body weight (BW), feed intake, feed efficiency (FCR) and mortality were monitored during all
phases. Feces were collected for oocyst counts (OPG) and birds sacrificed (6 birds/pen/d) to assess E. acervulina
(d13) and E. tenella (d14) lesion scores at 4, 5 days post infection (dpi), respectively. Treatment means were
compared with a multi-factorial procedure ANOVA and means compared with a Duncan’s LSD test. Cumulative
mortality was low (<2,1%) and no treatment effect was noticed. At d15, peak of oocyst excretion (6 dpi), only MON
reduced the counts (1725 OPG, P<0.05) compared to other treatments. At d21 (12 dpi) MON remained the lowest
(1308 OPG, P<0.05) but SYN groups (8883, 10817 and 12575 OPG, for SYN1,2 and 3) did not present any new peak
of excretion compared to NT (25 283 OPG, NS). MON birds had also the lowest intestinal lesion scores (P<0,05)
compared to other ones, but at 4 dpi, SYN1 (0.45) and SYN3 (0.58) lowered (P<0.01) the lesion due to E. acervulina
compared to NT (1.13) and at 5 dpi SYN1 (1.0), SYN 2 (0.98) and SYN3 (1.0) lowered (P<0.01) the lesion due to E.
Tenella compared to NT (1.83). The same treatment-dependent patterns (P<0.05) were observed for BW and FCR
values, respectively with the greatest (2.76 kg, 1.73) for MON, the worst (2,23 kg, 1.94) for NT, and intermediate ones
(2.43 kg 1.82) for SYN1, (2,40 kg, 1.81) for SYN2 and (2.35, 1.82) for SYN3. This novel blend of botanicals seems to
be beneficial to preserve growth performances on Eimeria-challenged broilers but a minimum of 500 ppm has to be
applied to reduce E. acervulina intestinal lesions 6 dpi.
KEYWORDS: broilers, botanicals, anticoccidial, intestinal integrity, Eimeria-challenge.
CURRENT CATEGORY: Immunology, Health and Disease
PRESENTER: Bertrand MEDINA
1
1
2
AUTHORS (FIRST NAME, LAST NAME): Bertrand MEDINA , Ashley Wagner , Dana KUMPRECHTOVA , Ivan D.
1
Girard
INSTITUTIONS (ALL):
1. Probiotech International Inc., St-Hyacinthe, QC, Canada.
2. Institute of Animal Science, Prague, Czechia.

FINAL ID: 46
TITLE: Bacillus subtilis based NK lysin peptide delivery system successfully mitigate avian coccidiosis by enhancing
the growth and gut health of the broiler chickens
Abstract Body: Recent studies reported that chicken NK-lysin peptide 2 (cNK-2) has a direct cytotoxicity against
apicomplexan parasites such as Eimeria. Moreover, cNK-2 modulates gut immune responses to decrease local
inflammation triggered by parasite invasion of host cells. A novel oral delivery strategy to express cNK-2 in the
intestine where Eimeria parasites interact with the host’s gut epithelial cells reduce the fecundity of parasites and gut
damage. Hence, we developed a stable Bacillus subtilis-based NK lysin peptide delivery system to determine its
effectiveness as an oral carrier of NK lysin to the gut and to investigate its effect against coccidiosis in commercial
broiler chickens. One hundred broiler chickens were allocated into four treatment groups in a completely randomized
design: 1) negative control (NC, non-challenged), 2) positive control (PC: challenged without B. subtilis), 3) B. subtilis
with empty vector (EV), and 4) B. subtilis-cNK2 (NK). All birds were challenged with 5,000 sporulated E. acervulina
oocysts through oral gavage except the NC group on day 15. Chickens given B. subtilis (EV or NK) were orally
12
gavaged daily from day 14 to day 18 (1×10 cfu/mL). Body weights were measured on 6 and 9 days post-infection
(dpi). Duodenum samples were collected on 6 dpi to assess the tight junction and mucosal cytokine gene expressions.
Fecal samples were collected from 6 to 9 dpi to enumerate the oocyst shedding. Collected data were analyzed using
general linear model procedure of one-way ANOVA of SPSS software. Infected chickens treated with NK showed
improved (p<0.05) weight gain, higher (p<0.05) tight junction gene expression, and lower cytokine (p<0.05) gene
expression compared to infected and untreated controls. Fecal oocyst shedding was reduced (p<0.05) in the infected
chickens treated with NK compared to the infected chickens without NK. In conclusion, this study demonstrates that
dietary B. subtilis spores carrying chicken NK-2 peptide is a successive strategy to reduce harmful effects of avian
coccidiosis in commercial broilers.
KEYWORDS: NK-lysin, Chicken, Bacillus subtilis, Coccidiosis, Gut health.
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FINAL ID: 47
TITLE: Optimization of a Clostridium perfringens sporulation vaccine to reduce chicken necrotic enteritis
Abstract Body: Necrotic enteritis (NE) is an acute enterotoxaemia enteritis in chickens. Although its pathogenesis
remains largely unresolved, the severity was often associated with the toxin-releasing of Clostridium perfringens. In
previous study, we found that immunized chickens with C. perfringens sporulation vaccines reduced chicken NE. The
objective of this study was to identify the most effective doses and to investigate its mechanism. Vaccines labelled as
CP1 and CP2 were prepared from sporulation supernatant proteins of two C. perfringens isolates. The vaccines were
examined for CPE presence and epithelial and immune cellular toxicity. Cohorts of 12 birds per group were vaccinated
at d 0 and 10 with different doses of CP1 and CP2 in adjuvant aluminum hydroxide. Birds were infected with 20,000
9
sporulated E. maxima M6 oocysts at d 16 and 10 CFU/bird C. perfringens at d 20. Chicken body weight was
measured at d 0, 16, 20 and 21. Birds were sacrificed at d 21 to collect blood, ileal tissue and content for analysis of
antibody titer, histopathology, inflammation and colonization levels. Differences between treatments were analyzed
using One-way ANOVA and nonparametric Mann–Whitney U test. Consistent with previous reports, E. maxima and C.
perfringens induced clinical NE of severe intestinal inflammation showed as ileal villus shortening and necrosis,
immune cell infiltration, and crypt hyperplasia. Notably, vaccines CP1 and CP2 strongly attenuated the intestinal
inflammation. The NE also induced body weight gain (BWG) loss during d 20-21 (NE phase), while vaccinated birds
resisted the BWG loss. Among these vaccine groups, birds vaccinated with CP1-1 achieved the highest daily BWG
during NE phase compared to NE birds (25 vs -3g/bird/day). ELISA assay showed that antibody titer in CP1-1 was
increased by 49 and 69%, respectively, compared to those in NC and NE birds. Real time PCR results showed that C.
perfringens in ileum luminal and tissue of CP1-1 birds was reduced by 5 and 3 logs, respectively, compared to those
in NE birds. In conclusion, vaccinating chickens with C. perfringens sporulation vaccine effectively reduces chicken
NE, possibly through inducing protective antibody and reducing C. perfringens colonization and invasion.
KEYWORDS: Necrotic enteritis, Clostridium perfringens, sporulation, dose optimization, vaccine.
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FINAL ID: 48
TITLE: Immunomodulatory effects of mixed lactobacilli oral inoculation on experimentally induced necrotic enteritis in
broiler chickens
Abstract Body: Objectives
To evaluate the immunomodulatory effects of orally inoculated mixed lactobacilli strains on experimental necrotic
enteritis (NE) in broiler chickens.
Experimental design
7
8
Ninety day old male broiler chickens were randomly divided into 6 groups. Four groups orally received 10 or 10
CFU of a mixture of 5 lactobacilli isolates (L. acidophilus, L. reuteri, L. crispatus and two strains of L. johnsonii) at 1, 8,
8
15 and 20 days of age. Groups 5 and 6 as controls, did not receive lactobacilli. All groups challenged with 10 of a
pathogenic CP strain twice a day for 3 days starting at day 21. Before and after challenge, intestinal segments were
collected to assess the expression of cytokines of the immune system by Realtime PCR. Meanwhile, samples
collected from cecal tonsils were processed for flowcytometry.
Materials and Methods
RNA extraction and Realtime PCR: Duodenum and jejunum segments were collected for RNA extraction, cDNA
synthesis and Realtime PCR to evaluate the relative gene expression of interferon (IFN)-γ, interleukin (IL)-1β, IL-2, IL12, IL-13, IL-17, IL-18, Toll-like receptor (TLR)2 to β-actin.
Tissue processing and Flowcytometry: Cecal tonsil cells were isolated, overlayed on Histopaque and the interface
were collected and counted by haemocytometer method. The cells were then stained with antibodies to measure the
frequency and total number of surface markers of CD3-CD8+, CD3+CD8+, CD3+CD4+, BU1+IgM+, BU1+IgY+ and
BU1+IgA+ cells, using the FACS machine.
Statistical Analysis
All cytokine gene expression data were statistically analyzed using GraphPad Prism 9, by One Way ANOVA, followed
by Tukey’s test and none-parametric Kruskal-Wallis test followed by Dunn’s test when appropriate. The FACS data
were analysed by Wilcoxon and Mann Whitney non-parametric to test significance as appropriate. Results were
considered statistically significant at P ≤ 0.05.
Results
When chickens received the higher dose of lactobacilli a significant decrease (P<0.05) of IL-1β, IL-12, IL-17 and TGFβ and an increase (P<0.05) of IL-2, IL-13 and TLR2 was observed in the intestine. However, the expression of IFN-γ
and IL-1β increased significantly (P<0.05) in the intestine of chickens received the lower lactobacilli dose. The
absolute number of CD3-CD8+ and CD3+CD8+ cells as well as frequency of BU1+IgM+, BU1+IgY+ and BU1+IgA+
cells were increased (P<0.05) in the cecal tonsil of the chickens received the higher dose of lactobacilli.
Conclusion
Oral inoculation of the mixed lactobacilli modulates the immune responses to maintain the homeostasis of the
intestinal immune system when chickens are challenged with CP.
Key words
Necrotic enteritis, Clostridium perfringens, Gut health, Immune system, Broilers.
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FINAL ID: 49
TITLE: Essential oil and yeast cell wall efficacy in a necrotic enteritis challenge study
Abstract Body: Currently, the international poultry industry is experiencing an increase in Necrotic Enteritis (NE)
because of banning the use of growth-promoting antibiotics by some countries and/or current consumer preferences
for decreased antibiotic use in food production. The objective of this study was to determine the effectiveness of either
a new Essential Oil combined or not with a Yeast Cell Wall to reduce the negative effects of NE on broiler chickens.
For this, 420 one-day-old Ross x Ross male chicks were distributed in a CRB design, with 6 treatments and 7 blocks
2
with 10 birds per cage (0.44 m /bird). The treatments were: T1- Negative Control [NC] (no additive supplemented);
T2- Positive Control [PC] (Maxiban®, 72 g/US ton); T3– Essential Oil [EO300] (based on carvacrol, 300 g/MT); T4 Essential Oil [EO600] (600 g/MT); T5 - EO300 + Yeast Cell Wall [YCW] from Saccharomyces cerevisiae
(ImmunoWall®, 0.5 kg/MT); T6 – EO600 + YCW (0.5 kg/MT). Birds received crumble feed until 28 days. The
challenge model consisted of coccidia from the Eimeria maxima on day 14 gavaged to each bird and Clostridium
8
perfringens (CP), gavaged on days 19 and 20 (with 1.0 mL of a 1.0 x 10 CFU/mL). Because desired mortality was
reached, birds were not gavaged on day 21. On day 22, one bird per pen was humanely euthanized, weighed,
necropsied, and lesion scored, according to: 0 = Normal; 1 = Slight mucus covering small intestine; 2 = Necrotic small
intestine mucosa; 3 = Sloughed and blood small intestine mucosa and contents. All birds were weighed at days 0, 14,
22, and 28; feed intake was monitored. The statistical analysis performed (STATISTIX) were general linear
procedures using ANOVA with a comparison of means using least significant difference (t-test) (LSD [T]) at 0.05. The
NE lesions were compared using Kruskal-Wallis one-way nonparametric analysis of variance at 0.05. The CP
challenge was greater than expected, with 37% NE mortality in the NC groups. However, all the treatments
significantly reduced NE mortality, being the PC with the greatest reduction (20%), followed by EO300+YCW
(27.14%), EO300 (28.57%), EO600+YCW (28.57%), and EO600 (32.86%). As often occurs, when NE mortality is
high, there is not a significant difference in NE lesion scores, as we found in this trial. At 28 days, the EO300+YCW
had higher significant BWG (1.38kg) compared to NC (1.29kg) and PC (1.31kg). The EO300+YCW had an adjusted
FCR very similar (1.48) to the PC (1.49) and significantly better than EO600+YCW (1.56). Overall, with very strong
CP, all the non-antibiotic treatments were effective in lowering NE mortality. These treatments also supported the
birds’ intestines and allowed them to convert feed to body weight efficiently.
KEYWORDS: broilers, gut lesions, mortality, Eimeria maxima, Clostridium perfringens.
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FINAL ID: 50
TITLE: Effect of a whole yeast product supplementation on broiler performance and intestinal necrotic lesions during
an experimental Clostridium perfringens infection.
Abstract Body: A 42-d floor pen study was conducted to evaluate the effects of whole yeast (Pichia guilliermondii;
WYPG) product (CitriStim®) supplementation on broilers performance, mortality, and lesions related to necrotic
enteritis following an experimental Clostridium perfringens infection. Newly hatched Ross 708 broilers (1:1 sexed
female to male) were allotted to 4 treatments and 12 replicates with 30 birds per pen. Birds were fed a 3-phase
feeding program and the treatments consisted of 1) Non infected control (NIC) 2) Infected control (IC) 3) IC + WYPG
low dosage (1.0 kg/MT until d 28 then 0.75 kg/MT) and 4) IC + WYPG high dosage (1.5 kg/MT until d 28 then 1.0
kg/MT). Used litter was added to each pen on day 4 (454 g), and birds were challenged with C. perfringens on d 17,
18, and 19. Birds were weighed on d 14, 28, and 42. On d 21, 3 birds per pen were randomly selected, euthanized
and the intestines examined and scored for C. perfringens lesions. Lesions scores were based on a scale 0 to 4 with 0
as normal and 4 as the most severe lesions. Compared to NIC, challenged birds (IC) had lighter BW at d 42 and the
supplementation with WYPG ameliorated the reduction on BW (P < 0.05). At d 42, adjusted feed conversion ratio
(FCR) was higher for IC compared to NIC and WYPG supplemented birds had intermediate FCR (P < 0.05).
Challenged birds (IC) had numerically higher overall mortality rate compared to NIC (7.22 vs 4.17%; P > 0.05). Lesion
scores were higher in IC birds, and the supplementation of WYPG resulted in challenged birds with reduced necrotic
intestinal lesions scores (P < 0.05). These results suggest that supplementation of whole yeast (WYPG) product
during a C. perfringens challenge may reduce the impact of necrotic enteritis on broiler performance and on severity of
intestinal necrotic lesions.
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FINAL ID: 51
TITLE: Development of antigen-capture ELISAs for the detection of necrotic enteritis B-like (NetB) toxin and collagen
adhesin protein (CNA) in broiler chickens afflicted with necrotic enteritis
Abstract Body: Clostridium perfringens is a causative pathogen of poultry necrotic enteritis (NE). Among the many
virulent toxins produced from C. perfringens, necrotic enteritis B-like (NetB) toxin is known as the main virulent factor
of NE. Collagen adhesin protein (CNA) is a C. perfringens protein involved in collagen-binding activity of bacteria and
plays a key role in the NE pathogenesis since CNA has adhesive properties to attach to host extracellular matrix such
as collagen. Thus, early detection of CNA and NetB antigens in biological samples from NE-afflicted chickens can be
a reliable indicator of NE status. Newly developed mouse monoclonal antibodies (mAbs) detecting CNA and NetB
proteins of C. perfringens were used to develop sensitive antigen-capture ELISA assays for early detection of NE in
serum, gut content and fecal samples from commercial broiler chickens undergoing NE. Out of more than 100
hybridoma clones, best antigen capture-detection pairs for CNA and NetB ELISAs were selected and used to develop
sensitive detection assays. For collecting biological samples, all broiler chickens were infected with Eimeria maxima
41A followed by NetB-positive Del-1 C. perfringens according to our NE model. All samples including serum, gut
content, and fecal samples were obtained at 48 h post C. perfringens infection. Correlation coefficient and standard
curves were calculated and analyzed by GraphPad Prism. Results indicate that CNA or NetB toxin can be detected in
the gut contents and fecal samples but not in serum of NE-infected chickens. The average levels of CNA and NetB
toxins measured were 833 ng/ml and 2,275 ng/ml, respectively, in all C. perfringens infected gut contents. In addition,
the average levels of CNA and NetB toxins in C. perfringens infected fecal samples were 850 ng/ml and 1,182 ng/ml,
respectively. Pearson’s correlation coefficient excluding non-detected samples showed a positive linear relationship
2
and a strong association (r = + 0.817) between the amounts of CNA and NetB toxin in the gut digesta and fecal
samples. In conclusion, CNA- and NetB-specific antigen capture ELISAs will be valuable monitoring tools for early
detection of NE outbreak in large poultry farms.
KEYWORDS: Broiler, Clostridium perfringens, Collagen adhesin protein, ELISA, NetB toxin.
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FINAL ID: 52
TITLE: Early life exposure to cold stress causes distinct changes in broiler chicken gut neurochemistry and
microbiome that persist into later life
Abstract Body: Objective: Early life stress can cause persistent neuroendocrine adaptations that increase
susceptibility to infection in later life. Stress-related neurochemicals produced in the gut play a critical role in enteric
colonization and host-microbe bi-directional communication. Young chicks are particularly vulnerable to cold stress,
yet it is unknown whether cold exposure during early life may shape neuroendocrine development of physiological
sites where foodborne pathogen colonization primarily occurs, such as the gut. We therefore determined if cold stress
experienced during the first week post-hatch would cause immediate and prolonged alterations in chicken enteric
neurochemical concentrations and the microbiome. Experimental design: Broiler chicks at hatch were randomly
divided into control or cold stress groups. Chicks from both groups (n=10/group) were euthanized at 3 days old to
assess baseline differences. Chicks were subjected to cold stress at days 4, 5, and 6 post-hatch. Cold stress
o
consisted of an ambient room temperature of 20 C for 6 hour/day. Birds (n=10/group) were euthanized at 7, 9, and 21
days old. Materials and Methods: Quantification of neurochemicals in ileum and cecum tissues, as well as ileal and
cecal contents were determined using ultra-high performance liquid chromatography with electrochemical detection.
qPCR of neurochemical-related genes was assessed in ileal and cecal tissues. 16S analysis of the cecal microbiome
was performed. Statement of statistical analyses: Data were analyzed by two-way ANOVA with Dunnett’s or Sidak’s
posthoc test, where appropriate. Results: Norepinephrine and serotonin were increased (p<0.05) in the cecal content
and tissue, respectively, of cold stressed but not control birds. The main metabolite of serotonin, 5hydroxyindoleacetic acid, was increased in cold stressed cecal tissue. Ileal tissue and content norepinephrine
concentrations diverged (p<0.05) between cold stressed and control birds. Cold stress caused (p<0.05) the
downregulation of expression of serotonin and transporter genes in the ileum, and an increase (p<0.05) in cecal
serotonin receptor expression. Cecal microbiome diversity was decreased in cold-stressed chickens at days 7 and 9
of age but recovered at day 21 while differences in microbial composition remained throughout the tested period.
Conclusions: Cold stress caused immediate and prolonged changes in the broiler cecal microbiome, as well as gut
neurochemical concentrations and related gene expression in both the ileum and cecum. Further studies are required
to determine the implications of these findings in mediating stress-induced susceptibility to enteric colonization by
foodborne pathogens.
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TITLE: Candidate genes for A and E blood group systems in the chicken
Abstract Body: The A and E alloantigens are two of 13 blood group systems identified on chicken red blood cells.
Variants are detected with blood group-specific alloantisera. The gene products and chromosomal location of the B
blood group, (major histocompatibility complex, MHC), have been identified, but equivalent information is not known
for the other blood groups. Blood group systems A and E have seven and eleven known alleles respectively. The two
systems are genetically linked at 0.5cM, estimated by classical recombination studies. The objective of this study was
to determine the chromosomal location of the genes encoding the A and E system alloantigens. Multiple genetic
resources were available, including genomic sequences of inbred or selected lines with known A, E or both system
alleles, NIU DNA bank samples for which one or both systems had been serotyped, plus DNA from Hy-Line
International lines with A system allele information. Furthermore, an A system-specific monoclonal antibody (ISU-cA)
was available to test additional samples. Sequence information plus genome wide association analyses of White
Leghorn and Rhode Island Red samples with differing ISU-cA antibody reactivity, revealed the same single strong
peak on chromosome 26 at 2.6-2.7Mb (Galgal7) for both breeds. Regression analysis of SNP from 600K Chicken
Axiom arrays from individuals of known A alleles confirmed a SNP relationship with phenotype in the same region.
Three criteria were used to identify candidate genes; genes must be expressed on the cell surface, SNP must be in
exons, and produce predicted change in the encoded protein. One gene in this region fit all criteria; C4BPM
(complement 4 binding protein, membrane bound), a member of the Regulators of Complement Activation gene
cluster. SNP genotypes and subsequent haplotypes of C4BPM determined in independent sets of samples confirmed
the association between variation within C4BPM and A system alleles. For chicken chromosome 26, 0.5cM is
estimated to be equivalent to 33,750bp. While the A and E systems are reported to be within 0.5cM of each other, a
more inclusive region from 4.5cM downstream to 6.8cM upstream of C4BPA was examined in detail for possible E
system candidates. The gene LOC101748581, located 89,000 bp (2.64cM) from C4BPM, showed the best fit between
sequence data SNP variation from samples with distinct E system alleles and the E system phenotypes. Limited
sample numbers precluded unequivocal identification of the E system candidate gene, so another unknown candidate
gene may lie within this sparsely annotated genomic region.
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CURRENT CATEGORY: Immunology, Health and Disease
PRESENTER: Robert L. Taylor
1
2
3, 4
4
AUTHORS (FIRST NAME, LAST NAME): Robert L. Taylor , Wioleta Drobik-Czwarno , Anna Wolc
, Janet Fulton
INSTITUTIONS (ALL):
1. West Virginia University, Morgantown, WV, United States.
2. Department of Animal Genetics and Breeding, Warsaw University of Life Sciences, Warsaw, Poland.
3. Department of Animal Science, Iowa State University, Ames, IA, United States.
4. Hy-Line International, Dallas Center, IA, United States.

FINAL ID: 55
TITLE: Characterization of the Effects of Salmonella Typhimurium on Circulatory Exosomal miRNA profiles in Chicks
Abstract Body: Molecular signatures present in exosomes, especially microRNAs (miRNA), play essential roles in
intercellular communication and have been implicated as novel mediators in host-pathogen interactions. However, the
mechanism of circulatory exosomes between chicken and Salmonella Typhimurium (ST) remains to be elucidated. To
understand the role of miRNA in regulating genes involved in the host response to ST infection, next-generation
sequencing was applied to investigate differentially expressed (DE) exosomal miRNAs in serum of broilers after ST
challenge. In this study, day-old broiler chicks were randomly divided into two treatment groups, orally inoculated with
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0.5 mL of 10 CFU (ST challenged group; n = 183) or PBS (Control group; n = 190). Blood samples were collected
24 h post-challenge. Exosomes were extracted from serum, and their morphology and concentration were
characterized by transmission electron microscopy and Nanosight tracking analysis. The concentration, mean size,
and mode of exosomes were not significantly different in the ST group compared to the Control group. However,
miRNA profiles in serum exosomes of the ST group were significantly different from those in the Control group.
Seventeen miRNAs upregulated and 12 miRNAs downregulated in the ST- infected birds compared to the Control
birds (P < 0.05). The top 6 upregulated exosomal miRNAs in ST birds belonged to gga-miR-34b/c and gga-miR449d/a/b/c families, the largest set of significant clusters of miRNAs, sharing the common two seeding sequences
GGCAGUGU and GUUAGCUG. These miRNAs were implicated to target genes that are involved in modulating
humoral, innate, and adaptive immune responses, cytokine-mediated signaling pathway, B cell proliferation and
differentiation, activating nature killer cells and T cells, positive regulation of peptidyl-serine phosphorylation of STAT
protein, and Notch signaling pathway (P<0.05). Overall, the ST infection leads to alterations of the miRNA profiles in
circulating exosomes, suggesting that exosomal miRNA act as important modulators for host-pathogen interaction in
broilers.
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TITLE: Efficacy of protected benzoic acid on gut histology of broilers with or without an antibiotic as growth promoter
under commercial conditions
Abstract Body: It is recognized that the benefits of eubiotic feed additives are more consistently demonstrated under
challenge. Although challenges are applied in research facilities, the effects of eubiotics under field conditions should
be evaluated. The aim of these studies was to determine the effect of protected benzoic acid (AVIMATRIX® Novus
International, Inc., PBA, 500g/MT) product in feed on gut histology of broilers under commercial conditions. Two trials
were conducted in commercial facilities in Brazil, in conventional barns for 30,000 birds with similar historical
performance and challenges. In trial 1, 4 barns received standard diets (including Halquinol as growth promoter,
Control) while 5 were supplemented with PBA (on top). In trial 2, 3 barns were fed with Control diets and 5 received
PBA in replacement of Halquinol (30 g/MT). On day 28, in both trials, 3 broilers per barn with the average body weight
±2% were euthanized to collect ileum samples for histology analysis (20 villi per bird) applying the I See Inside (ISI)
method. This methodology considers the intensity of histological lesions and the impact of each of the 8 parameters to
organ function. A score is obtained for each parameter and the sum of all scores is analyzed as well. Data were
submitted to Shapiro-Wilk normality test and Kruskal-Wallis test at 5% using 27 samples in trial 1 and 24 in trial 2. In
trial 1, the group supplemented with PBA in the diet presented better results than Control, showing lower score of
lamina propria thickness (1.54 vs 1.79, P<0.01), epithelial thickness (0.65 vs 0.81, P<0.01), proliferation of
enterocytes (0.66 vs 0.86, P<0.001), inflammatory cell infiltration on epithelium (0.50 vs 0.62, P<0.01), inflammatory
cell infiltration in lamina propria (0.73 vs 0.92, P<0.05) and in the sum of all scores (5.10 vs 5.89, P<0.05). In trial 2,
broilers supplemented with PBA showed again better results than Control group, presenting lower score of lamina
propria thickness (1.87 vs 2.08, P<0.01) and inflammatory cell infiltration in lamina propria (0.88 vs 1.20, P<0.01). in
addition, PBA tended to reduce epithelial thickness score (0.65 vs 0.74, P<0.10) and reduced the sum of all scores
(5.52 vs 6.17, P<0.05). There were no differences between treatments for goblet cells, congestion and presence of
oocysts in both trials (P>0.05). In conclusion, broilers under commercial challenges and supplemented with PBA (in
diets with or without Halquinol as growth promoter) improved gut morphology by reducing intestinal inflammation and
epithelial cell turnover, which may positively reflect in performance due to better absorption capacity and improved gut
barrier.
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FINAL ID: 58
TITLE: Comparison of chick quality, health, and inflammation from two hatchery environments
Abstract Body: Hatchery contamination can result in microbial exposure that may negatively impact chick quality and
early health. Chicks exposed to pathobionts within hatcheries may ingest or inhale these pathogens, resulting in
modified colonization of intestines and respiratory tract, with the potential to influence early growth development,
inflammation, and overall health. Six experiments were completed to compare chick quality, health, and inflammation
between two hatcheries (H1 and H2). On embryonic d0, 45 eggs from the same breeder flock were set at each
hatchery. On day of hatch (DOH), length, abdominal height, navel and leg abnormalities, and self-righting were
measured (36 chicks/hatchery), yolk sacs were weighed, and crop/cloaca swabs were cultured (12 chicks/hatchery).
On d7, mid-ileum and ceca were cultured (12 chicks/hatchery). On DOH and d7, body weight (BW) and intestinal
weight was measured, lung/air sac swabs and liver were cultured, liver and air sacs were scored for health, and blood
was collected for serum alpha-1-acid glycoprotein (A1GP) concentrations in Exp 1 and 2 (12 chicks/hatchery). Data
2
was analyzed using t-test or χ , significance p<0.05. On DOH, BW, length, yolk free BW, and intestinal weight were
greater for H2 chicks (p<0.05). Liver bacterial recovery was decreased in H2 compared to H1 on DOH (p<0.05) and
there were fewer navel, leg, and righting abnormalities noted in H2 (p<0.05). Decreased instances of lactase positive
Enterobacteriaceae were noted in H2 in both crop/cloaca and lung/air sac swabs on DOH (p<0.05), as well as fewer
occurrences of alpha and beta hemolysis in crop cloaca swabs, and alpha and gamma hemolysis in lung/air sac
swabs on DOH (p<0.05). By d7, most differences were abated other than an increase in alpha hemolytic bacteria in
lung/air sac swabs of H2. Though A1GP was not different between H1 and H2 on DOH or d7, and there was no time
by treatment interaction (p>0.05), A1GP concentrations of H2 nearly doubled while H1 increased by 12%, suggestive
of a change in inflammatory status over the first week, and a potential change in responsiveness to inflammation.
Differences observed on DOH for health metrics and microbial colonization showed chicks from H2 to have improved
health and starting quality based on factors measured. While not sustained through d7, differences in DOH microbial
recovery, such as greater incidence of lactase positive Enterobacteriaceae and beta hemolysis in crop/cloaca
samples, may have shifted microbial development with the ability to influence immune response. These experiments
were able to elucidate the importance of hatchery environment on early chick quality, microbial colonization,
generalized inflammation, and overall chick health.
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FINAL ID: 59
TITLE: Histomonas meleagridis and Cholesterol Depletion in Turkeys
Abstract Body: Histomoniasis is a deadly disease in turkeys caused by the protozoan, Histomonas meleagridis.
Histomoniasis causes severe lesions in ceca and the liver. The diagnosis of histomoniasis is based on the pathology
and isolation of the organism. By the time of disease confirmation, most of the affected turkeys in the flock are usually
dead. Thus, an early diagnosis of histomoniasis would be helpful. The main hypothesis of this research is to evaluate
if the serum clinical chemistry provides any valuable information towards the early diagnosis of histomoniasis. In study
1, day-of-hatch poults (n=29) were assigned into three groups - Group 1 (n=9), Group 2 (n=10), and Group 3 (n=10).
3
On study day 27, Groups 2 and 3 were challenged with H. meleagridis - HMA at 10 organisms/dose by intra-cloacal
inoculation and cloacal-drop method, respectively. Group 1 served as a negative control. Five poults from each group
were bled and necropsied on study day 36 (9 days post-challenge). All the poults in Group 2 (n=5) and 3/5 poults in
Group 3 experienced mortality prior to the final necropsy on study day 41 (14 days post-challenge), preventing blood
sample collection from the dead birds. Cecal and liver lesion scores (0-4 scale) were recorded for each poult. Group 2
and 3 had 100% histomoniasis incidences. Group 1 poults had an average cholesterol level of 136 ± 14.34 mg/dL,
while Groups 2 and 3 had average cholesterol levels of 57 ± 12.65 mg/ dL and 75.6 ± 13.92 mg/dL, respectively. In
study 2, day-of-hatch poults (n=34) were assigned into three Groups - Group 1 (n=4), Group 2 (n=15) and Group 3
4
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(n=15). On study day 15, Groups 2 and 3 were challenged with H. meleagridis - HMA at 10 and 10
organisms/dose, respectively, by intra-cloacal inoculation. Group 1 served as a negative control. Poults were bled
and necropsied on study day 24 (9 days post-challenge). Cecal and liver lesion scores (0-4 scale) were recorded for
all poults. Group 2 and 3 had 93% and 100% histomoniasis incidences, respectively. Group 1 poults had an average
cholesterol level of 195.25±22.08 mg/dL, while Groups 2 and 3 had an average cholesterol levels of 96.27±33.96
mg/dL and 61.87±17.40 mg/dL respectively. In both studies, poults infected with H. meleagridis - HMA had
significantly reduced cholesterol levels based on one-way ANOVA analysis. In summary, H. meleagridis challenge
resulted in reduced cholesterol levels in the poults, indicating that the serum cholesterol profile could provide more
insights in the early diagnosis of histomoniasis prior to high mortality. Evaluation of the serum cholesterol profile, along
with existing diagnostic tools, could help in the early detection of histomoniasis.
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FINAL ID: 60
TITLE: Impact of laying hens alternative housing systems on the incidence of intestinal and external parasites
Abstract Body: Due to consumers demand, alternative housing systems are rapidly expanding in Quebec and
Canada. Egg farmers may choose to invest in enriched colony housing system or aviaries, but with the trend for free
roaming hens, some ‘old’ diseases are re-emerging. Coccidiosis, caused by protozoan Eimeria species, has an impact
on intestinal integrity, and might allow for the development of necrotic enteritis. Nematodes, including Capillariidae,
and Ascarididae, can also affect the health of laying hens as well as egg quality, while red mites (Dermanyssus
gallinae), can cause serious production losses. Our hypothesis is that the incidence of pathogens and associated
diseases is higher in aviaries than in enriched colony housing systems. Objectives were to compare Eimeria excretion
curves and the incidence of the intestinal and external parasites between the two egg laying housing systems
between 19 to 65 weeks of age.
Experimental design: The study was carried out from fall 2017 to spring 2021. Twenty-four egg barns (12 aviaries and
12 enriched colony housing systems) were selected and monitored between placement (19 weeks of age) and 65
weeks of age.
Materials and methods: Egg farmers collected weekly composite fecal samples for the duration of the study.
Parasitology analysis was performed on samples from weeks 20, 24, 26, 37, 43, 57, 60, and 63. These weeks were
selected because of the lesser number of missing samples. For intestinal parasites (Eimeria spp, Ascaridia and
Capillaria) McMaster and Wisconsin sugar floatation tests were used for quantification, and identification of Eimeria
spp. oocysts, Ascaridia and Capillaria was done. Red mite traps were placed throughout twenty egg barns on week
55, and collected for analysis 48 hours later. Statistical analyses were carried out with R statistical software.
Generalized mixed multivariate models were used.
Results: There was a statistically significant effect of housing type on the presence of Eimeria spp., with a higher
number of aviaries showing larger numbers of oocysts. Age had a significant and negative effect on the presence of
Eimeria spp, with younger hens showing larger number of oocysts. There was no season effect.
No Ascaridia nor Capillaria eggs were found in tested egg barns whether aviaries or enriched colony-housing
systems. No trace of red mites was detected in both systems.
Conclusions: Given the larger number of Eimeria spp. oocysts detected in the fecal samples of hens housed in
aviaries, it would be important to properly vaccinate replacement pullets. Surprisingly, there were a few fecal samples
from enriched colony housing systems showing Eimeria spp. oocysts. These cases should be further investigated and
vaccination considered.
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FINAL ID: 61
TITLE: Impact of laying hens alternative housing systems on the incidence of Clostridium perfringens and NetB toxin
Abstract Body: In Canada, the egg industry will ban all conventional cages by 2036. Egg farmers have to choose to
invest in enriched colony housing system or aviaries, but with the trend for free roaming hens, greater contact of the
birds with litter, some ‘old’ diseases are re-emerging. Clostridium perfringens (Cp) is a Gram positive bacteria found in
the intestines of chickens. Clostridium perfringens strains have been shown to vary in virulence with those harbouring
the NetB toxin being associated with necrotic enteritis. Episodes of necrotic enteritis and mortality have been reported
in hens housed in aviaries. Our hypothesis is that the incidence of Clostridium perfringens and the NetB toxin is higher
in aviaries than in enriched colony housing systems. Objectives were to compare these parameters for two egg laying
alternative housing systems between 20 to 65 weeks of age. The study was carried out from the fall 2017 to spring
2021. Twenty-four egg barns (12 aviaries and 12 enriched colony housing systems) were selected and monitored
between placement (19 weeks of age) and 65 weeks of age. Egg farmers collected weekly composite droppings
samples for the duration of the study. Bacteriological isolation of Clostridium perfringens was performed on samples
from weeks 20, 24, 26, 37, 43, 57, 60, and 63. DNA was extracted with Chelex and then amplified by multiplex PCR to
determine the toxinotype. A mixed generalized linear model with housing type, age and season as a fixed factor was
used to analyze the incidence of Clostridium perfringens as confirmed by the presence or the cpa gene as well as
NetB toxin. There was no significant difference in the incidence of Clostridium perfringens between the two housing
systems. The cpa gene, hence Clostridium perfringens, was detected in 85% of the samples from enriched colony
housing systems (n = 207) and in 98% from those of aviaries (n = 216). NetB toxin was significantly more present in
aviaries than enriched cages (CI = 0.54 - 8.49). Presence of NetB toxin also decreased with age (CI = -0.04 - -0.04).
Finally, Clostridium perfringens was less present in winter (CI = -1.94 - -0.19) while the NetB toxin was less present in
winter (CI = -4.31 - -0.99) and more present in summer ( CI = 0.03 - 2.70). Episodes of necrotic enteritis were
observed during the study in a few aviaries. This was corroborated by a large number of NetB positive Clostridium
perfringens strains observed in aviaries. These cases should be further investigated to verify for any association with
coccidiosis.
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FINAL ID: 63
TITLE: Investigating intestinal integrity, endogenous losses of amino acids, and nutrient digestibility of broiler
chickens in response to graded severity of E. maxima infection
Abstract Body: The study was conducted in two parts where the first part investigated the impacts of graded infection
severity of Eimeria maxima on intestinal health and amino acid digestibility, and the second part determined
endogenous losses of amino acids in broiler chickens. In the first part of the study, there were four different levels of
E. maxima-challenged treatments: a non-challenged control group, a low challenge dose (12,500 oocysts), a medium
challenge dose (25,000 oocysts), and a high challenge dose (50,000 oocysts). There were eight replicate cages per
treatment, with 12 birds per cage. Chickens in the challenged groups were orally challenged with sporulated oocysts
per os on d 14. Intestinal morphology, amino acid digestibility, and gene expression of nutrient transporters and tight
junction proteins were determined at 6 days post-infection. The orthogonal polynomial contrast within PROC GLM in
the SAS software was used to perform the linear and quadratic statistical analyses, and the significance level was set
at P < 0.05. The results showed a linear reduction in body weight gain, jejunal villus height, and intestinal integrity with
the graded increase in doses of E. maxima (P < 0.01). Moreover, linear regulation of tight junction proteins expression
was a consequence of increasing Eimeria challenge (P < 0.01). Furthermore, the expression of nutrient transporters
and apparent ileal digestibility of amino acids were both down-regulated (P < 0.01) with increasing E. maxima
inoculation dose. The second part of the study is a parallel experiment of the first one, except that the chickens were
fed a nitrogen-free diet (NFD) from 0 to 6 days post-infection to determine endogenous losses during coccidiosis. The
results indicated that endogenous losses of amino acids, except tryptophan, were linearly increased in response to the
graded E. maxima challenge (P < 0.05). However, NFD reduced intestinal lesion scores, which might underestimate
the true endogenous losses and standard ileal digestibility of Eimeria-infected chickens. In conclusion, increasing E.
maxima infection severity linearly reduced body weight gain, intestinal integrity, and ileal digestibility of amino acids,
and increased endogenous losses in broiler chickens. This study validates that E. maxima poses detrimental impacts
on gut health and nutrient digestibility, leading to retardation in growth in a dose-dependent manner.
KEYWORDS: Coccidiosis, Eimeria maxima, Endogenous loss, Digestibility, Intestinal integrity .
CURRENT CATEGORY: Immunology, Health and Disease
PRESENTER: Po-Yun Teng
1
1
1
1
AUTHORS (FIRST NAME, LAST NAME): Po-Yun Teng , Janghan Choi , Sudhir Yadav , Yuguo H. Tompkins , Woo
1
K. Kim
INSTITUTIONS (ALL):
1. Department of Poultry Science, University of Georgia, Athens, GA, Georgia.

FINAL ID: 64
TITLE: Changes in the mRNA abundance of the stem cell marker gene Olfm4 following a mild Eimeria acervulina and
E. maxima challenge in broiler chickens
Abstract Body: Infection with the protozoan parasite Eimeria causes the economically devastating disease
coccidiosis, which is characterized by gross tissue damage and inflammation resulting in blunted villi. Previous
studies have shown that Eimeria infection induces crypt lengthening, which is likely to compensate for damaged villi,
but no study has evaluated stem cell expression during this time . Two studies were conducted with 21-day old broiler
chickens challenged with a mild dose of oocysts (100,000 E. acervulina or 1,000 E. maxima) or sham infected with
sterile water. Duodenal or jejunal samples were collected from the E. acervulina or E. maxima groups, respectively,
and their respective controls on the day of infection (0), 3, 5, 7, 10, and 14 days post-infection (dpi). The objective of
these studies was to characterize the change in intestinal morphology during a mild Eimeria infection. Villus height
(VH) and crypt depth (CD) were measured on bright field microscopy images following in situ hybridization for
Olfactomedin 4 (Olfm4) mRNA using the RNAscope methodology. The mRNA abundance of Olfm4 was quantified by
qRT-PCR and the results were analyzed by infection status using a t-test. Intestinal morphology data were analyzed
using the non-parametric Welch’s unequal variances test. In the E. maxima study mRNA abundance of Olfm4 was
upregulated at 5 dpi (P = 0.017); while it was unchanged throughout the E. acervulina study. In the E. acervulina
study infected birds had shorter VH than uninfected birds at 5, 7, and 10 dpi (P < 0.001). In the E. maxima study
infected birds had shorter VH than uninfected birds at 5 and 7 dpi; however, at 14 dpi infected birds had greater VH
than the uninfected birds (P < 0.01). In contrast, in both studies infected birds had consistently increased CD. In the E.
acervulina study, CD increased starting at 3 dpi and continued through 14 dpi (P < 0.001); while in the E. maxima
study CD only significantly increased at 5 dpi (P = 0.02), with a non-significant increase in CD from 3 to 14 dpi.
Interestingly, there was not a comparable increase in Olfm4 mRNA abundance consistent with the increase in Olfm4
expressing stem cells in the crypt as determined by in situ hybridization in the E. acervulina study. Further work is
needed to clarify the relationship between the Olfm4 mRNA quantification and in situ hybridization results. The
expanded area of the Olfm4-expressing cells in the crypt is similar to the previously observed increase in the CD. This
may provide an increase in stem cell populations to ensure an adequate supply of progenitor cells to replace damaged
villus cells.
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FINAL ID: 65
TITLE: Effects of Eimeria challenge on performance, body composition, and intestinal health of Hy-Line W-36 pullets
Abstract Body: The current experiment was aimed to investigate the effects of Eimeria challenge on performance,
body composition, and intestinal health of Hy-Line W-36 pullets. A total of 540, 16-d old pullets were randomly
allocated into five treatment groups with six replicate cages, including a non-challenged control group. A mixed
Eimeria species solution containing 50,000 E. maxima, 50,000 E. tenella and 250,000 E. acervulina oocysts per mL
was prepared and challenged to one group as a high-dose treatment. The 2-fold serial dilution was done to prepare
the medium-high (25,000 E. maxima, 25,000 E. tenella and 125,000 E. acervulina), medium-low (12,500 E. maxima,
12,500 E. tenella and 62,500 E. acervulina), and low (6,250 E. maxima, 6,250 E. tenella and 31,250 E. acervulina)
dose treatments and inoculate the three remaining groups, respectively. Growth performance, daily feed intake (FI)
and mortality were calculated from 0-14 d post-infection (DPI). Dual Energy X-ray Densitometry was used to measure
the body composition of pullets on 6 DPI. Gastrointestinal permeability (GP) was measured on 3, 5, 6, 7 and 9 DPI
using fluorescein isothiocyanate dextran, whereas intestinal lesion scoring was done on 6 DPI. Data analyses for
growth performance, body composition and GP were performed using one-way ANOVA. In contrast, the KruskalWallis test was used for lesion score and split-plot in time for FI. A significant level was set at P≤0.05, and means
were separated using Tukey HSD. The results indicated a significant linear reduction in average body weight (BW;
P=0.016) and body weight gain (BWG; P=0.011). The body composition of birds (tissue weight, muscle weight, bone
mineral density, and bone mineral content) linearly decreased with the increase in oocyst concentration (P<0.0001).
An interaction between treatment and DPI was observed for FI (P<0.0001). Feed intake significantly dropped from 4
DPI and did not recover until 12 DPI in the challenged groups. The lowest FI for each of the challenged groups was
observed on 5 DPI. Gastrointestinal permeability increased linearly, peaking at 5 DPI and recovered back to normal by
9 DPI on challenged groups. The intestinal lesion scores were higher in the challenged groups than the control
(P<0.05); however, no significant differences were observed among the challenged groups. The highest mortality was
observed in pullets challenged with the high dose followed by the med-high dose (P<0.0001) on 5 DPI. It can be
concluded that the mixed Eimeria challenge linearly reduced the BW, BWG, and altered body composition of pullets
with an increase in oocyst concentration. A severe effect of Eimeria on intestinal health might be observed on 5 DPI
as suggested by GP and mortality results.
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FINAL ID: 66
TITLE: Reduced bone formation and increased bone resorption drive bone loss in Eimeria infected broilers
Abstract Body: Coccidiosis is one of the most economically important diseases in the global poultry industry. It can
cause intestine damage, lead to malnutrition and immune system activation, resulting in poor growth in chickens.
However, little is known about the mechanism of bone defects caused by coccidiosis. To investigate this, a total of
400, day-old male Cobb 500 broilers were randomly allocated into 4 treatment groups: 1) an uninfected control
consuming ad libitum diet; 2) a minor infected group; 3) a severely infected group; 4) and an uninfected pair-fed group
consuming the same amounts of feed eaten by the severely infected group. Both infected groups were orally gavaged
4
4
with different concentrations of sporulated Eimeria oocysts (1.25×10 oocysts of E. maxima,1.25×10 of E. tenella
4
4
4
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and 6.25×10 of E. acervulina for minor infection; 5×10 oocysts of E. maxima, 5×10 of E. tenella, and 2.5×10 of E.
acervuline/mL for severe infection) on day 14. Growth performance was recorded from day 14 to 28. Blood serum, leg
bone, and bone marrow were collected on day 21. Chicken bone parameters were analyzed by µCT, blood serum was
collected for the bone resorption parameters, and bone marrow was used for the expression of key osteogenic and
osteoclastogenic genes by real-time RT-PCR. Histological analyses including calcein labeling and tartrate-resistant
acid phosphatase staining (TRAP) were used for the detection of bone formation and resorption rate, respectively.
Body composition was measured by dual-energy x-ray densitometry on day 28. One-way ANOVA was performed, and
means were compared by Tukey’s test. Birds infected with a high dose of Eimeria displayed a decrease in growth
performance (p<0.05), feed intake (p<0.05), fat content and fat percentage (p<0.05), bone mineral content (p<0.05)
and bone density (p<0.05), compared with the control group. Calcein labeling and mRNA expression also revealed
that Eimeria infection significantly decreased osteogenesis and bone growth rate, indicating suppression of bone
formation. Meanwhile, TRAP staining and serum RANKL ELISA assay (p<0.05) showed an increase in bone
resorption. Interestingly, by comparing RANKL/OPG ratio, different levels of coccidiosis infection showed dissimilar
effects on bone growth and bone resorption, indicating that different mechanisms might be involved in regards to bone
remodeling status. Taken together, our studies demonstrated that coccidiosis-induced bone loss in broilers is
associated with both decreasing bone growth and increasing bone resorption, providing a better insight into bone
remodeling during internal parasitic infections in poultry.
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FINAL ID: 67
TITLE: Effects of different methionine to cysteine ratios on the growth performance, gut health, and body composition
of broilers challenged with Eimeria spp.
Abstract Body: This study was conducted to investigate the effect of different methionine (MET) to cysteine (CYS)
ratios in the growth performance, gut health, and body composition of broilers challenged with Eimeria spp. A total of
720 fourteen-day-old male broilers were randomly distributed in a 5×2 factorial arrangement (6 replicates/ 12 birds).
Five MET: CYS ratios (T1,100:0; T2, 75:25; T3, 60:40; T4, 25:75; and T5, 0:100) and two challenges (PBS and mixed
Eimeria spp.) were the main effects. On day 14, the challenged group (CG) was gavaged with 25,000 E. maxima,
25,000 E. tenella, and 125,000 E. acervulina sporulated oocysts, and the non-challenged group (NCG) was gavaged
with PBS. Daily feed intake was recorded after challenge. On 5 day post-infection (DPI), intestinal permeability was
measured. On 6 and 9 dpi, growth performance was recorded. On 9 dpi, the body composition was determined by
dual energy x-ray absorptiometry (DEXA). Data were analyzed by two-way ANOVA and Duncan's multiple range test.
The NCG had significantly better (P<0.01) growth performance than the CG. The body weight (BW), feed intake (FI),
and body weight gain (BWG) linearly decreased (P<0.01), and feed conversion ratio (FCR) increased (P < 0.01) in the
NCG as the MET: CYS ratio decreased on both 6 and 9 dpi. For the CG, on dpi6, there was no significant difference in
growth performance among treatments. On dpi 9, only BW, FI, and BWG of T5 were significantly lower (P<0.01) and
the FCR was higher (P <0.01) than the other groups. There were significant interactions of main effects (P<0.05) for
BW, FI, and BWG on both time points. For the body composition, the NCG had significantly higher (P<0.01) bone
mineral density (BMD), bone mineral content (BMC), fat, and muscle percentage than the CG. There was no
significant difference in BMD in the NCG. However, in the CG, the BMD is significantly higher (P<0.01) in T4
compared to T1 and T3. In the NCG, T2 had higher (P<0.01) BMC than T4 and T5, while in the CG, T5 had
significantly higher (P<0.01) BMC compared to T1. The fat and muscle percentages of the NCG did not differ among
treatments. In the CG, T5 had significantly higher (P<0.01) fat percentage but lower (P<0.01) muscle percentage than
T3. In conclusion, the growth performance was adversely affected as the MET: CYS ratio decreased while the body
composition was largely unaffected when the broilers were not infected with Eimeria. The impact of changing MET:
CYS ratio on growth performance was gone or less severe while a significant effect on body composition was
observed during the infection period of Eimeria, suggesting that MET: CYS ratio plays critical roles in modulating body
composition and nutrient partitioning during coccidiosis.
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FINAL ID: 68
TITLE: Reassessing the effects of Eimeria spp. infection on broiler performance
Abstract Body: Eimeria infections compromise animal welfare and reduce the productivity of poultry sector. This
meta-analysis was developed to reassess the effect of Eimeria spp. on broiler growth performance. Methods of
systematic review were used to access studies published in scientific journals from 2000 to 2020 reported
performance of broilers from 1 to 50 days old subjected to an experimental challenge by Eimeria spp. (excluding
vaccines). Data of 131 articles (162 experiments and 46,354 birds) were included in the database (1,970 lines) and
coded to limit the studied effect to the Eimeria inoculation (excluding any special condition, such as medication or feed
additive supplementation). Results were analyzed as raw data, when control and challenged groups were compared
by variance analysis using mixed models with fixed effect of challenge and random effect of study. The percentage of
response to the challenge was calculated (Δ%) and the relationship between the variations in average daily feed
intake (ADFI) (Δ%FI) and average daily gain (ADG) (Δ%G) was studied by correlation and regression analysis.
Broilers challenged by Eimeria spp. reduced ADFI by 6%, ADG by 20%, and gain to feed (GF) by 11% (P<0.001).
Whatever the type of challenge (whole database, type of Eimeria species, or pool of species) showed highly
significant effects. Only the challenge by E. maxima did not influence ADFI. The greatest impairment in broiler
performance was found for pool challenge in case of ADFI (-9%) and for E. maxima in ADG (36%) and GF (15%)
responses. The Δ%G showed a linear relationship with Δ%FI. The correlation between Δ%G and Δ%FI caused by
Eimeria challenge was high (r=0.705; P<0.05). When simulating a scenario without changes in ADFI (i.e., Δ%FI was
set to zero in the equations), the Δ%G was estimated to be 6% for the overall database, 4% in challenges caused by
E. acervulina, 17% for E. maxima, 4% for E. tenella, and 5% for pool of Eimeria. These reductions represented 32% of
total ADG impairment for the overall database, 23% for E. acervulina, 65% for E. maxima, 18% for E. tenella, and 26%
for pool of Eimeria spp. These results are very important since the relationship between ADFI and ADG impairment
are very difficult to quantify in conventional experimental designs. The provided information are also useful to further
understand the effects of health challenges in the nutritional requirements used for animal maintenance.
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FINAL ID: 69
TITLE: Cloning bile salt hydrolase to deconjugate bile acids for potentially intervening necrotic enteritis
Abstract Body: Huge economic loss in the poultry industry is caused by Clostridium perfringens and coccidia
infection-induced necrotic enteritis (NE). Dietary deoxycholic acid (DCA) of a secondary bile acid reduces NE, but with
the accumulation of less effective conjugated tauro-DCA (TDCA). Bile salt hydrolase (Bsh) produced by gut microbiota
catalyzes deconjugation of bile acids. We hypothesized that Bsh increased deconjugated DCA to enhance NE
reduction. In this study, based on literature and NCBI database search, bacteria expressing Bsh were examined with
DCA precipitation assay using TDCA (0.3, 0.2, or 0.1%) plates at pH 6 supplemented with 0.01, 0.02, or 0.03% CaCl
2
. The bsh genes were PCR-amplified and Sanger-sequenced. The bsh genes were then cloned into protein
expression plasmid pET 28a as pET-bsh. After transformed pET-bsh into E. coli DH5a and BL21 for amplification and
protein expression, Bsh protein was His-tag purified and analyzed by Dot-Blot, SDS-PAGE, and DCA precipitation
assays. As a result, we have identified Bsh-expressing bacteria, including two non-pathogenic bacteria
Bifidobacterium longum and Lactobacillus johnsonii. L. johnsonii and B. longum anaerobically grew colonies
surrounded with precipitation zones on plates with 0.2% TDCA and 0.03% CaCl2. Interestingly, no precipitation zone
around colonies was observed when L. johnsonii grew aerobically. The bsh genes from both L. johnsonii and B.
longum had a similar length of around 1000 bp. Upon Sanger-sequenced the PCR products, the sequences were
confirmed the same as in the NCBI database and slightly different between each other. After transformed and
expressed pET-bsh in BL21, Bsh protein was isolated using a His-tag purification kit. Bsh was verified by Dot Blot
assay, showing darker black dot from the expressed samples compared to light black dot from the control sample. In
addition, Bsh was subjected to SDS-PAGE, and Coomassie Blue staining showed strong bands around 32 kDa, the
same size as Bsh. To evaluate the function of the expressed Bsh, the protein was examined on plates with 0.2%
TDCA and 0.03% CaCl2, showing crystallized DCA in the path of Bsh solution compared to nothing in elution buffer
only. Furthermore, TDCA in the presence of the Bsh reduced C. perfringens growth in vitro compared to without Bsh.
We are cloning the bsh genes into Bacillus subtilis for chicken experiments. In conclusion, bsh genes from L. johnsonii
and B. longum were functional to deconjugate bile acids and enhanced TDCA to reduce C. perfringens in vitro growth.
Bsh proteins have the potential to enhance NE prevention in chickens fed DCA diet.
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FINAL ID: 70
TITLE: Comparative efficacy of modern grain sorghum for the control of necrotic enteritis caused by Clostridium
perfringens in broiler chickens
Abstract Body: Alternative feedstuffs are of interest to reduce the dependence on corn in poultry diets, thereby,
alleviating pressure on corn production and potentially improving animal-production efficiencies. Modern U.S. grain
sorghum, which is 99% tannin-free, is one alternative feed ingredient due to its nutritional equivalency to corn. Its
abundance of polyphenolic compounds associated with antimicrobial function may have direct impacts for control of
common poultry intestinal diseases like coccidiosis and necrotic enteritis (NE). A 28d battery cage study was
conducted to test the efficacy of modern grain sorghum varieties (red/bronze, white/tan and U.S. No. 2 yellow) fed to
Cobb 500 male broiler chickens (n = 512) and challenged with E. maxima and C. perfringens. All birds were fed 1 of 4
treatments (corn, red/bronze sorghum, white/tan sorghum or U.S. No. 2 yellow sorghum) and were grouped by
challenge method (challenged with E. maxima/C. perfringens or unchallenged). On day 14, birds in the challenge
group were orally inoculated with ~5,000 oocysts of E. maxima and on days 19, 20, and 21, birds were given a culture
of C. perfringens once daily. On day 21, 3 birds were removed, examined, and scored for the degree and presence of
necrotic enteritis lesions. Birds (8 birds/cage and 8 cages/treatment) and feed were weighed on days 0, 14, 21, and 28
to calculate average feed intake (FI), body weight gain (BWG) and feed conversion ratio (FCR). Data was analyzed as
a 2-way ANOVA with factors of treatment, challenge method and their interaction. On day 21, FCR was improved for
birds fed standard corn and white/tan sorghum treatments (P<0.05) than those fed red/bronze sorghum, while U.S.
No. 2 yellow was intermediate. BWG was highest for standard corn, white/tan and U.S. No. 2 yellow treatments
(P>0.05) compared to red/bronze. NE lesions on day 21 were observed in standard corn and white/tan compared to
no observable lesions in red/bronze (P<0.05), while U.S. No. 2 yellow treatment was intermediate. No significant
differences were observed among treatments for 1-28 d BWG and FI. This study demonstrated that birds fed corn and
white/tan sorghum treatments had similar performance. Also, red/bronze grain sorghum reduced intestinal lesions of
broilers challenged with E. maxima and C. perfringens.
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FINAL ID: 71
TITLE: Genomic analysis of avian pathogenic Escherichia coli (APEC) isolated from broiler chickens
Abstract Body: Avian pathogenic Escherichia coli (APEC) causes colibacillosis. This disease is responsible for
significant economic losses in the poultry industry and is one of the leading causes of morbidity and mortality in
chickens. There is limited information about the virulence genotype of the APEC strain due to its complex and diverse
serogroup. The main objective of this study was to characterize the genomic sequences of APEC strains isolated from
different organs of broiler. The whole-genome sequence (WGS) was performed using Next Generation Sequencing
approaches including Oxford Nanopore long read and Illumina short read sequencing methods. The genome sizes for
MS1011, MS1085, MS1118, and MS1274 were 4,881,344 bp, 6,045,026 bp, 5,125,887 bp, and 5,007,825 bp,
respectively whereas their number of predicted coding sequences (CDs) were 4,308, 5,405, 4,469, and 4,325,
respectively. The antimicrobial resistance genes (AMRs) were analyzed using the Resistance Gene Identifier (RGI)
web portal. The results showed that MS1118, MS1274, MS1011, and MS1085 consisted of 12, 15, 23, and 11
resistance genes. All four APCE isolates carried multiple AMRs conferring resistance to tetracycline, fluoroquinolone,
and macrolide, which are widely used by the poultry industry. The serotype of MS1118, MS1011, MS1274, and
MS1085 was O5:H10, O8:H11, O134:H21, and O178:H11, respectively. Among O-antigen, O5 and O8 are most
common in poultry, which helps to determine the pathogenic potential of APEC. The virulence factors (VFs) were
analyzed using the Virulence Factor Database and MS1118, MS1011, MS1274, and MS1085, contained 31, 30, 46,
and 85 VFs, respectively. Whole-genome analysis of these avian pathogenic E. coli isolates from our study disclosed
a diverse range in genetic composition, AMRs, serotyping, and virulence genes. This information can be used to
discover genetic features that allow us to better understand the role virulence and resistance genes play in
colibacillosis, while also allowing for the development of strategies to prevent this disease in the future.
KEYWORDS: Antimicrobial resistance genes, avian pathogenic Escherichia coli, poultry, virulence factor, Wholegenome sequencing.
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FINAL ID: 72
TITLE: Molecular characterization of virulence and antimicrobial resistance genes in avian pathogenic Escherichia
coli isolated from poultry having colibacillosis
Abstract Body: Avian pathogenic Escherichia coli (APEC) causes colibacillosis, resulting in significant economic
losses to the poultry industry worldwide. Numerous virulence genes are responsible for the presence of extraintestinal
pathotypes of E. coli in chickens, causing the disease colibacillosis. The role of virulence genes in pathogenesis is not
yet clearly understood. Thus, this study aimed to characterize typical virulence factors and antimicrobial resistance
patterns of APEC isolates from broiler chickens affected by colibacillosis. A total of 102 E. coli isolates were isolated
from visceral organs of chickens with typical lesions of colibacillosis. Samples were cultured on MacConkey agar
overnight at 37°C, and suspect bacterial colonies were further isolated on LB agar. E. coli isolates were confirmed by
polymerase chain reaction (PCR). Positive isolates were screened for the APEC-related genes iroN, ompT, hlyF, iss
and iutA, and E. coli isolates containing one or more of these genes were identified as APEC-like strains. Prevalence
of tested virulence genes was iroN (76.5%), ompT (77.5%), hlyF (77.5%), iss (76.5%) and iutA (76.5%). Seventy-one
isolates (69.6%) carried all five virulence-associated genes. FumC and FimH based – (CH) typing was conducted by a
web tool called CHTyper, and C13:H1507 was observed in 33 isolates (32.4%). Twenty-four antimicrobial resistance
(AMR) genes were tested by PCR. The resistance gene against tetracycline (tetA) was the most frequently found in 72
isolates (70.6%), followed by aminoglycoside (aph31A) in 59 isolates (57.8%) and quaternary ammonium compound
(qacEΔ) in 33 isolates (32.4%). Of all the tested heavy metal resistance genes, arsC was the most abundant in APEC
isolates (88 isolates, 86.3%). The results revealed that 11.8% of APEC isolates carried AMR genes encoding
resistance to three or more different classes of antimicrobial agents. In conclusion, APEC strains isolated in this study
showed a high prevalence of virulence genes and AMR genes. These findings will help characterize APEC more
comprehensively and provide important information to better understand its pathogenesis in poultry.
KEYWORDS: Avian pathogenic Escherichia coli (APEC), antimicrobial resistance, colibacillosis, poultry, virulence.
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FINAL ID: 73
TITLE: Inflammatory and antibody responses to intradermally administered autogenous Salmonella vaccine isolates
and content-matched Salmonella lipopolysaccharide
Abstract Body: Information on cellular immune system activities to Salmonella vaccines (SV) is limited. Using the
growing feather (GF) pulp as a test-tissue, the local inflammatory response to intradermally (i.d.) injected test-material
can be monitored in an individual. The objective of this study was to determine the local cellular- and systemic
humoral-immune responses initiated by GF pulp injection of two autogenous, heat-killed SV (SV1 and SV2) and S.
enteritidis (SE) LPS. For this, GF of 14-wk-old Light-brown Leghorn pullets were injected with either SV1, SV2, LPS,
or vehicle (oil emulsion); 10 μL per GF, 20 GF per bird, 4 birds per treatment. Injected GFs were collected before (0 h)
and at 6, 24, 48, and 72 h post-injection for leukocyte population analysis by fluorescence activated flow cytometry.
Heparinized blood was sampled before (0 d) and at 3, 5, 7, 10, 14, 21, and 28 d post GF-pulp injection. Relative
plasma levels (a.u.) of SE-specific IgG, IgM, and IgA were determined by ELISA. There were no treatment differences
(P = 0.663) for total leukocyte levels (% pulp cells). Leukocyte-infiltration was highest at 6 h, declining gradually to
above pre-injection levels by 72 h (main effect means 2.3, 40.7, 28.7, 18.0, and 14.0 % at 0, 6, 24, 48, and 72 h,
respectively; SEM = 2.3; P < 0.001). There were no differences between SV1 and SV2 in the proportions of
heterophils, macrophages, T- and B-cells in the pulp at any time-point. LPS had the highest, and vehicle the lowest,
heterophil infiltration. However, vehicle recruited much greater numbers of T- and B-cells than the other treatments (P
< 0.001). Pulp injection of SV1 or SV2 resulted in SE-specific IgM, IgG, and IgA production, with the highest plasma
levels for IgM, followed by IgG and IgA. IgM levels were maximal at 5 d, remained at this level until 15 d for SV2 and
21 d for SV1 before declining. IgG reached maximal levels by 10 d for SV2 and 14 d for SV1 and remained near peak
levels thereafter. IgA increased similarly in SV1- and SV2-treated pullets with maximal levels maintained from 7 d to
21 d. For LPS, IgM levels were elevated at 5 d to 14 d, with peak levels lower than those with SV1 and SV2 (P ≤
0.05). LPS did not result in SE-specific IgG and IgA. Vehicle did not affect circulating levels of SE-specific IgM, IgG,
and IgA (P > 0.05). Analyses of samples from two-repeat studies are underway. Simultaneous examination of local
inflammatory and systemic humoral responses to a primary i.d. administration of SV or SE-LPS provided important
new knowledge about the immunostimulatory effects of bacterial vaccines that may lead to protective-, and in some
cases pathological-, responses to intracellular pathogens like Salmonella.
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FINAL ID: 74
TITLE: Primary and recall immune responses to autogenous Salmonella vaccine or Salmonella lipopolysaccharide
administration in Light-brown Leghorn pullets
Abstract Body: Salmonella vaccination is extensively used in poultry management to ensure food safety and bird
health. However, information on cellular and humoral immune responses to Salmonella vaccines is limited. The
objective of this study was to analyze the antibody and cellular responses to primary and secondary Salmonella
vaccinations. Specifically, 14-wk-old Light-brown Leghorn pullets were vaccinated s.c. with 0.5 mL of autogenous
Salmonella vaccines (SV1 or SV2), S. enteritidis (SE) lipopolysaccharide (LPS), or vehicle (V) to initiate a primary
nd
response (4 birds/treatment). Birds received the 2 vaccination 4-wks later by injecting the respective treatments i.d.
into the pulp of growing feathers (GF; 10 μL/GF, 20 GF/bird). Heparinized blood was collected before (0 d) and at 3, 5,
st
nd
7, 10, 14, 21, and 28 d after the 1 and 2 vaccination. Relative SE-specific IgG, IgM, and IgA antibodies in plasma
were quantified by ELISA. To examine the local cellular response, GF were collected before (0 d) and at 0.25, 1, 2, 3,
5, and 7 d post-GF injection for leukocyte populations analysis by flow cytometry. Antibody and GF data were
analyzed by a two-way ANOVA. For the primary and recall immune responses, SV1 and SV2 yielded the highest SEspecific IgM levels by 10 d and LPS by 5 d. For SV1 and SV2, maximal IgG levels were reached at 14 d and 7 d for
the primary and recall responses, with much higher levels observed during the recall response. IgA levels increased
with SV1 and SV2 during the primary response but were not affected in the recall response. LPS did not induce IgG or
IgA, while V did not stimulate IgG, IgM, or IgA production. There was a time effect (P<0.05) but no treatment effect on
leukocyte, heterophil, and macrophage levels (% pulp cells) in injected GF-pulps of sensitized chickens. Leukocyte,
heterophil, and macrophage levels were elevated between 0.25 d and 3 d (P<0.05). Among infiltrating leukocytes,
lymphocytes were the least abundant with SV1, SV2, and LPS injection. However, V injection resulted in T- and B-cell
recruitment with greatly elevated (P<0.01) levels of CD4+ and γδ T cells at 0.25 d post-GF injection. In summary, the
quantitative, qualitative, and temporal characteristics of the humoral response to SV1 and SV2, with isotype switch to
IgG and a memory phenotype, are as expected with T-dependent antigens. The local inflammatory response profile to
Salmonella in GF of sensitized chickens differs from that reported for Mycobacterium butyricum (Erf & Ramachandran,
2016) where T lymphocytes dominated the infiltration response. Therein, Gram-negative and Gram-positive bacteria
generate different cellular immune system activities in an immunized host.
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FINAL ID: 75
TITLE: Glucosinolate containing ingredients (rapeseed and canola meal) and glucosinolate metabolite (AITC) as
potential antimicrobials: Effects on growth performance, and gut health in Salmonella Typhimurium challenged broiler
chickens
Abstract Body: Poultry is the major source of foodborne salmonellosis. Antibiotic resistance and a surge in zoonotic
diseases warrant the use of natural alternatives. Glucosinolates (GLs) are naturally occurring antimicrobial
compounds in rapeseed and canola. This study investigated the effect of feeding rapeseed, canola meal, and allyl
isothiocyanate (AITC; Brassica secondary metabolites) on growth performance (GP), gut health and the potential
NR
antimicrobial activity against nalidixic acid-resistant Salmonella Typhimurium (ST ) in chickens. A total of 640 oneday old male Cobb 500 broilers were randomly allocated to 8 treatments with 8 replicated cages and 10 birds per
cage. Dietary treatments were non-challenge control (NC, corn-SBM based), challenge (Salmonella) control (CC),
10% rapeseed (10RS), 30% rapeseed (30RS), 20% canola meal (20CLM), 40% canola meal (40CLM), 500 ppm AITC
NR
(500AITC) and 1,500 ppm AITC (1500AITC). On d 1, all the birds except NC were orally challenged with ST
(ca. 7
log CFU/ bird). The chickens were reared for 21 d, and their FI and BW were recorded weekly. Salmonella cecal
NR
colonization and fecal shedding were quantified whereas organ translocation (OT) of ST
to the spleen, liver, and
kidney was tested (1 bird/cage) on 0, 3, 6, 13, and 20-d post-challenge (dpc). Data were subjected to one-way
ANOVA and the means were separated by Duncan’s test, except mortality and OT data analyzed after transformation
by square root of (n +1) (P < 0.05). Overall, feeding 30RS resulted in reduced BW (P = 0.003), BWG (P = 0.003), and
FI (P = 0.001) compared to CC, 500AITC, and 1500AITC. Similarly, feeding 20CLM resulted in lower BW and BWG
compared to CC (P < 0.05) and increased FCR compared to 1500AITC (P = 0.03). Feeding CC resulted in higher
NR
mortality compared to NC and 30RS (P = 0.03). Cecal colonization of ST
was reduced (P < 0.0001) for 30RS on 6
dpc and 500AITC on 6- and 13 dpc (P < 0.0001). Although no difference in gut permeability was observed 6 dpc (P >
NR
0.05), OT of ST
population was the highest for CC in the spleen (P = 0.05). In the liver, 10RS showed reduced OT
compared to 20CLM on 13 dpc (P = 0.03) whereas in the kidney, 30RS showed the lowest OT on 6 dpi. Fecal
shedding was lowest for 30RS on 6 dpc (P = 0.004). Histomorphology showed 30RS had the highest duodenum (P =
0.01) and jejunum (P = 0.02) villus height (VH) and VH to crypt depth (CD) ratio compared to other treatments
whereas 1500AITC showed similar results to 30RS. Both 30RS and 1500AITC contained comparatively higher
functional GL metabolites and were able to maintain gut health. Including higher levels of rapeseed or AITC in poultry
feed can reduce Salmonella populations in the feces and translocation to other organs.
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FINAL ID: 76
TITLE: Horizontal transmission of histomoniasis may be influenced by feed composition and strains of Histomonas
meleagridis
Abstract Body: Histomoniasis is spread by direct contact within turkey flocks. Experimental reproduction of horizontal
transmission (HT) has not been reliable during recent decades. In our area, pre-breeder turkey hens, fed low-nutrientdensity diets, are most affected by Histomonas meleagridis (HM) infections. We compared two strains of HM and two
low-nutrient-density diets, varying in ingredients and nutrient composition, on HT of HM. In exp. 1, day-of-hatch poults
were randomly distributed to either a non-challenged control (NC; n=34) or HT group (n=34; 10 of which were directly
5
challenged - seeders). Intracloacal challenge was performed with a strain of HM (PHL) on day 18 (10
histomonads/poult); poults were fed a low-nutrient-density diet with high levels (20%) of wheat middlings (WM). In exp.
2, two low-nutrient-density feeds were compared after the starter diet (d1-7): a similar WM diet as used in exp. 1 (d738) or a corn-soy based diet (CS). Two strains of HM were tested: Buford (Bu) or PHL. Day-of-hatch poults were
randomly distributed to one of six groups: non-challenged, CS diet (CS-NC); non-challenged, WM diet (WM-NC); HT
with Bu strain and WM diet (Bu-WM); HT with Bu strain and CS diet (Bu-CS); HT with PHL strain and WM diet (PHLWM); or HT with PHL strain and CS diet (PHL-CS). On day 10, 14/45 poults in the HT groups were directly inoculated
5
with 10 HM/poult. Mortality was recorded daily in both experiments. Lesion scores were analyzed using PROC
MIXED procedure (SAS 9.4). Mortality was compared using the chi-square test of independence. In exp. 1, mortality
of the seeder turkeys started on day 39 (21 d.p.i.). On day 44 (26 d.p.i.), all seeders were humanly euthanized and
one contact turkey died. The exp. was terminated on day 52 (34 d.p.i.) and lesions were scored on a scale of 0-3.
From the contacts, 33% had lesions in the ceca and/or liver (7/23). In exp. 2, mortality started 10 and 11 d.p.i. in the
seeder turkeys in the groups Bu-CS and Bu-WM, respectively, and 16 and 21 d.p.i. in the groups PHL-WM and PHLCS, respectively. Mortality of the seeder turkeys was 42.9% in the PHL-CS and PHL-WM groups, 57.1% in Bu-CS,
and 64.3% in Bu-WM (p>0.05). On day 38 (28 d.p.i.), all groups were terminated and lesions in the liver and ceca
were evaluated. In exp. 2, HT was only observed in the PHL-CS, with 23.3% mortality in the contact turkeys and 57%
of the contacts exhibiting lesions. In summary, HT was reproduced in two experiments using low-nutrient-density
diets, although the WM diet did not allow successful HT in exp. 2, suggesting that either subtle differences in diets or
infrequent high-level HM shedding from seeders are responsible for HT of HM. Ongoing investigations will examine
these hypotheses.
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FINAL ID: 77
TITLE: Role of stress factors on histomoniasis disease development and transmission in turkeys
Abstract Body: Histomonas meleagridis infection leads to cecal and liver lesions, severe morbidity, and high mortality
in turkeys. Few studies have researched the stress factors involved in histomoniasis development and transmission.
Two studies were conducted to investigate the role of common stressors during turkey production on histomoniasis
development and transmission between poults. Experiment 1(floor pen trial): 480 one-day-old poults were allocated to
8 treatment groups having 3 replicates of 20 birds each. Treatments consisted of negative control, positive control,
cold stress (15.6 C, for 12 days post-infection (DPI)), 18-hour feed withdrawal (1 DPI, 6 AM-12 PM), transportation
stress (1 DPI transported 2 hours), poor poult quality (24 hour delayed placement), increased electrolyte diet (3.5%
increase), feed additive (butipearl). At 5 weeks, 10 birds in each pen were infected cloacally with 100,00
histomonads/birds, except negative control pens. The trial was terminated 35 DPI. Experiment 2 (battery cages trial):
130 one-day-old poults were allocated to 4 treatment groups having 3 replicates of 10 birds, and 1 negative control
cage. Treatments consisted of negative control, positive control, low protein diet (8% reduction), low protein diet, and
5X vaccine dose consisting of Eimeria adenoids and Eimeria meleagrimitis, low protein diet, and 18-hour feed
withdrawal (1 DPI, 6 AM-12 PM). At 2 weeks, 5 birds in each treatment cage were infected cloacally with 100,000
histomonads/bird, except negative control cages. Poults were terminated 28 DPI. Daily mortality was recorded
throughout experimental periods. Cecal and liver lesions caused by H. meleagridis infection were scored on a 0-4
scale with 4 being the most severe. Data were analyzed using the GLM procedure using SAS (9.4) and means were
separated by Duncan Multiple Range Test with a significant difference being P ≤ 0.05. Significant transmission of H.
meleagridis from infected to uninfected birds was not observed during either experiment. In experiment 1, 18-hour
feed withdrawal and electrolyte treatments had significantly higher cecal (P=0.0094) and liver (P= 0.0046) scores
compared to the rest of treatments. 18-hour feed withdrawal treatment had highest mortality, followed by salt
treatment (P=0.00470). There is no significant different in mortality between the rest of treatments. In experiment 2, 5X
vaccine and 18-hour feed withdrawal treatments had significantly higher mortality than positive control group
(P=0.0243); ceca and liver lesion scores between treatments were not significantly different. Among the factors tested,
feed withdrawal, high electrolytes, and co-infection with 5X cocci vaccine resulted in more severe disease signs at
termination.
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FINAL ID: 78
TITLE: Fructans affects mRNA expression of pro-inflammatory, antiviral, and antibacterial innate immunity genes on
chicken macrophages
Abstract Body: A study was conducted to evaluate the effects of fructans-like fructooligosaccharides (FOS) and inulin
supplementation on innate immune activation in chicken macrophages. Methods: Chicken macrophages (HD-11) cell
5
line were cultured by triplicate at a concentration of 5x10 cells / well in 24 well plates. Macrophages were divided into
three groups: 1. FOS 54.7 ug/100 ul powder; 2. FOS syrup 1 ug/100 ul; and 3. Inulin 35.3 ug/100 ul. This study
evaluates periods of time 12- and 24-hours post-supplementation. The research tested the effect of FOS powdered or
in syrup and inulin supplementation on chicken macrophages gene expression of toll-like receptors (TLR) 2, 4, 3 and
21; macrophage mannose receptor (MMR); adapter molecules TRIF and MyD88; transcription factor NF- B, interferon
k
regulatory factor-7; pro-inflammatory cytokines interleukin (IL)-1b, IL-6, IL-12, IL-17, IL-22 and IFN-g; antiproinflammatory cytokines TGF-β, IL-4, IL-10; antiviral interferon (IFN) type I-β; and antimicrobial ribonuclease
angiogenin 4 (Ang-4). They were used as indicators of immunological cell activation. Gene mRNA expression was
quantified in chicken macrophages using quantitative RT-PCR with SYBR green dye. An ANOVA model was used to
compare the effects of treatment groups, genes, and time on the natural logarithm of Ct values; a pairwise comparison
of marginal predictions for the treatment groups were performed using Tukey’s adjustment. Results TLR-2 and MMR
were not significantly upregulated or downregulated (P > 0.05) at any time or treatment group. However, TLR3, TLR4,
and TLR-21 were significant different (P < 0.05). TRIF was significantly upregulated during the first 12 h of
supplementation in the group 1; in contrast, MyD88 and NF- B shown no differences (P > 0.05) between groups. IRFk
7 was upregulated in group 1 at both sampling times. Expression of IL-1b and IL-6 were upregulated (P<0.05) at 12 h
in group 1, in contrast to IL-12 upregulation (P<0.05) at 24 h. However, IFN-g was upregulate in groups 2 and 3 in
both at 12 and 24 h. IL-10 was significantly upregulated (P < 0.05) at 12 h. Ang 4 was upregulated in group 1 at 12 h.
Conclusion: Fructans-like fructooligosaccharides and inulin supplementation have been shown to improve microbial
balance of the intestinal ecosystem by stimulating the growth of bifidobacterial, lactobacilli and Bacteroides. However,
the supplementation with Fructans was shown to activate the endosomal patterns recognition receptors that modulate
the pro- and anti-proinflammatory balance in chicken macrophages.
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FINAL ID: 79
TITLE: Fecal and serum biomarkers for intestinal inflammation in broiler chickens
Abstract Body: Gut health has been in the focus of the poultry industry for years, specifically driven by the reduction
of antibiotics in poultry production. However, to apply measures and products to improve gut health, the industry
seeks reliable non-invasive biomarker(s) to evaluate intestine status of the flocks and guide interventions. Therefore,
we conducted an experiment to evaluate several proteins as non-invasive biomarkers for gut inflammation in broilers.
We used two models of intestinal inflammation: a chemical model using timed challenges with dextran sulfate sodium
(DSS) and a nutritional model using a high non-starch polysaccharide diet. In the present study, 180 day-of-age
chickens were randomly divided in four treatments: 1) Control (CNT) with no challenge; 2) two cycles of oral-gavage of
0.25mg DSS/ml (25DSS); 3) two cycles of 0.35mg DSS/ml (35DSS); or 4) a high non-starch polysaccharide diet
(NSP) (30% of rice bran). To confirm if the nutritional and/or the chemical challenges produced an intestinal
inflammation histologic analyses were performed at 14, 22, 27 and 36d post-hatch. The proteins assessed as potential
biomarkers were: calprotectin (CALP) and lipocalin (LCN-2) in the feces, moreover ovotransferrin (OVT), and CALP,
LCN-2 and LPS were measured in the serum. All the proteins were quantified with ELISA kits. Data analysis
considered the completely randomized design, variables with non-normal distribution were analyzed by Kruskal Wallis
test, normal distribution data were submitted to ANOVA and means were compared by Tukey and Dunnet’s, and
P<0.05 was considered statistically significant. The three challenged groups presented signs of inflammation under
histologic evaluation as an increase in lamina propria and epithelial thickness, infiltration of inflammatory cells,
congestion, and proliferation of immature enterocytes. CALP concentration in the serum was significantly greater in
35DSS group by 135% compared to CNT at 14d (P=0.036). Calprotectin was the only serum biomarker showing
responsiveness to inflammation. Among the proteins analyzed in the feces, CALP and LCN-2 showed statistical
differences at 28d. The 35DSS broilers showed a greater fecal CALP concentration when compared to the CNT by
24.99% (P=0.0395). LCN-2 was 27.09% higher on the feces of NSP broilers than the CNT (P=0.0075). OVT and LPS
were not observed as potential biomarkers. Thus, LCN-2 may be a promising fecal biomarker for intestinal
inflammation, but most importantly, calprotectin showed the greatest potential as a novel biomarker for poultry
measured both in serum and feces.
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FINAL ID: 80
TITLE: Comparison between the I See Inside methodology and measurement of intestinal villi in broilers
Abstract Body: The extension of the villi surface is positively associated with its absorptive capacity, so the classic
morphometry of the villi has become a traditional tool in animal research. However, this measurement may not be
enough to express all the alterations related to mucosa functionality. The aim of this study was to compare the classic
morphometry of the intestinal villi with the I See Inside (ISI) scoring method. Therefore, 720 male broilers were raised
from 1 to 35 days of age and randomly assigned to the groups non–challenged (NC) and challenged with Eimeria
5
(CH), with 24 pens per group. At 17d, the CH birds received an in-feed inoculation with 2x10 oocysts isolated in the
field. The diet was according to NRC. At 22d, 12 birds per group were necropsied for jejunum sampling and
histological analysis, with both villi morphometry and ISI scoring performed on the same villi. The villi morphometry
was composed by the measurement of villus height (VH), villus width (VW), crypt depth (CD), crypt width (CW), and
the VH:CD relation. For the ISI scoring, the evaluated parameters were lamina propria thickness (LPT), epithelial
thickness (ET), proliferation of enterocytes (PE), inflammatory cell infiltration in the epithelial (IFEP), inflammatory cell
infiltration in the lamina propria (IFLP), increase of goblet cell (GC), congestion (CG) and presence of Eimeria (OOC).
For ISI, each parameter was scored (S) from 0 to 3, according to the extension and intensity, which were multiplied by
the parameter impact factor (IF), which varies from 1 to 3 according to the impact in the villi function. The final ISI
score is = ∑ (IF*S). Data were submitted to the Kruskal-Wallis test (P<0.05). The Spearman correlation’s test was
performed to observe the interaction between the ISI scores with the measurement of the villus (P<0.05). The CH
group presented a higher (P<0.01) ISI total score in comparison to the NC group (16 vs 5.9, respectively) due to LPT,
IFEP, IFLP and OOC. The VH and VH:CD were lower in the CH group (P<0.05), but the VW, CD, and CW
measurements were higher compared with the NC group (P<0.05). The VW had positive correlation with LPT (r=0.59),
ET (r=0.68), PE (r=0.70), IFEP (r=0.56), IFLP (r=0.50) and ISI total (r=0.62). The results suggest that the broader
contact surface in infected villi may result from the increased inflammation by the Eimeria challenge, which may
reduce the intestinal absorption function. In conclusion, a larger contact surface is not necessarily related to better
intestine function, since it might be compromised by inflammatory cell proliferation. The histopathologic scoring is
important to detect biologic differences in treatment groups, providing more information about gut health.
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FINAL ID: 81
TITLE: Changes in Gene Expression in the Intestinal Mucus of Broilers with Woody Breast Myopathy
Abstract Body: Woody breast is a breast muscle myopathy in fast-growing broilers related to oxidative stress, gut
barrier condition, and inflammation. Mucus that covers and protects the gastrointestinal tract is a dynamic system
regulating oxidative stress, gut barrier function, and immune reactions. Previous work has shown that different dietary
treatments affect woody breast incidence differently, indicating that gut condition changes are likely related to woody
breast myopathy. In this study, the effects of dietary supplementation of antibiotics (bacitracin) or a probiotic (Bacillus
subtilis) on gene expression related to oxidative stress, the gut barrier function, and inflammation in the mucus lining
the jejunum of broilers with or without woody breast myopathy was investigated. A split-plot design was used. The
dietary treatments served as a main plot factor with a pen as the main plot unit; woody breast myopathy serves as a
subplot factor, with a bird as the subplot unit. Pens were blocked based on their locations. On d 41, jejunum mucus
was collected from one bird from each pen exhibiting woody breast myopathy and an additional bird exhibiting normal
breast (4 replicates/treatments, total N = 24). Total RNA was extracted using a commercial RNA extraction kit. The
expression level of interferon-gamma (IFN-γ), Interleukin 10 (IL-10), Toll-like receptor 2A (TLR2A), Claudin-1
(CLDN1), superoxide dismutase (SOD), and Mucin 6 (MUC6) were determined by two-step reverse-transcription
quantitative PCR (RT-qPCR) analysis, and the gene expression difference was determined using the relative
quantification (ΔΔCt) method after normalizing with the reference gene (chicken 18S rRNA gene). The fold change of
each gene was analyzed using two-way ANOVA, and the level of significance was set at p ≤ 0.05. There were no
significant interactive effects between diet and incidence of the woody breast on any gene expression. The expression
of SOD decreased in birds fed antibiotic diet compared to birds fed control or probiotic diet (p < 0.0001). Diet
modulation did not affect the expression levels of other genes. Birds with woody breast myopathy showed higher
MUC6 gene expression levels than birds with normal breast muscles (p = 0.0009). No significant expression
differences were found between birds with woody breast myopathy and birds with normal breasts on the other genes.
In conclusion, broiler woody breast myopathy is related to the decreased expression of mucin in mucus, indicating a
correlation between woody breast incidence and a lessening of gel-forming mucin secretion, as well as a reduction in
gut defense function.
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FINAL ID: 82
TITLE: Impact of deoxynivalenol on intestinal explants of broiler chickens: an ex vivo model to assess the efficacy of
an anti-mycotoxin additive
Abstract Body: The impact of deoxynivalenol (DON) upon intestinal tissue of broilers was assessed by using an
Ussing Chamber (UC) with jejunal explants associated with histopathological and immunohistochemical
measurements. This method was also applied to evaluate the efficacy of an anti-mycotoxin additive (AMA) against
DON effects in the intestinal tissue. A total of 12 Cobb 500 male broilers were reared in battery cages and fed a
common diet free of aflatoxins, fumonisins, zearalenone, deoxynivalenol, and T-2 toxin contamination. At day 21, all
birds were slaughtered and four jejunal explants were immediately obtained from each bird (n=48) for the ex vivo
analysis in the UC. The 48 explants were mounted on UC and subjected to four treatments with 12 replicates in a
completely randomized block design, where each bird was considered as block. Treatments were: T1 (control) - buffer
solution (BS) without DON and AMA, T2 - BS + 10 mg/L DON, T3 – BS + 0.5% AMA, and T4 – BS + 10 mg/L DON +
0.5% AMA. After 120 min of exposure in the UC, explants were removed and prepared for the following
histopathological and immunohistochemical measurements: villi number, villi height, crypts diameter, villi height/crypts
diameter ratio, height of apical enterocytes and size of their nuclei, scores of villi integrity and cytoplasmic
vacuolization of enterocytes, and number of apoptotic cells. Statistical analyses were conducted using the software
Statgraphics Centurion XV. Data were submitted to analysis of variance and mean differences among treatments
were compared by Tukey test (P ≤ 0.05). Villi number, villi height, crypts diameter and villi height/crypts diameter ratio
were not different (P > 0.05) among treatments. When compared to the control treatment, DON triggered a reduction
(P < 0.05) on enterocytes size and enterocytes nuclei size as well as an increase (P < 0.05) in the scores of
cytoplasmic vacuolization microvilli integrity. Apoptotic cells count was greater (P < 0.05) in DON-exposed explants
compared to the control. It was observed that the AMA mitigated DON harmful effects, where BS + 10 mg/L DON +
0.5% AMA had lower enterocytes height than the control; however, it was higher than BS + 10 mg/L DON (P < 0.05).
The AMA also preserved the size of enterocytes nuclei, promoted a decrease (P < 0.05) in the score of cytoplasmatic
vacuolization of enterocytes and in the apoptotic cells count. The ex vivo model in association with histomorphometry
demonstrated the impact of DON upon intestinal explants of broilers as well as the efficacy of an AMA in combating
some damaging effects on tissue integrity.
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FINAL ID: 83
TITLE: Role of Autophagy Machinery Dysregulation in Bacterial Chondronecrosis with Osteomyelitis
Abstract Body: Autophagy has proven to be a significant mechanism for cell survival as well as death. The conflicting
nature of the autophagy mechanism means its function or dysfunction has been implicated in both disease states and
physiological maintenance. In the case of bacterial infections, it is both a mode of defense via foreign identification
and degradation and a means of bacterial proliferation and consequential cell death via manipulation or repression of
autophagy machinery. In regards to physiological maintenance, autophagy is critical to proper cell differentiation and
proliferation in bone during both growth and healing. It is for these reasons we hypothesized that autophagy could play
a role in the pathogenicity of bacterial chondronecrosis with osteomyelitis (BCO). To test this hypothesis, bone
samples were taken from non-lame, male broilers raised on clean, shaved-wood litter exhibiting no BCO lesions and
lame, male broilers reared on the wire floor model developed by Wideman et al. 2012 exhibiting BCO lesions
o
(n=10/group). The samples were snap frozen in liquid nitrogen and stored at -80 C until further analysis. Gene
expression of healthy and BCO-affected birds was analyzed via real time quantitative PCR. Data were analyzed by
one-way ANOVA or Student’s t-test, as appropriate. Significance was set at P<0.05. To test whether bacterial
manipulation was the cause of autophagy dysregulation, human fetal osteoblast cells (hFOB) were challenged with
the BCO causing strain Staphylococcus agnetis 908. Cells were grown to 80% confluency, treated with S. agneits 908
at an MOI of 50:1, along with untreated controls.. Protein from both cells and tissue was analyzed via Western Blot
analysis on 10% acrylamide gels. Image acquisition and analysis were performed by AlphaView software. BCO
affected bone showed decreased mRNA and protein expression of key autophagy markers such as LC3, ATG3 and
ATG7. Challenged hFOB cells also showed decreased cell viability and decreased protein expression of autophagy
machinery and regualtors. Global knockdown of autophagy via two different pharmacological inhibitors, 3Methyladenine and Chloroquine, resulted in similar cell viability decrease as seen in bacterially challenged cells.
These results suggest that bacterial infection induces bone attrition via dysregulation of autophagy machinery.
Key words: autophagy, osteomyelitis, broiler, lameness, bacterial chondronecrosis, autophagy dysregulation
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FINAL ID: 84
TITLE: Generation of Chicken anti-Human Rotavirus Recombinant Monoclonal Antibodies Using Single B-cell Sorting
Abstract Body: Rotavirus is the leading cause of severe gastroenteritis in infants and young children. One of the
primary structural features of human rotavirus (HRV) is the VP4 spike protein. Cleavage of VP4 by trypsin is required
for host cell attachment and subsequent infection. In a previous study, we generated high titer, neutralizing egg yolk
anti-HRV antibodies capable of preventing rotavirus infection in vitro. The aim of this study was to generate monospecific, neutralizing recombinant chicken monoclonal antibodies directed against each of three HRV-neutralizing
epitopes found on the VP4 spike protein. We expect that these monoclonal antibodies will exhibit increased HRV
neutralizing activity and can be produced in a scalable recombinant antibody expression system. Single B-cell cloning
was used to develop the antibody, a technology that has yet to be used in the production of therapeutic monoclonal
antibodies in chickens. Peripheral blood mononuclear cells (PBMCs) were isolated from white leghorn hens
hyperimmunized with electron beam inactivated HRV particles. Chicken B-cells were sorted by flow cytometry using a
fluorescently labeled antibody against chicken IgY and three synthetic, biotinylated peptides derived from neutralizing
regions of the rotavirus spike protein. Single B-cells were maintained in vitro in the presence of chicken CD40 ligand
and IL-4 for one week before screening for HRV-specific antibody secretion by ELISA. RNA was isolated from positive
B-cell clones using the Zymo Mag-Bead RNA Isolation kit and used to generate cDNA. The variable regions of the
chicken heavy (VH) and light (VL) chain were amplified using gene specific primers. The VH and VL amplicons were
cloned into the Zero Blunt II Sequencing vector for sequence analysis. Once productive VH and VL sequences were
obtained, the amplicons were ligated into the pcDNA3.1 vector using a HiFi Assembly kit for expression of the
complete antibodies in CHO cells. Three unique antibody sequences incorporating different V-genes were obtained by
single B-cell sorting, each directed against one of three spike protein neutralizing epitopes. The antibodies were
correctly assembled and expressed for use in future in vitro HRV neutralization studies.
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FINAL ID: 86
TITLE: Evaluation of the trade-off between molt and innate immunity in laying hens
Abstract Body: For poultry, there are a variety of nutritionally costly life stages that must be balanced with the costs of
the immune system. The process of molt is known to be expensive in terms of nutrient requirements due to the
metabolic costs associated with producing high quality feathers quickly. The trade-offs between investments in selfmaintenance (e.g. immunity, antioxidant defenses) and other processes have been shown to be important during both
growth and reproduction, but less is known about the relationship between molt and immunity. The objective of this
study was to use chickens (Gallus gallus domesticus) to clarify the impacts of molt on nutritional investment in
immunity during a lipopolysaccharide (LPS) challenge to the innate immune system. We hypothesized that chickens
undergoing molt are likely to have a lower inflammatory response to LPS compared to the other treatment groups.
Four treatment groups (n = 7) were used: 1) No molt control 2) No molt control + LPS challenge 3) Molt and 4) Molt +
LPS challenge. To induce molt, laying hens were shifted from a long-day schedule to a short-day schedule over the
course of a week and administered oral thyroxine at a dose of 1.25 mg/kg of body weight. An intraperitoneal injection
of LPS (1.5 mg/kg) was administered three weeks after the onset of molt. Four hours after the LPS injection; liver,
spleen, thymus, and blood samples were collected for evaluation of cytokines using qPCR. Analysis of variance
(ANOVA) was used to calculate the effect of molt status, body weight and LPS injection on the spleen or thymus size.
Body weight did not affect spleen or thymus size. Molt status was found to significantly affect the size of both the
spleen (p < 0.001) and the thymus (p < 0.001). The average size of the spleen and thymus of a molting chicken was
2.53 and 2.05 grams respectively. The average spleen and thymus of size of a non-molting chicken was 1.48 and 0.41
grams respectively. Counter to our hypothesis, chickens undergoing molt had a stronger inflammatory response to
LPS compared to other treatment groups indicated by proinflammatory cytokine expression levels (p < 0.05). This
research helps clarify how immunity is affected by molt and may be used to inform subsequent research on poultry
management practices to optimize immunity during molt.
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FINAL ID: 87
TITLE: Protocol development for monitoring hydrogen sulfide emitted from poultry excreta- a case study
Abstract Body: Noxious odors from animal operations are the result of uncontrolled microbial fermentation of fecal
materials. Their impacts can range from unpleasant odors in the environment that will impact animal performance and
health, to litigation that could lead to a license revoke and significant financial burden for poultry companies. To
counter their harmful impact, versatile remediation approaches including in-feed strategies are commonly used. The
effectiveness should be evaluated by odor measurements. However, reliable odor detection protocols that are suitable
for field application are lacking. In fact, odor results for ammonia (NH ) or hydrogen sulfide (H S) detected in poultry
3
2
excreta can be either very variable or not trustworthy for various reasons. While H S is more pungent than NH , it is a
2
3
less researched subject. The objective of the current case study was to develop a protocol for monitoring H S emitted
2
from broiler excreta applicable to field conditions. The presence and intensity of H S from animal excreta rely on the
2
dynamic balance of its formation and reduction, under mostly anaerobic fermentation conditions. A measurement
protocol should therefore mimic this process. Based on our experience, predetermined sample preparation was set for
the current study. The excreta were conditioned to contain the right amount of moisture and a sufficient amount of
sample in a sealed incubation unit (IUT). The samples were incubated for a fixed period under proper temperature
before odor measurement. Disposable food containers (1.4L) were used as the IUT, and Dräger® H S diffusion tubes
2
(10-300 ppm) as the monitoring tool. The present study was composed of two separate trials with both trials using
excreta collected from grower age broilers. The collected excreta were an accumulation of 10-14 days. In the first trial,
there were 3 replicate IUT, whereas there were 4 IUT in the second trial. Each IUT replicate had 400-500 g
homogenized excreta sample (Trial 2 and 1, respectively) that was conditioned with distilled water before incubation.
Excreta in IUT were then incubated for 24 h (25-28°C), before diffusion tube insertion. The H S results were
2
expressed as ppm H S per 100 g of excreta after 1 h evaluation. Under the current trial conditions, H S in excreta
2
2
collected from birds fed corn-soy-DDGS diets was readily detectable and variation was low (122.7±4.6 ppm/100 g
excreta in the first trial and 129.7±21.9 ppm/100 g excreta in the second trial). The protocol developed from the
current study allows dynamic and quick H S monitoring that will further offer tools for evaluating the effectiveness of
2
feeding strategies in odor remediation.
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FINAL ID: 88
TITLE: In vitro estimation of plant extracts for their antimicrobial activity against Salmonella Enteritidis
Abstract Body: The addition of antibiotics in livestock and poultry feed will lead to safety problems such as residues.
With the coming of the era of non-resistance, it is becoming more and more urgent to find effective substitutes for
antibiotics. Salmonella enteritidis is one of the typical pathogenic bacteria that target intestinal epithelium, brings huge
losses to the poultry industry every year. In recent years, studies have shown that plant extracts can effectively inhibit
the growth and reproduction of a variety of pathogens. This study aims to screen the plant extract that can effectively
inhibit the activity of S.E. Two experiments were conducted to screen plant extracts that effectively inhibit S.E. In
experiment 1, the minimal inhibitory concentration (MIC) and inhibition zone of 10 plant extracts against S.E were
tested. The 10 plant extracts contained African wild chrysanthemum, olive, locust, dandelion, honeygrass, eucalyptus,
cinnamon, cloves, orange peel, and citronella. In experiment 2, based on the results of experiment 1, a plant extract
with good antimicrobial effect was selected and co-cultured with S.E and plant extract concentrations of 0.5, 1 and 2 ×
MIC respectively, and then the morphology and ultrastructure changes in S.E. was observed by scanning electron
microscopy. The differences among the different groups were analyzed by one-way ANOVA followed by Duncan’s
multiple range tests using SAS software. P-values < 0.05 were considered statistically significant. Result shown that,
clove extract had the best antimicrobial activity against S.E. among the 10 plant extracts, with a lowest MIC of 0.7813
mg/mL, and the largest inhibition zone of 20 mm (P< 0.05). According to the result of scanning electron microscopy,
and the morphology of S.E were significantly changed supplemented with 0.5 × and 1 × MIC concentration of clove
extract. The S.E treated with clove extract at the 2 × MIC concentration for 24h exhibited several changes, including
cell wall fragmentation and cell cellular lysis (P< 0.05). In conclusion, the results suggest that clove extracts have
active against S.E. among the 10 plant extracts in vitro, it may provide reference value for substitution of antibiotics in
poultry production.
KEYWORDS: Salmonella enteritidis, plant extract, minimal inhibitory concentration, scanning electron microscopy.
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FINAL ID: 89
TITLE: Effect of long-term cyclic heat stress on turkey production and stress parameters.
Abstract Body: Modern turkey toms are often heavy birds that have been selected for high body weight (BW) gain and
low feed conversion ratios (FCR). As a result, toms can generate a considerable amount of metabolic heat. Since
most of the top turkey producing states are in parts of the US that have particularly hot summers, turkeys are prone to
the negative effects of heat stress in these regions. Due to these concerns, it is important to understand how cyclical,
long term heat stress effects the performance of modern meat turkeys. One hundred and twenty Nicholas Select male
turkey poults were brooded in battery style cages. At 4 wk the turkeys were transferred to 8 totally enclosed grow
rooms with 15 turkeys/room and randomly assigned to 2 treatments. Each room contained a propane heater and
ventilation system with inlets and one exhaust fan. From 4 to 5 wk the temperature in every room was raised to 90F
for 8 hr between 8am and 4pm every day and then lowered to ambient temperature (between 65-75F) after 4pm. After
8 wk the heat treatment was ended in half of the rooms and these rooms were left at ambient temperature for the
remainder of the study while the other half of the turkeys remained exposed to heat stressed until 18 wk. Production
parameters (feed consumption and individual BW) were recorded and blood samples were drawn biweekly. At 18 wk,
2 toms/replicate were processed and carcass yield data were collected. Statistical analysis was performed using JMP
Pro 14 and post hoc analysis was done utilizing the student’s t-test. A p-value of p≤0.05 was considered significant
while a p-value of p≤0.1 was considered trending. Non-heat stressed toms were heavier (17.95 kg) than heat stressed
toms (16.96 kg) at 18 wk (P < 0.05). No difference was found in feed disappearance or FCR. Based on processing
data, heat stressed turkeys had larger legs than non-stressed turkeys by 0.66% (p<0.05). Furthermore, heat stressed
turkeys had heavier wings, lighter thighs and lighter breast muscles by 0.66 %, 0.38% and 1.09% respectively (p<0.1).
Heat stressed turkeys tended to have smaller testes by 0.05% (~9.37g; P < 0.1). Plasma corticosterone concentration
was higher in heat stressed than non-heat stressed birds at 6 wk (p<0.05). In conclusion, based on this study heat
stress at 90F could affect commercial tom turkey performance and carcass yield. Further research on physiological
and behavioral parameters could provide greater insight into the mechanisms that help turkeys cope with chronic heat
stress.
KEYWORDS: Turkey, Heat Stress, Performance, Carcass Yield, Organ Weight.
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FINAL ID: 90
TITLE: Heat stress and feed restriction distinctly affect carcass and body parts yield in broiler chickens
Abstract Body: Global warming threatens all kinds of life on earth, and increased frequency and severity of heat
waves are predicted over the next decades. Broiler chickens are particularly susceptible to heat stress (HS) due to
their unique physiology and high metabolic rates, and negative effects of HS on performance are attributed to lower
feed intake (FI).
This study was conducted to distinguish between the effects of HS and FI depression on broiler chicken’s
performance, and carcass and body parts yield. In total, 720 day-old male Cobb 500 broiler chicks were randomly
allocated to three treatments with 8 replicates of 28 birds/pen including: control (CTL): birds raised under normal
o
temperature (23 C) from d 29-42 and had free access to the diet; 2) heat stress (HS): birds exposed to high
o
temperatures (35 C) from d 29-42 and had free access to the diet; 3) pair-fed (PF): birds raised under the same
condition as CTL group, but fed the same amount of feed as HS group from d 29-42. All birds were fed a cornsoybean meal basal diet in the form of crumble for the starter (d 0-14), or pellet for the grower (d 15-28), and finisher
(d 29-42) phase. Feed and water consumption were measured daily and body weight measured weekly. On d42 gut
integrity measured using FITC-d in 2 birds/ pen. On d42, 15 birds/pen were processed and carcass parts were
weighed. Core body temperature from 8 birds/treatment were recorded from d 29-42 using thermologgers. Data were
analyzed using JMP (Pro15) with significance between treatments identified by LSD. Mortality was similar in all the
treatments during the starter, grower, finisher, and overall experimental period. Core body temperature was increased
o
~1 C during the heat stress period in the HS group, as compared to the CTL and PF birds. Body weight (BW) and
relative carcass yield was significantly higher in CTL compared to HS and PF birds on d 42. Compared to HS, PF
birds had significantly higher BW and lower relative carcass yield. Birds in the HS group has higher FITC-d in the
plasma compared to CTL group. Body parts yield data (relative to hot carcass weight) showed significantly higher
breast yield for CTL compared to HS. In addition, breast yield was significantly higher in PF compared to HS. In
contrast, leg quarters and wings yield were significantly higher for HS compared to CTL and PF. Cumulatively, these
data indicate distinct effects of FI and HS on broiler chicken’s performance, body parts yield and gut integrity. Thus,
the negative effects of HS on broiler chicken’s performance is not limited to the lower FI during the HS, and underlying
mechanisms should be further investigated.
KEYWORDS: Heat stress, broiler chicken, mortality, body weight, body parts yield.
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FINAL ID: 91
TITLE: Biosecurity practices in relation to on-farm mortality and disease in turkey flocks
Abstract Body: Turkey farmers use biosecurity and health management practices to limit production losses; however,
it is unclear how these practices relate to disease and mortality in turkeys. As part of a larger cross-sectional survey of
Canadian turkey farmers, farmers were asked to describe their farm including biosecurity and barn hygiene practices,
health management, cumulative flock mortality, and disease presence in the flock. Linear (mortality, %) and logistic
(disease, yes/no) regression models were used; associations between farm characteristics, biosecurity, barn hygiene,
and health management practices with either mortality rate (72 responses) or disease presence in the flock (67
responses) were analysed. Explanatory variables in both models included farmer experience, flock certification,
vaccination, biosecurity and barn hygiene indexes, number of age groups on farm, presence of other poultry and
animal species, and use of ‘hospital/sick’ pens, while adjusting for flock sex and age. Indexes of biosecurity and barn
hygiene practices were used as explanatory variables to address if the practices used by farmers influenced disease
or mortality outcomes. Separate models were used to analyse the effect of specific biosecurity and barn hygiene
practices. Approximately 30% of farmers reported the presence of disease in their flock and the average cumulative
mortality was 4.1 ± 2.9% (IQR: 2.1 – 5.4%). Preliminary results showed a tendency for higher odds of disease when
turkeys were kept on a multi-species farm (OR = 7.2, 95%CI = 1.1-47.8, P = 0.04). Farmers who used ‘hospital/sick’
pens tended to have a higher cumulative mortality in their flocks (5.2 ± 1.4%) compared to those who did not (3.5 ±
0.9%, P =0.08). Higher mortality was found in flocks where dry cleaning (i.e., removal of litter, organic matter, dust)
was used (3.3 ± 0.4% vs 2.3 ± 0.4%, P = 0.02), while mortality tended to be lower in flocks where fumigation (2.3 ±
0.4% vs 3.2 ± 0.3%, P = 0.09) was used. However, results should be interpreted with caution, as the differences in
mortality were relatively low. Human-related biosecurity practices (e.g., handwashing, footwear, clothing etc.) were not
associated with turkey disease or cumulative mortality in this study, although these practices are widely considered
biosecurity standards. These results provide first insight into how farm characteristics, biosecurity, barn hygiene, and
health management practices are associated with disease and mortality in Canadian turkey flocks, however, further
investigation to elucidate causal relationships is required.
KEYWORDS: Turkey, Health, Biosecurity, Disease, Mortality.
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FINAL ID: 92
TITLE: Effect of housing system environment on brown egg layer quality (internal and external).
Abstract Body: The housing system (HSy) is an external factor that influences both the performance of hens and the
egg quality characteristics. Conventional cages have been banned in the EU since 2012, and the housing of laying
hens is only permitted in alternative systems enriched cages, such as cage free housings, aviaries or free range,
these systems which are believed to improve the welfare of the hens. The objective of the study was to evaluate the
quality of eggs from brown laying hen strains based on HSy. The quality analysis was made on eggs from commercial
brown strains used in the US and EU market. Five housing systems were: Cage Free (CF), Enrichable Cage (EC),
Enriched Cage (ErC), Conventional (CvC), and Free Range (FR). Eggs were evaluated of three hen ages 25-28 wks.,
33-36 wks., and 49-52 wks. In each period 744 eggs, were randomly chosen from each HSy, equally representing
each strain. The HSy were evaluated base on the proportion of the house size (CF 120, EC 192, ErC 192, CvC 192,
and FR 48 eggs resp.) contributing to the total sample. In each hen age all eggs were evaluated for a set of physical
characteristics: shell color, egg weight, albumen height, Haugh unit, yolk color (TSS, York, England), shell strength
and elasticity, and vitellin membrane strength and elasticity (Texture Analyzer, Surry, England). Statistical analysis
was done using JMP 15.2, and significant means differences between hen age and HSy were determined using
Tukey’s HSD. The differences between the three ages were highly significant (P<.0001) in all characteristic evaluated,
which is expected as hens age. Shell color was darker brown in EC, than the others HSy (P<.0001), and in the FR
system eggs were heavier (P<.0001) than other HSy, while the Haugh unit was lower in CF, (P<.0001). The darker
yolk color was showed in FR HSy (P<.0001). Interestingly the shell quality characteristics showed that eggs from CF
and FR HSy, have greater shell strength and elasticity(P<.0001), followed by EC, ErC, and CvC HSy showed a very
similar shell quality, respectively. The vitellin membrane strength and elasticity were not affected by the HSy, with P
values of 0.1182, and 0.3264, respectively. In conclusion, the housing systems of CF and FR, appear to improve the
external and internal egg quality. This may be related to better interplay of the laying hens within the environment, with
the ability to express an expanded behavior profile including walking, nesting, coprophagy, and access to pastures.
KEYWORDS: Layers Hens, Housing systems, Egg Quality.
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FINAL ID: 93
TITLE: Enumeration of naturally occurring microorganisms in the intestinal tract and yolk sac of day-old chicks from
commercial hatcheries
Abstract Body: Previously published experiments have demonstrated that eggs inoculated with pathogens prior to
hatching can result in day-old chicks being contaminated with those same pathogens. Other studies have investigated
the extent of naturally occurring Salmonella contamination in day-old chicks, but less focus has been given to other
potentially pathogenic species of microorganisms. Such microorganisms may inhabit the chick’s gastrointestinal tract
microbiota and may lead to morbidity or early mortality during grow-out. With many poultry companies implementing
antibiotic-free production, chick contamination from the hatchery is of great concern. The objective of this study was to
determine the extent of naturally occurring microbial contamination in the intestinal tract and yolk sac of day-old chicks
obtained from commercial hatcheries. Ten chicks were obtained from 6 different hatcheries, representing primary
breeder and integrator operations, and transported to the lab for microbial evaluation. Following chick euthanasia,
aseptic techniques were used to remove the intestinal tract (duodenum to colon) and yolk sac from each chick and
individually placed into separate sterile bags. Sterile PBS was added to each bag at four times the sample weight to
achieve an initial 1:5 dilution. The contents of the bags were homogenized by manual massage. Ten-fold serial
dilutions were performed, and aliquots were plated onto various aerobic and anaerobic media to enumerate total
aerobic microorganisms (APC), Staphylococcus spp., Escherichia coli, total coliforms, fungi, Clostridium spp., and C.
perfringens. For all hatcheries, the average chick intestinal tract counts for APC, Staphylococcus spp., E. coli, total
coliforms, fungi, Clostridium spp., and C. perfringens counts were 7.57, 5.89, 6.10, 6.95, 5.49, 7.57, and 2.06 log
10
cfu/g of intestine, respectively. The average yolk sac counts for all hatcheries were 3.15, 1.02, 2.31, 2.92, 3.33, 3.46,
1.52 log cfu/g for APC, Staphylococcus spp., E. coli, total coliforms, fungi, Clostridium spp., and C. perfringens,
10
respectively. The frequency of detectable counts for APC, Staphylococcus spp., E. coli, total coliforms, fungi, and
Clostridium spp. for all chick intestinal samples was nearly 100%, whereas the frequency of detectable counts for yolk
sacs was significantly lower. The frequency of C. perfringens detectable counts in chick intestines was 36.6%,
whereas C. perfringens was detectable in only 6.6% of the yolk sac samples. The data obtained in this study
demonstrated that the gastrointestinal tract of day-old chicks from some commercial hatcheries may have high counts
of potential pathogens.
KEYWORDS: chick, intestine, yolk sac, contamination, bacteria.
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FINAL ID: 94
TITLE: Microbiota Composition of the Ileum and Ceca of Colony-Enriched and Cage-Free Egg Layer Production
Systems
Abstract Body: With the continuing increase in animal welfare standards, many egg producers have shifted their
production systems to those of colony-enriched or cage-free production systems. However, there is still much debate
on the effect the systems have on the health and gastrointestinal (GIT) microbial ecology; thus, research investigating
the impact these systems have on the GIT microbiota must be explored. Therefore, the objective was to compare the
microbiota populations of layers reared in enriched and cage-free production systems during peak production. At a
2
commercial egg production facility, layers were reared in either enriched cages (710 cm /bird) equipped with a nest
curtain and perch bar (Hy-line W-36), or aviaries (Hy-line Brown) within the same housing facility. A total of 30 layers
(38 wk; n = 15; N = 30, k = 2) were humanely euthanized. The distal ileum and ceca were aseptically collected, and
the genomic DNA of the contents were extracted. The 16S rDNA targeting the V4 region was sequenced on an
Illumina MiSeq. Microbiota data were filtered and aligned using the QIIME 2-2020.11 pipeline, with data considered
significant at P ≤ 0.05 for main effects and Q ≤ 0.05 for pairwise differences. There were more observed features
(Observed Operational Taxonomic Units) and a greater diversity (Shannon Index) of the microbiota within the ceca of
the layers reared in the enriched system (P < 0.05; Q < 0.05), while there were differences between the observed
features or diversity (Shannon Index) of the two systems on the ileum microbiota (P > 0.05; Q > 0.05). Also, the ileum
and ceca of the cage and cage-free layers had different microbial abundances and phylogenies, as demonstrated by
Bray Curtis and Weighted Unifrac (P < 0.05; Q < 0.05). Using ANCOM, the analysis of the composition of
microbiomes, Canidatus Arthromitus (W = 427), commonly associated with arthropods such as beetles and termites,
was more abundant in the ileum of caged layers than among cage-free layers. As well, ANCOM revealed that caged
birds had a higher relative abundance of Akkermansiaceae (W = 0), a potential indicator of a healthy GIT, and cagefree layers having a higher abundance of Methanobacteriaceae (W = 15), an archaeal methanogen capable of
methane production. In conclusion, there were apparent differences in the microbiota of the ileum and ceca of
commercial layers reared in enriched and cage-free systems, with layers reared in enriched cages having a richer and
more diverse microbiota. These results potentially indicate the potential improvement of the microbiota of the ileum
and ceca of layers reared in enriched systems to that of cage-free egg-production systems.
KEYWORDS: poultry, 16S rDNA, cage-free, enriched cages, microbiota composition .
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TITLE: Evaluating the effects of stocking density on the health and behaviour of turkey hens to 11 weeks of age
Abstract Body: Stocking density (SD) is a key factor that impacts the health and welfare of birds by possibly affecting
chronic stress and behaviour. Few studies exist that assess turkey health and welfare in relation to SD, with greater
focus on toms compared to hens. This study (two trials) examined the effects of SD on turkey hen health and
wellbeing to 11 wk of age. Nicholas Select hens (n=3550 poults/trial) were randomly placed in one of four final
2
estimated SD treatments (trt) of 30, 40, 50, or 60 kg/m with four replications per trt. Birds were housed in open rooms
2
(67.5m ) and feeder and drinker space were equalized on a per bird basis. Air quality (CO and ammonia) were
2
tested daily, and ventilation was adjusted to equalize air quality across all trt. Heterophil/lymphocyte (H/L) ratios were
evaluated at 3, 5, 8, and 11 wk of age as a measure of chronic stress (20 birds/replicate). Behaviour was recorded
and scan sampled (field of view observations) at 8 and 11 wk of age. Litter samples were collected at wk 8 and 11 of
trial 1 only. Samples were dried and weighed to calculate average litter moisture. Data were analyzed using
regression analysis in SAS 9.4 (Proc Reg and Proc RSReg; SD as independent variable). Differences were
2
considered significant when P<0.05. All values reported are in ascending order of SD trt 30, 40, 50, and 60 kg/m . At
wk 3, no differences were noted for H/L ratios. At wk 5, H/L ratios linearly increased as SD increased (0.76, 0.85, 0.88,
2
0.89; P<0.01). At 8 wk of age, H/L ratios were highest in the 40 kg/m trt birds (quadratic; 1.09, 1.4, 0.83, 0.89;
P=0.03). At wk 11, H/L ratios increased with increasing SD (quadratic; 0.87, 0.96, 1.13, 1.06; P<0.01). Behaviour was
impacted at 8 wk as the percent of birds feeding (P=0.04), resting (P<0.01), and total disturbances (P=0.05) linearly
increased with increasing SD. Bird activity linearly decreased as more birds were standing (P=0.02), walking (P<0.01),
2
and litter pecking (P=0.03) in 30 kg/m trt. Aggressive behaviour (fighting plus aggressive pecking) was highest in the
low SD trt (quadratic; 0.60, 0.34, 0.11, 0.19 %; P=0.01) at wk 8. At wk 11, bird drinking (quadratic; P=0.02), walking
(linear; P=0.03), and head scratching (linear; P=0.02) decreased with increasing SD. There was a tendency for birds
2
in the 30 kg/m trt to perform more environmental pecking (quadratic; P=0.07). Resting (P<0.01), feather pecking
(P=0.01) and severe disturbances (P=0.02) linearly increased as SD increased. Litter moisture was not affected by
SD. The results indicate that bird health and welfare is negatively affected by higher SD through increased chronic
stress and altered behaviour such as decreased mobility, however, low SD may increase aggressive acts.
KEYWORDS: stress, aggression, mobility behaviours, litter moisture, heterophil/lymphocyte ratio.
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FINAL ID: 96
TITLE: In Pursuit of a Better Broiler: Tibia morphology, breaking strength, and ash content in conventional and
slower-growing strains of broiler chickens
Abstract Body: The rapid growth rate observed in fast-growing strains of broiler chickens has been linked to bone
disorders that can cause lameness. Thus, the use of slower-growing (SG) strains has been suggested as an
alternative for improved bone quality. To determine the impact of growth rate on bone traits, a total of 7,216 mixed-sex
birds representing 14 strains were investigated, including 2 conventional (CONV) strains (strains B and C: ADG
>
0-48
60 g/d), and 12 SG strains categorized in 3 groups based on their growth rate. The SG strains were classified as
FAST (strains F, G, I, and M; ADG
= 53 - 55 g/d), MOD (strains E, H, O, and S; ADG
=50 - 51 g/d), and
0-62
0-62
SLOW (strains D, J, K, and N; ADG
< 50 g/d). The birds were sexed at hatch and placed in 164 pens (44
0-62
2
birds/pen, 30 kg/m ). Each strain was represented in 4 pens over 2-3 production cycles, totaling 8-12 pens per strain
in a randomized incomplete block design. From each pen, 4 birds (2 males and 2 females) were individually weighed
and euthanized at 2 target weights (TWs) according to the time they reached 2.1 kg (TW1: 34 d for CONV and 48 d
for SG strains) and 3.2 kg (TW2: 48 d for CONV and 62 d for SG strains). Tibia samples were dissected, length and
diameter recorded. Left tibia was used for bone-breaking strength at both TWs and tibia ash at TW2. Data were
analyzed using Proc Glimmix in SAS 9.4. For all of the models, category, strain, sex, TW, and the interactions were
fixed effects, and block and production cycle random effects. For comparisons at the same age (48 d), category,
strain, and sex were fixed effects, and the interactions were kept if significant. At TW1, CONV birds’ tibia were
narrowest and shortest (P < 0.001), yet had similar tibia breaking strength (TBS) compared to the other categories (P
> 0.69). At TW2, categories (P > 0.50) had no effect on tibia diameter, yet CONV birds had the shortest tibia (P <
0.001). The CONV birds had greater TBS:BW ratio than FAST and MOD birds at TWs 1 and 2 (P < 0.039). The CONV
birds had the lightest tibia ash weight relative to BW (P < 0.001) and lighter absolute tibia ash weight than FAST and
MOD birds (P < 0.009), yet similar ash content to the other categories (P > 0.22). At the same age, CONV birds had
the greatest absolute TBS (P < 0.003), yet lower TBS:BW ratio than SLOW birds (P < 0.001). Tibiae from CONV birds
were longer than MOD and SLOW birds, and thicker in diameter than the other categories, yet CONV birds had the
lowest relative dimensions (P < 0.001) at a similar age (48 d). In conclusion, both genetic selection for growth and age
affected bone traits. Future studies should investigate if the differences observed impact walking ability and welfare of
broiler chickens.
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TITLE: Impact of Orego-Stem® on feed, forage, weed seed, insect and other crop contents in a range setting
Abstract Body: Due to consumer demand, the egg industry is moving away from caged bird systems to cage-free and
free range system. Many products are being used to improve gut health and effectively improve productivity in layers.
Oregano (Origanum vulgare) essential oil (OEO) contains over 100 compounds with active properties. Four key
compounds are carvacrol, thymol, ρ-cymene, and γ-terpinene that have been shown to have antibacterial, antiinflammatory, and antioxidant properties. OEO has been shown to be beneficial for gut health, and subsequent growth
and production performance in poultry. Currently, there is limited knowledge on how these oregano compounds may
interact with forage nutrients consumed by the birds from the range. Three dietary treatments were utilized in this
study, a control through rearing and lay (CC), a Control through rearing and Orego-Stem through lay (CO), and
Orego-Stim through rearing and lay (OO). Pullets were reared in a range house on litter from 0-6 wks, then slats until
12 wks, after which were then allowed on range. Crop contents were collected at the start of the trial, 17 wks, and trial
end, 41 wks. The components examined in this study were feed, forage, weed seeds, insects and other (i.e. rocks,
feathers, eggshells) consumed as supplemented feed or foraged consumables. Crop contents were excised into
Nalgene cups, placed in cooler, and brought back to the lab and dried at 50 C for 72hr. Samples were broken apart
and components visually separated using a dissection scope for analysis in the lab. Full crop contents were weighed,
then each component was separated under the microscope and weighed individually to determine intake. The
component intake of each was then calculated on a dry matter percentage basis. Data was analyzed using JMP Pro
15 using the least squares method and post hoc analysis was done utilizing the student’s t-test. A p-value of p≤0.05
was considered significant. Crops that were sampled at wk 17, had consumed significantly more weed seeds
compared to those sampled at wk 41. Crop contents from wk 17 showed to have eaten significantly more insects than
the older birds. This could be due to the seasonal placement of the birds in the springtime, when more weed seeds
and insects are present. This could also be a result of the birds eating all the weed seeds and most of the insects
when they were first allowed on the range, and the prevalence of weed seeds and insects were diminished when
sampled the second time. The treatments, however, did not have an impact on any of the components consumed. In
conclusion, birds that are placed on range pastures do consume other nutrients aside from their given feed and intake
appears consistent across differing diets.
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TITLE: Assessment of Pulsed Alternating Wavelength System (PAWS) on musculoskeletal quality of market-age
Pekin ducks
Abstract Body: The use of artificial lighting in poultry production is a necessity to mimic the long day lengths needed
for optimal growth and production in enclosed housing systems. Even though lighting is critical for proper development
of poultry, there is minimal research on the effects of different lighting technologies on growth and production,
especially in ducks. Pulsed Alternating Wavelength System (PAWS) is a novel LED technology that is able to provide
multiple wavelengths of light to growing animals and may be beneficial for their growth and welfare as opposed to
monochromatic light that has been shown to produce undesirable effects. As with all meat birds, the fast growth rate
of ducks can lead to skeletal abnormalities and lameness. The purpose of this study was to ensure PAWS does not
cause detriment to the skeletal system while enhancing the growth rate of ducks. Ducks were raised on one of five
lighting recipes (40 ducks per treatment): industry control (fluorescent light 18L:6D), PAWS 1 (Grow4 20%, 24L),
PAWS 2 (Grow5 20%, 24L), PAWS 3 (Grow5 20%, 17L:7D), and PAWS 4 (Grow5 20%, 18L:6D). At 30 days of age,
five ducks per treatment were sacrificed and the keel with breast muscle, and both wings and legs were collected. The
humerus, femur, and tibia were separated, with muscle attached, from the wing or leg, respectively. Weight of the
muscle surrounding each bone (keel, humerus, tibia, and femur) was calculated by weighing each piece intact (bone
with muscle), cleaning all tissue from each bone, and subtracting the cleaned bone weight from the intact weight.
Each tibia and humerus were measured for length and width, then the right bones were subjected to a 3-point bending
test for breaking strength. Subsequently, the right tibia and humerus were ashed to determine bone mineral content.
All data were analyzed using one-way ANOVA and significance was detected at P < 0.05. Average muscle weight of
the femurs from PAWS 4 was greater than PAWS 2 (60.13 g vs. 47.07 g; P = 0.04). PAWS 4 had longer humeri than
PAWS 2 (110.43 mm vs. 103.65 mm; P < 0.01) and PAWS 3 had wider femurs than the control (7.68 mm vs. 7.19
mm; P = 0.04). There were no differences between treatments for all other muscle weights and bone measurements
(P > 0.05). Remaining bone quality parameters (breaking strength and bone mineral content) of both humeri and tibiae
were similar across treatments (P > 0.05). The novel PAWS lighting does not result in an inferior skeleton compared to
conventional lighting and may improve femur and humerus size. These results are encouraging and further studies on
the potential benefits of PAWS on duck production and welfare measures are warranted.
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FINAL ID: 99
TITLE: Increasing Welfare by Placing Circulation Fans in Commercial Broiler Houses
Abstract Body:
Additional air movement in commercial houses could positively affect the welfare of broilers by reducing footpad
dermatitis prevalence and stabilizing environmental conditions. We hypothesized that broilers raised in houses with
circulation fans would have higher welfare than without. This study was conducted in 4 commercial organic broiler
houses on a farm in eastern Maryland. Two houses had high-capacity circulation fans (House 1 and 2) and 2 did not
(House 3 and 4). Each house was divided into 4 quadrants for welfare assessments at 3 and 6 weeks. The cool cells
were located in quadrant 4, tunnel fans at the far end of quadrant 1, and brooding took place in quadrants 1 and 2 until
the chicks were 10 days of age. Prior to chick placement, 2 data loggers were set to record ambient temperature (°F)
and relative humidity (%) every 15 minutes throughout each house. Litter samples were taken from each house at
week 0, 3, and 6 to determine litter moisture content (%). During each welfare assessment, 80 birds within 2 locations
of each quadrant (N=10 birds/location) were weighed and scored for footpad dermatitis, hock burn, and feather
cleanliness. Ambient volume (dB) measurements were taken at every welfare assessment location. The transect
method was also performed in all 4 houses at the time of the week 6 welfare assessments. Body weight, transect, and
environmental data was analyzed with ANOVA. Welfare data was analyzed with chi-square test. House 4, one of the
hotter houses, had the highest number of observed small birds at week 6, compared to the other 3 houses (P≤0.04).
House 4 also had the highest litter moisture content (28%) at week 6, compared to the other 3 houses ( P<0.0001).
Environmental data indicated that the volume (dB) in Houses 3 and 4 was quieter, by about 6.6dB than the volume in
Houses 1 and 2 at the time of the week 3 assessment (P <0.0001). As expected, footpad dermatitis prevalence
increased with bird age. Although they can increase noise levels, high-capacity circulation fans could potentially be a
cost-effective way for producers to increase broiler welfare. More research is needed to determine the effects of
circulation fans and adequately evaluate their benefits to broiler management and welfare.
KEYWORDS: Welfare , Broilers, Footpad dermatitis, Circulation fans, Litter moisture.
CURRENT CATEGORY: Management and Production
PRESENTER: Zoie Nicole McMillian
1
2
1
AUTHORS (FIRST NAME, LAST NAME): Zoie N. McMillian , Jonathan Moyle , Shawna L. Weimer
INSTITUTIONS (ALL):
1. Animal and Avian Sciences, University of Maryland, College Park, MD, United States.
2. Extension, University of Maryland, Salisbury, MD, United States.

FINAL ID: 100
TITLE: Robotic Poultry Carcass Picker
Abstract Body: This project includes the design, construction, and testing of a robotic turkey carcass collector made
by modifying a commercially available remote-controlled robot. This system was created in response to the labor
shortages, the increase in average age of poultry producers, and the drudgery of tasks in the poultry industry with a
focus on turkey facilities. There is an opportunity within the recent growth of robotics to modify a remote-controlled
robot to collect poultry carcasses from the poultry house and inspect both flock welfare and equipment functionality.
Ideally, this system would enable a poultry producer to sit in their office and control the different components of the
robot remotely. The base robot provided is controlled by a 2.4 GHz controller/receiver combo, around which the
development of the other components was done. To detect the turkey carcasses in the farm, a monitoring system was
installed on the base robot consisting of a total of two wide-angle cameras mounted on the front and the back, that
can be accessed remotely by the operator. The operator can switch between the two views using the main controller.
To lift the carcasses a front fork was designed, built, and connected to the base robot. An electrical linear actuator,
operated using the main controller, moved the fork up and down to reach the desired position. On top of the robot, a
revolving plastic dump bed is used to contain the carcasses until it is unloaded by the operator. Testing was
completed using a 50lb. sandbag in a mulched flowerbed to simulate a poultry house. The results include the
successful lifting of the test weight and the remote navigation of the robot using the camera system. In conclusion, a
robotic system such as the one tested could be useful to poultry growers to collect the carcasses. Future research is
needed to refine the lifting and transportation of the carcasses as well as the range of remote controller and camera
systems. The broader impacts of the Robotic Poultry Carcass Picker include AgrAbility and biosecurity.
Keywords: Carcass Collection, Robotic Poultry Management, Precision Livestock, Biosecurity, AgrAbility.
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FINAL ID: 101
TITLE: Comparison of a standard male diet to an organic selenium or docosahexaenoic acid (DHA) supplemented
male diet on rooster semen quality and reproductive performance
Abstract Body: In the US, broiler breeder males are typically fed a female diet out of convenience, but some
speculate that roosters have specific dietary requirements not met by a hen formulation, or that hen diets have too
high a level of calcium or protein for roosters. In this study, a basal diet with 2720kcal/kg energy, 12% crude protein,
0.74% calcium, and 0.15ppm of sodium selenite was mixed (Aviagen, 2016) specific to the roosters needs. The basal
was split into three diets with the male control (MC) diet containing a total of 0.30ppm of sodium selenite, male organic
(MO) diet having 0.15ppm of organic selenium, and male DHA (MD) diet containing 0.28% DHA and 0.30ppm of
sodium selenite. Docosahexaenoic acid (DHA) is an omega-3 fatty acid that is proven to improve soft tissue
development like brain tissue and testes and other omega-3 fatty acids have been proven to improve semen quality
(Hudson, 2003). Selenium is a trace mineral that is important for testosterone metabolism and sperm motility. The
objective of this study was focused on evaluating the dietary inclusion of organic selenium or DHA as separate
strategies would improve rooster semen production and quality when compared to a traditional male diet. All treatment
groups were fed equal amounts of feed from 16wks to 45wks. A total of 60 Ross Yield Plus roosters were assigned to
each dietary treatment (8 replicates, 10 roosters per replicate). During the production phase, approximately 25 to 30%
of males in each treatment were weighed weekly, with groups rotating over time. Percentage of roosters producing
semen, semen volume, sperm concentration, and sperm mobility were measured every 5wks from 25 to 45wks.
Individually caged Ross 708 hens were artificial inseminated with 0.05 mL pooled and diluted semen from a replicate
7
group of males. Semen was diluted with Avian Buffer to 7.5 x 10 sperm. Eggs were collected for 14 days’ postinsemination and incubated for a fertility analysis. Data were analyzed by SAS 9.4 SLICE and means separated by
LSD. Significance level was P<0.05. None of the diets had significant influence on body weight, semen volume, or
semen concentration. Sperm mobility was significantly impacted from week 34- 45wks (P<0.05) with the males fed the
MD and MO diet having greater sperm mobility than the mobility of the MC males. The dietary supplementations had
no significant impacts on fertility through 45wks. While early in life fertility and semen concentrations are not
significantly impacted, further research with older males needs to be conducted to determine if DHA or organic
selenium impacts late in life fertility and semen quality.
KEYWORDS: Rooster Diet, Semen Quality , Fertility, Selenium, Omega 3 Fatty Acid.
CURRENT CATEGORY: Management and Production
PRESENTER: Kelly Marie Sweeney
1
1
2
AUTHORS (FIRST NAME, LAST NAME): Kelly M. Sweeney , Jeanna Wilson , Luis P. Avila
INSTITUTIONS (ALL):
1. Poultry Science, University of Georgia, Athens, Georgia, Georgia.
2. Poultry Science, Uiversity of Georgia, Athens, GA, United States.

FINAL ID: 102
TITLE: Supervised machine learning models to predict body weight and feed conversion ratio of broilers reared under
commercial conditions
Abstract Body: Machine learning (ML) models are useful tools to predict final BW prior to slaughter age to make datadriven decisions. This study evaluated the performance of three supervised ML methods, multiple linear regression
(MLR), random forest (RF), and neural networks (NN), in the prediction of BW and feed conversion ratio (FCR) of
broilers at 35d, reared under tropical commercial conditions with control feeding. Performance records until 21d from
1,188 male and 1,193 female Ross AP broiler flocks, housed in 85 farms were analyzed for a total of 84 million chicks
placed between 2018 and 2020. Farm management conditions were collected using a survey. Data were divided into
training and testing in 5 folds for cross-validation to test model predictability. RF and NN were trained with the Caret
package, and MLR was fitted with the lm function in R software. The best m value and nodes number were obtained
from hyperparameter tunning for RF and NN, respectively. In MLR, multicollinearity was assessed with the variance
2
inflation factor, thus collinear and non-significant variables were removed. The R and RMSE were calculated from
the 5 testing folds. Feature importance was determined by percentage increase in MSE using permutation importance
in RF and Connection Weights method in NN. In MLR, variable importance was expressed as the variable sum of
2
squares percentage from the total sum of squares. On chicken BW, RF resulted in R = 0.78 and RMSE = 56.74, NN
2
2
in R = 0.73 and RMSE = 62, and MLR in R = 0.59 and RMSE = 76.38. RF, NN, and MLR included within the ten
first most important variables, chicken sex, and feed intake (FI) at 14d. RF and NN also had in common BW, FI, and
BW gain at 21d, and downtime between flocks. Other variables displayed in the feature importance included the farm
distance from hatchery, farm altitude and stocking capacity, hatchery location, and BW, BW gain, mortality, and ADG
2
2
2
at 14d. On FCR, RF resulted in R = 0.48 and RMSE = 0.041, NN in R = 0.45 and RMSE = 0.042 and MLR in R =
0.18 and RMSE = 0.052. Variable importance comparison indicated that FI and FCR at 21d were considered by all
FCR models. RF which accounted for the best goodness-of-fit metrics included BW, BW gain and FCR at 14d as
important variables. Farm altitude and farm distance from hatchery also presented higher percentage increase in
MSE. However, the low model fit indicates that FCR 35d can be associated to nutritional and environmental variables
which were not considered in this study. In conclusion, RF was the best model to predict BW two weeks prior to
slaughter age. Performance parameters at 21d, sex, farm distance from hatchery, and farm altitude demonstrated to
play an important role in the broiler BW at 35d.
KEYWORDS: Machine learning, random forests, neural networks, broilers, body weight.
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FINAL ID: 103
TITLE: Verification of RFID for tracking of poultry in multi-tiered aviary systems
Abstract Body: Radio frequency identification (RFID) has been used extensively for inventory tracking and for general
traceability in warehouse management and more recently in segments of animal agriculture. However, use of RFID
has not been explored extensively to track the movement of birds in a multi-tiered aviary system. Verification of these
systems is especially relevant now to monitor space use and in improving cage design to ensure bird welfare and
production efficiency as the egg industry makes the switch to cage-free housing. The purpose of this project was to
validate an RFID system to ensure accuracy in data collection for tracking and monitoring hens. Hens were housed in
2
4 aviary rooms, each with 4 sections, at a minimum space allocation of 929 cm per bird. One section in each room
was selected for RFID installation. A traveling wave RFID antenna was installed on each tier (bottom, middle and top)
of the aviary and digital video cameras were installed to record and confirm the bird location with the RFID tag. In that
section, 40 out 144 total hens were leg banded with an RFID tag. Video was recorded for three consecutive days in
each section. Additionally, 12 focal birds out of the 40 in each room were tagged with uniquely colored plastic leg
bands to allow for identification on video. Video data was correlated to RFID data to determine if the antennas were
accurately registering the bird’s location. Times when birds appeared near antennas on the video were marked and
then cross-referenced with times when birds were recorded near the same antenna by the RFID reader. For each
level of each room about 30 hits were confirmed on the video data, giving a total of 400 hits validated. There was an
issue with one of the cameras part way through recording, resulting in missing validation from the top level of one
room. Data from those confirmations were analyzed using Proc Freq procedure in SAS 9.4. On average, 87.3% of the
birds were confirmed; however, the top tier had the highest confirmation rate at 93.5%. It was concluded that that the
RFID system was reading accurately. In instances where birds were not confirmed it was typically an issue visualizing
the bird on the video due to lighting, position in the cage, or too many birds in a frame. In the future, this type of
technology could be utilized to give producers critical information about how birds are using these types of systems.
This information is helpful in improving cage design to be the most functional for how the bird are using the system.
Additionally, this could impact genetic companies by identifying phenotypes of hens that best use the systems to
improve well-being and to improve production through the reduction of mislaid eggs.
KEYWORDS: laying hens, multi-tiered aviary systems, RFID, video.
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FINAL ID: 104
TITLE: Effects of growth dynamics and feed intake on the reproductive performance of broiler breeders
Abstract Body: Growth patterns and feed intake of pullets influence the reproductive performance of broiler breeders.
The adequate balance among growing parameters has not been well explored and data analytics of commercial flocks
may reveal these relationships. This study aimed to determine the importance of growth dynamics, cumulative feed
intake (CFI), and flock uniformity (FU) in the number of hatchable eggs, chicks per hen housed (HH) and hatchability
of Ross 308 AP broiler breeders at 55 wk reared under tropical commercial conditions. Data evaluated contained
growth and reproductive results of 45 broiler breeder flocks housed between 2017 and 2019 for a total of 1.4 million
hens. Partition trees were used to classify breeder flocks as low (LP), and high (HP) performance based on the eggs
per HH at 55 wk. Differences between groups in other reproductive parameters were assessed by one-way ANOVA
using the student’s t-test for mean comparison. Decision trees were fit with BW, CFI, and FU to identify critical points
during rearing that affect the reproductive performance. Significant differences between groups were detected in all
parameters evaluated. Breeder flocks from the HP group laid 11.3 hatchable eggs more (P < 0.05) and produced 10.6
additional chicks per HH compared to the flocks in the LP group at 55 wk. From 25 to 29 wk and 31, 37 and 44 wk of
age significant differences were observed in hatchability percentage. The HP group had more chicks (P < 0.05) with
2% higher average hatchability than the LP breeder hens during the whole cycle. Decision trees at 3 wk estimated that
2
pullets heavier than 390 g with a CFI of 605 g resulted in 10.3 fewer hatchable eggs per HH at 55 wk (R = 0.63),
compared to pullet flocks lighter than 390 g with FU greater than 75.5%. Similarly, pullets at 4 wk with more than 512
2
g and CFI higher than 864 g laid 11.7 eggs less (R = 0.70) than lighter pullets with uniformity greater than 73.5%.
2
Pullets weighing between 686 and 697 g at 6 wk of age (R = 0.60), laid 11 eggs more on average compared to
pullets with BW greater than 716 g at the same age. Variable contribution detected BW as the most important factor
during the first two and the last four wk of the rearing period, while CFI gains importance between 3 and 18 wk of age.
In conclusion, data analytics tools helped determine important points during rearing that affect hatchable eggs,
hatchability, and chicks per HH in broiler breeders reared under commercial conditions. Achieving target BW and FU
during the early and late rearing to avoid greater feed restrictions in grower and developer phases could improve
reproductive parameters in broiler breeders.
KEYWORDS: Growth dynamics, Feed intake, Flock uniformity, broiler breeders, Data analytics.
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FINAL ID: 105
TITLE: Effects of light intensity variation on late-lay hen performance
Abstract Body: Lighting is known to be one of the major factors affecting poultry productivity and behavior.
Maintaining uniformity in light intensity is crucial in maximizing production and efficiency of flocks. However, the effects
of slight differences in light intensity associated with in-house variation has not been characterized in laying hens.
During a late-lay hen study, visual differences were noted in light intensity. Therefore, this retrospective study was
conducted to evaluate the effects of light intensity on egg quality, mortality, and production in late-lay hens (60 weeks
of age). Hens were housed in 48 cages with 6 hens placed at the start of the trial per cage. Cages were located on
various tiers of a four-tier system. Light intensity measurements were collected at 3 locations: bird height at feeder,
bird height at the middle of the cage, and bird height at the back of the cage. Individual egg weights (g) and hen
mortality were collected daily. Egg characteristics, albumen height (mm), Haugh unit, shell thickness (mm), and shell
strength (N), were collected on 3 consecutive days per week. Weekly hen-day egg production (HDEP%) was
calculated. Light measurements taken at the bird height at feeder location had the largest variability, ranging from 4.98
to 46.70 lux with an average of 15.66 lux. Light intensity measurements taken at bird height at the middle of the cage
ranged from 0.81 to 11.88 lux with an average of 3.15 lux. Light intensity measurements taken at bird height at the
back of the cage ranged from 0.48 to 5.67 lux with an average of 2.35 lux. To determine relationships between light
intensity and weekly averaged hen data, Pearson correlations were calculated in SAS. Following the 15-week study,
mortality percentage was significantly correlated with light intensity at bird height at the middle (r = 0. 447; P = 0.001)
and back (r = 0. 435; P = 0.002) of the cage. Hens housed in cages with lower light intensity at bird height at the
middle and back of cages had lower mortality than hens housed in cages with higher light intensity at the same
location. A weak, but significant, correlation between light intensity and egg weight (r = -0.273; P = 0.001) and shell
thickness (r = -0.221; P = 0.007) was observed during the 3-week baseline collection with higher light intensity at bird
height at feeder negatively associated with egg weight and egg-shell thickness. Variations in light intensity at all 3
locations were not significantly correlated with other traits measured. In conclusion, variation in light intensity in grouphoused systems may contribute to hen mortality and lead to changes in egg quality and production.
KEYWORDS: light intensity, egg production, egg quality, late lay hens, mortality.
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FINAL ID: 106
TITLE: Insufficient dietary sulphur amino acids exacerbate oxidative stress in broilers reared in heat stress and
subsequently compromise broiler meat quality
Abstract Body: Rearing broiler chickens in high ambient temperatures creates oxidative stress which may in turn
increase cholesterol oxidation products (COPs) in meat which have been linked with cardiovascular disease and
cancer in humans. Glutathione is the most abundant intracellular antioxidant and is synthesized from the essential
sulphur amino acids, methionine and cysteine (M+C). This study investigated whether increased dietary M+C could
inhibit oxidative stress and prevent meat quality issues in broilers raised at high temperatures. Sixty-eight, one-day
old, Cobb500 males were separated into 4 treatments with 17 broilers each and fed in three phases: starter (d 1-10),
grower (d 11- 21) and finisher (d 22-35). A thermoneutral control (TC) group was reared with temperatures decreasing
from 27.3 to 22.5 C from day 21 – 35. TC were fed a basal diet deficient in standardised ileal digestible (SID) M+C at
0.74, 0.65 and 0.61% in the starter, grower and finisher phases. The other 3 treatments were reared with ambient
temperature of 27.4 C throughout day 21 to 35. A heat stress control group (HC) was fed the same basal diets as TC.
Supplementation of basal diets with DL-methionine was utilised to create treatments that met (DLM1) or exceeded
(DLM2) current SID M+C recommendations. The DLM1 diets contained 0.93, 0.81 and 0.76% SID M+C, while DLM2
diets contained 1.11, 0.81 and 0.76% SID M+C in the starter, grower and finisher phases. TC and HC treatments were
compared with a T test to determine significant (P > 0.05) effects of heat stress. HC, DLM1 and DLM2 were analysed
with a one-way ANOVA to determine significant (P > 0.05) effects of dietary M+C level in heat-stressed broilers.
Tocopherols in the liver were significantly reduced from 29.0 nmol/g in TC to 23.3 nmol/g in HC. However, DLM2
treatment had significantly higher liver tocopherols than HC with 28.2 nmol/g. This may be due to the significantly
higher liver glutathione in DLM2 (4.17 µmol/g) compared to HC (3.04 µmol/g) as glutathione can restore tocopherol
radicals created during heat stress. COPs were higher in heat processed thigh meat from HC compared to TC,
indicating that heat stress compromises broiler meat quality. The COPs 7α-hydroxy-cholesterol and 7-keto-cholesterol
in processed thigh meat of the DLM1 (268 and 398 µmol/g, respectively) and DLM2 (308 and 4555 µmol/g,
respectively) treatments were significantly decreased when compared to HC (513 and 619 µmol/g, respectively). In
conclusion, the current dietary SID M+C recommendations for broilers allow for sufficient glutathione production in
high ambient temperatures, which not only ameliorates oxidative stress in the birds, but also prevents subsequent
meat quality issues.
KEYWORDS: sulfur amino acids, heat stress, broiler, methionine, meat quality.
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FINAL ID: 107
TITLE: Effects of feeding varying levels of DL Methionine on meat quality of broiler chickens.
Abstract Body: The amount of synthetic Methionine (MET) permitted by USDA in organic broiler feed is 2 pounds/ton
of feed. Therefore, this study evaluated the effects of feeding dietary supplemental DL-(MET) on breast meat quality of
broilers raised to a target weight of 2.72kg. Meat quality parameters investigated were color, pH, drip loss, water
holding capacity, moisture uptake, cooking yield, texture, total antioxidant capacity (TAC), and lipid oxidation (LO). A
total of 1,552 1-day-old Ross 708, sexed broiler chicks were randomly distributed to 32 pens, resulting in 8 treatments
of 4 replicates with 44 males or 53 females/pen. A randomized complete block with a 2 x 4 factorial arrangement of
treatments (sex x 4 MET levels 0, 0.5, 1.0, and 2.0g/kg feed) was used. The MET levels in the basal diets for starter,
grower and finisher were, 0.37, 0.31 and 0.33%, respectively, while the MET+Cys levels in the same diets were, 0.69,
0.67 and 0.59%, respectively. Data were analyzed using GLMP for ANOVA. Mean differences were determined using
Tukey's all-pairwise comparison test at P ≤ 0.05. No significant interactions were observed between MET and sex on
meat quality except for TAC and LO of raw meat stored for 10 days. Raw breast meat of male broilers fed 0g MET had
higher (P ≤ 0.05) LO levels at day 10 of storage than those of males fed 0.5g and 1g MET. Breast meat from male
broilers had significantly higher redness, TAC, firmness, and toughness but lower yellowness (P < 0.01) than those
from females. Broiler sex considerably affected the sensory quality of the meat. MET supplementation did not affect
most of the meat quality parameters investigated in this study. However, birds fed 0.5g MET had significantly lower
drip loss (P < 0.01) than those fed 1 and 2g MET. Males fed 0.5, 1 and 2g MET and females fed 0 and 0.5g MET had
higher (P ≤ 0.05) muscle TAC than females fed 1 and 2g MET. Broilers fed the basal diet (0g MET) had significantly
higher meat redness than broilers fed 1 and 2g MET. Regardless of sex, LO in cooked breast meat significantly
decreased at days 0 and 3 of storage (P < 0.01) as MET supplementation levels increased to 1g MET and higher.
However, LO levels in the cooked meat at day 7 of storage were not affected by the MET supplementation.
Furthermore, breast meat from birds fed 1 and 2g MET had higher (P < 0.01) cooking yield (79.04 and 78.60%,
respectively) than those fed 0 and 0.5g MET (66.18 and 68.03%, respectively). These results suggest that the
supplementation of MET at 1g MET or higher for broilers can improve oxidative stability and muscle protein
functionality and increase the cooking yield of their breast meat.
KEYWORDS: synthetic methionine, raw meat, cooked meat, meat quality, broilers.
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FINAL ID: 108
TITLE: Dietary sulphur amino acid level affects lipid peroxidation and subsequent meat quality in broilers fed diets
high in polyunsaturated fatty acids
Abstract Body: Diets rich in polyunsaturated fatty acids (PUFAs), were previously shown to induce lipid peroxidation
in the tissue of broilers which may lead to cholesterol oxidation products (COPs) in broiler meat. COPs have been
linked with cardiovascular disease and cancer in humans. Glutathione is the most abundant and important intracellular
antioxidant and is synthesized from the essential sulphur amino acids, methionine and cysteine (M+C). This study
investigated whether increased dietary M+C could inhibit oxidative stress and prevent meat quality issues in broilers
fed diets high in PUFAs. Sixty-six, one-day old, Cobb500 males were separated into 3 treatments with 22 broilers
each and fed in three phases: starter (d 1-10), grower (d 11- 21) and finisher (d 22-35). All three treatments were fed
diets with linseed oil as a fat source rich in PUFAs. Dietary linseed oil inclusion was 2.76, 3.60 and 4.16% in the
starter, grower and finisher phases, respectively. The first treatment was fed an M+C deficient basal diet (DEF) with
SID M+C at 0.74, 0.65 and 0.61% in the starter, grower and finisher phases, respectively. The other 2 treatments were
fed diets supplemented with DL-methionine to either meet (DLM1) or exceed SID M+C recommendations (DLM2). SID
M+C in the DLM1 diets were formulated at 0.93, 0 81, and 0.76% in the starter, grower and finisher phases. In the
DLM2 treatment SID M+C was formulated at 1.11, 0.96 and 0.90% for the starter, grower and finisher diets.
Treatments were compared with a one-way ANOVA and significance determined at P < 0.05. Liver and muscle
glutathione were significantly increased in both DLM1 (3.51 and 1.39 µmol/g) and DLM2 (3.28 and 1.55 µmol/g)
compared to DEF (2.61 and 1.13 µmol/g). Thigh meat was heat processed at 170 C for 50 min and analysed for COPs
by gas chromatography–mass spectrometry. COPS were lower in heat processed meat from DLM1 (10.5 nmol/g) and
DLM2 (16.7 nmol/g) compared to DEF (30.3 nmol/g). Correlation statistics showed significant negative correlations (r
= -0.57, P = 0.007) between levels of glutathione in breast muscle and COPs in heat processed thigh meat. This
suggests that dietary M+C level as a substrate for the glutathione antioxidant system can prevent lipid peroxidation in
the tissues and subsequent COP formation in meat. For most variables the current SID M+C recommendations met in
the DLM1 diet were sufficient for glutathione production, inhibition of dietary PUFA induced oxidative stress and
prevention from related meat quality issues.
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FINAL ID: 109
TITLE: Wnt/β-catenin signaling pathway mediates methionine promotes feather follicle stem cells proliferation in
Yellow-feathered broiler chickens
Abstract Body: Yellow-feathered broiler chickens are facing different degrees of abnormal feather shedding in
intensive poultry production systems, which reduces their commercial quality traits and consumer satisfaction. Feather
integrity is related to dietary methionine (Met) levels. However, the mechanism of methionine controlling hair follicle
development is still unclear. Therefore, this study aimed to explore the effects of Met on the cells proliferation, cells
cycle, cells apoptosis, and its regulation on the Wnt/β-catenin signaling pathway, via the isolation, culture and
identification of feather follicle stem cells (FFSCs) of Yellow-feathered broiler chickens. The FFSCs was treated with
commercial DMEM-medium (CON, the Met level is enough), and Met-free medium (no Met medium), respectively.
MTT, cell counting and EdU assay were used to evaluate cells viability and proliferation, and then replenished Met
(Met-rescue) or its metabolite S-adenosylmethionine (SAM) at different time points of cell proliferation. The cell
samples were collected to analyze the cell cycle and cell apoptotic by flow cytometry, and detected the activity of
Wnt/β-catenin by Western blotting and immunofluorescence. Finally, iCRT3, a specific inhibitor of the Wnt/β-catenin
pathway, was used to verify the role of Wnt/β-catenin in regulating the proliferation of FFSCs. The differences in the
different groups were analyzed by one-way ANOVA followed by Duncan’s multiple range test using SAS software.
Results showed that Met-free for 6 h significantly decreased cells proliferation and cells percentage of S phase
fraction, increased the cells percentage in the G2 phase, and cells apoptotic, and inhibited the Wnt/β-catenin
signaling pathway (P < 0.05). After Met-rescue for 24 h, cells proliferation, cells cycle, cells apoptosis, and the Wnt/βcatenin signaling were significantly improved and rescued to the levels of the CON group. However, SAM-rescue for
24 h failed to rescue the effects (P > 0.05). Furthermore, compared with the Met-rescue group, 20 mmol/L iCRT3
significantly decreased the cells proliferation, as well as the expression of downstream target proteins of β-catenin (P
< 0.05). These results suggest that Met rather than its metabolite SAM accelerates the FFSCs cycle process,
improves their proliferation and apoptosis through Wnt/β-catenin signaling pathway in Yellow-feathered broiler
chickens. [This work was supported by the National Natural Science Foundation of China (31972585)]
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FINAL ID: 110
TITLE: DL-methionyl-DL-methionine transported by PepT1 improves intestinal epithelial integrity via intensifying
frizzled7-mediated Wnt/β-catenin signaling activity in Domestic Pigeon (Columba livia)
Abstract Body: Currently, the mortality of young squabs is as high as 15%, which is critically involved in intestinal
development retardation and low utilization of nutrients. Previous studies have shown that increased methionine (Met)
provision above requirements promotes growth performance of poultry. Desirable dietary Met interventions targeting
breeding pigeon seems to be a good strategy to improve intestinal health status in squabs. Therefore, this experiment
was undertaken to investigate the effects of parental dietary DL-methionine (DL-Met) and DL-methionyl-DLmethionine (DL-Met-Met) supplementation on the intestinal development of young squabs and possible underlying
mechanism. A total of 108 pairs of breeding pigeons and 432 1-day-old young squabs were randomly divided into 3
groups: the control group (CON) was fed a basal diet (CP=15%) and the experimental groups were fed a basal diet
supplemented with 0.3% Met or Met-Met during all experiment. Each pair of breeding pigeons nourished 4 young
squabs, and eight squabs from each treatment were randomly sampled on the 46th day of experiment. H&E staining,
Western blotting and immunofluorescence were used to evaluate intestinal development. Autodock serials software
and PyMOL was used for molecular docking. The t-test and Duncan's multiple range tests were used to determine the
differences between two groups or more groups using SPSS. The results indicated that Met and Met-Met
supplementation improved intestinal morphology and structure in squabs, as reflected by elevated relative intestinal
weight of each small intestinal segment and villus height. Besides, Met and Met-Met supplementation exhibited
significantly increased protein expression of markers of cell proliferation (Ki67 and PCNA), villin and tight junction
proteins (ZO-1 and Claudin-1) in jejunum. Moreover, the expression of Wnt/β-catenin signaling pathway related
proteins (Frizzeld7, p-GSK-3β, Active β-catenin, β-catenin, TCF4, c-Myc and Cyclin D1) and intestinal peptide
transporter 1 (PepT1) in jejunum were considerably higher in the treatment group than that in the CON group
(P＜0.05), with the Met-Met group having the highest expression. Consistently, the molecular docking results
predicted the possibility that Met or Met-Met binds to membrane receptor Frizzeld7. Collectively, parental dietary 0.3%
Met and Met-Met supplementation improved the intestinal epithelial integrity in squabs by potentiating PepT1
expression and intensifying Frizzeld7-mediated Wnt/β-catenin signaling activity, and Met-Met is superior to Met. [This
work was jointly supported by the Natural Science Foundation of Guangdong Province, China (2019B1515210001)].
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FINAL ID: 111
TITLE: The optimum leucine requirement of female broilers in starter phase based on carcass traits
Abstract Body: Leucine (Leu) is one of the so-called functional AA, which plays an important role on the activation of
de novo protein synthesis. However, little is known about the optimum level of Leu in young female broiler chickens to
support carcass traits. Therefore, the purpose of this study was to determine the optimal digestible Leu (d-Leu) in a
ratio to digestible lysine (d-Lys) in female Cobb-500 broiler chicks based on carcass traits from 8 to 21 days of age,
using broken-line models. A total of 540 female broiler chickens of the Cobb-500, were distributed in a completely
randomized design with 6 treatments and 6 replicates of 15 birds each. To create Leu deficient diet, a basal diet
(based on wheat grain-soy bean meal) was formulated to meet of all nutrients (Ca = 0.8, Ava-P = 0.4, d-SAA = 0.78,
d-Thr = 0.76, d-Val = 0.9 % diet) according to Rostagno et al. (2011), with the exception of d-Leu and d-Lys levels. To
avoid excessive Lys, 90% d-Lys (1.05%) was used. To obtain the different d-Leu to d-Lys ratio in treatment diets,
crystalline glutamic acid in basal diet was gradually replaced by crystalline Leu, and six different ratios of d-Leu to dLys ratio of 0.93, 0.98, 1.03, 1.08, 1.13 and 1.18 were formulated in isonitrogenous (CP = 19 %) and isoenergetic
(AME = 2,889 kcal/kg) diets. To evaluate the optimal d-Leu of female broiler chicks for maximum carcass traits, 12
n
chicks from each treatment were selected and slaughtered by Halal method on d 21 of age, and the weights of edible
carcass, breast, thigh and abdominal fat were recorded. Body weight (BW) at the age of 21 days varied from 709 g
/bird in diet with d-Leu to d-Lys ratio of 0.93 to 805 g/bird in diet with d-Leu to d-Lys ratio of 1/13.Feed conversion
ratio was not significantly affected by different ratio of d-Leu to d-Lys and varied between 1.51 and 1.48. In this study,
edible carcass, breast and abdominal fat weights were quadratically respond (P < 0.05) to the increasing level of dLeu. Using linear broken-line model, the optimal d-Leu to d-Lys ratio to maximize edible carcass, thigh and abdominal
fat weights were estimated at 1.02, 1.00 and 1.02, respectively. The quadratic broken-line model was estimate the
optimal d-Leu to d-Lys ratio for maximum edible carcass, breast, thigh and abdominal fat weights at 1.06, 0.99, 1.09
and 1.05, respectively. In the current study the optimal d-Leu to d-Lys ratio to maximize carcass traits of female
broilers from 8 to 21 day of age, was estimated within 0.99 to 1.09; which were in line with the recommendations of
previous reports on male broilers.
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FINAL ID: 112
TITLE: Isoleucine requirements for laying hens at peak laying phase via a dose-response study
Abstract Body: In recent years, livestock production has been identified as one of the major causes of enviromental
changes, due among others to nitrogen (N) excretions of animals. Reducing crude protein (CP) content in the diets of
laying hens may be a lever for reducing N excretion as well as improving gut health of layers related to egg
production. Still, to achieve efficient diets, precise knowledge of amino acids (AA) requirements is essential. Isoleucine
(Ile) has been identified as one of the next limiting AAs for laying hens fed with corn-soy diets. Therefore, a doseresponse trial was set up to finetune the Ile requirements of layers when reaching the peak laying phase. Seven
treatments were distributed to 252 Dekalb white layers separated in 84 cages (3 hens per cage) with 12 repetitions
per treatment. The trial lasted from 19 to 28 weeks of age (WOA). The seven treatments were formulated with a
digestible lysine (dLys) level of 0.75% with 7 levels of digestible isoleucine/ digestible lysine ratios (dIle/dLys; %): 60,
66, 72, 78, 84, 90 or 96. All other essential AA were above the assumed requirements. Feed intake (FI), egg weight
(EW), egg mass (EM), laying rate (LR) and feed conversion ratio (FCR) were measured. As analysed chemical total
value of Lys was abnormally higher in treatment 1 than in the other treatments (total Lys = 0.85 vs 0.77)), data from
this treatment was removed from data analysis. Diets were fed for 10 weeks, however, only the last 8 weeks were
used to measure treatment effect, the 2 first weeks served for adaptation. Due to the strong quadratic shape of the
curve with absence of plateau, data were analysed only using quadratic regression models. Initial body weight (BW0),
WOA were used as covariable in the model and dIle/dLys ratio as the continuous predictor of the response.
Responses were FI, EW, EM, LR and FCR. Isoleucine level had significant effect (p<0.05) on all responses except for
FI for which it only tended to be affected (p<0.10), WOA had significant effect (p<0.01) on all responses, and BW0 had
significant effect (p<0.01) on FI, EW and EM. Statistical requirements for dIle/dLys were evaluated to be 83.5
2
2
2
considering FI (R adj. =9.8%), 79.9 considering LR (R adj. =8.5%), 84.1 considering EW (R adj. =55.9%), 81.3
2
2
considering EM (R adj. =43.8%), and 80.4 considering FCR (R adj. =20.55%). From this trial, depending on the
response factor of interest, it may be concluded that the ideal dIle/dLys ratio for laying hens at laying peak is 80%.
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FINAL ID: 113
TITLE: Is the broiler response to dietary valine modulated by the same branched-chain amino acids as in piglets?
Abstract Body: Branched-chain amino acids (BCAA), that include valine (Val), leucine (Leu) and isoleucine (Ile),
share the same unique catabolism pathway, leading to strong metabolic interactions. Excess of dietary Leu was first
shown in piglets to stimulate the degradation of all BCAA including Val and Ile, with negative consequences on feed
intake and growth. The aim of this study was thus to quantify and compare the response of broilers and piglets to
dietary Val and the impact of the two others BCAA, Leu and Ile, on this response thanks to a meta-analysis approach.
The databases were composed of 23 articles published between 1999 and 2018 including 44 experiments and 239
treatments for broilers, and 16 articles published between 2001 and 2018 including 23 experiments and 126
treatments for piglets. Multiple regression models were fitted with the MIXED procedure of Minitab software with
experiment as random effect. The Y variables were average daily gain (ADG), average daily feed intake (ADFI) and
feed conversion ratio (FCR). For broilers, the Y variables were expressed in percentage of the highest level intraexperiment to make the values comparable between experiments (different ages and genetic lines). The main X
variable was the dietary standardised ileal digestible Val level (ValSID) and the other ones were dietary SID Leu and
Ile (LeuSID and IleSID, respectively). The response of ADG and ADFI to ValSID was linear and quadratic for broilers
2
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2
and piglets (Broilers, ADG: P < 0.001, R =0.65, ADFI: P < 0.001, R =0.50; Piglets, ADG: P < 0.001, R =0.93, ADFI:
2
P < 0.001, R =0.97). Results showed that increasing dietary LeuSID reduced ADG and ADFI in broilers and piglets (P
< 0.05) but also that the response to ValSID was stronger with high LeuSID levels for these 2 species (Interaction
ValSID×LeuSID: Broilers, ADG and ADFI: P < 0.001; Piglets, ADG and ADFI: P < 0.05). The response of ADG and
ADFI to ValSID was not modified by IleSID. The FCR responded linearly (P < 0.001) and quadratically (P < 0.001) to
ValSID, while LeuSID and IleSID have no effect on this response for both species. In conclusion, the current study
showed that ADG and ADFI but not FCR response to ValSID is modulated by dietary LeuSID level. These results
indicate that Leu is the most important regulator of BCAA metabolism that works similarly in broilers and pigs. This
quantification will facilitate the decision-making on amino acid formulation constraints and the implementation of low
protein diets for these two species.
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FINAL ID: 114
TITLE: Impact of coccidiosis on ileal digestibility of amino acids in broiler chickens: a meta-analysis
Abstract Body: Caused by apicomplexan protozoa Eimeria, avian coccidiosis is responsible for major economic
losses in the global poultry industry. Sub-clinical Eimeria infections impair digestive tract capacity and barrier function
leading to poor growth and feed efficiency. The objective of this study was to use a meta-analysis approach to
evaluate and quantify the effect of an Eimeria infection on the apparent ileal digestibility (AID) of amino acids (AA) in
broiler chickens. A database composed of 6 articles with a total of 21 experiments was built to look at effect of
challenge and type of challenge (a mix of Eimeria spp. vs E. acervulina), while a sub database of 3 articles with a total
of 15 experiments was used to evaluate the effect of dose of E. acervulina-challenged birds. For the overall database,
regression models were fitted with the mixed model procedure in Minitab 19 with fixed effects of challenge, species,
and their interactions. For the sub database, the mixed model procedure was used to fit regression models and
identify a linear or quadratic response to dose. Challenge decreased AID (P<0.05) of both dispensable and
indispensable AA except for Trp. Specifically, the largest depression was observed for Cys, Thr, Tyr, Ala, and Val with
the magnitude of difference of 8.7, 5.4, 5.2, 5.1, and 4.9%, respectively for challenged vs. unchallenged birds. The
type of challenge affected (P<0.05) AID of AA with exception of Cys, Tyr, Ala, Ser, Leu, Asp, Gly, and Pro. E.
acervulina challenge had larger negative effects on AID of Ile, Leu, and Val. Moreover, increasing E. acervulina dose
linearly decreased (P<0.05) AID of all indispensable and dispensable AA except for Trp and quadratically decreased
AID of all AA except Cys, Met, Arg, and Trp. The largest linear decrease due to effect of E. acervulina dose was seen
in AID of Cys, followed by Ala, Val, Thr, and Ile. Although, AID of Trp was not affected by E. acervulina challenge,
mixed Eimeria species challenge decreased (P<0.05) AID of Trp. In conclusion, the effect of Eimeria on AID of Thr
was supported by the increased secretion of mucin associated with an Eimeria infection while Cys played a role in
oocyst sporulation. In addition, the effect of Eimeria on branched chain AA was likely due to their involvement in the
proliferation and production of immune associated cells and proteins. Overall, the results confirmed that an Eimeria
infection negatively impacted AA digestibility/utilization. The ranking of the most affected AA suggested ground for
nutritional intervention during sub-clinical field Eimeria infections or vaccination programs.
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FINAL ID: 115
TITLE: Effect of full or partial replacement of soybean meal and crude protein reduction in the grower phase on the
performance of broiler chickens
Abstract Body: Decreasing dietary crude protein in broiler chickens is a strategy known to have multiple benefits such
as reducing N excretion, positively affecting intestinal health and reducing foot pad lesions. In addition, there is
interest to increase the diversification of feed raw materials for broiler diets and to use more local alternative feed
ingredients.
This study evaluated the effect of full or partial replacement of SBM and crude protein (CP) reduction in the grower
phase (14-36d of age) on the performance of broiler chickens. At 14 days of age, 324 Ross 308 male broilers were
randomly allocated into 6 dietary treatments with 6 pens per treatment. Experimental diets were: A: control at 20.7%
CP with 21%-SBM; B: 18.7% CP & 0%-SBM, C: 19.7% CP & 0%-SBM; D: 19.7% CP & 5%-SBM; E: 19.7% & 10%SBM; F: 19.7% & 15%-SBM. All diets were isoenergetic and iso-digestible Lys and all the essential amino acids were
at least at the level of the assumed requirement. In the low CP diets, inclusion of feed-grade L-Val, L-Arg & L-Ile was
needed to balance the diets. In the zero or reduced SBM treatments, SBM was mostly replaced by sunflower (SFM),
rapeseed (RSM) and some corn gluten (CGM) meal. Average daily feed intake (ADFI), average daily gain (ADG), feed
conversion ratio (FCR) and final body weight (BWf) were evaluated and statistically analysed by 1-way ANOVA using
BW at 14d and block as covariate. Birds were individually weighed at d36 and the coefficient of variation (CV) was
calculated and statistically analysed. Between diets B, D, E and F, treatments only differed by SBM inclusion from 0 to
15% and therefore SBM inclusion effects were tested for linear and quadratic response.
From day 14 to 36, there was no significant (P>0.05) difference in ADFI (±149.3g/d), ADG (±105.8g/d), FCR (±1.41),
BWf (±2803g) or CV (±8.1) across treatments. No significant (P>0.05) quadratic response was observed for any
studied parameters. Reducing dietary SBM inclusion linearly (P<0.05) reduced ADFI and tended to reduce FCR
(P=0.062).
The results indicate that reducing dietary CP (by -1%pt and -2%pt) and replacing SBM with SFM, RSM and CGM is
possible in the grower broiler diets without negative impact on growth performance. These findings could support
stakeholders to increase diversification of feed ingredients as well as improvement of animal nitrogen efficiency.
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FINAL ID: 116
TITLE: Effects of reducing dietary crude protein under two different rearing conditions on performance, foot pad
dermatitis, meat yields & environmental impacts of Ross 308 broiler chickens
Abstract Body: Lowering dietary crude protein (CP) has multiple proven benefits on environmental impacts & welfare
indicators of broiler chickens. This study investigated the effects of low CP diets under two rearing conditions on
growth performance, foot pad dermatitis (FPD), meat yields & environmental impacts. A total of 1,305 male Ross 308
were randomly allocated to a 3 x 2 factorial design with 3 CP levels (Control : CTR, CTR -1 pt and CTR -2 pts) and 2
rearing conditions (Optimal: O and suboptimal: S) as experimental factors. Each treatment was replicated 5 times.
Dietary CP levels were 21.8, 20.3, 18.3 & 17.3%, in the starter, grower, finisher 1 & 2 CTR diets, respectively. Low CP
treatments were formulated by reducing CP level by 1 or 2 pts in all phases. Soybean meal was gradually replaced by
wheat and feed-grade amino acids (AA). All indispensable AA were adequately supplied at the level of assumed
requirement, digestible Lys and AMEn were kept constant across treatments. Changes in rearing conditions were
achieved by using Paracox vaccine at 0 and 9 d of age, removing coccidiostats, replacing wood shaving by long straw
as bedding material and increasing density from 15.4 to 18.1 bird/m2 for S kept birds. A two-way ANOVA was used to
compare groups and P-values <0.05 were deemed significant. Birds kept in S conditions had significantly lower 0-42 d
growth performance (ADG -4.6 g/d, ADFI -5.74 g/d, corrected FCR +6 pts) and higher FPD scores than their O kept
counterparts. Dietary CP had no significant effect on overall growth performance, irrespective of the rearing condition.
Reducing CP level by 2 pts improved significantly mean FPD scores (+0.41 pt). Birds fed CTR -2 pts diets tended to
have lower growth performance on the 0-21 d period (e.g. ADG -3.6 g/d) and had significantly lower breast meat
yields (-0.8 pts) irrespective of the rearing conditions. Reducing CP showed a positive impact on environmental
footprint per ton of chicken meat produced in a dose-dependent manner (e.g. climate change -5.7%, energy use 3.6%, land use -5.5% for CTR -1 pt vs CTR). Summarizing, the present study confirms the importance of technical
management and demonstrates that reducing CP improves welfare and environmental outcomes of broiler production
without compromising on growth performance. Future research may be directed towards the alleviation of the negative
effect of -2 pts CP diets on starting performance and breast meat yield.
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FINAL ID: 117
TITLE: Impact of reducing dietary crude protein level on male turkeys performance
Abstract Body: Reducing dietary crude protein (CP) while maintaining essential amino acid ratios using free amino
acids improves litter condition, pellet quality, intestinal health, performance, reduces nitrogen excretion and diet cost in
broilers. However, very limited research has been conducted to understand the effect of reducing CP in heavy turkey
toms. The objective of the study was to determine the effect of reducing dietary crude protein while maintaining
minimum essential amino acid ratios to lysine with the addition of free amino acids (threonine, valine, isoleucine,
arginine, and tryptophan) in heavy turkey toms. Four treatments (Control, less 3%, less 6%, and less 9% of total CP
levels as compared to Control) were allocated in a completely randomized design to 32 pens that housed 85 Hybrid
toms per pen. An eight-phase NAE vegetable dietary program was formulated meeting or exceeding the current
breeder recommendations except for CP levels and fed to toms for 133 days. Dietary protein reductions in the most
restrictive treatment (less 9%) were reduced by 2.5% in the starter phase and reduced to 1.5% reduction in the WD
phase. Bodyweight and FI were determined on days 42, 84, and 133. Data were subjected to one-way ANOVA using
the GLM procedure in SAS. Tukey’s test was used to compare the mean separation and considered significance at
P≤0.05. On day 84, bodyweight of toms fed the lowest CP (less 9%) diet was higher than the toms fed the control (P=
0.049) which corresponded with an increase in body weight gain from day 42 to 84 (P=0.040). At the end of the
experiment (d133), no significant difference was seen in body weight (P=0.292) and FCR (P=0.962). The data indicate
that toms fed reduced CP diets with a balanced amino acids ratio could experience the same benefits of crude protein
reduction as broilers have with increased body weight gain during the early stages of growth. The results of this
experiment demonstrate that reducing dietary CP in heavy turkey toms does not have any negative impacts on growth
performance and FCR when dietary essential amino acids ratio are maintained.
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FINAL ID: 118
TITLE: Determining the digestible lysine requirement of Cobb MV × Cobb 500 FF broilers from 28-41 days of age and
the effect of feeding varying digestible lysine levels on performance and processing yield
Abstract Body: Previous research using the Cobb MV × Cobb 500 FF broiler has determined the digestible lysine
(dLys) requirement (Req), as well as the impact of varying dLys during the starter and grower phases on overall
performance; however, the finisher phase has yet to be evaluated. Therefore, the objective of this study was to
determine the dLys Req of Cobb MV × Cobb 500 broilers from d 28-41, as well as the effect of feeding varying finisher
dLys levels on performance and processing. A 2 Sex (male or female) × 8 dLys (0.72, 0.80, 0.88, 0.94, 1.02, 1.10, and
1.18% dLys) factorial arrangement was utilized. Chicks were obtained from a commercial hatchery, vent sexed, and
fed common starter, grower 1, and grower 2 diets (1.22, 1.12, and 1.02% dLys, respectively) consisting of corn and
soybean meal. On d 28, birds were individually weighed and placed into one of 11 weight classes. One bird from each
weight class was allocated to one of 96 floor pens containing used litter. Initially, three basal finisher diets were
formulated: LOW (0.72% dLys); HIGH (1.18% dLys); and practical control (0.94% dLys). Intermediate dLys levels
were obtained by blending calculated proportions of the LOW and HIGH basal diets. Birds and feeders were
individually weighed at d 28, 35, and 40 to measure BWG, FCR, and ADFI. Additionally, on d 41, 3 birds/pen +/- 100 g
of the mean BW/pen were processed. In general, male broilers improved performance and processing yield when
compared to female broilers (P<0.05). Sex × dLys was significant for d 28-40 BWG and FCR, whereas males fed
>0.80% dLys improved BWG (P=0.049) and males fed 1.18% had decreased FCR but similar to males fed 1.10%
dLys (P=0.012). For d 28-40 ADFI, a stepwise decrease was observed as % dLys increased (P<0.0001). Breast yield
was greatest in birds fed 1.10% but similar to those fed 0.94, 1.02, and 1.18% dLys (P=0.015). Various regression
models were tested to estimate dLys Req for each sex (quadratic regression, 95% of the asymptote; quadratic broken
line). The dLys Req was estimated for fewer female metrics; however, for d 28-35 and 35-40 FCR, the estimated dLys
2
Req ranged from 1.18 to 1.29% when using both models (P<0.05, R =0.99). For female carcass weight, both models
2
estimated the dLys Req to be 1.06% (P<0.05, R =0.83). For male d 28-35 and 28-40 BWG, the estimated dLys Req
2
ranged from 0.98 to 1.08% for both models (P<0.05, R =0.91-0.95). For d 28-35 and 28-40 FCR, the dLys Req
2
ranged from 1.17 to 1.32% for FCR using both models (P<0.05, R =0.98-0.99). For male breast yield, the estimated
2
dLys Req using both models ranged from 1.01 and 1.10% (P≤0.05; R =0.77-0.80). Our study concludes that dLys
Req from 0.98 to 1.32% optimized broiler performance and processing.
KEYWORDS: amino acid, broiler, requirement, performance, digestible lysine.
CURRENT CATEGORY: Metabolism and Nutrition, Amino Acids
PRESENTER: Dalton Dennehy
1
2
3
3
AUTHORS (FIRST NAME, LAST NAME): Dalton Dennehy , Andrew Brown , Cesar Coto , Leonel Mejia , Kelley G.
4
Wamsley
INSTITUTIONS (ALL):
1. Poultry Science, Mississippi State University, Mississippi State, MS, United States.
2. Poultry Science, Mississippi State University, Gordo, AL, United States.
3. Cobb-Vantress, Siloam Springs, AR, United States.
4. Mississippi State University, Mississippi State, MS, United States.

FINAL ID: 119
TITLE: Determining the optimal digestible isoleucine to lysine ratio of Ross 708 x Ross YP male broilers from 28 to 42
days of age.
Abstract Body: Previous research within our laboratory determined the optimal dIle:dLys ratio for the starter and
grower phases to be 70 and 68% for Ross 708 x Ross YP male broilers. Thus, the objective of this study was to
reevaluate the finisher phase in order to determine the optimal dIle:dLys ratio to maximize growth performance. On d
of hatch, 2,400 chicks were equally allocated to 96 pens and a common starter (d0-14;70% dIle:dLys) and grower diet
(d14-28;68% dIle:dLys) was provided. All birds were weighed at d28 and pen weights were equalized by block (12
replications/treatment). Experimental finisher diets (d28-42) were created from a common deficient (54% dIle:dLys)
corn/soybean meal-based diet. After batching, half of the deficient was retained for the creation of the summit (84%
dIle:dLys), through the addition of crystalline Ile. The remaining 5 experimental diets ranged from 59-79% dIle:dLys
and were blended proportions of the deficient and summit diets. A practical control diet (PRAC-CON; 69% dIle:dLys)
was manufactured separately to verify the blended control diet (50 deficient:50 summit blend; BLEND-CON; 69%
dIle:dLys). For statistical analysis, the authors utilized the analyzed values and multiplied them by the calculated
digestible estimate for Ile and Lys relative to the analyzed total estimate for each ratio. The adjusted analyzed ratios
are: 58, 62, 65, 68 (BLEND-CON), 73, 74, 79, and 71 (PRAC-CON) % dIle:dLys. Birds were individually weighed, and
feed intake was recorded on d42 to determine average BW, BW gain, bird uniformity, feed intake/bird (FI), and FCR.
All dIle:dLys ratios were estimated using quadratic regression (QR; 95% of the asymptote), as well as linear and
2
2
quadratic broken line models (LBL;QBL). The QR model for BW (P=0.004; R =0.88) and BWG (P=0.010; R =0.90)
suggests the ratio for dIle:dLys to be 66%. When utilizing LBL and QBL, the ratio was estimated to be 62% (P=0.077,
2
2
0.098; R =0.50, 0.45). Additionally, for d28-42 FCR, QR estimated the ratio to be 66% dIle:dLys (P=0.001; R =0.97),
2
2
LBL estimated it to be 63% (P=0.066; R =0.74), and QBL estimated it to be 66% (P=0.066; R =0.74). Based on the
estimated ratios produced by the multiple regression models for all variables (BW, BWG, and FCR), these data
suggest that the optimum grower dIle:dLys ratio for male Ross 708 × Ross YP broilers is 66%. Future research should
utilize established optimums from previous phases to reevaluate the optimal dIle:dLys ratio of male Ross 708 × Ross
YP broilers for the WD phase.
KEYWORDS: Isoleucine, Optimal Ratio, Finisher Phase, Amino Acids, Live Performance.
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FINAL ID: 120
TITLE: Determination of the optimal digestible arginine to lysine ratio in Ross 708 male broilers
Abstract Body: This study was conducted to establish the optimal digestible arginine (dArg) to digestible lysine (dLys)
ratio of YPM × Ross 708 male broilers from 1 to 14 d of age, 1 to 25 d of age (experiment 1), and 25 to 42 d of age
(experiment 2) based on live performance, feed utilization, and processing yields. A total of 1080 (experiment 1) and
1008 (experiment 2) 1 d old male chicks, were sorted in 72 floor pens in a randomized block design, and subjected to
diets with 6 dArg/dLys levels, with 12 replicate pens, each containing 15 and 14 chicks, for experiment 1 and
experiment 2, respectively. The experimental diets were comprised of corn, wheat middlings, corn gluten meal, poultry
meal, and soybean meal, and formulated to meet limiting amino acids requirements, except for dArg. Diets were
formulated to 95% of the recommended dLys requirements to prevent overconsumption of dLys, and to ensure dArg
would only be biologically efficient up to the slightly suboptimal lysine level. The calculated dArg/dLys value was
formulated during all feeding phases studies to have a minimum level of 77, and 10-point increments were added to
the basal diet in the form of L-arginine at the expense of an inert filler. Optimum dArg/dLys values for live performance
and carcass traits for each experimental period, were calculated via quadratic broken line methodology based on
adequacy of the fit, following the NLIN procedure of SAS 9.4. In experiment 1, the dArg/dLys ratio for optimizing BW
gain and feed conversion ratio (FCR) was determined to be 106 for both variables from 1 to 14 d of age, and 105 and
108 from 1 to 25 d of age, respectively. In experiment 2, the optimum dArg/dLys value was estimated to be 129 and
116 for BW gain and FCR, respectively, during the 25 to 42 d period. Optimum dArg/dLys values for breast weight and
breast yield were estimated to be 112 and 109, respectively. Absolute and relative weights of thighs increased linearly
(P < 0.001) with progressive increases in dArg/dLys. The results of this study suggest that the optimum dArg/dLys
value necessary to maximize growth performance and carcass traits increases as the bird matures, likely due to
considerably higher maintenance values of dArg in broilers.
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FINAL ID: 121
TITLE: Efficiency of lysine and arginine utilization in broilers
Abstract Body: To determine the efficiencies of Lysine (Lys) and Arginine (Arg) utilization, twelve dose-response
assays were conducted to describe male and female broiler chicken responses to Lys or Arg intake, as well as
estimate the efficiency of both amino acids utilization for growth. In each assay, 1280 Cobb 500® broiler chicks (640
males and 640 females) in the starter (1 to 14 days old), grower (15 to 28 days old), and finisher (29 to 42 days old)
phases were randomly assigned to one of 8 dietary treatments with four replicates of 20 birds each. The experimental
diets were formulated using the dilution technique, where the concentration of digestible Lys investigated ranged from
8.70 to 17.5 g Lys/kg feed in the starter phase, from 7.8 to 15.7 g Lys/kg feed in grower phase, and 6.4 to 12.8g
Lys/kg feed in finisher phase, and the content of digestible Arg ranged from 9.3 to 18.7 g Arg/kg feed in the starter
phase, from 8.4 a 16.8 g Arg/kg feed in grower phase, and 6.8 to 13.7g Arg/kg feed in finisher phase. An additional
treatment was included in all the assays to confirm whether Lys and Arg were the limiting amino acids in the feeds.
The deposition of protein, Lys, and Arg in the feather-free body and feathers was measured using the comparative
slaughter technique. The efficiency of Lys and Arg utilization was estimated, for each phase and gender, as the slope
of the first-degree linear regression equation: AAdep=ß+k*AATi, where AAdep is the investigated amino acid
deposition, ß is the intercept, and AATi is the amino acid intake above maintenance requirement, calculated as the
total intake of each evaluated amino acid minus its need for maintenance (36 mg of Arg and 45 mg of Lys). The
efficiencies were compared using a linear regression with groups (GenStat, VSN International, 2017), the differences
were considered statistically significant at 5% of probability. The efficiency of Lys utilization was estimated in 0.80,
0.81, and 0.81 for starter, grower, and finisher male broilers respectively, and in 0.78, 0.76, and 0.78 for females in the
same phases. The efficiency of Arg utilization for male broiler chickens was estimated in 0.63, 0.63, and 0.62 in
starter, grower, and finisher phases, respectively, while females had an efficiency of utilization for Arg estimated in
0.61, 0.63, 0.61 in starter, grower, and finisher phases, respectively. Our findings demonstrated that the efficiency of
Lys and Arg utilization was not affected by either age or gender (P>0.05). Overall, Lys and Arg were utilized for growth
at 0.79 and 0.62, respectively.
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FINAL ID: 122
TITLE: Influence of dietary valine and leucine levels on the live performance, carcass traits, and meat quality of Cobb
MV × 500 males broilers from 32 to 45 d
Abstract Body: Recent data has indicated that interactions among the branched-chain amino acids, specifically valine
and leucine, can negatively influence broiler performance and carcass traits. Therefore, an experiment was conducted
to observe the interactive effects between dietary valine and leucine on live performance, carcass traits, and
Pectoralis major myopathies of Cobb MV × 500 broilers. A corn/soybean meal basal diet was formulated to contain
Val/Lys and Leu/Lys ratios of 72 and 130, respectively, with a digestible lysine level of 1.05%. Graded amounts of
feed-grade L-valine and L-leucine were added in order to produce 12 experimental diets consisting of a 4 (Val/Lys: 72,
77, 82, 87) × 3 (Leu/Lys: 130, 150, 170) level factorial design. Diets were fed to eight replicate pens of 21 male broiler
chicks. Body weight gain, feed intake, and feed conversion were determined for the 32 to 45 d finisher period. At d 46,
four birds per pen were processed for determination of carcass traits and the incidence and severity of woody breast
in P. major fillets. All data were analyzed by two-way ANOVA using SAS 9.4. Statistical significance was considered at
P ≤ 0.05 and means were separated using a repeated t-test, when appropriate. No differences were observed for any
live performance or carcass trait variable in response to dietary valine level, leucine level, or their subsequent
interaction. Concerning woody breast, a significant interaction (P < 0.05) was observed for average score and the
distribution of scores 1 and 2. These data indicate that within the valine and leucine levels tested, branched-chain
amino acid antagonism did not negatively influence broiler performance and carcass traits. The appearance of an
interaction between valine and leucine for woody breast parameters was surprising and the mechanism behind the
interaction is currently unknown.
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FINAL ID: 123
TITLE: Effects of dietary sulfur amino acid supplementation on broiler chickens exposed to acute and chronic heat
stress
Abstract Body: Non-fatal heat stress (HS) can result in oxidative damage from increased reactive oxygen species.
One method for alleviating these chronic effects of HS is the supplementation of sulfur amino acids (SAA) which can
be metabolized to produce glutathione, one of the more important antioxidant systems used by poultry. Therefore, the
objective of this experiment was to alter dietary SAA content of the diet of broiler chickens exposed to HS from 28 to
35 d to determine the effects on broiler performance, body temperature, intestinal permeability, and oxidative status.
Serum concentrations of FITC-Dextran was used to quantify intestinal permeability and oxidative status was
determined by reduced glutathione to oxidized glutathione ratio (GSH: GSSG). Four experimental treatments
generated from 2 x 2 factorial arrangement of treatments consisting of HS (6 h at 33.3 °C followed by 18 h at 27.8 °C
from 28 to 35 d of age) and Thermoneutral (TN: 22.2 °C continuously from 28 to 35 d) and 2 dietary concentrations of
SAA (0.80 and 1.04% digestible SAA that correspond to 100 and 130% of breeder recommendations). Diets fed
during HS were formulated to contain 3,200 kcal/kg ME, 19.7% CP, and 1.06% digestible Lys and 0.71% digestible
Thr. A total of 648 Ross 708-day-old male chicks were placed in 36 pens with 18 chicks/pen and 9 replicates per
treatment. Data were analyzed as a 2 x 2 factorial in JMP 14 (P ≤ 0.05). Cloacal temperature was increased by 1.7,
1.4 and 1.2 °C with HS at 28, 31, and 35 d, respectively (P ≤ 0.05). No interaction effects were observed on broiler live
performance (P ≥ 0.05). As expected, HS reduced BWG by 92g and increased FCR by 11 points from 28 to 35 d of
age, respectively (P ≤ 0.05). The additional supplementation of SAA had no effect on live performance (P > 0.05). At
28 d of age, there was an interaction where supplementation of SAA to birds exposed to HS was able to reduce the
intestinal permeability similar to the TN group (P > 0.05). The interaction was lost at 31 d, but HS still increased
intestinal permeability (P ≤ 0.05). By 35 d, broilers were able to restore intestinal function and intestinal permeability
was not altered by HS or diet (P > 0.05). Additionally, SAA was able to reduce oxidative damage by reducing the
GSH:GSSG ratio by 0.41 and 4.91 at 28 (P = 0.08) and 35 d (P = 0.05). These data suggest that intestinal damage
occurs acutely and is possibly maximized within three days, but oxidative damage is more chronic building over the
entire 7 d HS period. Increased dietary Met might have some protective effect on these responses to HS although no
direct effects on bird performance were reported.
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FINAL ID: 124
TITLE: Practical assessment of methionine supplementation regimen for 2 commercial broiler strains on 41 d
performance and processing
Abstract Body: The current study was conducted with a commercial poultry integrator to help identify potential
improvements for their methionine (Met) regimen (MR) utilized for two broiler strains they commonly use (fast growing
(FG) vs. high yielding (HY)). Thus, two common sources of synthetic Met supplements were tested: a dry form, DLMet (DLM), and a liquid form, Met Hydroxy Analogue (MHA). A 2 strain (FG or HY) x 6 MR (1 - 100% MHA to meet HY
Breeder Spec for digestible TSAA; 2 - DLM at 65% of MHA used in 1; 3 - MHA at 150% MHA used in 1; 4 - DLM at
65% of MHA used in 3; 5-MHA at 50% of MHA used in 1; and 6-DLM at 65% of MHA used in 5) factorial arrangement
was employed. All diets were analyzed and within target for DLM and MHA. Day old males (n=2700) were randomly
2
assigned to treatment/pens by location (0.07 m /bird); 9 replicates/treatment. Average BW, BW gain (BWG), feed
intake (FI), and FCR were evaluated at d 17, 28, and 40. On d 41, 4 birds/pen (+/- 100 g of average BW/pen) were
processed for carcass and breast weights. Data were analyzed using SAS; means were separated using Fisher’s LSD
where P≤0.05. Strain impacted performance (P<0.05); overall, FG and HY birds finished behind breeder specs by ~2
and 1 d, respectively. Due to the strain x MR interactions being of primary interest and none detected (P>0.05), only
the impact of MR will be discussed. Birds fed MR5 had the highest d 17 BW (0.59 kg; P=0.027) but similar to MR 2, 4,
and 6; those fed MR3 had the lowest BW (0.56 kg), though similar to MR 1 and 2. Day 0-17 BWG, FI, and FCR were
increased when feeding MR 5 (P<0.05); MR4 had intermediate BWG and FI, but also the lowest FCR. Day 28 BW and
0-28 BWG was maximized when feeding MR5 and 6 as compared to MR1-4 (P<0.05). However, MR5 had the highest
0-28 d FCR (1.42), followed by MR6 (intermediate), the lowest FCR was found for MR3 (1.38; P=0.001). Day 40 BW
and 0-40 BWG was maximized by feeding MR6 (2.56 kg), however birds fed MR5 were similar for both BW and BWG,
and MR2 was similar for BW (P<0.05). For 0-40 d FCR, MR3 had the lowest (1.51), while MR1, 2, and 4 had the next
lowest (~1.53; P<0.0001). Birds fed MR6 were intermediate (1.56), and MR5 had the highest FCR (1.57). Carcass
weight was maximized by MR6, though similar to MR2; MR1, 3, and 4 had the lowest carcass weight (P=0.001). Total
breast weight was maximized by MR4, though MR2 and 3 were similar (P=0.002). Birds fed MR5 had the lowest total
breast weight, but similar to MR1, MR6 was intermediate. Data suggests MR6 birds compensated for reduced Met via
increased FI and FCR. These data provide nutritionists with insight for MR application to optimize performance and
economics and reveal no MR x Strain concerns under these parameters.
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FINAL ID: 125
TITLE: An investigation into the influence of age on the standardized amino acid digestibility of wheat and sorghum in
broilers
Abstract Body: The present study was conducted to determine the standardized ileal digestibility coefficients (SIDC)
of nitrogen (N) and amino acids (AA) in wheat and sorghum at six different ages (d 7, 14, 21, 28, 35, and 42) of
broilers. Two assay diets were formulated to contain 938 g/kg of each grain as the sole source of AA in the diet.
Titanium dioxide (5 g/kg) was added as an indigestible marker. Each assay diet was fed to six replicate cages housing
14 (d 7), 12 (d 14), 10 (d 21), 8 (d 28), 8 (d 35), and 6 (d 42) birds per cage for four days prior to digesta collection
from the lower half of the ileum. The apparent ileal digestibility coefficients (AIDC) were calculated and standardized
by using age-appropriate basal ileal endogenous AA losses determined in a previous study by feeding a N-free diet
and collecting digesta on d 7, 14, 21, 28, 35, and 42. Data were analyzed by using GLM procedure of SAS with cage
means as the experimental unit. Orthogonal polynomial contrasts were performed to determine the linear and
quadratic effects of broiler age. In the case of wheat, AIDC of N and all AA increased (linear or quadratic, P < 0.050.001) with advancing age. No age effect was noticed on the SIDC of N, average of indispensable (IAA) and
dispensable AA (DAA), though the average of total AA tended (linear, P = 0.09) to be increased by age. In sorghum,
the AIDC of N, average of IAA and DAA were unaffected (P > 0.05) by age. The AIDC of Met, Trp, Cys, Asp increased
linearly (P < 0.01) as the birds grew older. However, the SIDC of N, average SIDC of IAA, DAA and total AA were
higher at d 7, reduced at d 14 and then plateaued. Among the IAA, the SIDC of Arg, His, Thr and Val decreased
(quadratic, P < 0.05 to 0.01) with age. A linear decrease (P < 0.05 to 0.001) was observed in the SIDC of Ile, Leu, Lys,
and average of IAA with higher values on d 7. The SIDC of all individual DAA (except for Cys) and the average of DAA
decreased with age (linear or quadratic, P < 0.05 to 0.001) with higher values on d 7. Overall, the SIDC of AA
increased in wheat and decreased in sorghum with advancing age. The current findings suggest that broiler age
influences the AIDC and SIDC of most AA in both wheat and sorghum, and that the age effect may need to be
considered in practical feed formulations. The age effect on the AA digestibility in broilers is variable depending on the
grain type and specific AA.
KEYWORDS: age, broilers, amino acids, digestibility
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FINAL ID: 126
TITLE: Determining amino acid digestibility of soybean meal from different Midwest soybean varieties and growth
performance when fed to broilers.
Abstract Body: Two studies were conducted to determine apparent ileal digestibility (AID) of amino acids (AA) and
growth performance of broilers fed soybean meal (SBM) from different soybean varieties. Both studies used 1 of 4
soybean sources varying in quality defined by analyzed crude protein (CP) content. Two sources consisted of
soybeans from similar regions processed conventionally or experimentally. Other sources included a low quality and
high-quality soybean, experimentally solvent extracted at Texas A&M University. Therefore, dietary treatments
consisted of a conventionally processed SBM (CSBM; 47% CP) or experimentally processed SBM 42SBM (42% CP),
49SBM (49% CP), or 52SBM (52% CP). In Exp. 1, 240 one-day old Cobb500 male broilers were placed in battery
cages with 6 broilers per cage and 10 replicates per treatment. A common corn-SBM crumble starter diet was fed from
d 0 to 10 with experimental diets fed from d 10 to 18 with SBM as the only source of AA. Dietary treatments were
dextrose and SBM-based and consisted of 1 of 4 SBM sources included in diets formulated to 20% CP. On d 18,
broilers were euthanized by CO inhalation and ileal samples were collected to determine AID of AA. In Exp. 2, 360
2
one-day old Cobb500 male broilers were placed in battery cages with 6 broilers per cage and 15 replicates per
treatment. Dietary treatments consisted of the same SBM used in Exp. 1 and were formulated to 90% digestible Lys,
balanced using digestible AA values determined in Exp. 1. All data were analyzed using the GLIMMIX procedure in
SAS 9.4, with cage as the experimental unit, cage location as the blocking factor and adjusted using Tukey-Kramer
multiple comparisons. In Exp. 1, increasing the CP content of experimentally processed SBM from 42SBM, 49SBM, to
52SBM increased (P < 0.05) AID of total AA (80.3, 84.9, 87.3%, respectively; CSBM 87.6%), Arg, His, Lys, and Thr
with no evidence for differences between AID of CSBM and 52SBM. Broilers fed CSBM, 49SBM, and 52SBM had
increased (P < 0.001) Ile, Met, Phe, and Trp compared to 42SBM. The AID of Leu and Val increased (P < 0.001) with
increasing CP with CSBM intermediate to 49SBM and 52SBM. In Exp 2., from d 0 to 18, ADG and d 18 BW increased
(P < 0.001) in broilers fed CSBM (37.7; 688 g) compared to 42SBM (31.9; 635.7 g), 49SBM (32.6; 640.0 g), and
52SBM (31.1; 635.0 g). Broilers fed the CSBM (45.6 g) had increased (P < 0.001) ADFI compared to 42SBM (40.8 g)
and 52SBM (40.0 g) with 49SBM (42.2 g) intermediate. In conclusion, SBM from high CP soybeans (52SBM) had
increased amino acid digestibility compared to SBM from 42SBM and 49SBM with no differences between 52SBM
and CSBM. However, broilers fed CSBM had improved d18 BW, ADG, and ADFI.
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FINAL ID: 127
TITLE: Effects of different heat stress models on ileal nutrient digestibility and molecular markers of protein
metabolism
Abstract Body: Heat stress (HS) is a major stressor for commercial poultry, and we previously reported that feed
intake (FI), body weight gain (BWG), and breast meat yield of broilers were decreased under HS compared with those
under thermoneutral conditions. Pair-feeding (PF) revealed that approximately 81% of the reduction in BWG under
constant HS was caused by decreased FI, with the remaining 19% directly associated with the physiological changes
induced by HS. This experiment aimed to characterize the effects of 3 HS models, constant, cyclic and acute, on
nutrient digestibility and markers of protein metabolism. A total of 720 Cobb 500 male chicks were allocated into 12
environmentally controlled chambers. From d20 to d41, 4 chambers were set to 35°C (coHS), 4 chambers were set to
35°C for 12h and 24°C for the next 12h (cyHS), and the 4 remaining were set to 24°C. Within the 24°C chambers,
one-half of the birds was PF to equalize FI of coHS birds (TN ) and the other half was fed ad-libitum (TN). At d41,
PF
16 TN birds were exposed to 35°C for 2 hours (aHS). Breast tissue and ileal digesta from 8 birds per treatment were
collected on d41. For the cyHS groups, breast samples were taken before (cyHS ) and after (cyHS ) 6h of HS (35°C).
1
2
RT-qPCR was performed on breast samples to evaluate the mRNA expression of different markers of protein
metabolism. Ileal digesta was used to determine the apparent ileal digestibility (AID) of dry matter, ether extract,
nitrogen (N), amino acids (AA) and energy. Data were analyzed by 2-way ANOVA and means were separated using
Tukey’s HSD. Compared with TN birds, the AID of N of coHS birds was reduced (P < 0.05; -5.3%). Only coHS
reduced (P < 0.05) digestibility of essential AA (His, Leu, Phe, and Met; 2.7 to 6.3 percentage units) compared with TN
birds. Both MAPK and IGF1/PI3K/AKT signaling pathways regulating mTOR were impacted. IGF1 was lowered (P <
0.001) with cyHS and coHS, and upregulated in TN
birds compared to coHS birds. PI3Kα was upregulated (P =
1
PF
0.002) under aHS, cyHS , coHS and TN . AMPKα1, a marker of energy deficit, differed (P < 0.05) among
2
PF
treatments and was lowest for TN birds. Downstream of mTOR, S6K1 and MyoG were downregulated (P < 0.01)
under coHS, and TN
and cyHS also decreased expression of S6K1. MuRF1, a marker of muscle atrophy, was
PF
1
decreased (P < 0.01) under TN , cyHS , and cyHS , but increased by coHS. These results suggest that coHS has
PF
1
2
a greater impact on AA digestibility and protein metabolism than cyHS. However, reduced AA digestibility appeared to
only partly contribute to impaired performance induced by HS beyond that explained by lower FI, whereas a more
important role may be played by alterations in regulatory mechanisms of protein metabolism.
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FINAL ID: 128
TITLE: Effect of amino acid supplementation to reduced crude protein diets on growth performance, organ weights
and nutrient digestibility of broiler chickens exposed to sub-clinical enteric health challenges
Abstract Body: The ideal protein (IP) concept represents the ratio of digestible essential amino acid (AA) to lysine
where all essential AA are equally limiting. However, sub-clinical enteric challenges may increase specific AA
requirements for immune responses and AA malabsorption compensation. Here, we assessed effects of threonine
(Thr), arginine (Arg) and glutamine (Gln) supplementation to low crude protein (CP) diets on bird resilience to subclinical enteric challenges, organ weights and digestible CP intake. Ross308 day-old male broilers (14 birds/pen)
underwent two challenge treatments factorially combined with four feeding treatments (n=9 pens per challenge-diet
combination). Birds were either unchallenged (placed on clean litter; gavaged with water) or challenged (placed on
reused litter; gavaged with 2500 Eimeria maxima oocysts at d14). Diets were high-CP (D1, 22.3% CP; Thr 0.86%; Arg
1.37%; Gln: 4.36%), low-CP (D2, 20.3% CP; Thr 0.86%, Arg 1.37%; Gln 3.67%), D2 with glycine (Gly) (D3, 21.7% CP;
Thr 0.86%; Arg 1.37%; Gln 3.72%; Gly 2.23%), and D3 supplemented with extra Thr, Arg and Gln at the expense of
Gly (D4, 21.9% CP; Thr 1.08%; Arg 1.70%; Gln 4.82%; Gly 0.72%). Birds were fed starter mash (d0 to d10) and
grower pellets (d10 to d28), with D1 and D2 formulated to IP concept. On day 28, empty gizzard weight and ileal CP
digestibility were assessed to calculate digestible CP intake (d25-28). Treatment effects were assessed via 2×4
ANOVA using d10 body weight (BW) as a covariate for d10-28 data; Tukey-adjusted multiple comparisons located
effects at P<0.05. Feeding and challenge treatments did not interact. By d10, challenge increased BW (205 vs 212 g;
s.e.d. 3) and reduced feed conversion ratio (FCR; 1.37 vs 1.31; s.e.d. 0.03), both P=0.018), whilst D1 birds were
heavier than D2, D3 and D4 birds (219, 207, 204 and 202 g, respectively; s.e.d. 4; P<0.01). By d28, subsequent E.
maxima challenge reduced final BW (1480 vs 1242 g; s.e.d. 17), increased d10 to d28 FCR (1.30 vs 1.40; s.e.d. 0.02)
and reduced gizzard weight (29.5 vs 26.3 g; s.e.d. 0.68), all P<0.001. D1 birds were heavier than D2, D3 and D4 birds
(1430, 1363, 1333 and 1318 g, respectively; s.e.d. 24) and had greater digestible CP intake (26.8, 23.9, 24.8 and 23.1
g/d, respectively; s.e.d. 0.71), all P<0.001. In our study, AA supplementation to IP based reduced CP diets did not
improve resilience to sub-clinical enteric challenges, potentially due to AA imbalances. The reduced CP ration may
have underperformed due to limiting non-essential AA, subclinical acidosis due to dietary electrolyte imbalance, or
reduced ability to apply IP concept successfully during the starter phase.
KEYWORDS: Ideal protein, broiler, reused litter, coccidiosis, resilience.
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FINAL ID: 129
TITLE: Broilers administered a live coccidiosis vaccine or fed a chemical anticoccidial responded similarly to
increased dietary amino acids contributed by soybean meal or feed-grade sources
Abstract Body: This experiment evaluated responses of broilers under different coccidiosis control programs when fed
elevated amino acid (AA) concentrations achieved with increased dietary soybean meal (SBM) or feed-grade essential
AA. Ross 708 male chicks were allocated in a 2×4 factorial design (24 birds/pen, 12 replicate pens/treatment) with 2
coccidia control methods (1x live vaccine dose or in-feed zoalene) and 4 experimental diets fed during the starter (012 d) and grower (12-26 d) periods: 1) a control diet (CTL), 2) an increased AA density diet containing increased SBM
(H-SBM), 3) an increased AA density diet containing CTL-level SBM but increased feed-grade Met, Lys, Thr, Val, Ile,
and Arg (H-FG), or 4) the CTL with only Thr, Val, and Arg increased by feed-grade sources to the same levels as the
H-SBM and H-FG diets (CTL). Digestible Lys was 1.24 and 1.11% for the CTL diet and increased in the H-SBM and
H-FG diets by 6 and 7% in the starter and grower phases, respectively, with other digestible AA/Lys ratios at or above
breeder specifications. Common diets were fed during the finisher 1 (26-33 d) and 2 (33-40 d) phases. Feed intake
(FI), BW gain (BWG), and FCR were measured during each phase, and fecal oocysts were counted at d 12 and 26.
Intestinal segment length and weight were assessed at d 12. At d 40, 6 birds/pen were randomly selected for
processing. Data were analyzed by a 2-way ANOVA and means separated by Tukey’s test (P≤0.05). No interactions
(P>0.05) between coccidia control method and diet were observed. At d 12, oocyst counts and intestinal length and
weight were increased (P<0.001) with vaccination, with no diet effect. From d 0-26, vaccination impaired (P<0.001)
BWG and FCR (1.19 vs. 1.22) compared with zoalene, but FI (P>0.05) was unaffected. Broiler BWG and FCR were
better (P<0.001) for the H-SBM and H-FG groups compared with the CTL and CTL+ groups. Broiler FI was similar
(P<0.001) among the CTL, H-SBM, and H-FG groups but reduced with CTL+. From d 0-40, FCR, but not FI or BWG,
was impaired (P<0.001; 1.55 vs. 1.56) by vaccination compared with zoalene. Broiler FI (P<0.001) was highest for HSBM and H-FG, moderate for CTL, and lowest for CTL+. Birds fed the H-SBM and H-FG diet had improved (P<0.001)
BWG and FCR compared to those fed CTL and CTL+. Coccidia control method did not affect (P>0.05) deboned parts
yields. Breast meat yield (P<0.001) was greater for the H-SBM and H-FG groups than for the CTL and CTL+ groups.
In conclusion, performance and yield of broilers given a vaccine or in-feed zoalene benefited from increased dietary
essential AA regardless of source (SBM or feed-grade AA). However, these benefits were not observed when only
ratios of Thr, Val, and Arg were increased.
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FINAL ID: 130
TITLE: Impact of Eimeria challenge on ileal endogenous losses and standardized ileal digestibility of amino acids in
single and mixture of feed ingredients fed to broiler chickens
Abstract Body: The negative effect of an Eimeria challenge on amino acid (AA) digestibility has been investigated,
however, such studies primarily reported apparent ileal digestibility (AID) AA in diets. Thus, an experiment was
conducted to determine standardized ileal digestibility (SID) of AA in major poultry feed ingredients fed to broiler
chickens challenged with Eimeria. A total of 840 male day-old Ross x Ross 708 chicks were fed a commercial starter
diet for 8 days. On day 9, birds were weighed, placed in 82 cages (10 birds per cage), and allocated to either a
nitrogen-free diet (NFD) or one of the 6 test diets formulated to contain a single or mixture of feed ingredients as the
sole source of AA (n=12). The test diets were: 1) corn, 2) wheat, 3) soybean meal (SBM), 4) pork meal (PM), 5) corn,
SBM, and PM (CSP), and 6) wheat, SBM, and PM (WSP). All diets had 0.3% TiO as the indigestible marker. On day
2
10, 6 replicates per diet were challenged with 1 mL of E. acervulina and E. maxima mixture via oral gavage and the
other 6 replicates were given sham. On day 15, birds were bled for plasma AA and necropsied for intestinal lesion
scores, and ileal digesta samples. The data was analyzed using a 3-way ANOVA, with treatment, challenge, and diet
completeness (single vs. mixture) as fixed factors. Challenge (P < 0.05) decreased plasma concentration of Arg, His,
Thr, Asp, Gln, and Tyr and increased concentration of Lys, Ile, Leu, and Val. There was a challenge and diet
completeness interaction (P < 0.05) on duodenum and jejunum lesion scores with challenged birds fed the mixed diet
exhibiting more severe lesions compared to birds fed the single ingredients. The challenge increased (P<0.05) basal
endogenous losses of all AA except for Ala. There was a challenge and diet completeness interaction (P<0.05) on
total ileal endogenous flow (IEF) of AA with exception of His, Met, Ala, Asp, Cys, Gly, Pro, and Ser, such that
challenged birds fed the mixed diets, particularly WSP, had higher IEF of AA compared to the single ingredients.
Consequently, challenge decreased (P < 0.05) SID of most AA except for Met, Asp, and Cys with the largest impact
seen on Lys, His, Ser, and Thr. An effect (P < 0.05) of diet completeness was seen on SID of most AA with exception
of Arg, Thr, Asp, and Cys, such that values were higher in the mixed compared to the single ingredient diets. In
summary, the effect of an Eimeria challenge and diet completeness can significantly influence ileal AA digestibility.
The results showed that while challenge had a greater impact on the mixed diets, this may be due to AA intake which
may influence Eimeria pathogenicity.
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FINAL ID: 131
TITLE: Effect of a novel consensus bacterial 6-phytase variant on phytate degradation in broilers fed diets containing
different phytate levels
Abstract Body: This study evaluated the effect of a novel consensus bacterial 6-phytase variant (PhyG) on apparent
ileal digestibility (AID) of phosphorus (P) and degradation rate of phytic acid (inositol hexa-phosphate, IP ) in broilers.
6
A 3 × 5 factorial arrangement which was based on 3 phytate-P (PP) levels (low: 2.45 g/kg, mid :2.95 g/kg or high:3.45
g/kg) and 5 PhyG doses (0, 500, 1000, 2000 and 4000 FTU/kg) was utilized. A total of 1,800 (Ross 308) day-old male
chicks were randomly allocated to 90 battery cages with 6 replicate cages per treatment. Diets were based on wheat,
corn, soybean meal, rapeseed meal and rice bran with Cellite (20 g/kg) as indigestible marker and were fed ad lib in
pellet form in two phases (starter 0-10d: 2.60 g/kg dig P and 7.6 g/kg Ca and grower 11-21d: 2.10 g/kg dig P and 6.4
g/kg Ca). On day 21, ileum samples were collected from six birds per cage, pooled per cage for measuring P
digestibility and IP degradation. Data were analyzed as 3x5 factorial arrangement and phytase dose response was
6
tested using exponential curve fitting (JMP 14). The analyzed PP content was 2.98, 3.45 and 3.85g/kg respectively in
low, medium and high PP diets. No interaction between phytase dose and PP level was seen for ileal IP content and
6
IP degradation. Increasing phytase dose exponentially (P < 0.0001) reduced ileal IP content and increased IP
6
6
6
degradation regardless of PP levels. At 4,000 FTU/kg PhyG, the ileal IP content was reduced (P<0.05) from 2.45% to
6
below limit of quantification at the low PP, and from 2.52% to 0.14% at mid PP and 2.81% to 0.16% (freeze dried-DM
basis) at mid and high PP level, respectively, which corresponded to IP6 disappearance of 100%, 97.2% and 97.1% at
each of low, mid, and high PP, respectively. At the 2,000 FTU/kg, the IP disappearance was 97.2, 92.7, 92.2%
6
respectively at low, medium and high phytate P, which culminated into 2.82, 3.05, 3.36 g/kg of phytate P release
estimation based on the sum of IP
degradation for low, mid and high phytate diets, respectively. Phytase dose and
3-6
PP level interaction was found for both AID P and ileal digestible P as g/kg. Phytase increased (P < 0.001) ileal
digestible P (g/kg) and the improvement in response to each phytase dose was higher in the high PP diets than in the
medium or low PP diets. In conclusion, while the supplementation of PhyG at 2,000 FTU/kg dose degraded over 92%
of phytate at each PP levels, the use of the phytase in diet up to 4,000 FTU/kg exponentially increased ileal IP
6
degradation in commercial broiler diets. The usage of the novel consensus bacterial 6-phytase variant in commercial
broiler diets enables optimal phytate P degradation and utilization in broilers.
KEYWORDS: broiler, phosphorus, novel consensus bacterial 6-phytase variant, inositol hexa-phosphate degradation,
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FINAL ID: 132
TITLE: A novel consensus bacterial 6-phytase variant improved growth performance and feed efficiency and lowered
production cost in turkeys
Abstract Body: The effects of a novel consensus bacterial 6-phytase variant (PhyG) were evaluated in turkeys fed
diets with nutrient reduction. Three hundred Nicholas male turkey poults (10 birds × 10 pen replicates) were assigned
to three treatments. Diets were based on corn, soybean meal, canola meal, and wheat bran and were fed in four
dietary phases of 0-21, 22-42, 43-63 and 64-84 d. The diets were a nutrient adequate positive control (PC); a negative
control reduced by 0.18% available P, 0.21% Ca, 74.5 kcal/kg ME, 0.02-0.06% dig AA, and 0.05% Na (based on
2,000 FTU/kg phytase contribution: NC) vs PC; and the NC supplemented with PhyG at 2,000 (NC+PhyG) FTU/kg.
Growth performance, feed efficiency, and production cost were determined on the cumulative 0-42d and 0-84d. The
study was conducted in a completely randomized setting, while the generated data were analyzed using the Fit Y by X
function of JMP 15.1 and treatment means were compared using Tukey HSD test. The 0-42d body weight gain (BWG)
was reduced (P<0.001) by the NC (2.88 kg) vs the PC (3.29 kg), which was completely restored by the NC+PhyG
(3.26 kg). The 0-42d FCR was worsened (P<0.05) by the NC (1.598) vs the PC (1.484), while the FCR was improved
by NC+PhyG (1.424) vs each of the PC and NC diets (P<0.05). The 0-42d feed cost per kg BWG was decreased
(P<0.001) by NC+PhyG (0.370 USD/kg) compared to the PC (0.408 USD/kg). Relative to the 0-84d BWG by the PC
(11.11 kg), BWG was also decreased (P<0.001) by the NC (9.97 kg) and restored by the NC+PhyG (10.91 kg). The 084d FCR was also worsened (P<0.05) by the NC (1.990) vs the PC (1.930), and it was improved (P<0.05) by
NC+PhyG (1.912). Feed cost per kg BWG for the 0-84d was also lowered by NC+PhyG (0.487 USD/kg) relative to the
PC (0.520 USD/kg). These findings demonstrated the efficacy of the novel consensus bacterial 6-phytase variant to
support efficient production of turkeys. The PhyG supplementation at 2,000 FTU/kg in commercial turkey diet
compensated for reduction of 0.18% in available P, 0.21% in Ca, 74.54 kcal/kg in ME, 0.02-0.06% in dig AA, and
0.05% in Na, maintained or improved growth performance and feed efficiency compared to positive control, resulted in
production cost saving through 84 d of age.
KEYWORDS: Turkey, phosphorus, growth performance, feed efficiency, economic benefit.
CURRENT CATEGORY: Metabolism and Nutrition, Enzymes
PRESENTER: Abiodun Bello
1
1
2
AUTHORS (FIRST NAME, LAST NAME): Abiodun Bello , Yueming Dersjant-Li , Arun Kumar
INSTITUTIONS (ALL):
1. Danisco Animal Nutrition - IFF, Wilmington, DE, United States.
2. School of Agriculture and Food Science, University of Queensland, Gatton, QLD, Australia.

FINAL ID: 133
TITLE: Performance and Tibia ash Response of Ross 708 Broilers to Increasing Concentrations of two Commercial
Phytase Products Post Pelleting
Abstract Body:
Mixer added phytases must retain efficacy post conditioning and pelleting. Heat from saturated steam and friction
upon pellet die extrusion may deactivate phytases. In addition, increasing phytase concentrations in diets may
increase nutrient release from phytate. The objective of this study was to assess two commercially available phytases
that were concentrated at 500, 1,000, or 2,000 FTU/kg in mixed mash post steam conditioning at 82°C for 30 sec and
extrusion through a 4.8 x 38mm pellet die on 0 to 44d Ross 708 male broiler performance and tibia ash responses.
The phytase products were Quantum Blue, derived from E. coli and expressed in Trichoderma Reesei, and Optiphos
Plus derived from E. coli and expressed in Pichia pastoris. A 3 (Phytase level) × 2 (Phytase product) factorial
arrangement of treatments within a randomized complete block design was utilized. A positive control and negative
control diet were also manufactured and analyzed within a multiple comparison. The negative control diet and diets
containing phytase contained available phosphorus and calcium levels 0.2% less than the positive control. Crumbled
and pelleted diets were fed to 8 replicate pens of 30 chicks in three phases. Live performance, D20 and D44 tibia ash,
and D44 hot boneless, skinless breast weight were measured. Analyzed phytase activity did not drop below 75% of
the formulated values for any treatment within each feeding phase. Analyzed phytase activity did not differ among
products. Day 44 live weight gain and both D21 and D44 tibia measures increased for all phytase concentrations
relative to the negative control (P<0.05). Phytase products did not differ in effect on live performance or breast yield
with the exception of live weight at 20 days where birds provided with Optiphos were significantly heavier (P<0.05).
Day 20 tibia ash increased for 1,000 and 2,000 FTU/kg concentrations compared to 500 FTU/kg concentration
(P<0.05). There was a phytase product by phytase level interaction for D44 tibia ash (P<0.05). Optiphos Plus
increased D44 tibia ash to the highest treatment level with concentrations above 500 FTU/kg (P<0.05), while Quantum
Blue D44 tibia ash did not respond to varying concentration resulting in a higher overall tibia ash percentage for
Optiphos Plus (P<0.05). The assessed phytase products showed similar benefit to live performance and breast yield
but varied in response to D44 tibia ash at 1,000 and 2,000 FTU/kg concentrations.
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FINAL ID: 134
TITLE: Effect of two commercially available phytases, supplemented at two different dose rates, on performance of
broilers fed diets reduced in minerals, energy and amino acids
Abstract Body: Even if the use of phytase in broiler diets is ubiquitous, there is still opportunity to optimize its usage
through defining best dose rate via phytate-P analysis and taking advantage of the extra-P benefits of phytase
supplementation thereby reducing broiler production cost. Eight hundred and twenty-eight male day-old Ross 308
were assigned to 7 treatments as follows: Positive control (PC), formulated to be nutritionally adequate in all nutrients;
another positive control diet was also added to the trial, this time with the inclusion of 500 FTU/kg Phy QB (PC 500)
and formulated taking into consideration it’s mineral matrix contribution; a negative control diet (NC) reduced by 0.22%
avP, 0.24% Ca, 0.05% Na, 75kcal/kg AME, 0.025% dLys and other amino acids was fed and used as basal to which
two commercially available phytases (Phy QB and Phy AP) were supplemented at either 750 or 1,500 FTU/kg. Diets
were wheat, corn, soybean meal, rapeseed meal and sunflower meal based, fed as pellet (crumbled at starter phase),
and feed and water provided ad libtum. Mortality was recorded daily, with livability being calculated (Liv), and weight of
dead birds recorded. Body weight (BW), average daily gain (ADG), average daily feed intake (ADFI), mortality
corrected feed conversion ratio (FCR) and body weight corrected FCR (bwcFCR) were calculated. Data were
submitted to ANOVA (Livability analyzed using Chi-Square) and means separated using Student’s T-test (P<0.05).
Additionally, linear and logarithmical orthogonal contrasts were tested using the NC, and the two different dose rates
of each phytase tested, taking into consideration the analyzed values of phytase in the feed. Significance is accepted
when P≤0.05, while trends are discussed when P<0.10. Livability was not affected by treatments in any stage of the
trial (P>0.10). Birds fed the NC diet showed reduced performance (BW, ADG and ADFI) during the whole trial
(P<0.05). Both phytases improved performance of birds at all tested ages (BW, ADG, ADFI) in a linear and
logarithmical manner, and for most of the variables the logarithmic equations described data better than the linear
(P<0.05). When looking at the logarithmical regressions, Phy QB showed a steeper slope when compared to Phy AP
on BW, ADG and ADFI for all ages. The bwcFCR tended to be affected by dietary treatments (P=0.06), and Phy QB
was the only phytase capable to improve in a linear manner bwcFCR (P<0.05). In conclusion, Phy QB was the only
phytase to recover performance to similar levels of positive control fed birds when supplemented at 1,500 FTU/kg in a
negative control diet reduced by 0.22% avP, 75 kcal/kg AME, 0.025% dLys and other nutrients.
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FINAL ID: 135
TITLE: Application of Buttiauxella phytase and a combination of xylanase and β-glucanase improved long-term
performance, egg quality, and production cost of laying hens
Abstract Body: The effects of a Buttiauxella phytase (PHY) with or without a combination of xylanase and βglucanase (XB), with application of substrate-based energy and nutrient matrices, were evaluated on performance,
egg quality, and production cost in laying hens from 24-72 weeks of age (woa). At 24 woa, 576 ISA Brown hens (4
hens × 48 cage replicates) were assigned to three dietary treatment groups. Diets were based on corn, wheat,
soybean meal, canola meal, and rice bran.
Three commercial layer diets were reduced in 1) minerals only (MO) by 0.18% available P (AvP) and 0.20% Ca with
600 FTU/kg PHY inclusion (MO+PHY); 2) MO + energy and amino acids (FULL) 75 kcal/kg ME, and 0.01-0.04% dig
AA with 600 FTU/kg PHY inclusion (FULL+PHY); and 3) FULL + 63 kcal/kg ME (COMBO) with 600 FTU/kg PHY and
XB (616 U/kg xylanase and 76 U/kg β-glucanase) inclusion (COMBO+PHYXB). Whilst Phytate P was maintained in all
diets (0.35%), soluble NSP was 1.83% in MO+PHY, 1.86% in FULL+PHY and 1.91% in COMBO+PHYXB. Egg
production was recorded daily and feed intake, egg weight and egg quality were recorded every four weeks.
Bodyweight was measured every eight weeks. Data was analysed across age and treatment by analysis of variance.
Means were compared using Tukey’s test. Average hen-day egg production (24-72 woa) was increased (P<0.001) in
the COMBO+PHYXB group (95.2%) compared to FULL+PHY (94.1%) and MO+PHY (93.4%). Average egg mass (2427 woa) was increased (P<0.001) in the COMBO+PHYXB (62.9 g) group, vs FULL+PHY (61.7 g) and MO+PHY (61.3
g). The COMBO+PHYXB hens maintained FCR at similar level vs FULL+PHY and MO+PHY hens. There was no
effect of diet (P>0.05) on liveability, bodyweight change, eggshell breaking strength, albumen height, yolk colour,
abnormal, dirty, peewee, shell-less or soft-shelled eggs. COMBO+PHYXB tended to improve (P=0.054) Haugh unit
compared to MO+PHY. Egg shell thickness was increased (P<0.001) in the COMBO+PHYXB hens (0.504 mm)
compared to FULL+PHY (0.500 mm) and MO+PHY (0.500 mm). Similarly, feed cost/dozen eggs was further lowered
(by 3.1% and 6.1%) in the COMBO+PHYXB group (€0.31) compared to FULL+PHY (€0.32) and MO+PHY groups
(€0.33). The supplementation of PHY at 600 FTU/kg and XB in laying hen diets, reformulated according to substratebased matrices, efficiently improved productivity performance, egg quality and lowered production cost from 24 to 72
woa.
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FINAL ID: 136
TITLE: Feeding broilers total inorganic phosphorus free diets with phytase maintained normal performance as shown
in 4 independent trials
Abstract Body: There is a global growing sustainability awareness on the proper use of finite resources like inorganic
phosphorus (P) and reduction of pollution. Broiler meat production uses millions of tons of inorganic P, with each ton
emitting ~ 750 kg CO . In 4 independent studies it was investigated if it is possible to feed broilers a diet without any
2
inorganic P and have normal growth characteristics in all growth phases. Nutrient adequate, but not over-specified, 3
(SFR:0-10-22-37d) or 4 (TAMU 1&2, IRTA:0-10-21-35-42d) phase diets were used. Different levels of corn, wheat,
soybean meal, rapeseed and sunflower meal, rice and wheat bran were used to provide enough substrate (i.e.
phytate). Oat hulls were also added to provide additional structure and calcium levels were relatively low for the
different phases. The setup was 24-26 (TAMU 1&2), 52 (IRTA) and 820 (SFR) Ross 308 birds/pen with stocking
2
density at endpoint of 25-30 (TAMU 1&2), 33 (IRTA) and 39 (SFR) kg/m . TAMU 1 was mixed (50-50 per pen), TAMU
2 all male, IRTA 50-50 with 100% male and 100% female pens and SFR mixed as hatched. In the inorganic P free
treatment (IPF), a novel consensus bacterial 6-phytase variant (PhyG) added at 3000 (starter), 2000 (grower), 1000
(finisher 1&2) FTU/kg and with reduced Ca (0.2-0.3% unit). The positive control was formulated with mono-calcium
phosphate (MCP), without phytase. In the IRTA trial all treatments and in the SFR trial, one PC and one IPF
treatments were with 2000 XU/kg xylanase (-71 resp.-75 kcal/kg ME). The phytate-P level was >0.33% through all
phases in TAMU1&2, with graded reduction at each phase for IRTA (0.34,0.33, 0.29, 0.28% in 4 phases) and SFR
(0.33, 0.32 and 0.26% in 3 phases). In all 4 studies, IPF treatments maintained or improved performance and bone
ash/bone strength vs respective PC in each phase. The final BW (g) in IPF treatment vs PC was: 2984 vs 2770 for
TAMU1 (P<0.05), 3140 vs 2994 for TAMU2 (P<0.05), 2811 vs 2704 for IRTA (P<0.05), 2302 vs 2291 across diets
with/without xylanase. Overall body weight corrected FCR was consistently lower in IPF treatment vs respective PC
(P<0.05), with average of 3.9% improvement (1.5-6.7%). This corresponds to a reduction of feed cost (including
enzyme costs) per kg BWG by average of 4% (2-6.3%). In conclusion, these 4 studies provided strong evidence that
an efficient phytase together with proper feed formulation and management enables formulating diets without
inorganic P and this can lead to more cost effective and sustainable broiler production.
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FINAL ID: 137
TITLE: The effects of a multi-component protease alone or in combination with a micro-encapsulated blend of organic
acids and essential oils on growth performance and gut health of broilers fed low-digestible feed ingredients
Abstract Body: The fluctuating costs of traditional feed ingredients have limited their use in broiler diets in favor of
cheaper raw materials. However, due to their relatively lower digestibility, diets formulated with these raw materials
often lead to poor animal performance and gut health. A study was conducted to investigate the effects of a multicomponent protease alone or in combination with a micro-encapsulated blend of organic acids and essential oils on
the growth performance and gut health of broilers fed low-digestible feed ingredients. A total of 1400-one-day-old
Ross 308 male broiler chicks, in a completely randomized design study were assigned to receive 1 of 4 dietary
treatments: 1) Positive control (corn-soybean meal-based diet, PC), 2) Negative control (corn-wheat-soybean mealcorn DDGS-based diet, NC), 3) NC + 125 g/t protease (NC+P), 4) NC + 125 g/t protease + 300 g/t micro-encapsulated
organic acids and essential oils (NC+P+EOS). Each treatment consisted of 14 replicates with 25 birds per replicate.
All chicks were provided feeds and water ad libitum for 35 days. Growth performance, gene expression of jejunal tight
junction proteins, and cecal fermentation metabolites were determined at the end of the study. Data were subjected to
ANOVA using the PROC GLM procedure of SAS and differences between means were determined using Tukey's
honestly significance difference test. At 35 d, body weight gain was similar among treatment groups, but birds fed
diets with low-digestible feed ingredients (NC, NC+P, and NC+P+EOS) had significantly increased feed intake
(P<0.05) than birds fed the PC diet. Consequently, feed conversion ratio (FCR) was significantly increased (P<0.05) in
NC than PC (1.529 vs. 1.466), but was similar to NC+P and NC+P+EOS (1.529 vs. 1.517 and 1.498, respectively). In
terms of the gene expression of the tight junction proteins, occludin and claudin-1 genes were upregulated (P<0.05) in
birds fed the NC+P and NC+P+EOS, respectively, as compared to PC and NC. Cecal ammonia was significantly
increased (P<0.05) in all diets with low-digestible feed ingredients (NC, NC+P, NC+P+EOS) relative to PC, but cecal
putrescine and cadaverine in NC only was significantly increased (P<0.05) as compared to PC, NC+P, and
NC+P+EOS. Overall, feeding broiler chickens with diets containing low-digestible feed ingredients negatively affected
feed efficiency, intestinal integrity, and concentrations of protein fermentation metabolites in the cecum. On the other
hand, the supplementation of a multi-component protease alone or in combination with a microencapsulated blend of
organic acids and essential oils alleviated these negative effects and appeared to offer benefits on both animal
performance and gut health.
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FINAL ID: 138
TITLE: Evaluating the benefits of a novel multi-component protease supplementation in broiler chickens fed sufficient
or low-protein diets
Abstract Body: Two studies were conducted to evaluate the effects of dietary supplementation of a novel multicomponent protease (Pro) on broiler chicken performance and the apparent total tract digestibility (ATTD). Study 1
was a 28-d feeding trial where 600 newly-hatched male Cobb 500 chicks were randomly assigned to one of six dietary
treatments: standard protein control (SP); low protein control (LP); LP with 125 mg/kg Pro (125 Pro); LP with 250
mg/kg Pro (250 Pro); LP with 200 mg/kg single-component protease-1 (SCP-1) and LP with 500 mg/kg singlecomponent protease-2 (SCP-2). The diets were corn-wheat-soybean meal (SBM)-based with SP diets formulated to
meet nutrient requirements and had 0.6 - 0.8% higher CP than their LP counterparts. Performance was measured at
12, 21 and 28-d. The ATTD of crude protein (CP), dry matter (DM) and gross energy (GE) were measured at 28-d.
Study 2 was a 35-d feeding trial where 400 newly-hatched male Cobb 500 chicks were randomly assigned to one of
four dietary treatments: high protein control (HP); SP; SP with 125 mg/kg Pro (125 Pro), and SP with 250 mg/kg Pro
(250 Pro). The diets used in study 2 were corn-SBM-based with copra meal and feather meal added as additional
protein sources. The HP diets contained 0.6 - 0.8% more CP than their SP counterparts, respectively. Performance
was measured at 12, 21 and 35-d. In both studies, each treatment was replicated in 10 identical floor pens with 10
birds/pen. Furthermore, all diets contained phytase at 500 FTU/kg and deployed treatments utilizing a completely
random design. In both studies, body weight (g), average daily gain (g/d) and average daily feed intake (g/d) were not
affected by treatments at the end of trials (P > 0.05). In study 1, protease supplementation reduced feed conversion
ratio (FCR) during the 28-d trial period (P = 0.017) such that 250 Pro-fed birds had significantly lower FCR than LP-fed
birds (1.392 vs 1.423), while 250 Pro-fed birds had higher (P < 0.05) ATTD for CP than LP-birds (73.39 vs. 71.80%).
Additionally, ATTD GE was greater (P = 0.047) in 250 Pro-fed birds (77.01%) than those fed SCP-1 (76.08%) and
SCP-2 (75.92%), respectively. In study 2, Pro supplementation reduced FCR during the entire 35-d feeding period (P
< 0.001) such that SP birds had significantly higher FCR than 250 Pro-fed birds (1.489 vs 1.469). In both studies, FCR
did not differ between 125 and 250 Pro-fed birds (P > 0.05). Taken together, supplementing Pro in phytase-containing
diets (both nutrient sufficient and low crude protein diets) reduced FCR. The improved FCR observed in multicomponent protease-fed birds is likely due to increased nutrient digestibility.
KEYWORDS: multi-component protease, protein density , broiler chicken performance, digestibility.
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FINAL ID: 139
TITLE: Effects of a multi-component protease supplementation on growth performance and carcass yield of Indian
River broiler chickens
Abstract Body: The use of nutrient matrix values in diet formulation is successfully practiced worldwide to maximize
the effect of protease enzymes. An experiment was conducted to evaluate the effects of a dietary multi-component
protease on growth performance and carcass characteristics of broiler chickens fed a standard or a reduced diet
reformulated considering the recommended nutrient matrix of the supplemented protease with reduced crude protein
(CP), amino acids, and metabolizable energy (ME). Standard or positive control diet (PC) was formulated with no
supplemental protease containing 23.2 and 21.8% CP, 3000 and 3100 kcal/kg ME, and 1,28 and 1.15% dig. Lys and
0.51 and 0.47% dig. Met for starter and grower diets, respectively. The reduced or negative control diet (NC)
contained 22.6 and 21.2% CP, 1.25 and 1.12% dig. Lys, and 0.50 and 0.46% dig. Met., and 2975 and 3075 kcal/kg
ME for starter and grower diets, respectively. Three other diets were formulated by supplementing protease to the
diets: PC+125 = PC supplemented with 125 ppm protease; NC+125 = NC diet supplemented with 125 ppm protease;
and NC+200 = NC diet supplemented with 200 ppm protease. A total of 630 one day old Indian River male broiler
chickens were randomly assigned to five treatments with 7 replicates each and 18 birds per replicate. The birds were
fed experimental diets for 28 days. Performance data were recorded weekly while carcass yield was determined on
day 28. The data were subjected to ANOVA using the PROC GLM procedure of SAS and differences between means
were determined using Tukey’s honest significance test. Feed intake (FI) was similar among the treatments except in
nd
the 2 wk where protease supplemented groups had higher (P<0.05) FI than those fed the PC diet. Body weight
st
nd
rd
(BW) and body weight gain (BWG) were not different among the treatments at 1 and 2 wk, however, at 3 and 4
th
wk, broilers supplemented with the protease were heavier (P<0.01) than those fed the PC and NC diets. A similar
st
nd
rd
th
trend was observed at 1 and 2 wk on feed conversion ratio (FCR), however, at 3 and 4 wk, birds
supplemented with protease was only better (P<0.05) than birds fed the NC diet. The percentage weights of thigh,
breast, and heart in birds fed the NC + 200 diet were greater (P<0.05) as compared to those fed the NC diet. The
result indicated that the supplementation of a multi-component protease either on a standard or a reduced diet
improved the overall production performance of a commercial broiler chicken. The carcass yield can also be improved
by protease supplementation to the cost-effective reduced diet bringing significant economic benefit to the farmers.
KEYWORDS: protease, growth performance, carcass yield, feed cost, broiler.
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FINAL ID: 140
TITLE: Hen response to B-mannanase addition on top to a feed formulated with phytase and xylanase feed enzymes.
Abstract Body: Practically, at present day, all poultry feeds are formulated with phytase and xylanase (PX) feed
enzymes activities, therefore, the evaluation of feeds without these enzyme activities addition has become irrelevant,
however, the presence of the antinutritional factor B-mannan in vegetable feedstuffs, opens the possibility to include a
B-mannanase activity in combination with PX in poultry feeds. So, to evaluate the hen response to these activities,
144 30-week-old Bovans White laying hens were randomly assigned to 2 treatments with 6 replicates each, and 12
hens per replicate (3 hen cages with 4 hens/cage). Trial lasted 20 weeks. Treatments were as follows: 1. A corn-SBM
feed + 600 FTU/kg E. coli phytase + 16,000 BXU/kg Trichoderma reesei with 100 kcal/kg formulation matrix value,
formulated to fulfil the Bovans White hen nutritional requirements, and 2. As 1 + 52,800 B-mannanase U/kg
®
Paenibacillus lentus (Hemicell HT ). Data was analysed as a Completely Randomized Design (CRD) with 2
treatments and 6 replicates per treatment. The following variables were not affected (P > 0.05) by treatment; egg
production, 93.7%, feed intake, 94.5 g/h/d, hen mortality, 0.25%, hen final weight, 1.671 kg, shell strength, 4.566 kg,
Haugh units, 95.4, and yolk colour, 12.1 DSM Yolk fan, whereas the following variables were statistically different as
follows: feed conversion rate (FCR), as feed intake/egg mass: 1.781 vs 1.720 (P < 0.03), cumulative egg mass (CEM),
7.462 vs 7.659 kg/hen (197 g extra/hen, P < 0.02), shells stained with hen excreta (EXCR) 6.2% vs 4.4% (P < 0.04)
for TRT1 and TRT2 respectively. In conclusion, degradation of the antinutritional factor B-mannan, allowed the hen to
show better response for FC, CEM, and EXCR, on a feed already with phytase-xylanase activities. Due to the
response on FCR, whereas feed formulation cost was 0.9% more expensive for the treatment with B-mannanase on
top (0.343 vs 0.346 dollars/kg of feed), egg production cost was statistically the same for both treatments, 0.603
dollars/kg of egg (P > 0.05).
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FINAL ID: 141
TITLE: The efficacy of xylanase and DFM combination in disease challenged floor raised broilers
Abstract Body: The approach of supplementing poultry feed with a combination of xylanase and direct-fed-microbials
(DFMs), along with other management practices, to improve gut health is gaining increased attention as feed-additive
alternatives to replace growth promoting antibiotics (AGP). The objective of this study was to evaluate the efficacy of
various combinations of different endo-xylanases and multi-strain Bacillus spp. products from different commercial
sources upon supplementation to corn-soy-based broiler diets based on live performance, gut lesion score, and
microbial load of broilers challenged with Clostridium perfringens and Eimeria Spp. A total of 3,120 Ross 708 mixedsex broiler chicks were randomly assigned to 1 of 6 dietary treatments with 10 floor pens per treatment, and 52 birds
per pen. The 6 treatment were: (PC) standard control diet with no disease challenge; (NC) standard control diet with
5
disease challenged; (NC+A) the NC + xylanase 1 (10 XU/g of feed) + DFM blend 1 (> 10 CFU/g of feed); (NC+B) the
6
NC + xylanase 1 (10 XU/g of feed) + DFM blend 2 (> 10 CFU/g of feed); (NC+C) NC diet + xylanase 2 (15 XU/g of
5
6
feed) + DFM blend 1 (> 10 CFU/g of feed); (NC+D) NC diet + xylanase 2 (15 XU/g of feed) + DFM blend 2 (> 10
CFU/g of feed). The xylanases and DFMs are commercial products from different manufactures. The dose tested in
this trial was in accordance with the manufacturer's recommended dose. A one-way ANOVA analyses was performed,
and the significance was accepted at P < 0.05 for all parameters. NC + A and NC + D performed similarly to PC,
increased (P<0.01) BW, improved FCR and flock uniformity, and reduced mortality, as well as reduced (P<0.01) lesion
score, and microbial load (E.Coli, APC, Salmonella incidence, and digesta C. Perfringens) at 42 days of age
compared with NC, while NC+B and NC+ C demonstrated intermediate outcomes. The findings in this study confirm
that supplementation of the proper endo-xylanase and multi-strain Bacillus spp. combination is an effective technology
to improve gut function and gut protection, reduce the pathogen load and environmental contamination, while
alleviating the negative effects on growth performance, feed efficiency, and mortality in the presence of a disease
challenge scenario such as Clostridium perfringens and Eimeria Spp. The selection of the correct xylanase and DFM
to use in combination is key to achieve such functions.
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FINAL ID: 142
TITLE: Diets with varying inclusion rates of phytase and energy levels influence broiler performance from 1 to 42 days
of age
Abstract Body: Phosphorus (P) plays an important role in bone formation and energy metabolism. Inorganic P
sources are used in broiler production to fulfill P requirements, but they are predicted to be depleted in less than 50
years. Inorganic P sources can be reduced by utilizing exogenous phytase, which breaks down phytate molecules
inherent to plant-based feedstuffs and increase P digestibility. The objective of this study was to evaluate the effects of
OptiPhos Plus, which is an intrinsically heat stable form of phytase, with varying inclusion rates and energy levels on
broiler performance from 1 to 42 d of age. A total of 1,250 d-old Ross x YPM 708 male broilers were randomly
distributed to 50 floor pens assigned to 5 dietary treatments with 10 replicates per treatment. A negative control (NC)
P
diet was formulated to contain -0.20% less Ca and avP at each feeding phase. A positive control (PC ) was
E
formulated to be sufficient in P with the addition of inorganic P sources. A PC for energy (PC ) was formulated to
P
E
contain +100 kcal/kg than the other treatments. Treatments consisted of PC , PC , NC, NC + 500, and NC + 1500
FTU/kg Optiphos Plus. Feed intake and BW were determined at 14, 28, and 42 d of age and FCR corrected for
mortality. Data were analyzed using the GLM procedure of JMP and means were separated by Tukey’s HSD with
statistical significance considered at P ≤ 0.05. During the entire trial, broilers fed the NC had the lowest BW compared
E
to the other treatments (P<0.05). Increasing 100 kcal/kg in the PC treatment improved FCR by 5 points compared to
remaining treatments between d 1 to 42 (P<0.05). Overall, providing phytase at 500 or 1500 FTU/kg in P reduced
P
broiler diets can result in comparable d 42 BW, feed intake, and FCR to PC sufficient in P (P>0.05). However, the
E
addition of phytase was not able to improve FCR to the level of the PC from 1 to 42 days of age.
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FINAL ID: 143
TITLE: Effects of protease addition on varying levels of CP/AA on performance, egg parameters and apparent amino
acid digestibility in 50-70 wk old Hy-Line W36 laying hens
Abstract Body: Supplementing exogenous protease may promote amino acid (AA) utilization in low crude protein (CP)
diets. This study was conducted to determine the effects of reducing CP/AA in diets with or without a commercially
available protease on post-peak laying hen performance, egg quality, and apparent ileal digestibility (AID). A 20-week
study was conducted using 672 Hy-Line W36 laying hens (50-week-old at the beginning of the study), which were
equally and randomly placed into 96 cages as experimental units (raised wire cages). There were 12 replicate cages
2
per treatment with a stocking density of 871.4 cm /hen. Each replicate cage (7 hens) was fed one of the 8 diets from
the 4 AA levels (100, 95, 90, or 85% of breeder recommendation) x 2 protease inclusions (without or with). The
adequate (100%) diet was based on corn, soybean meal, and DDGS and formulated based on digestible Lys:
digestible AAs (dMet, dThr, dTrp, dTSAA, dIle, and dVal) for 100% of the Hy-Line W36 recommendation. Data were
subjected to 2-way ANOVA (PROC GLM procedure, SAS 9.4). There were significant AA level x protease interactions
for hen-day egg production (HDEP), percent yolk, and AID for CP, dMet, dThr, dIle, and dVal (P <0.05). For HDEP,
95% without protease was significantly higher than both levels of protease at 85 and 90%, along with 95% with
protease (P=0.0069). The percent yolk for 100% with and 95% without protease were significantly higher than those
fed 90% with and 85% without protease (P=0.0011). The AID for CP was significantly higher for 100% without
protease than for 95% and 85% with and 90% without protease (P=0.0026). However, Met at 100% without protease
was significantly higher than for 90 and 85% with and 85% without protease (P=0.0145). For both Thr and Ile, 100%
without protease had higher AID than 95 and 85% without protease (P=0.0064 and 0.0022). Similarly, the AID of Val
was higher for 100% without than 90% without protease. The main effect of the AA level significantly affected multiple
parameters. As such, egg weight (EW) was higher in hens fed adequate AA level vs. those fed other AA levels
(P=0.0003). A significant decrease in egg mass was observed when the AA level decreased from 90 to 85%
(P<.0001). Furthermore, hens fed 85% AA level diets had a significantly higher FCR than those fed all other levels
(P<.0001), and Haugh units significantly increased as the AA level decreased (P<.0001). No interactions or effects
were found for feed intake, specific gravity, shell thickness, percent albumen, or total solids. Since no main effect of
protease was observed, it may not effectively promote AA utilization in low CP diets for commercial laying hens.
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FINAL ID: 144
TITLE: Effects on phytase and coccidial vaccine on growth performance, bone mineralization and nutrient digestibility
of broilers fed with nutrient-reduced diets
Abstract Body: An experiment was conducted to evaluate effects of phytase and coccidial vaccine on growth
performance, bone mineralization and nutrient digestibility in broilers fed regular diets or nutrient-reduced diets. The
experiment was conducted in a 2 × 4 factorial arrangement with 6 replicates per treatment and 10 birds per replicate.
Two main factors were coccidial vaccine and dietary treatments: 1) a positive control (PC; 0.90% Ca and 0.45% avP);
2) a negative control (NC; 0.75% Ca, 0.30% avP, 95% essential amino acid (EAA) and 95% crude protein relative to
PC); 3) NC + 500 FTU/kg of phytase; and 4) NC + 1500 FTU/kg of phytase. Data were analyzed using SAS by twoway ANOVA via GLM procedure. P < 0.05 was considered significant, and means were further separated using
Tukey’s Test. No interaction effect of phytase and coccidial vaccine on growth performance nor on bone ash or on
apparent ileal digestibility (AID) was observed, whereas main effects were observed. Birds fed NC diet showed lower
(P = 0.007) BWG during d 0-21 compared to PC birds, whereas supplementing 500 or 1500 FTU/kg phytase
increased BWG to the same level as PC. During d 0-21, vaccinated birds had lower (P < 0.001) FI and (P = 0.045)
FCR compared to unvaccinated birds. For bone ash, NC diet resulted negative effects on bone volume (P = 0.021), fat
free dry bone weight (P = 0.012), ash weight (P = 0.005), ash percentage (P < 0.001) and ash concentration (P =
0.019) at d 21 compared to PC, whereas supplementing phytase at 500 or 1500 FTU/kg in NC diet was able to
improve these bone parameters to the same level as PC; however, vaccination did not have any effect on bone ash.
The AID of N was increased (P < 0.001) by vaccination. The NC and supplementing phytase at 500 FTU/kg or 1500
FTU/kg groups increased (P = 0.001) AID of Ca compared to the PC. The AID of P in NC diet was the same as PC
diet, and supplementing phytase at 500 FTU/kg or 1500 FTU/kg improved (P < 0.001) AID of P. Additionally, NC had a
lower AID of DM compared to PC, and supplementing phytase at 500 FTU/kg or 1500 FTU/kg improved DM
digestibility. In conclusion, supplementation of phytase at 500 or 1500 FTU/kg improved growth performance, bone
mineralization and nutrient digestibility regardless of vaccination.
KEYWORDS: phytase, coccidial vaccine, nutrient-reduced diet, broiler.
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FINAL ID: 145
TITLE: Nutrient utilization and expression of nutrient transporter and tight junction genes in Eimeria-challenged
broilers fed diets with different dietary levels of fiber, protein and enzymes
Abstract Body: A total of 360 Cobb 500 male broiler chicks were used in two 21-d experiments to study the possibility
of exogenous enzymes helping to recover nutrient utilization losses in Eimeria-challenged broilers by regulating
intestinal nutrient transporters and tight junction genes. In Expt. 1, 180 birds were allocated to 6 treatments in a 3×2
factorial arrangement (3 diets with or without Eimeria challenge). Each treatment had 6 replicates with 5 birds per
replicate. The 3 diets were based on high fiber-adequate protein (HFAP; 4% ADF, 13.5% NDF, 20.3% crude protein,
2752 kcal/kg ME) basal diet. The basal diet was supplemented with no enzyme, xylanase alone or combined with
protease. Experiment 2 had the same experimental design with Expt. 1, but had lower fiber and protein content (LFLP;
3.15% ADF, 8.8% NDF, 17.1% crude protein, 2988 kcal/kg ME) supplemented with no enzyme, protease alone, or
combined xylanase. The challenged group were inoculated with a solution containing oocysts of E. maxima, E. tenella,
and E. acervulina on day 15. Excreta and ileal digesta were collected on d 21 for nutrient utilization measurement.
Jejunal tissue was collected on d 21 for real-time PCR analysis. In both experiments, Eimeria challenge decreased (P
< 0.01) ileal and total tract N utilization as well as AME. Enzyme supplementation had no significant effect on nutrient
utilization. In Expt.1, with HFAP diets, Eimeria challenge upregulated (P < 0.05) gene expression of claudin 1, the
glucose transporters (GLUT1 and SGLT1) and peptide transporter (PepT1); but downregulated (P < 0.05) the glucose
transporters (GLUT2 and GLUT5), and amino acid (AA) transporters SLC7A2 and solute carrier SLC7AL. On the
contrary, the combination of xylanase and protease downregulated (P < 0.05) gene expression of claudin 1 and
SGLT1. In Expt. 2, in which birds were fed LFLP diets, Eimeria challenge upregulated (P < 0.05) the expression of
claudin 1 and PepT1 but downregulated (P < 0.05) the expression of AA transporters rBAT (neutral and basic AA),
cationic AA transporter, SLC7A2 and solute carrier SLC7AL whereas enzyme supplementation had no effect on the
expression of tested genes. In conclusion, Eimeria challenge triggered changes in expression of tight junction and
nutrient transporter genes as well as reduced intestinal nutrient utilization capacity irrespective of the diet type.
Potential of supplemental enzymes helping to recover the nutrient utilization losses or reversing the gene expression
changes were more obvious in birds receiving the HFAP diet.
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FINAL ID: 146
TITLE: The effect of enzymatically-modified canola meal on growth performance, nutrient utilization and intestinal
bacterial population of broiler chickens
Abstract Body: Canola meal (CM) is a valuable source of protein for poultry, despite containing substantial amounts
of dietary fibre components, including non-starch polysaccharides (NSP). Supplementation of poultry diets containing
CM with enzymes is an effective mean to improve its nutritive value. In our earlier research, the optimal composition of
ingredient-specific carbohydrase to target the NSP of CM was determined in vitro. The most effective blend containing
pectinase, xylanase, and invertase activities lead to depolymerization of 47.9% of NSP with the production of bioactive
NSP-hydrolysis products and was used to produce enzymatically modified CM (ECM). Compared with CM, ECM
contained less NSP, NDF, total dietary fiber, sucrose, oligosaccharides, and phytate P. Moreover, Lactobacillus spp.
were highly abundant in ECM when compare to CM (~300 fold increase), suggesting that ECM might offer not only the
prebiotic benefits to animals but may also serve as a source of probiotic organisms. The objective of this study was to
evaluate the effects of replacement of CM with ECM on growth performance, nutrient utilization and intestinal bacterial
population in broilers. Four-day-old Ross 308 broiler chickens were assigned to 3 dietary treatments, each consisting
of 8 pens of 8 birds each, and were raised under controlled environment for 21 days. Birds were fed the starter (4-14d)
and grower (14-21d) Control diets containing 10% and 20% of CM, respecitively, and the experimental diets, where
ECM replaced 5% for starter and grower diets, or entire 10% of CM for the starter and 20% of CM for the grower diets.
The trial was set up as completely randomized design with pen as an unit. All the statistical analysis was conducted by
the SAS program (version 9.4, SAS Institute Inc., Cary, NC). Means were separated by Tukey’s honestly significant
difference. All statements of significance were based on P＜0.05. Replacing CM with ECM did not affect growth
performance, but it significantly increased overall total tract digestibility of NSP and dietary AMEn, and decreased
sialic acids secretion during the grower period. Lactobacillus spp. were present in much larger counts (P < 0.01) in
ileal and cecal digesta of birds fed the ECM diets. The abundance of E. coli was significantly lower in the cecal digesta
of the high ECM diets compared to the Control. Modification of CM with enzymes significantly changed the
composition and structure of CM fiber. Replacing CM with ECM improved nutrient digestibility and increased the
presence of probiotic organisms in poultry. Therefore, enzymatically-enhanced CM can improve gut health and could
support the antibiotic-free feeding programs in broiler chickens.
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FINAL ID: 147
®
®
TITLE: Multi- experiment evaluation of increasing phytase activity from Optiphos and Optiphos Plus on 21-day
broiler performance and tibia mineralization
Abstract Body: Phytase is used in nearly all broiler diets at varying levels and new commercial sources have been
developed in recent years. A series of five experiments at four different universities were conducted to investigate
broiler performance metrics and tibia mineralization from two mixer-added, Escherichia coli-derived, 6-phytases,
®
®
Optiphos , a coated phytase, and Optiphos Plus , a recently developed phytase product selected to be intrinsically
heat stable, independent of a coating. Treatments for each experiment included a negative control (NC) and the NC +
®
®
varying dosages of Optiphos and Optiphos Plus up to 1500 FTU/kg. Experimental diets were fed to male broiler
chicks for 21 days. On d 21, broilers were euthanized and tibiae were excised to determine tibia mineralization.
Experiments 1-4 utilized pelleted diets while Experiment 5 utilized a mash diet. For each experiment, treatments were
arranged by a formulated phytase level and source factorial, using a randomized complete block design. In addition,
slope-ratio models were created using data from all experiments to evaluate responses to analyzed phytase levels.
Live performance metrics and tibia mineralization responses to phytase activity were increased in all five experiments
(P<0.05). Performance and bone mineral metrics continued to improve up to approximately 1,500 FTU/kg in a
curvilinear fashion, demonstrating a value of super-dosing, the degree employed being dependent on the product
used and the cost-benefit economics of implementation. When comparing non-linear response slopes across all
®
analyzed phytase levels and experiments, the data showed that efficacy of Optiphos Plus was approximately 20%
®
higher than that of Optiphos at similar analyzed levels (P<0.05).
KEYWORDS: Broiler, Phytase Source, Super-Dosing, Meta-Analysis.
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FINAL ID: 148
TITLE: Influence of adaptation length and assay method on metabolizable energy of barley supplemented with or
without glucanase
Abstract Body: This study was conducted to investigate the influence of adaptation length (AL) and assay methods;
total collection, (TCM) or index method (IM) on apparent metabolizable energy (AME) and nitrogen corrected AME
(AMEn) of barley supplemented with or without glucanase (EZ). Cobb 500 broiler chicks at 0 d were randomly
assigned to 12 treatments (3 × 2 × 2 factorial) with 6 replicates and 3 birds/replicate. The factors were three days of
AL (10, 7, or 4 d), two enzyme levels (with or without), and two diet types, wheat-SBM basal diet used to determine
AME and AMEn of barley and wheat-barley-SBM test diet (TD) in which barley was added to the RD at 300 g/kg
inclusion. Birds on 10, 7, or 4 d AL received experimental diets starting from d 11, 14, and 17 of age, respectively.
Total excreta associated with feed intake were collected every 8 hours on d 20 and 21. Diets AME and AMEn assay
was done by TCM or IM, and barley AME and AMEn were calculated by the difference method. Barley AME and
AMEn data calculated using IM or TCM were analyzed for each method as a 3 × 2 factorial (3 AL and 2 EZ levels)
using Mixed Model procedure of JMP. There was no significant AL × EZ interaction for AME and AMEn determined by
either method. For both methods, AME and AMEn of barley was higher in test diets supplemented with glucanase (P <
0.001). For AME and AMEn calculated by TCM, 10 d of adaptation produced higher (P < 0.001) AME and AMEn
values compared to 7 or 4 d adaptation. For comparison of AME and AMEn determined by both assay methods, the
data were analyzed as a 3 × 2 × 2 factorial to determine the influence of AL (10, 7, or 4 d), assay methods (IM or
TCM), and EZ (with or without). There was no significant 3-way interaction, but there were significant assay methods ×
AL and assay methods × EZ interactions (P < 0.001) for AME and AMEn. AME and AMEn calculated by TCM after 10
d adaptation produced higher (P < 0.001) values than 7 or 4 d adaptation, whereas there was no significant effect of
AL on AME and AMEn determined by IM. In addition, glucanase supplementation improved AME and AMEn of barley
assayed by TCM, but not IM. AME (P < 0.001) and AMEn (P < 0.001) of barley was higher when determined by TCM
compared with IM. In conclusion, feeding barley for 10 d rather than 7 or 4 d gave higher AME and AMEn with or
without enzymes, and the effect of AL and enzyme supplementation was more pronounced in TCM compared with IM.
KEYWORDS: barley, glucanase, adaptation length, index method, total collection method.
CURRENT CATEGORY: Metabolism and Nutrition, Enzymes
PRESENTER: Shravani Veluri
1
2
AUTHORS (FIRST NAME, LAST NAME): Shravani Veluri , Oluyinka Olukosi
INSTITUTIONS (ALL):
1. Department of Poultry Science, University of Georgia, Athens, GA, United States.
2. Poultry Science, University of Georgia, Athens, GA, United States.

FINAL ID: 149
TITLE: Remediation of hydrogen sulfide emissions from poultry excreta by dietary supplementation of a proprietary
microbial product
Abstract Body: Management of offensive odors from intensive poultry production is a requirement for many poultry
companies, particularly in densely populated regions. Hydrogen sulfide (H S) is one characteristically noxious gas yet
2
sparse research is available on its production or emission control. Detrimental impacts on birds including gut
inflammation and depressed performance have been reported when birds are exposed to H S for prolonged periods
2
at relatively high concentrations. To reduce odors, multifaceted approaches can be applied, ranging from farm
engineering to feed manipulation. Feeding direct-fed microbial (DFM) is one strategy with the potential to reduce odor.
The current study used a proprietary Bacillus formulation, Novela® (United™ Animal Health, Sheridan, IN), to address
this issue. It was hypothesized that Bacillus strains would outcompete some naturally present but undesired microbes
in the intestine and in the excreta, therefore reducing H S formation and emission. The present study employed two
2
treatments, an untreated control and a DFM supplemented group distributed in a complete randomized block design.
Male by-product broiler chicks were raised in an environmentally controlled facility equipped with stainless-steel
4
battery units. All birds were fed a typical corn-soy-DDGS diet and Novela ® was supplemented at 7.35x10 CFU/g of
complete feed. There were 9 pens per treatment and 6 birds per pen. The effectiveness of Novela® in odor reduction
was evaluated by monitoring the H S emitted from excreta of grower-age birds. Briefly, pooled representative excreta
2
samples from randomly selected pens were homogenized, conditioned with distilled water, and incubated (24 h) under
controlled conditions (25-28°C). Dräger® H S diffusion tubes (10-300 ppm) were used as the monitoring tool post2
incubation. There were 7 incubation units per treatment. Results were analyzed via 2-tailed independent-samples ttest. Hydrogen sulfide emitted from excreta of the control group reached 129.7±21.9 ppm/100 g of excreta while
dietary inclusion of Novela® reduced H S to 73.9±27.2 ppm/100 g of excreta, a ~43% reduction (P < 0.01).
2
Compared to the control, excreta collected from the Novela® group was observed to have less stickiness during
homogenization, potentially due to enhanced microbial fermentation and enzyme activity. The current study
demonstrates that a proprietary DFM could beneficially impact the intestinal microbiota to effectively reduce H S
2
emission.
KEYWORDS: Hydrogen sulfide, broiler, direct-fed microbial, excreta, odor remediation.
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FINAL ID: 150
TITLE: Evaluating the effects of a synbiotic (probiotic + prebiotic) feed additive on performance of broilers compared
to a chemical coccidiostat during a necrotic enteritis challenge
Abstract Body: The transition to antibiotic-free broiler production has driven a need for the poultry industry and
researchers to seek non-antibiotic solutions for disease challenges including necrotic enteritis. The objective of this
study was to evaluate the effects of a synbiotic (probiotic + prebiotic) feed additive on performance of broilers during a
necrotic enteritis challenge as compared to a commercially available chemical coccidiostat. A total of 800 day-old
Cobb 500 broiler chicks were randomly allocated to one of four treatment groups, which consisted of a non-challenged
control, a challenged control, a challenged group supplemented with a chemical coccidiostat (zoalene, 125 ppm), or a
®
challenged group supplemented with PoultryStar BRO (BIOMIN America, Inc., Overland Park, KS; 500 g/MT). Each
group consisted of eight replicate pens with 25 birds per pen. Birds were raised on used litter and on days 19, 20, and
21, 1×108 CFU of Clostridium perfringens were administered via the feed. The trial was conducted over a 42-day
period. Data were analyzed using the GLIMMIX procedure of SAS with significance reported at P < 0.05. The
challenge significantly impaired bird performance in the challenged control as seen by a 5.9% reduction in final body
weight (P < 0.05) and a 9 point increase in overall FCR (P < 0.05) compared with the non-challenged control. Final
body weight and FCR were significantly improved (P < 0.05) in the zoalene and PoultryStar® BRO supplemented
groups compared to the challenged control and were similar to each other as well as the non-challenged control.
®
Mortality was significantly improved in the zoalene and PoultryStar BRO supplemented groups compared to the
®
challenged control (0.0% and 0.5% vs. 4.5%, respectively; P < 0.05). Overall, broilers fed PoultryStar BRO
®
performed similarly to birds provided the chemical coccidiostat zoalene indicating that PoultryStar BRO may be a
valuable tool to combat necrotic enteritis in broilers.
KEYWORDS: necrotic enteritis, vaccine, synbiotic, probiotic, coccidiostat.
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FINAL ID: 151
TITLE: Evaluating the combined effects of a synbiotic (probiotic + prebiotic) feed additive and coccidiosis vaccine on
performance of broilers compared to a vaccine alone during a necrotic enteritis challenge
Abstract Body: Limitations on use of antibiotics and ionophores have more producers looking towards coccidiosis
vaccines to reduce incidence of coccidiosis and necrotic enteritis. Though use of vaccines has been shown to reduce
disease incidence, they have also been known to have detrimental effects on performance. The objective of this study
was to evaluate the effects of a synbiotic (probiotic + prebiotic) feed additive in combination with a coccidiosis vaccine
as compared to vaccine administration alone on performance of broilers during a necrotic enteritis challenge. A total of
800 day-old Cobb 500 chicks were randomly allocated to one of four treatment groups, consisting of a non-challenged
control, a challenged control, a challenged group administered a coccidiosis vaccine, or a challenged group
®
administered a coccidiosis vaccine and supplemented with PoultryStar BRO (500 g/MT). Groups consisted of eight
replicate pens with 25 birds per pen. Vaccine was spray administered using the recommended dosage at placement,
8
birds were raised on used litter, and on d19, 20, and 21, 1×10 CFU of Clostridium perfringens were administered via
the feed. The trial was conducted over a 42-day period. On d21, three birds per pen were euthanized and intestinal
lesion scoring was conducted. Fresh feces from the litter were collected for analysis of oocysts shedding on d14, 21,
28, and 35. Data were analyzed using GLIMMIX procedure of SAS with significance reported at P < 0.05. The vaccine
only group had impaired performance as seen by an 11 point increase in overall FCR compared with the nonchallenged control (P < 0.05), while the FCR of the challenged group was intermediate with a 6 point increase over the
non-challenged control (P > 0.05). Synbiotic supplementation was able to improve FCR by 7 points compared to the
vaccine alone group (P < 0.05) and the FCR was similar to the non-challenged control. Body weight was not
significantly affected by treatment, though overall there was a numerical increase of 120g in the synbiotic group
compared to the vaccine alone group. Lesion scores were increased in the vaccine only group compared with the nonchallenged control, while lesion scores of the challenged group were intermediate. Synbiotic supplementation was
able to improve lesion scores compared to the vaccine alone group (P < 0.05) and were statistically similar to the nonchallenged control. Oocyst shedding was observed on d14 and d21 in both groups administered the vaccine,
®
suggesting normal cycling of the vaccine oocysts had occurred. Overall, PoultryStar BRO may be a valuable tool in
the toolbox to help alleviate the negative effects on FCR associated with coccidiosis vaccination during a clostridial
challenge.
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FINAL ID: 152
TITLE: Probiotics as a potential strategy to mitigate Bacterial Chondronecrosis with Osteomyelitis lameness in
broilers
Abstract Body: Bacterial Chondronecrosis with Osteomyelitis (BCO) lameness is a major animal welfare issue that
affects the commercial broilers industry. BCO lameness results from mechanical stress leading to bacterial infection of
the proximal growth plate of the fast-growing tibia and femur. A variety of bacteria can translocate from the respiratory
system and/or the gastrointestinal tract into the bloodstream and eventually colonize bone microfractures leading to
necrosis. Consequently, this severe necrotic damage reduces the birds’ ability to walk or stand. The objective of this
®
trial was to evaluate PoultryStar BRO (BIOMIN America, Inc. Overland Park, KS) as a strategy to reduce BCO in
broilers. A total of 180 birds were assigned to each of 3 treatments: 1) control, wire-floor (CW; n=2), 2) control, fresh®
litter (FL; n=3) and 3) dietary supplementation of PoultryStar BRO (500 g/MT), fresh-litter (BRO; n=3) with 60 birds
per pen. The CW pens were the source of the BCO infection as growth on wire flooring is the gold standard for
inducing BCO lameness. The CW pens were nearest the cooling pads to allow airflow to travel from the CW raised
birds to the remaining treatment pens arrayed in a random block design relative to the CW pens. The intention of this
design was to spread the aerosolized bacteria from the birds raised on CW to birds on fresh-litter as a method to
induce BCO lameness. The CW treatment was not considered in the statistical analysis as they were only included as
a source of BCO pathogenic bacteria. Lameness was assessed daily from d21 to d56 by evaluating ability to walk.
Birds that were clinically lame were euthanized and femur and tibia lesions were recorded. Body weights were
collected on d56. The effects of BRO supplementation were analyzed using the GLIMMIX procedure of SAS 9.4
(Cary, NC) with LSMeans for means separation when treatment means were statistically different (P<0.05). Body
weight on d56 and overall FCR were not different (P>0.05) between FL and BRO. Overall incidence of lameness was
reduced (P<0.05) in BRO birds (35%) compared with FL birds (65%). Femoral head separation (FHS) and tibial head
necrosis (THN) bone lesions were reduced (P<0.05) in BRO birds compared with FL birds. Although there were
numerical reductions in BRO birds for femoral head transitional degeneration (FHT), femoral head necrosis (FHN),
and kinky back (KB) compared to FL birds, these were not statistically different (P>0.05). The CW model used in this
trial was successful in inducing BCO in the FL birds. The supplementation of BRO was able to reduce BCO in this trial
by 46% compared with FL birds and may be a viable strategy to reduce lameness in broilers.
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FINAL ID: 153
TITLE: Performance of broilers fed diets differing on soluble arabinoxylan content, with or without stimbiotic
supplementation
Abstract Body: The objective of this trial was to evaluate the effect of dietary NSPs and soluble arabinoxylans (sAX)
increase when compared against a corn/SBM diet. A total of 2,184, day-old male Cobb 500 broilers, were assigned to
12 treatments, with 7 pen replicates of 26 birds each. Trial design was a 6x2, consisting of 5 graded levels of sAX
(from more sAX [100%M, formulated based on wheat, soybean meal, wheat bran, canola meal and sunflower meal] to
less sAX [100%L, formulated based on corn, soybean meal, corn DDGS and rice bran], with the 3 intermediate levels
obtained from mixing the 2 basal diets), and a corn-soy based diet that served as a reference, with or without
stimbiotic (STB, Signis, AB Vista, Marlborough, UK). Average daily gain (ADG), average daily feed intake (ADFI) and
mortality were calculated at the end of every feeding phase. Feed conversion ratio was calculated and corrected by
mortality (FCR) and by body weight (bwcFCR), and European Production Efficiency Factor (EPEF) calculated. Data
was submitted to two-way ANOVA (except livability which was analyzed by Chi-square) and means separated using
Student’s T-test. Additionally, linear and quadratic orthogonal contrasts were performed using the treatments with
graded levels of sAX, with or without STB. Significance was accepted when P≤0.05, and trends discussed when
P<0.10. There was no effect of treatments on livability throughout the whole trial (P>0.10). Several interactions were
seen on performance, with birds presenting different responses to dietary sAX content depending on age and
supplementation of STB. Overall, performance was optimized when diets with more sAX content were fed to birds, but
initially some detrimental effects were seen without STB supplementation, while at later ages the intermediate levels
of sAX delivered the highest body weight improvements. Irrespective of that STB improved the performance of birds
and further improved the response to sAX. No interactions were noted on EPEF (P>0.10), and no diet effects either
(P>0.10), with STB improving EPEF by 12 points (P<0.05). A trend for interaction was observed on bwcFCR (P<0.10),
where birds fed diets supplemented with STB showed a linear improvement of bwcFCR when going from diets 100%L
to 100%M (P<0.05), whilst no effects of increasing levels of sAX were seen on birds fed diets devoid of STB (P>0.10).
In conclusion, sAX can temporarily be detrimental for bird performance, but overall feeding diets with higher sAX
would exert more benefits than not. The use of STB improved performance, showing to be a pivotal strategy to
improve dietary fiber utilization.
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FINAL ID: 154
TITLE: Effect of stimbiotic supplementation and litter reutilization on broiler chickens
Abstract Body: The mode of action of a stimbiotic relies on the provision of xylo-oligosaccharides as an immediate
compound for microbiota metabolism and xylanase to hydrolyze dietary arabinoxylans into small oligosaccharides
utilized by beneficial bacteria in the gut. A 2 x 3 factorial experiment was used to evaluate the effect of stimbiotic
supplementation (Signis, AB Vista) and litter reutilization on performance, short-chain fatty acids (SCFA) and microbial
populations in the caeca of broiler chickens. Nine hundred Ross 308 broiler chicks (1-day-old) were allocated to six
experimental treatments: 1) control diet on fresh litter (CTR_FRESH); 2) the control diet supplemented with 100 g/ton
of stimbiotic on fresh litter (STB_FRESH); 3) control diet on reutilized control litter (CTR_CTR); 4) stimbiotic diet on
reutilized control litter (STB_CTR); 5) control diet on reutilized stimbiotic litter (CTR_STB); and 6) stimbiotic diet on
reutilized stimbiotic litter (STB_STB). Each treatment had ten replicates of 15 animals. Starter and grower diets, based
on wheat and soybean meal, and water were available ad libitum. Body weight gain (BWG), feed intake (FI) and
mortality corrected feed conversion ratio (FCR) were measured from 0-35 days. The profile of SCFA and the microbial
populations (by % guanidine and cytosine [G+C]) on days 21 and 35 were analyzed. Statistical comparisons were
performed using a two-way ANOVA (JMP Pro 15). Litter reutilization did not influence BWG. Birds supplemented with
stimbiotic gained 50g more than control birds (P = 0.082). A significant interaction (P < 0.05) was observed for FI and
FCR. CTR_FRESH had the highest FI while CTR_CTR and STB_STB had the lowest intake, being the other
treatments intermediate. FCR of CTR_FRESH birds was the highest (1.639) and the supplementation with the
stimbiotic (STB_FRESH) reduced this by 9 points (P < 0.05). The reutilization of the litter, regardless of the origin,
resulted in better FCR compared to fresh litter, however the stimbiotic numerically improved FCR in types of litter. No
interactions or litter effects were observed in any of the SCFA concentrations measured at 21 and 35 days of age.
Stimbiotic reduced cecal lactic acid on d21 (P = 0.047) and increased butyric acid on d35 (P = 0.036). The reutilization
of the litter did not influence the microbial populations compared to the use of fresh litter at any of the ages measured.
Some shifts in the microbial populations were observed on d21 with STB but no effects were observed at 35 days of
age. Supplementation of broiler diets with the stimbiotic improved performance, which may be due to a promotion of a
more fermentative environment in the gut by the action of very minor bacterial species.
KEYWORDS: stimbiotic, performance, intestinal fermentation, microbiota, broiler.
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ABSTRACT WITHDRAWN

FINAL ID: 156
TITLE: Protected Organic Acids and Essential Oils improves the intestinal health of broiler chickens raised under field
conditions
Abstract Body: The objective of the present study was to evaluate the effect of protected organic acids and essential
oils [P(OA+EO)] on the intestinal health of broiler chickens raised under field conditions. The study was conducted on
4 commercial farms. Each farm consisted of 4 barns, 2 barns under a control diet and 2 tested barns supplemented
with P(OA+EO), totaling 16 barns (8 control and 8 under P(OA+EO). The control group was supplemented with
antibiotic growth promoters (AGP; BMD (50 g/ton) during starter, grower and finisher 2, and flavomycin (2 g/ton)
during finisher 3). The tested group was supplemented with 636, 636, 454, and 454 g/ton of P(OA+EO) during starter,
grower, finisher 2 and 3, respectively. Both groups were supplemented with narasin (63 and 72 g/ton, for grower and
®
finisher 2, respectively) and vaccinated against coccidiosis (ADVENT ) at the hatchery. A total of 80 birds were
necropsied (40/treatment; 20/farm; 5/barn) to collect blood for cytokine array analysis and calprotectin (CALP)
®
concentration, jejunal tissue for I See Inside (ISI) analysis, and cecal contents to analyze the microbiota and the
frequency of antimicrobial resistant (AMR) genes. The data were submitted to ANOVA (P<0.05) or Kruskal-Wallis’ test
and the frequency of AMR genes was analyzed by Chi-Square test (P<0.05). It was observed that the
supplementation of P(OA+EO) reduced (P<0.05) the ISI scores related to intestinal inflammation, such as the
infiltration of inflammatory cells in the epithelium and lamina propria and tended (P=0.09) to reduce the serum
concentration of CALP. The supplementation of P(OA+EO) reduced the serum concentration of IL-12 (P=0.0001), IL16 (P=0.001), and Pentraxin-3 (P=0.04). Additionally, P(OA+EO) maintained the cecal microbiota similar to birds
receiving AGP, without significant changes in its diversity and composition. The removal of AGP and inclusion of
P(OA+EO) reduced (P<0.05) the frequency of five AMR genes, related to gentamicin (3 genes), tetracycline (1 gene),
and aminoglycoside (1 gene). Overall, the inclusion of P(OA+EO), and removal of AGP, in the diets of commercially
raised broiler chickens beneficially changed the phenotype of the jejunum as shown by the lowered ISI scores which
characterizes an improved intestinal health. Furthermore, P(OA+EO) significantly reduced the serum concentration of
several inflammatory biomarkers, while maintaining the diversity and composition of the cecal microbiota similar to
AGP fed chickens and reducing the prevalence of AMR genes. It can be concluded that P(OA+EO) improved the
intestinal mucosa health, maintaining the balance of the microbiota and reducing AMR genes, which provides practical
advantages for broilers raised without antibiotics.
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FINAL ID: 157
TITLE: Assessing the efficacy of bacteriophage therapy to reduce Salmonella colonisation in broiler chickens
Abstract Body: Objective: Bacteriophages (phages) are natural viruses of bacteria and can be used as an alternative
to antibiotics to treat bacterial infections. The objective of this study was to determine if a phage cocktail delivered in
feed is able to reduce Salmonella colonisation in experimentally-challenged chickens.
Experimental design: In this study 672 Ross 308 male broilers were used, and the trial was conducted at Drayton
Animal Health, UK. Chickens were divided into six treatments groups and each group included 112 chickens. The
6
treatment groups were T1 (control birds); T2 (birds fed the phage diet at a dose of 10 PFU/g); T3 (challenged birds);
5
6
T4 (birds fed the phage diet at a dose of 10 PFU/g and challenged); T5 (birds fed the phage diet at a dose of 10
7
PFU/g and challenged); and T6 (birds fed the phage diet at a dose of10 PFU/g and challenged). The phage cocktail
was mixed with starter (0-13 days), grower (14-27) and finisher (28-42) diets. Chickens were challenged via oral
6
gavage on day 4 with S. Typhimurium strain 4/74 at a dose of 5 x 10 CFU/per bird. Pooled faecal samples from each
pen were collected on days 6, 7, 8, 9, 10, 14, 28 and 42 (last day of the trial) to determine Salmonella and phage
counts.
Methods and materials: Xylose Lysine Deoxycholate agar media (Sigma) was used for enumeration of S.
Typhimurium from faecal sample and lysogeny broth media was used for phage counts.
Statement of statistical analysis: Differences in log transformation were compared between treatment groups.
Results: In faecal samples collected on days 6, 7 and 8 the Salmonella counts were not significantly different in the
4
challenged treatment groups. On day 9 the average faecal Salmonella counts from chickens in T6 were 6.33 x 10
5
CFU/g, which was significantly lower than the counts from group T3 (8.40 x 10 CFU/g) (p< 0.01). Furthermore,
Salmonella was only isolated from 4/16 pens in T6 versus 12/16 pens in treatment group T3. Further significant
2
reductions in Salmonella counts were observed in phage treated groups T4, T5 and T6 (~2.4 x 10 CFU/g) versus T3
4
(~6 x 10 CFU/g) in faecal samples collected on day 28 (p< 0.01). By day 42 no Salmonella was detected in the
faecal samples collected from group T4 given the lowest phage dose, and in groups T5 and T6 Salmonella was only
isolated from 3/16 and 2/16 pens respectively. In comparison Salmonella was isolated from 7/16 pens in T3.
Conclusions: We showed delivering phages via feed was effective at reducing Salmonella colonisation in chickens.
The lowest phage dose was the most effective and reduced Salmonella counts to below detection limits by the end of
the trial. Our study highlights phages offer a promising tool against Salmonella infections in poultry.
KEYWORDS: Salmonella, poultry, bacteriophages, phages, antimicrobials.
CURRENT CATEGORY: Metabolism and Nutrition, Feed Additives
PRESENTER: Anisha M Thanki
1
1
2
3
AUTHORS (FIRST NAME, LAST NAME): Anisha M. Thanki , Steve Hooton , Robert Atterbury , Natasha Whenham
4
3
4
1
, Mike Salter , Mike Bedford , Helen Masey O’Neill , Martha R. Clokie
INSTITUTIONS (ALL):
1. Genetics and genome biology, University of Leicester, Leicester, Leicestershire, United Kingdom.
2. School of Veterinary Medicine and Science, University of Nottingham, Sutton Bonington, Leicestershire, United
Kingdom.
3. Ab Vista, Marlborough, United Kingdom.
4. Ab Agri, Peterborough, United Kingdom.

FINAL ID: 158
TITLE: Effects of guanidinoacetic acid (GAA) on growth and body composition in broilers
Abstract Body: Creatine is an essential biomolecule for the proper function of energy transfer and supply. It is known
to support muscle growth and strength, shifting whole body composition toward leaner and less fat tissue. Creatine
may also benefit bone strength as a result of a more lean body mass. Guanidinoacetic acid (GAA) is the direct
endogenous precursor of creatine and, as a feed additive, is an effective source of creatine. The current study
®
evaluated the dietary supplementation of GAA (Creamino ) on growth performance, body composition, bone strength,
and gait score in broilers. A total of 648 1-day-old male parent stock Cobb 500 chicks were randomly allocated (12
replicates x 18 birds) to three dietary treatments: control (0%), 0.06%, and 0.12% GAA added to basal Corn/SBM
diets formulated in four phases (starter (Str), d 0-14; grower (Grw), d 15-28; finisher1 (F1), d 29-42; finisher2 (F2), d
2
43-56). Birds were raised in floor pens (1.78 m , wood shavings). Feed intake (FI), body weight (BW), and mortality
were recorded at the end of each phase. Gait scoring was performed at d 54. At d 56, creatine concentration was
measured in breast and leg muscles. The whole-bird composition was measured by dual-energy x-ray absorptiometry
(DEXA). Tibias were subjected to breaking strength test and bone ash analysis. Data were analyzed by one-way
ANOVA with Duncan's Multiple Range Test for mean separation and P ≤ 0.05 as the threshold of significance.
Treatment effects on growth performance differed only at the end of F1, where BWG for the 0.12 % GAA group was
higher (+53 g) than control (P = 0.015). Cumulative FCR was consistently lower than control for 0.06% GAA at the end
of all phases (0.03 % points) and for 0.12 % GAA at the end of F1 and F2 (0.06 % points) though differences did not
attain significance. GAA increased creatine concentration in breast muscle (p=0.011), while leg muscle creatine was
numerically increased. In both muscles, 0.06 % GAA was as effective as 0.12 % GAA. Creatine was higher in the
breast than in the leg muscle (p<0.0001). For the whole bird composition, the DEXA results confirmed the hypothesis:
0.12% GAA in the diet decreased the fat% (17.83 % vs 19.38 % in control) but increased lean% (82.18 % vs 80.61%
in control). There was no difference observed in whole-body bone mineral density, bone mineral content, or strength
assessment. However, the gait scoring analysis showed adding 0.06% of GAA in the diets increased the gait score 0
ratios and decreased the Gait score 1 ratio compared to the other treatments. In summary, adding 0.06% or 0.12% of
GAA to the broiler diet could improve growth performance and muscle development. Furthermore, 0.06% GAA could
alleviate lameness in heavy broilers.
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FINAL ID: 159
TITLE: Metabolomics shows that guanidinoacetic acid improves breast weights without aggravating breast muscle
myopathies through changes in energy metabolism
Abstract Body: Modern breeds of broilers have been heavily selected for high growth rate and breast-meat yield,
which has contributed to the onset of Breast muscle myopathies (BMM). A high BMM incidence of ~85% is common in
broiler production and nutritional strategies have been used to reduce this problem. It has been reported that while
1-3
guanidinoacetic acid (GAA) supplementation commonly improves growth performance
it is also sometimes
2
associated with an improvement of BMMs . To test whether GAA affects BMMs we supplemented 0.06% GAA to very
low crude protein diets in broilers with high breast meat yield genetics. The low CP diets might reduce BMM incidence
to a level where both directions (decrease and increase) can be investigated as otherwise an incidence of 85% only
leaves room for improvements but not deteriorations. We tested 340 male Ross 708 broilers with 17 birds/pen and 10
pens per treatment for 49 days. Broilers were fed a corn-soy diet with crude protein levels ~2.5% below the
specification in Ross 708 guidelines but with all AA requirements fulfilled. Pen body weights and feed were weighed
on day 14, day 25, day 39 and day 49. At final day birds were slaughtered and weights and yields of commercial cuts
and BMM scores were determined. Additionally, one bird/pen at day 22 was sacrificed to take blood plasma samples
from the right brachial vein for metabolomics. Performance data were subjected to one-way ANOVA and t-test at 5%
probability, while score data were analyzed using chi-square test in R.
We found that on average GAA fed birds gained 91g more weight (p <0.05) and had 27g heavier breasts (p <0.05). As
expected, we found that heavier breasts had a higher BMM incidence (p <0.01). However, breasts with same BMM
score were significantly heavier in GAA fed birds (p <0.05) while GAA did not negatively affect proportion of BMM
scores (p >0.05). Metabolomics of blood plasma showed no strong systemic effect of GAA when evaluated using
Principal Component Analysis. Still, 4 out of 629 measured plasma metabolites change in response to GAA treatment:
GAA, acetylcarnitine, methyl imidazolelactate and methyl thioadenosine (p <0.01). We conclude that GAA increased
number of heavy breasts without increasing BMM scores. We suggest that GAA causes these results through
increased overall energy metabolism, increased methionine salvage metabolism and reduced protein degradation
while not disturbing healthy normal metabolism.
KEYWORDS: guanidinoacetic acid, breast meat myopathy, low crude protein diet, metabolomics, energy metabolism.
CURRENT CATEGORY: Metabolism and Nutrition, Feed Additives
PRESENTER: Martina Klünemann
1
1
AUTHORS (FIRST NAME, LAST NAME): Martina Klünemann , Juliano C. de Paula Dorigam
INSTITUTIONS (ALL):
1. Animal Nutrition Research, Evonik Operations GmbH, Hanau, Germany.

FINAL ID: 160
TITLE: Muscle creatine content and severity of woody breast in male broilers fed varying levels of guanidinoacetic
acid
Abstract Body: The objective of this trial was to explore the effects of guanidinoacetic acid (GAA) supplementation on
performance, meat quality and muscle creatine (CRT) and creatinine (CRN) in broilers. Day-old male, Ross 708
chicks were allocated 46/pen to 30 pens blocked on location. Ten pens were randomly assigned to each of three
treatments (T1, control (corn/SBM); T2, as T1 + 0.06% GAA; T3, as T1 + 0.06% GAA in Starter (Str) and Grower (Gro)
and as T1 + 0.08% GAA in Finisher I (FI) and Finisher II (FII)). Feeding phases were Str, d1 – 13; Gro, d14 – 27; FI,
d28 – 41; and FII, d42 – 53. Feed and water were available ad libitum. Feed intake and live weight were recorded on
d27, 41 and 53. After processing on d53, six birds/pen were randomly selected for breast meat yield and CRT and
CRN analysis; a sample of breasts (30, 46 and 33 in T1, T2 and T3, respectively) were evaluated for Woody Breast
(WB). Performance data were analyzed as a linear mixed model with Pen within Block as a random effect. Breast
meat quality effects were compared by Fisher’s Exact Test. Muscle CRT and CRN versus WB and treatment were
analyzed as one-way ANOVA. Day 27 gain and mortality were not different between treatments (p = 0.218, p = 0.572).
Treatment effect was significant for d27 FCR (T1, 1.378; T2, 1.355; T3, 1.324 kg/kg; p = 0.043); however, mortality
adjusted FCR was not significant (p = 0.141). Because of a mixing error, FCR differences were not carried on to d53.
Analyzed diet protein content in T1 was 1.5 and 2.5 % (absolute) higher than T2 and T3 in FI and FII. Final body
weights did not differ by treatment. Mean live weight of birds with WB = Hard was 304 g higher than the average of
birds rated Semi-Hard or Normal (p = 0.001). WB rated as “Normal”, “Semi-Hard” and “Hard” was not different
between treatments (p = 0.161); however, T3 and T2 had 5 to 9% lower percentage of Hard muscle than T1 (20.0,
10.9, and 15.2% in T1, T2 and T3, respectively), suggesting a tendency towards muscle protection from GAA. Breast
meat CRT was lower for T1 (4580 mg/kg) than T2 (4855 mg/kg) (p = 0.042) and greater for T3 (5197 mg/kg) than T2
(p = 0.006). Breast CRN was low and marginally affected by treatment (12.86, 14.89 and 15.84mg/kg in T1, T2 and
T3, respectively). Hard breast meat had lower CRT (4318 mg/kg) than Semi-Hard (4826 mg/kg) (p = 0.002) or Normal
(5054 mg/kg; p<0.001). A similar trend was observed for breast CRN with 12.03, 14.54 and 15.26mg/kg for Hard,
Semi-Hard and Normal (p = 0.006 for Normal vs Hard). Increasing severity of WB was associated with higher live
weight and lower muscle CRT content. GAA supplementation raised muscle CRT content and resulted in a
numerically lower proportion of breast meat classified as Hard.
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FINAL ID: 161
TITLE: Effects of Glucosamine-derived Caramels on Performance and Bone Health of Broilers
Abstract Body: The rapid growth predisposes broilers to locomotor problems due to excessive stress on immature
cartilage. This can reduce broiler welfare and performance, causing economic losses for the industry. This study
aimed to evaluate the potential of glucosamine-derived caramels to prevent tibial and femoral head lesions and
enhance the performance of broiler chickens from 0 to 42 d. A total of 1,120 broilers were randomly assigned to 14
treatments with 8 replicate cages of 10 birds each. The treatments were: Control (C; commercial-type diet), C +
Glucosamine (GlcN; no caramelization), and 4 glucosamine-derived caramels: Light Caramel (LC; produced at 50°C),
Brown Caramel (BC; produced at 90°C), LC+fructose, and BC+fructose; each product was included at 0.08, 0.16 or
0.24% of the diet. Feed intake (FI), body weight gain (BWG), and feed conversion ratio (FCR) were measured at 10,
25, and 38 d of age. Tibial and femoral head gross lesion scores were evaluated at 42 d. Parametric data were
analyzed by ANOVA with means compared by Tukey’s test at P < 0.05, and non-parametric data were analyzed by
Kruskal-Wallis. At 10 d of age, birds fed LC at 0.24% had greater weight (232.82 ± 5.26 g), BWG (19.34 ± 0.55 g), and
lower FCR (1.31 ± 0.04 g) than those fed LC+fructose (195.79 ± 19.23 g; 15.78 ± 1.93 g and 1.51 ± 0.16 g,
respectively), but was similar to the other treatments, including C. At 25 d of age, LC at 0.16% resulted in greater
weight (979.90 ± 43.39 g; P = 0.02) than LC+fructose at 0.08% (828.37 ± 105.20 g) but was similar to the other
treatments. For the entire period (0 to 38 d), birds fed LC at 0.16% were heavier at 38d (2,043.5 ± 129.3 g; P = 0.04)
than treatments LC+fructose at 0.08% (1,797.3 ± 146.5 g), LC at 0.08% (1,885.1 ± 140.6 g), BC+fructose at 0.16%
(1,823.1 ± 147.5 g) and BC at 0.16% (1,823.0 ± 188.6 g) but was similar to the other treatments, including C. There
were no treatment effects on the tibial head lesion scores. The femoral head lesion scores tended to be significant (P
= 0.07), with LC included at 0.08 responsible for the highest frequency of birds with healthy femurs (87.5% with score
1) or with minimal lesions (12% with score 2), while the C group had 75% of the birds with healthy femurs and 25%
with femoral head transitional degeneration (scores 3 and 4). Light glucosamine-derived caramels might be part of a
strategy to enhance performance and bone health in broilers; however, more analyses and further studies are
required to understand better the mechanism of action.
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FINAL ID: 162
®
TITLE: The effect of a dacitic tuff breccia (Azomite ) in corn, soybean, and DDGS based diets that vary in inorganic
phosphate source on pellet mill production rate and pellet quality
Abstract Body: Feed mill pellet production rate is of great importance to integrated meat bird production. Ingredients
such as dried distillers grains with solubles (DDGS), inorganic phosphate source (IPS), and fat influence production
rate and feed quality due to their composition. The naturally abrasive properties of an IPS may scour the pellet die and
®
affect feed production rate. The objective of the study was to evaluate the effect of a dacitic tuff breccia (Azomite )
inclusion in a corn, soybean meal, DDGS based diet with either 1.70 % dicalcium (DCP) or 1.75% tricalcium (TCP) on
pellet mill production rate, hot pellet temperature, and pellet quality. The assessment included four experimental
treatments in a two (DCP or TCP) x two (Azomite (AZM) or no AZM) factorial Latin Square Design across four
manufacturing days with complete blocks in each day. Data were analyzed in a mixed-model analysis using the
GLIMMIX procedure of SAS with alpha set at P ≤ 0.05 and a trend defined at P ≤ 0.10. Average temperature and
humidity were 16C and 67%, respectively. There was a six percent increase in production rate when AZM was added
to DCP diets (0.99 versus 1.05 MT/hr; P<0.001) and an eight percent increase in production rate when AZM was
added to TCP diets (1.10 versus 1.19 MT/hr; P<0.001), demonstrating a significant IPS by AZM interaction. The
increased production rate that favored AZM and TCP diets may be associated with an additive effect of pellet die
scouring. IPS and AZM interacted to affect pellet quality (P<0.021) demonstrating that increased production rate
decreased pellet quality; however, the greatest amount of the observed change (three percent), would likely have little
effect on bird performance based on past research.
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FINAL ID: 163
TITLE: Antimicrobial effects against Salmonella typhimurium and protein precipitation capacity of tannic acid in an in
vitro chicken gut pH model and in simulated feed pelleting temperature
Abstract Body: This study was conducted to determine minimal inhibitory concentration (MIC) and minimal
bactericidal concentration (MBC) of tannic acid (TA) against Salmonella typhimurium nalidixic acid resistant strain (ST
NR
) and to evaluate protein precipitation capacity and antimicrobial effects of TA in an in vitro gastrointestinal tract pH
model (stimulated gastric pH: 3.5 to 4.0 and stimulated intestinal pH: 6.5 to 7.0 and 7.0 to 7.5) and after being
subjected to simulated feed pelleting temperature (40°C, 50°C, 60°C, 70°C, 80°C, and 90°C). Antimicrobial effects
with/without bovine serum albumin (BSA) and protein precipitation capacity at different pH values (2.0 to 8.0) of TA
and gallic acid (a major component of TA) were evaluated. The MIC and MBC of TA were determined using a microdilution method. To compare antimicrobial effects of TA, the agar well diffusion method was used. Protein precipitation
capacity of TA and gallic acid was measured using BSA. Unpaired t-test was used to compare antimicrobial effects of
TA with/without BSA at different pH points. Two-way ANOVA (Factors: Time and pH) was used in the in vitro
gastrointestinal tract pH model study, and one-way ANOVA followed by a Dunn’s multiple comparison test was used
for the simulated pelleting study. Nearly 100% of TA formed complexes with BSA at pH 3.5 to 4.5, and antimicrobial
effects of TA were restricted at pH 2.0 to 2.5 and 2.5 to 3.0 with BSA (P < 0.05). Gallic acid did not show protein
NR
precipitation and antimicrobial effects. The MIC and MBC of TA against ST
was 40 μg/mL and 700 μg/ml,
respectively. Precipitated TA with BSA in simulated gastric pH was released free in the simulated intestinal pH
depending upon time and pH factors (Time: P < 0.05; pH: P < 0.05). Approximately 65% and 97% of TA-BSA
complexes were detached at 120 min at pH 6.5 to 7.0 and 7.0 to 7.5. Antimicrobial effects of TA-BSA in the simulated
intestinal pH showed statistically similar (P > 0.05) antimicrobial effects with pure TA while antimicrobial effects were
limited at pH 6.5 to 7.0 compared to pH 7.0 to 7.5 (pH: P < 0.05). Stimulated feed pelleting temperature (60°C and
70°C) increased the antimicrobial effects of TA (P < 0.05), while protein precipitation capacity was not affected (P >
0.05). Therefore, when only pH was considered, TA has potential to exhibit antimicrobial effects in the lower intestine
(pH 6 to 7) of broilers, and simulated feed pelleting temperature increased antimicrobial effects of TA. In the future
NR
studies, TA as an antimicrobial agent against ST
should be validated using an in vivo chicken model.
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FINAL ID: 164
TITLE: A BLEND OF PROTECTED ORGANIC ACIDS + ESSENTIAL OILS IMPROVES INTESTINAL HEALTH
INDICATORS AND REDUCES INTESTINAL PERMEABILITY OF LAYING HENS RAISED UNDER COMMERCIAL
CONDITIONS
Abstract Body: We investigated the dietary supplementation of Protected Organic Acids + Essential Oils P(OA+EO) in
laying hens raised under commercial conditions. A total of 208,000 laying hens at 2-weeks-old were assigned to
receive 1 of 2 treatments for 20 weeks: T1: control, T2: P(OA+EO) at 300 g/t (Jefo - fumaric, sorbic, citric and malic
acids + thymol, eugenol and vanillin). At weeks 6, 12 and 21, 12 hens/treatment were used for blood sampling and
necropsy for the ISI-I See Inside Scoring System Methodology (Kraieski et al., 2017). A completely randomized design
consisting of 2 treatments, each with 12 replicates of 1 hen/replicate, was used. To evaluate intestinal permeability,
birds were inoculated with FITC-d (fluorescein-isothiocyanate labelled dextran) and blood samples were collected
after one and half h. FITC-d is a molecule with high molecular weight that is only detected in the blood when the
intestinal mucosa is damaged. The macroscopic ISI alterations were classified to be presented as: macro-total ISI
(sum of the scores given for intestine, liver, proventriculus, annex glands, locomotor and respiratory system) and
macro-intestinal ISI (sum of the scores given for duodenum, jejunum, ileum and cecum). The histologic ISI alterations
were evaluated in the ileum. A low ISI index represents better health status. Data were subjected to one-way ANOVA
and T test was used for parametric and Kruskal Wallis for non-parametric data (XLSTAT software). Hens on Jefo
P(OA+EO) had lower (P<0.001) level of FITC-d recovered in the blood, which can be interpreted as better integrity of
the intestinal mucosa and reduced chances of bacterial translocation. They also presented lower (P<0.05) total macroISI score of alterations at weeks 6 and 12, lower (P<0.05) macro-intestinal ISI score at weeks 6 and 21 and, lower
histologic-ileum ISI score of alterations at weeks 6 (P<0.10), 12, and 21 (P<0.05). In addition, at week 21, hens on
P(OA+EO) didn’t present Eimeria oocysts while the control treatment did (P<0.001). In conclusion, the blend of
Protected Organic Acids + Essential Oils evaluated can be used to improve intestinal and overall health status in
commercial laying hens.
KEYWORDS: essential oil, intestinal health, intestinal permeability, laying hen, organic acid.
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FINAL ID: 165
TITLE: The effects of oregano essential oil on layer hen performance and egg quality
Abstract Body: Oregano (Origanum vulgare) essential oil (OEO) contains over 100 compounds with active properties.
Four key compounds are carvacrol, thymol, ρ-cymene, and γ-terpinene that have been shown to have antibacterial,
anti-inflammatory, and antioxidant properties. Oregano essential oil has been shown to be beneficial for gut health,
and subsequent growth and production performance in poultry. The purpose of this research was to investigate the
effects of feeding an oregano essential oil throughout the rearing and laying period of Dekalb White laying hens. The
study was conducted at the North Carolina Dept. of Agriculture & Consumer Services, Piedmont Research Station in
conjunction with North Carolina State University. The pullets were randomly allocated at day-old to one of three
groups: CC, basal diet (Control) in rearing and lay periods; CO, basal diet in rearing, and basal in laying plus 300g/t
Orego-Stim® provided in the feed (5% OEO on an inert carrier, Anpario plc, UK); and OO, in rearing and laying basal
plus 300g/t Orego-Stim® provided in the feed (5% OEO on an inert carrier, Anpario plc, UK). The pullets were moved
at 16 weeks and housed indoors in conventional cages of 24 hens per replicate, with 18 replicates per group (432
2
pullets per group). Space allocation was 80 inches per hen throughout laying phase from 17 through 73 weeks of
age. Feed composition was dictated by the feed consumption and productivity of the hens and water was supplied Ad
libitum. Egg production and feed consumption were recorded daily then summarized every 28 days, and egg quality
rd
was examined the 3 week of each production period. Statistical analysis was performed with GLM, the means
separated (Tukey’s t-test) using JMP software (JMP®, Version 14. SAS Institute Inc., Cary, NC, 1989-2019). There
were no differences between the treatment grops at 16 weeks of age. Feed consumption on the OO group was higher
(p<0.0001) than the OC or CC groups. Percent HD production and egg weight in the OO and CO groups were greater
(p<0.001) than the CC hens. The egg quality nor egg size distribution were affected by OEO in the diet. However
when combined with production and egg weight the daily egg mass produced from the OO and OC hens greater than
the CC treatment. Hens supplemented with OEO had an overall better HD% egg production and daily egg mass
produced compared with control hens even though the OO groups had the lowest body weight at 73 weeks and the
CO groups were intermediate with the CC hens being the heaviest. In Conclusion, individual hen reproductive fitness
appears to positively influence productivity with more daily egg mass and improved HD% laying performance.
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FINAL ID: 166
TITLE: Evaluation of probiotic and organic chromium on productive performance and energy utilization of laying
breeder hens
Abstract Body: This experiment was conducted to evaluate productive performance and total tract metabolizability of
nutrients and energy of laying breeder hens fed corn-soybean meal diets supplemented with probiotic (Bacillus subtilis
PB6), organic chromium (Cr propionate) or their combination. A total of 32 Rhodes Island Red and 32 White Plymouth
Rock breeder hens at 55 weeks of age were allocated in individual cages using a completely randomized block design
with 16 replicates (8 per strain). After a 28-d period of adaptation, hens were fed 4 experimental feeds in 4 periods of
28 days each, from 55 to 70 wks. Experimental feeds were a Control diet (formulated with corn, soybean meal and
wheat bran without additives), Control + Probiotic (supplemented with 500 g/ton of Bacillus subtilis PB6; CLOSTAT);
Control + Cr (50 g/ton of organic Cr; KemTRACE), and Control + Probiotic + Cr (with both additives). Productive
parameters were evaluated per period and in the overall period as: egg production, egg mass, egg loss and dirty eggs
as well as feed intake and feed conversion ratio. Excreta moisture was also evaluated per period, and at 70 wk 1%
celite was included in the experimental diets to evaluate digestibility. Excreta were collected per cage in the last two
days of the experiment and total tract metabolizability of dry matter, nitrogen and energy as well as apparent
metabolizable energy (AME) were calculated. Data were subjected to one-way analysis of variance using the MIXED
procedure of SAS Institute and significance was accepted at P < 0.05. Means were compared by Tukey test. No effect
was observed between the hens’ strain, which was previously blocked with the experimental design, and treatment
was considered as independent variable. Treatments did not affect daily feed intake, egg loss and dirty eggs (P >
0.05); however hens fed Control + Probiotic or Control + Probiotic + Cr had higher (P < 0.05) egg production and egg
mass from 63 to 66 wk, 67 to 70 wk and in the overall period. From 59 to 62 wk and 63 to 66 wk, hens fed Control +
Probiotic + Cr had decreased (P < 0.05) excreta moisture than hens the Control; however, from 67 to 70 wk, no
difference was observed in excreta moisture. Hens fed Control + Cr had higher AME compared to hens fed the
Control (P < 0.05). In conclusion, diets supplemented with probiotic, organic chromium or their combination resulted in
improved productive performance, decreased excreta moisture and increased energy utilization of laying breeder hens
from 55 to 70 weeks of age.
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FINAL ID: 168
TITLE: Microencapsulation of ajowan essential oil within alginate: Effects on performance and intestinal microflora of
broilers
Abstract Body: Essential oils (EOs) are natural volatile products extracted from plants, with antimicrobial properties
proven in in vitro trials. The biological activity of EOs can be lost due to volatilization or degradation of active
components, limiting their commercial application. Microencapsulation is the process of building a functional barrier
between the core and wall materials to prevent chemical and physical reactions while preserving the biological,
functional, and physicochemical features of the core materials. The objective of the current study was therefore to
preserve EO of ajowan (Trachyspermum ammi) by microencapsulation in sodium alginate, as well as to assess the
effects of different dietary doses of free and encapsulated forms of this EO on broilers growth performance and the
population of certain intestinal bacteria. A total of 320 one-day-old Ross 308 chicks were randomly assigned to 32
floor pens. A completely randomized design with a 2×4 factorial arrangement of treatments consisting of 2
administration forms of EO (free and encapsulated) and 4 inclusion rates of EO to the diet (0, 50, 100 and 150 mg/kg
feed) was used in this study. Each treatment had 4 replicates with 10 birds per pen. Birds were fed their respective
experimental diets from 1 to 42 d of age. Growth performance traits were measured in this period. On d 42, two birds
from each pen were slaughtered and ileal content were collected from the distal ileum for bacterial count enumeration.
Results were analyzed using GLM procedure of SAS, followed by Tukey’s HSD test when main effects were
significant (P < 0.05). No interaction between the main effects was observed for any measured traits. Broilers fed
encapsulated EO in the diet had a greater ADFI (P < 0.01) than those fed free EO in the diets, probably due to the
strong odors of free EO which reduces palatability. Broilers fed 100 mg/kg EO of ajowan compare to the control had
higher (P < 0.05) ADG (61.8 vs. 56.5 g), ADFI (105 vs. 99.7 g) and European production efficiency factor (313.7 vs.
282.5). The ileal count of E. coli and coliforms were lower (P < 0.05) in broilers fed encapsulated EO than those fed
free EO. The lowest (P < 0.05) ileal count of E. coli and coliforms was observed in broilers fed 150 mg/kg EO of
ajowan in the diet, however Lactobacillus count was not affected (P > 0.05). In conclusion, inclusion of 100 mg/kg EO
of ajowan to the broiler’s diet can improve growth performance and reduce ileal E. coli and coliform count, with the
benefits being more evident for the encapsulated essential oil.
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FINAL ID: 169
TITLE: The hepatoprotective effects of dietary herbaceous mixture supplementation on liver injury in laying hen
through alleviating hepatic lipid deposition and oxidant stress
Abstract Body: Hepatic steatosis is the most common disease in laying hen, leading to a decrease in egg production
and an increase in mortality. Herbs recently are approved to exert a powerful influence on fat metabolism, antiinflammation and antioxidant. Hence the potential of herbaceous mixture (HM, containing 20% ocimum basilicum,
35% andrographis paniculata, 10% silybun marianum, 20% azadirachta indica and 15% glycine) in alleviating liver
injury and its mechanisms were studied. A total of 720 394-day-old Hyline laying hen were subjected to 28 days
feeding of three experimental diets: (1) Corn-soybean commercial diet (Ctrl), (2) Ctrl+300 mg/kg HM, and (3)
Ctrl+1000 mg/kg choline chloride (CC, as positive control diet). Each diet was fed to 8 replicates of 30 birds. The data
was analyzed by one-way the analysis of variance (ANOVA) followed by Tukey’s multiple comparisons. P < 0.05 was
identified significant. Results showed that the laying rate was increased (P < 0.05) by dietary HM as relative to Ctrl
birds. The outcome of hematoxylin-eosin staining indicated that the area and diameter of steatosis vacuoles was
notably decreased by HM and CC administration. Dietary HM and CC supplementation reduced hepatic lipid
deposition, evidenced by Oil-red. The birds fed HM diets exhibited considerably decreased (P > 0.05) lipogenic genes
including fatty acid synthase and acetyl-CoA carboxylase, and significantly upregulated (P < 0.05) the mRNA
expression of hormone-sensitive lipase and lipoprotein lipase. Similarly, dietary HM treatment notably decreased
serum low-density lipoprotein cholesterol level and increased high-density lipoprotein cholesterol concentration when
compared to Ctrl diet (both P < 0.05). Furthermore, dietary with HM or CC significantly enhanced (P < 0.05) the
activity of superoxide dismutase and glutathione peroxidase in liver. These data revealed that supplementing 300
mg/kg HM efficiently protects liver injury by attenuating lipid deposition and hepatic oxidant stress in laying hens.
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FINAL ID: 170
TITLE: Effects of a Direct Fed Microbial on Pullet Performance and Body Composition
Abstract Body: Direct fed microbials (DFM) have been used to improve animal health and performance, with the
reduced antibiotic use within the poultry industry. This experiment was conducted to determine the effects of a DFM
on pullet body weight, feed intake, Mortality corrected Feed Conversion Ratio (FCRm), and dual-energy x-ray
absorptiometry (DXA). The DFM, Q-Biotic™ 1DP, is a Bacillus subtilis strain. Two experimental treatments (Control
without DFM and Treatment with 300,000 CFU of DFM per g of feed, both of which were confirmed every time feed
was mixed) were composed of 12 replicates of 24 Hy-Line W-36 chicks resulting in 576 chicks to start the experiment.
Chicks were fed ad libitum for the first 3 weeks, then provided a controlled amount of feed daily to mimic feed intake
according to the Hy-Line performance objectives. At 6 and 12 weeks of age, 6 chicks from each cage were randomly
removed to reduce stocking density over time. At 17 weeks of age, 3 birds per cage were euthanized for DXA analysis
to determine lean and fatty tissue content. Data were analyzed for ANOVA and repeated measurement analysis using
the MIXED procedure in SAS 9.4 (SAS Institute Inc., Cary, NC). If significance was detected, LSMEANS were
separated using Tukey’s honestly significant difference test. DFM-treated pullets reduced feed intake over the length
of the experiment. Control pullets consumed 5.63 kg per bird compared to 5.55 kg per bird in DFM-fed pullets (P ≤
0.01), but resulted in similar body weights of 1.23 kg per 17 week old pullet, regardless of treatment (P = 0.98). The
similar body weight with the reduced feed intake resulted in improved FCRm when repeated measures were used (P =
0.03) with an overall 17 week FCRm of 4.232 and 4.259 for DFM treated and control fed birds, respectively. Such
FCRm improvement was equivalent to $5/ton feed value at a $265/ton weighted average feed cost. At 17 weeks of
age, no difference in lean or fat tissue were observed (P > 0.10). Overall, DFM treatment allowed for more efficient
use of the feed consumed, but did not alter the accretion of body tissue over the 17-week pullet growth period.
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FINAL ID: 171
TITLE: In vitro screening of drinking water acidifiers and their effects on broiler performance, serum biochemistry and
intestinal development
Abstract Body: Combining with the global demand for safe human food and the production of environmentally friendly
poultry products, acidifiers are natural organic acids and salts that have received considerable attention as animalfeed additives. In experiment (Expt.) 1, the effects of different concentrations of acidifier on the acidity and hardness of
water, as well as the bacteriostasis was firstly evaluated. The results from the one-way analysis of variance (ANOVA)
showed that the addition of different doses (0.02%-0.20%) of acidifier significantly reduced the pH of water with
comparable hardness of water (P < 0.01). Additionally, the bacteriostatic diameters of salmonella and staphylococci in
the 0.20% acidifier group were significantly larger than those in the 0.00% group. To define the response of the
performance to acidifier (Expt. 2). A total of 600 1-day-old mixed-sex broilers was weighed individually and allocated
to five treatment groups with six replicate pens (10 females and 10 males birds/pen) for 42 days, which consisted of
the drinking water with acidifier at 0.00%, 0.05%, 0.10%, 0.15% or 0.20%, respectively. The water with 0.15% or
0.20% acidifier resulted in liner and quadratic higher body weight at 42 days, average daily gain and water
consumption during 1 to 42 days (P < 0.05). Subsequently, Expt. 3 was conducted to evaluate the impact of acidifier
on intestine development and tibia mass. With this aim, a total of 250 1-d-old male broilers were weighed individually
and allocated to five treatment groups with five replicate pens (10 males/pen) for 42 days, i.e. the basal diet with
0.00%, 0.05%, 0.10%, 0.15%, or 0.20% acidifier in drink water. Data were analyzed using one-way ANOVA, and
showed that supplementing 0.10% and 0.20% acidifier to drink water resulted in increased weight, villus high and the
ratio of villus high to crypt of duodenum and ileum for 42-day-old broiler. 0.20% acidifier added to drinking water
significantly increased tibial calcium content when compared to 0.00% group. In addition, drink water with 0.10-0.20%
acidifier decreased the activity of aspartate aminotransferase and alanine aminotransferase, both important indicators
for hepatic health. Thus, we conclude that drink water with 0.10-0.20% acidifier promoted the performance, intestinal
development, hepatic health of broilers.
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FINAL ID: 172
TITLE: Effects of direct-fed microbial inclusion on production parameters and intestinal microbial population changes
in Nicholas Select tom turkeys
Abstract Body: The dietary inclusion of direct-fed microbials (DFM) is becoming more common as antimicrobial use
for growth promotion is no longer approved. The effects of various DFM on poultry performance have been studied;
however, limited research has been conducted on the DFM Bacillus subtilis C-3102 in turkeys. Therefore,
performance and microbial population responses to Bacillus subtilis C-3102 were investigated using 720 Nicholas
Select tom turkeys. The experiment was conducted between May 2020 and September 2020. Diets were formulated
to be nutritionally identical aside from DFM inclusion and were provided in a six-phase feeding program. Diets
containing the DFM were formulated to contain 500,000 cfu/g from d1-35 and 300,000 cfu/g of the DFM from d36-133.
Digestible lysine was provided at 90% of breed recommendations and all other amino acids were provided at
recommended ratios to digestible lysine. Prior to poult placement the barn was neither cleaned nor disinfected. The
combination of high ambient temperatures, reduced amino acid plane, and potential challenge vectors from previous
flocks were used to create an environment suitable for potential performance uplift from DFM inclusions. Each diet
was provided to 12 replicate pens of 30 turkeys arranged in a randomized complete block design. The experimental
unit was one pen of turkeys. Microbial population (MP) changes were evaluated by collecting fecal and litter samples
the d prior to each feeding phase change. Composite fecal samples were collected from eight fresh droppings per pen
and composite litter samples were collected from nine defined areas per pen. Data was analyzed using the GLM
procedure of SAS. Performance results from d1-133 showed birds provided the DFM exhibited a 0.08 improvement in
FCR (P<0.0001) and tended to improve BW (P=0.0999) compared to those fed the control. MP analyses of fecal and
litter samples indicated higher concentrations of Bacillus subtilis C-3102 and total Bacillus in DFM fed birds (P<0.05).
Fecal MP analysis results from d132 indicated that the ratio of Lactobacillus to total anaerobes of birds provided the
DFM increased 13.3% compared to those fed the control (P=0.0330). Interestingly, turkeys provided the DFM had
lower body weights for the first four phases of this study. When ambient temperatures increased during the last two
phases, both BW and the ratio of Lactobacillus to total anaerobes increased for DFM fed turkeys. Furthermore, DFM
supplementation reduced overall feed cost by $0.20 per bird. These data indicate that Bacillus subtilis C-3102
inclusions improved tom turkey performance, contributed to a beneficial change in intestinal microbial populations, and
reduced feed costs.
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FINAL ID: 173
TITLE: Broiler intestinal health, immunity, and performance responses to an algae-based ingredient vary between
basal diet compositions
Abstract Body: Bioactive algae-based ingredients provide health-promoting compounds and have been primarily
investigated in corn/soybean meal-based broiler diets. Wheat is incorporated into rations as a protein and energy
source; however, its nutrient profile may result in disparate physiological responses when formulated with algae
ingredients. The objective was to evaluate performance, intestinal health, and immune responses to a proprietary
algae ingredient (ZIVO Biosciences Inc., Keego Harbor, MI) when wholly substituting wheat for corn in broiler diets.
Ross 308 broilers were randomly assigned to 4 treatments consisting of a corn- or wheat-based diet ± 0.175% algae
ingredient formulated to meet breed standards. Birds were housed in 80 floor pens (14/pen) for a 42d study divided
into 14d starter, grower, and finisher periods. Body weight was measured weekly and feed disappearance recorded
throughout. Intestine, spleen, and liver samples were collected from 10 birds/treatment at the end of each 14d period
for intestinal histomorphology, flow cytometric analysis of splenic immune cell populations, and tissue kinome arrays.
A FITC-dextran intestinal permeability assay was performed on d28 and 29 with a 12h feed restriction challenge per
replicate day. Data were analyzed with fixed effects of diet type, algae inclusion, and diet × algae interaction using the
MIXED procedure (SAS 9.4; significance at P≤0.05). Wheat-based diets, regardless of algae inclusion, reduced
+
+
splenic CD1.1 antigen-presenting and CD3 T cells in the first 14d (P<0.0001), reduced serum fluorescence 6.8% on
d28/29 (P=0.0002), and improved 42d FCR by 5 points compared to corn-based diets (P<0.0001). Improvements due
to the algae ingredient were only observed when included in corn-based diets where it improved 42d FCR by 5 points
and increased duodenal and jejunal villus height 10.0 and 15.2% compared to the corn-based control on d28 and 42,
respectively (P=0.006 and <0.0001, respectively). Feeding corn-based diets + algae ingredient altered splenic T cell
+
+
subpopulations through 13.4-27.5% reductions in CD3 CD8a cells compared to the corresponding control on d28
and 42 (P<0.0001). Kinome results show a significant innate immune TLR response via MyD88 due to algae inclusion
at d14 in both small intestine and liver. By d42, this response shifts to a more growth factor and adaptive immuneoriented response with concurrent signaling changes indicative of lipid metabolism due to algae inclusion. When
formulated in corn-based diets, the algae ingredient may improve broiler health and performance, but requires further
evaluation in wheat-based diets, emphasizing the need for comparative study of novel feed ingredients in varying
basal diet compositions.
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FINAL ID: 174
TITLE: Comparative evaluation of conventional and alternative gut health management programs on growth
performance, breast meat attributes, and ceca digesta short chain fatty acid profiles in broiler chickens
Abstract Body: Under current Canadian regulations, the majority of commercial broilers are reared according to three
gut health management programs: 1) conventional, where some medically important antibiotics (MIA) allowed (CON),
2) raised without MIA (RWMIA), and 3) raised without antibiotics (RWA). However, little is known on comparative
growth performance and physiological responses of birds reared on these programs. Therefore we investigated
growth performance, breast meat traits, and ceca digesta microbial activity in broilers reared under these programs.
Iso-nitrogenous and caloric basal diets were formulated for starter (d 0-14), grower (d 15-28), and finisher (d 29-42)
phases. For medication, CON had bacitracin in all phases and RWMIA had avilamycin in starter and grower phases.
For coccidiosis control, CON had nicarbazin in the starter and narasin for the remaining phases while RWMIA had
nicarbazin and salinomycin in starter and grower phases and narasin in the finisher. Anticoccidial vaccine (Coccivac)
was administered to RWA birds at hatch. RWMIA and RWA had supplemental butyric acid and bacillus based
probiotic and RWA was further supplemented with acidifier, yeast and essential oils. 2,304 d old Ross × Ross 708
chicks (equal ♀ and ♂) were placed in 48 floor pens and allocated to treatments (n=8, sex and program combination)
based on initial BW. Feed intake (FI) and BW were monitored by phase. On d 28 and 41, 2 birds/pen were necropsied
for breast weight, myopathies, and cecal digesta for short chain fatty acids (SCFA). Data were analyzed for the main
effects of program, sex, and associated interactions. There was no interaction (P>0.05) between sex and program.
Birds on RWMIA and RWA had better (P<0.05) growth and feed conversion (FCR) than CON birds in starter phase.
However, there were no program (P>0.05) effects on overall (d 0-42) growth performance. Sex effect (P<0.05) on
growth performance was such that ♀ performed better in starter and ♂ in grower and finisher phases and overall (d 042). Relative to CON and RWA, RWMIA birds exhibited (P≤ 0.04) heavier relative breast weight (g/100g BW) and
lower incidences of woody breast (WB) and white striping (WS). Pullets had heavier (P=0.01) breast on d 28 and
presented lower (P≤0.03) incidences of WB and WS on d 41 than cockerels. Treatment effect on SCFA was only
noted on d 28 with CON birds exhibiting higher (P≤0.04) concentration of acetic and propionic acid than RWA birds.
Overall growth performance was similar among the programs, however differences in breast meat attributes and
transient ceca microbial activity warrant further study. Further investigations should be extended in commercial farm
settings to document biological and economic performance.
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FINAL ID: 175
TITLE: Effects of tannic acid on the growth performance, gastrointestinal permeability, antioxidant capacity, oocyst
shedding, and nutrient digestibility of broiler chickens infected with Eimeria maxima
Abstract Body: The purpose of this study was to investigate the effects of tannic acid (TA) on the growth performance,
gastrointestinal barrier integrity, antioxidant capacity, oocyst shedding, and nutrient digestibility of broilers infected with
Eimeria maxima. A total of 420 one-day-old male Cobb 500 broilers were randomly allocated to 5 treatments with 7
replicates of 12 birds. The five treatments were: 1) Sham-challenged control (SCC; birds fed a control diet and orally
gavaged with PBS); 2) Challenged control (CC; birds fed a control diet and inoculated with 10^4 of E. maxima on D
15) 3) TA0.5 (CC + 0.5 mg/kg of TA); 4) TA2.75 (CC + 2.75 mg/kg of TA); and 5) TA5 (CC + 5 mg/kg of TA). On 5
days post-infection (dpi), gastrointestinal permeability was measured by using fluorescein isothiocyanate-dextran (4
kDa). On 6 and 13 dpi, growth performance was measured, and tissue and digesta samples were collected for
analyzing intestinal health parameters. Oocyst shedding and fecal moisture were measured from 5 to 11 dpi and 3 to
13 dpi, respectively. The E. maxima inoculation effects (SCC v. CC) were compared by unpaired t-test, and the effects
of TA in broilers infected with E. maxima were compared using the PROC MIXED with a post-hoc analysis (Tukey’s
test) in a completely randomized design. The TA5 group had lower body weight (BW) compared to those fed CC (P <
0.05) during the pre-challenge period. From 0 to 6 dpi, Eimeria infection significantly decreased BW and average daily
feed intake, and birds fed TA0.5 had significantly higher body weight compared to those fed TA5. From 6 to 13 dpi,
birds fed TA5 had significantly lower BW compared to those fed CC (P < 0.05). From 7 to 9 dpi, higher oocyst
shedding per gram in feces from birds fed CC were observed compared to those fed TA0.5, TA2.75, and TA5 (P <
0.05). On 5 dpi, Eimeria infection significantly increased gastrointestinal permeability, and the TA2.75 group had
significantly lower gastrointestinal permeability compared to the CC group. On 13 dpi, birds fed TA2.75 significantly
lowered jejunal total glutathione (GSH) and reduced-GSH (GSSG) compared to birds fed TA0.5. Digestibility of dry
matter and ash on 13 dpi were significantly higher in the TA2.75 group compared to the CC group. In summary, 0.5
mg/kg and 2.75 mg/kg of TA decreased gastrointestinal permeability and oocyst shedding and enhanced nutrient
digestibility in broiler chickens infected E. maxima, whereas 5 mg/kg of tannic acid reduced growth performance and
nutrient digestibility. Thus, tannic acid at an appropriate dosage (0.5 to 2.75 mg/kg) can be used to control oocyst
shedding and to enhance gut health of broiler chickens infected with E. maxima.
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FINAL ID: 176
TITLE: Dietary grape pomace – Effects on growth performance, intestinal health, blood parameters, and breast
muscle myopathies of broiler chickens.
Abstract Body: The search for alternatives to antibiotics in poultry production is still on-going and has been directed
towards investigation of the efficacy of different potential alternatives. However, it is important that the sought
alternatives are cost-efficient and have no negative impact on meat quality, for ease of adoption and profit
maximization. This study aimed at exploiting an agro-industrial waste, grape pomace (GP) as an alternative to in-feed
antibiotics and assessing the effects on growth, intestinal morphology, ceca microbiota, ceca short-chain fatty acid
(SCFA) concentration, blood biochemical parameters, and breast muscle myopathies of broiler chickens. A total of
576 one-day-old Cobb-500 broiler chicks were randomly allotted to three dietary treatments – Negative control (NC, a
corn-wheat soybean-based diet), NC + 0.05% bacitracin methylene disalicylate (BMD), and NC + 2.5% grape pomace
(GP). Each treatment was assigned to eight replicate pens with 25 birds per pen. Bodyweight (BW), feed intake (FI),
and feed conversion ratio (FCR) were determined weekly, and mortality was recorded daily. On d 36, two
chickens/pen were euthanized for measuring blood biochemical parameters, ceca SCFA, and ceca microbiota. White
striping (WS) and woody breast (WB) incidence were assessed in 4 chickens/pen on d 42. The GP diet increased
(P<0.05) average FI throughout the feeding phases compared to the other treatments, but overall FCR was similar.
Birds in the GP treatment had higher (P<0.05) villus height (VH) and increased VH:crypt depth ratio in the duodenum
and jejunum compared to other treatments. Ceca SCFA concentrations and the incidence of WS and WB were similar
across treatments. Plasma Ca and P were significantly higher (P<0.05) in birds fed GP and BMD, compared to the
NC. Birds in the GP treatment had significantly reduced (P<0.05) plasma aspartate transaminase than other
treatments. Birds receiving GP had a higher (P<0.05) relative abundance of the phylum Bacteroidetes and reduced
(P<0.05) Firmicutes compared to other treatments. The relative abundance of Bacteroides and Lactobacillus genera
were higher (P<0.05) among birds fed GP compared to other treatments. Inclusion of 2.5% GP in broiler chicken diets
improved gut morphology and modified the cecal bacterial community and blood biochemical profiles with no adverse
effect on growth performance and meat quality.
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FINAL ID: 177
TITLE: Optimizing cost and growth performance of broiler chickens fed diets with a bio-emulsifier based on
lysophospholipids
Abstract Body: This study was conducted to evaluate the effects of a lysophospholipid-based bio-emulsifier (LPL)
added to corn and soybean basal diets on growth performance, carcass yield, and return on investment (ROI) of
broiler chickens. A total of 1,400 Cobb 500 male chicks were distributed to 56 floor pens in a completely randomized
design. Broilers were fed 8 dietary treatments, with 7 replicates and 25 birds each from d 0 to 43 posthatch.
Treatments consisted of 6 degummed soybean oil based diets: positive control (PC1); PC1 formulated with 500 g/ton
LPL (PC1+LPL on top); PC1 formulated with 60 kcal LPL matrix (PC1+LPL60); PC1 formulated with 100 kcal LPL
matrix (PC1+LPL100); and two negative controls NC-60 and NC-100 with reductions of 60 and 100 kcal/kg ME,
respectively. Two other diets were formulated with acidulated soybean oil: positive control 2 (PC2) and PC2
formulated with 60 kcal LPL matrix (PC2+LPL60). The formulated ME in the PC1 and PC2 were 3,000; 3,100; 3,200
and 3,250 kcal/kg for pre-starter, starter, grower and finisher feeds, respectively. Growth performance was evaluated
from d 0 to 42, and on d 43 carcass and abdominal fat yields were calculated. Data were subjected to one-way
analysis of variance using the GLM procedure of SAS and when significant means were compared by Tukey test (P <
0.05). The ROI was calculated considering the net income difference between PC1+LPL on top vs. PC1; PC1+LPL60
vs. PC1; PC1+LPL100 vs. PC1 or PC2+LPL60 vs. PC2, divided by the investment with the emulsifier product for each
treatment until 42 d. There were no effects of soybean oil sources in any parameter (P > 0.05). From d 0 to 21 and d 0
to 42, birds fed PC1+LPL on top feed had higher BW gain and lower FCR as well as decreased abdominal fat
compared to NC-60 or NC-100 feeds (P < 0.05). For the overall period, birds on reformulated diets, PC1+LPL60 and
PC1+LPL100, had lower FCR compared to NC-60 and NC-100 feeds, respectively (P < 0.05). Considering the gains
in revenue of the slaughtered broilers in relation to the investment with LPL in feed, the use of LPL on top had a ROI
of 8:1 vs. PC1, whereas the reformulated diet having 60 kcal/kg from LPL demonstrated reduced feed costs and
increased ROI (3). In conclusion, a lysophospholipid-based bio-emulsifier improved performance and return on
investment of broilers fed standard or reformulated feeds. The LPL product may be added to feed formulations to
decrease the usage of costly added dietary fat or to maximize growth performance.
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FINAL ID: 178
®
TITLE: The effect of a dacitic tuff breccia (Azomite ) in corn, soybean, and DDGS based diets that vary in inorganic
phosphate source on pellet mill energy consumption, live bird performance and amino acid digestibility.
Abstract Body: Past research has shown that Azomite (AZM) can increase pellet mill throughput in diets that include
inorganic phosphate sources (IPS) of dicalcium phosphate (DCP) or tricalcium phosphate (TCP). We hypothesized
that if production rate were held constant then pellet mill energy consumption would decrease for diets that contained
AZM due in part to a pellet die scouring effect. This could decrease dietary amino acid exposure to friction and
pressure within the pellet die, maintaining amino acid conformation, and amino acid digestibility. The objective was to
determine the effect of AZM (0.25%) in diets with DCP and TCP on pellet mill energy consumption and subsequent
live bird performance and amino acid digestibility when fed to broiler chicks for 21 days. Feed was manufactured using
a Latin square design with four replications. Post manufacture, three hundred twenty-day-old Hubbard × Ross 708
males (0.038 ± 0.0014 SD) were allocated by weight to 8 replicates per treatment, 10 chicks per raised wire cage, in a
randomized complete block design. Dietary treatments were arranged in a 2 x 2 factorial: DCP without AZM, TCP
without AZM, DCP with AZM, and TCP with AZM. On d21 ileal contents were collected for amino acid and titanium
dioxide analysis. Statistical analysis (Glimmix, SAS 9.4) was performed on the factorial arrangement of treatments and
multiple comparison of all treatments with post-hoc by Tukey’s. Pellet mill motor load decreased in diets containing
TCP compared to DCP (5%; 42.91 vs 44.97, p<0.001, respectively), and when AZM was included (1%; 44.19 vs
43.69, p<0.001). Decreased motor load suggests that feed was subjected to less friction and/or pressure through the
die. Digestibility of lysine, cysteine, and isoleucine were affected by the interaction of IPS and AZM inclusion (P<0.05),
demonstrating that processing with AZM increased digestibility in DCP diets but not TCP diets. Despite increased
amino acid digestibility, AZM in DCP diets increased feed conversion ratio (FCR) by 0.02 (1.284 vs 1.303, P<0.05).
However, AZM did not affect FCR in TCP diets (1.294 vs 1.285, P>0.05). Main effect differences for IPS in ADFI
(P<0.02) and ADG (P<0.03) favoring DCP occurred. Decreased pellet mill motor load that resulted from AZM inclusion
likely reduced feed exposure to friction pressure that preserved amino acid conformation, but the improvement was
not translated to growth efficiency.
KEYWORDS: Phosphate, Azomite, Motor load, Amino acid digestibility, Feed conversion ratio.
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FINAL ID: 179
TITLE: Successive delivery of essential oil via in ovo and in-water route improves broiler chicken blood biochemical
and antioxidant status without altering growth performance
Abstract Body: As the poultry industry recedes from the use of antibiotic growth promoters, the need to evaluate
possible alternatives and the delivery method that maximizes their effectiveness arises. This study evaluated the
effect of an essential oil blend (containing star anise, cinnamon, rosemary, and thyme oil) and its delivery routes on
broiler chicken growth performance, blood biochemistry, immune and antioxidant status. A total of 670 Cobb 500
hatching eggs were incubated for 21 days. On d 12 of incubation, viable eggs were randomly allotted to 3 groups:
non-injected group, in ovo saline group, and in ovo essential oil + saline group. On d 18 of incubation, 0.2 mL of
essential oil + saline (dilution ratio 2:1) or saline was injected into the amnion. At hatch, chicks were re-allotted to 6
new treatment groups: in ovo essential oil + in-water essential oil (IWEO), in ovo essential oil (IEO), in ovo saline (IS),
in-water essential oil (0.25mL/L water-WEO), in-feed antibiotics (Bacitracin methylene disalicylate-55 mg/kg), and a
negative control (NC; corn-wheat-soybean diet) in 8 replicate cages (6 birds/cage) and raised for 28 d. Hatch
parameters were assessed on d 0, and body weight (BW), and feed intake (FI) weekly. On d 28, 2 birds/cage were
euthanized, and immune organs weighed. Plasma and serum samples were collected for plasma biochemistry,
antioxidant activity, and serum immunoglobulins (IgG, IgM) analysis. Data were analyzed in a completely randomized
design using the one-way ANOVA model. While the IEO group recorded 4 and 18% reduction (P<0.05) in chick length
and hatchability (%), respectively, compared to the NC group at hatch; there was no difference in BW gain, FI, and
feed conversion ratio among all groups for the 0-28 d period. The IWEO group showed a tendency (P=0.07) for
increased relative weight of liver and plasma calcium level. All in ovo groups had reduced (P<0.05) plasma creatine
kinase (CK) levels, while all essential oil groups had reduced (P<0.05) plasma aspartate aminotransferase (AST)
levels. The IWEO group recorded 47 and 22% lower levels of CK and AST, respectively than the NC group. No
treatment effect was found for serum IgG and IgM levels. The IWEO group total antioxidant capacity (mM uric acid
equivalents) was 80% higher (P<0.05) than the NC group. Conclusively, a combination of in ovo and continuous inwater delivery of essential oil offers the potential to improve broiler chicken biochemical and antioxidant status without
altering growth performance. This novel delivery strategy presented might portend an effective way to eradicate
antibiotics use in the poultry industry.
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FINAL ID: 180
TITLE: Chitosan oligosaccharides as potential antibiotic replacements in broiler diets
Abstract Body: The removal of antibiotic growth promoters (AGP) from animal diets impairs control of necrotic
enteritis (NE) and thus broiler chicken performance, resulting in economic losses. Dietary shellfish chitosan
oligosaccharides (COS) were screened as potential AGP replacements on performance, NE intestinal lesion scores,
and carcass traits of broilers from 0 to 38 d of age. A total of 1,152 birds were randomly distributed across 8
treatments with 8 replicates of 18 birds each. Following a pilot study, treatments were COS 95 kDa at 0.2 and 5 g/kg,
COS 180 kDa at 0.2, 2, and 5 g/kg, COS 110 kDa at 5 g/kg of the diet, a positive control (PC; with antibiotic and
coccidiostat) and a negative control (NC; without antibiotic and coccidiostat). A natural sub-clinical NE challenge
model was applied to all birds, with a 15X oral coccidiosis vaccine dose at 12 d and a 24-hour feed removal at 18 d.
Feed intake (FI), body weight gain (BWG), and feed conversion ratio (FCR) were measured at 10, 25, and 38 d of
age. Intestinal NE lesion scores were measured at 22 and 38 d, and carcass yield at 38 d. Parametric data were
analyzed by ANOVA with means compared by Tukey’s test at P < 0.05, and non-parametric data by Kruskal-Wallis.
There were no significant differences between the PC and NC treatment for performance, NE lesions, or carcass
traits. After the challenge, animals fed COS 95 kDa at 5 g/kg had a higher BW (904.77 ± 34.33 g) than those fed COS
180 kDa at 5 g/kg (838.99 ± 43.24 g; P = 0.03). PC treatment had higher BWG (44.41 ± 1.95 g/day/bird; P = 0.02) and
lower FCR (1.573 ± 0.07; P = 0.05) than birds from COS 180 at 5 g/kg group (39.82 ± 2.96 g and 1.703 ± 0.13,
respectively), but were similar to the other treatments. From 0 to 38 d, birds fed COS 95 kDa at 5 g/kg were nearly
significantly heavier by 81.6 g than birds from the NC group and by 45.6 g than birds from PC group (P < 0.08). No
significant treatment effects were found for NE gross lesion scores at 20 d or 40 d. Birds from the NC group had a
higher drumstick yield (16.03%; P = 0.03) than those fed COS 110 kDa (14.56%), but similar to the other treatments.
COS 95 kDa may show some promise to replace AGP; however, complementary analyses and further studies are
required to understand the mechanism of action.
KEYWORDS: Antibiotic replacement, broiler chicken, chitosan oligosaccharide, necrotic enteritis, performance.
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FINAL ID: 181
TITLE: Effect of Dietary Ginger Root Extract on Growth Performance and Delayed-Type Hypersensitivity Response of
Broiler Chicks
Abstract Body: The continued increase in consumer demand for antibiotic-free poultry meat necessitates incessant
search for alternative growth promoters. Ginger contains phenolic components that helps to alleviate gastrointestinal
diseases and support immune functions and may therefore have potential to replace antibiotics in broiler diets. A 6week experiment was conducted to evaluate the effect of dietary ginger root extract (GRE) on growth performance.
Also, delayed-type hypersensitivity (DTH) response was evaluated as an indicator of cell-mediated
immunocompetence. A total of 432 day-old chicks (Ross 708 strain) were obtained from a commercial hatchery,
weighed, and randomly assigned to six dietary treatments of varying ginger concentrations as follows: Treatment CON
(fed corn-soybean meal (SBM) basal), Treatment MX (fed basal diet containing bacitracin methylene disalicylate
(BMD) at 0.055 g/kg diet), Treatment GRE1 (fed basal diet containing 0.37% GRE), Treatment GRE2 (fed basal diet
containing 0.75% GRE), Treatment GRE3 (fed basal diet containing 1.5% GRE), and Treatment GRE4 (fed basal diet
containing 3% GRE). Each treatment consisted of 6 replicate pens, with each pen housing 12 chicks. Body weight
(BW), body weight gain (BWG), feed intake (FI), and feed conversion ratio (FCR) was monitored over the 6-week
period. DTH response was evaluated by measuring toe-web swelling as an indicator of T cell-induced DTH response
following intradermal injection of Phaseolus vulgaris (kidney bean) agglutinin (PHA-P). Compared to MX (3.32 Kg),
BW was lower (P < 0.05) for birds in GRE4 (2.92 Kg), but similar (P > 0.05) for birds in GRE1 (3.38 Kg), GRE2 (3.27
Kg), and GRE3. FCR was superior for birds given diets supplemented with BMD (1.317) and GRE (1.328 to 1.413; P <
0.05) compared to CON birds (1.702). Furthermore, FCR was similar (P > 0.05) for MX, GRE1, GRE2, and GRE3
birds. At 24 hours post-PHA-P injection, birds in all GRE-supplemented treatments had DTH response (0.80 mm to
1.02 mm; P > 0.05) that was similar to that of MX (0.72 mm). However, CON birds had lower DTH response (0.25 mm;
P < 0.05) compared to GRE1, GRE2, and GRE3 birds. It was concluded that supplementation of GRE up to 1.5%
level of the diet enhanced cell-mediated immunity (DTH response) without compromising bird growth.
KEYWORDS: Ginger root extract, Bacitracin methylene disalicylate, Growth performance, delayed-type
hypersensitivity.
CURRENT CATEGORY: Metabolism and Nutrition, Feed Additives
PRESENTER: George Dosu
1
1
1
1
AUTHORS (FIRST NAME, LAST NAME): George Dosu , Shengmin Sang , Temitayo Obanla , Yewande Fasina
INSTITUTIONS (ALL):
1. North Carolina A&T State University, Greensboro, NC, United States.

FINAL ID: 182
TITLE: Beneficial effects of A. niger-fermented tomato pomace on the growth performance and antioxidant capacity in
broiler chickens
Abstract Body: Finding new natural antioxidants for broiler diets has become more important due to growing customer
concerns about synthetic antioxidants. Tomato pomace (TP) is an agricultural by-product having the potential to be a
feed additive considering its antioxidative effects. Fermentation has become a useful method for the utilization of agriindustrial residues. Solid-state fermentation refers to the microbial growth in moistened solid substrates. Aspergillus
niger used as a probiotic in broiler diets can increase the antioxidant capacity of agricultural residues through solidstate fermentation. The effects of TP and fermented tomato pomace (FTP) on the growth performance and antioxidant
status in broiler chickens were investigated in the present study. Tomato pomace was fermented with Aspergillus
niger (ATCC 9142) for seven days. Totally, 140 one-day-old male broiler chickens (Ross 308) were assigned to four
treatment groups with five replicates of seven birds per replicate. Birds were fed for a period of 42 days with a
soybean-corn-based diet, diets supplemented with 10 g/kg TP, 10 g/kg FTP, and 0.25 g/kg synthetic antioxidants (AO;
5% butylated hydroxytoluene, 1% butylated hydroxyanisole, and 11% ethoxyquin). Data were analyzed in a
completely randomized design by one-way ANOVA using SPSS statistical software. Means were separated with
Duncan’s multiple range test at 0.05 significance level. Dietary FTP and AO improved (P = 0.025) the feed conversion
ratio, although dietary inclusion of TP did not affect the growth performance of broiler chickens. Serum glutathione
peroxidase (P = 0.047) and superoxide dismutase (P = 0.009) were increased with dietary supplementation of TP,
FTP, and AO. These results showed that FTP has the potential to be used in broiler diets as an alternative to synthetic
antioxidants with improving the growth performance and antioxidant capacity of broiler chickens. (This study was
supported by Ondokuz Mayis University, PYO.ZRT.1901.18.008).
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FINAL ID: 183
TITLE: Efficacy of a phytogenic formulation as a replacer of antibiotic growth promoters at improving growth,
performance, carcass traits and intestinal morphology in broiler chicken
Abstract Body: The current study aimed to investigate the effects of dietary supplementation of broiler chicken with a
phytogenic formulation as a replacer of antibiotic growth promoters on their growth, performance, carcass traits and
intestinal morphology. Two hundred and ten (210) one-day-old, straight run Cobb chicks were randomly assigned to
either of seven equal groups (T0-T6), each having three replicates, and reared for 42 days in deep-litter system at
Institutional Poultry Farm, Gannavaram (16.54° N, 80.80° E) during February to March, 2018 without environmental
control (mean ambient temperature 26°C, relative humidity 73%). T0, receiving a standard basal diet without any
growth promoting, antimicrobial or anti-coccidial agents, served as the negative control. T1 received a phytogenic
growth promoter, Nbiotic™ (Ayurvet Limited, India) at 500 ppm in feed, T2 received Brand A (amoxycillin 50%) at 250
ppm, T3 received Brand B (ciprofloxacin 25%) at 500 ppm, T4 received Brand C (neomycin 10% + doxycycline 10%)
at 500 ppm, T5 received Brand D (oxytetracycline 50%) at 500 ppm, and T6 received Brand E (tiamulin 10%) at 500
ppm of feed. Different parameters pertaining to growth, performance, carcass traits and intestinal morphology,
including ultrastructural studies, were recorded in the birds and, unless stated otherwise, the statistical significance of
the differences between group mean values were ascertained by one-way analysis of variance (ANOVA) at P<0.05.
Besides significantly better FCR than groups T0, T3, T5 and T6, and comparable FCR to groups T2 and T4, group T1
showed significantly better weight gain than group T0 and comparable growth to all other groups. Group T1 showed
significantly higher values of serum albumin, serum total protein, height of ileal villi and depth of ileal crypts as
compared to the unsupplemented control and the antibiotic-supplemented groups. Group T1 also showed significant
improvements in body weight gain, muscle protein content, ileal villous width, jejunal villous height and width, jejunal
crypt depth, and blood glucose over the unsupplemented control T0 and most of the antibiotic-supplemented groups.
It could be concluded that under the conditions of the study, the phytogenic formulation Nbiotic™ is an efficacious
natural growth promoter for broiler chicken and that it could be used to successfully replace antibiotic growth
promoters in broiler feeds for improving growth, performance, carcass traits and intestinal morphology.
KEYWORDS: Antibiotics, Growth promoters , Broiler chicken, Nbiotic, Phytogenic.
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FINAL ID: 184
TITLE: Protective efficacy of quercetin supplementation on the dietary-induced fatty liver syndrome in broiler chicken
model
Abstract Body: Fatty liver syndrome (FLS) is a type of metabolic disorder related to lipid metabolism that is regulated
by various stresses in chickens. Flavonoid compound, quercetin, is having the potential to modulate oxidative stress
and lipid metabolism. The present study was designed to investigate the protective effect of quercetin in broiler
chickens challenged with high-fat diet (HFD). A total of 192-day old Vencobb-400 broiler chicks were randomly
allocated to four dietary treatments with four replicates (12 birds/replicate) per treatment following a completely
randomized block design. Four treatments included corn soya-based basal diet without any supplementation
[ME(kcal/kg);3080.56(2-3 weeks), 3185.25(4-6 weeks)], basal diet+quercetin (1g/kg) [ME(kcal/kg);3080.56(2-3
weeks), 3185.25(4-6 weeks)], high-fat diet supplemented with vegetable oil [34g/kg,ME(kcal/kg);3385.45(2-3 weeks),
35g/kg,ME(kcal/kg);3490.31(4-6 weeks)], high-fat diet supplemented with vegetable oil
[34g/kg,ME(kcal/kg);3385.45(2-3 weeks), 35g/kg,ME(kcal/kg);3490.31(4-6 weeks)]+ quercetin (1g/kg) in T1, T2, T3,
and T4 groups, respectively for the age of 2-3 (starter) and 4-6 (finisher) weeks (35 days duration). Various
zootechnical parameters were evaluated daily and weekly basis. Blood was collected on the last day of experiment for
the biochemical and antioxidant status assessment. At the end of experiment, birds were ethnized with humane
method for carcass and organs studies. The mean of the generated data was subjected to one-way ANOVA and the
statistical significance (P≤0.05) using the package SPSS, version 20.0. The improvement was observed in the growth
performance and feed conversion ratio in broilers with the treatments (P≤0.05). HFD supplemented group showed
increased (P≤0.05) levels of metabolic stress, explicated by the elevated level (P≤0.05) of cortisol, MDA, and reduced
serum/liver SOD and GPx activity. Moreover, lipotoxicity was found due to the accumulation of fat, and lipid
peroxidation caused various injuries to the vital organs like liver and kidney which were manifested by
histopathological findings and also upregulated (P≤0.05) the hepatic inflammatory IL-1β, IL-6, and TNF-α mRNA
expression in T3(HFD) group. HFD combination with quercetin in T4 treatment attenuates the altered serum metabolic
markers, lipid peroxidation, and subsequent rise in endogenous enzyme activity (P≤0.05). In addition, it exhibited
lipolytic action by lysis of accumulated fat and ameliorate the pathomorphic alteration in vital organs and
downregulation of hepatic IL-1, IL-6, and TNF-α mRNA expression. Thus, it is concluded that quercetin has the
potential to protect against the adverse effects induced by high-fat diet consumption in broilers.
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FINAL ID: 185
TITLE: Correlation between data on proximal composition, protein quality indicators, and amino acid profile of
commercial samples of soybean meals analyzed by wet chemistry or estimated by NIRS technology
Abstract Body: A total of 26 commercial soybean meal (SBM) samples were randomly collected in different locations
at European crushing plants by specialized personnel and analyzed by wet chemistry and near-infrared spectroscopy
(NIRS) for DM, ash, CP, amino acids, ether extract after previous hydrolysis (EEh), crude fiber (CF), neutral detergent
fiber (NDF), gross energy, phosphorus (P), and protein quality indicators [PDI, protein dispersibility index; KOH
solubility, and TIA, trypsin inhibitor activity]. All wet analyses were performed by the same laboratory using official
methods. The NIRS values of the SBM samples were obtained in a second laboratory using their own calibration data.
As fed wet chemistry values, independently of the origin of the SBM, varied (% as fed bases) from 85.7 to 91.1 for
DM, 6.1 to 6.9 for ash, 44.5, to 49.8 for CP, 1.40 to 3.01 for EEh, 4.1 to 5.2 for CF, 9.8 to 12.9 for NDF, and from 0.58
to 0.69 for total P. When the SBM were sorted by the origin of the beans, the CP as fed wet chemistry values, varied
from 45.2 to 46.8 % for ARG, 44.7 to 49.8 % for BRA, and 44.45 to 46.9 % for USA meals. Similarly, the protein
quality indicators varied from 8.2 to 19.0 % for PDI, from 59.6 to 85.7 for KOH, and from 1.10 to 2.80 mg/g for TIA.
The Pearson correlation (r) analyses using the CORR procedure of SAS (SAS Institute Inc., 1990) were used to study
the correlations between the values obtained by the two methods (wet chemistry and NIRS technology),
independently of the origin of the SBM effect. Sample of SBM was considered the replicate with a total of 26 samples
(USA = 8, BRA = 9, and ARG = 9). The highest correlations (P < 0.001) between the two methods were recorded for
DM (r = 0.930), CP (r = 0.860), CF (r = 0.610), NDF (r = 0.690), and gross energy (r = 0.740). Also, the correlation was
significant for ash (r = 0.580; P < 0.01) and phosphorus (r = 0.490; P < 0.05). The most limiting AA in non-ruminants
diets that showed significant correlation between wet chemistry and NIRS were Ile (r = 0.580), Leu (r = 0.590) with P <
0.01, and Lys (r = 0.380), Thr (r = 0.440), and Arg (r = 0.460) with P < 0.05. However, no correlations between wet
chemistry and NIRS for EEh and protein quality indicators were found. The correlations found were lower than
expected for many of the variables compared because the data on wet chemistry and the NIRS analyses were
conducted in two different labs. It is concluded that the NIRS technology could be an alternative for the estimation of
the chemical constituent of commercial SBM, including that of certain amino acids. However, more studies are needed
to improve the accuracy of values obtained by NIRS for EEh and protein quality indicators.
KEYWORDS: amino acids, near-infrared spectroscopy technology, protein quality indicators, proximal chemical
composition, soybean meal, wet chemistry.
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FINAL ID: 186
TITLE: Effect of genetically modified DP-3Ø5423-1 (305423) soybean on immune response and fatty acid metabolism
markers of broilers
Abstract Body: Soybean plants containing the event DP-3Ø5423-1 were generated by introducing the gm-fad2-1
gene fragment and the gm-hra gene. The endogenous fatty acid desaturase-2 enzyme (FAD2-1) is highly expressed
in the developing soybean seed especially during the period of oil deposition and is responsible for the conversion of
oleic acid to linoleic acid. Transcription of the gm-fad2-1 gene fragment suppresses endogenous FAD2-1 resulting in
higher levels of oleic acid and reduced levels of linoleic acid, linolenic acid, and to a lesser extent palmitic acid in the
seed. The aim of this study was to evaluate the nutrient composition of high-oleic transgenic full-fat soybean meal
(FFSBM; DP-3Ø5423-1) and near isoline non-transgenic control FFSBM, and also assess their feeding effects on
mRNA abundance of immune response and fatty acid metabolism markers in broilers. Prior to trial initiation,
proximate, fatty acid and amino acid analyses of these FFSBMs were determined and no differences were observed
except for fatty acid composition. As expected, transgenic FFSBM contained a substantially higher proportion of oleic
acid (C18:1; 76.37%) and lower proportion of linoleic and linolenic acids (18:2; 6.44%, C18:3; 2.03%) compared to the
control FFSBM (C18:1; 18.17%, C18:2; 52.25%, C18:3: 10.58%). A total of 480 day-of-hatch chicks (Ross 308) were
randomly allocated to 24 floor pens in a 2×2 factorial arrangement that included diet and gender (6 pens/group). Birds
were fed isocaloric and isonitrogenous diets containing 20% of either DP-3Ø5423-1 or control FFSBM for 35 days. On
d 35, two birds from each replicate were selected based on average pen BW. Spleen and liver tissue samples were
excised to assess the mRNA abundance of immune response and fatty acid metabolism related genes, respectively.
Data were subjected to a 2-way ANOVA using the GLM procedure of JMP (Pro13). There was no main effect of diet or
gender on mRNA abundance of IL-1β, IL-2, IL-6, IL-12b, IFNγ, TNF-α, and NF-κB. Liver malic enzyme 1 (ME1) mRNA
level was significantly lower in birds fed transgenic FFSBM diets. However, dietary treatment had no significant impact
on ACCα, FAS, MTTP, SREBF, PPARα, PPARγ, and AMPK mRNA levels in the liver. In conclusion, our results
showed that genetically modified DP-3Ø5423-1 soybean is nutritionally equivalent to non-transgenic near-isoline
counterpart with a comparable genetic background as evidenced by feed analyses except for fatty acid composition.
Furthermore, transgenic FFSBM has no adverse effect on mRNA abundance of cytokines, transcription factors, and
liver fatty acid metabolism markers.
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FINAL ID: 187
TITLE: Evaluation of increasing levels of enzyme-treated soy protein on turkey poult live performance
Abstract Body: Soybean meal (SBM) is the preferred protein source in poultry dietary formulations due to its favorable
amino acid profile. However, with increasing popularity of all vegetable diets, higher inclusion rates of SBM to satisfy
the high protein requirements of turkey poults contributes concerning levels of anti-nutritional factors (ANF) that may
have a detrimental effect on health and growth performance of these immature birds. One nutritional strategy to
mitigate the negative effects associated with soy-ANFs is to include an alternative vegetable protein source and
decrease the amount of SBM included in the diets. An experiment was conducted to evaluate live performance of
increasing levels of enzyme-treated soy protein (ESP) in young turkey diets. 480 day-old female Nicholas Select
2
poults were placed in 64 battery pens (7 or 8 birds/pen; 0.5 ft /bird). A randomized complete block design was
utilized, and replicate pens were assigned to one of four dietary treatments: 0%, 5%, 10%, or 20% ESP. Poults were
fed a two-phase feeding program consisting of a starter (0-21 days) and grower (21-42 days). Dietary treatments in
each phase were formulated to be iso-caloric and contained similar amino acid ratios relative to digestible lysine
based off breeder recommendations. All data were analyzed using one-way ANOVA and means deemed significantly
different at p≤0.05 were separated using Student’s t-test. Quadratic broken line and quadratic polynomial regressions
were used to estimate optimal dose response of ESP. A significant effect of ESP inclusion was observed on FCR at 7
(p=0.011), 28 (p=0.020), 35 (p=0.003), and 42 (p=0.030) days of age. At each of these evaluation periods, a
significant reduction in FCR was observed with 10% ESP compared to 0 and 5% with 20% ESP inclusion being
intermediate. The quadratic polynomial regression was significant (p=0.04) for BW at day 42, with a breakpoint at
11.52% ESP, whereas the quadratic broken-line regression was not significant (p=0.50). For FCR in the grower period
(21-42 days), the quadratic broken-line regression showed a near-significant trend (p=0.09) with a breakpoint of 5.9%
ESP, whereas the quadratic polynomial regression did not (p=0.35). In conclusion, these data demonstrate the
benefits of including 10% ESP in young poult diets through 42 days of age. The quadratic regressions estimate an
optimal dose of ESP to be between 10-12% during the starter phase (0-21 days) and 5-12% during the grower phase
(21-42 days).
KEYWORDS: enzyme-treated soy protein, soybean meal, growth performance, turkey poults.
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FINAL ID: 188
TITLE: Effects of dietary corn germ meal levels on growth performance, meat quality, serum biochemical indices, and
intestinal morphology in Pekin ducks
Abstract Body: The experiment were carried out to determine the effects of dietary corn germ meal (CGM) levels on
growth performance, carcass characteristic, meat quality, serum biochemical indexes, and intestinal morphology in
Pekin ducks from 10 to 42 d of age. A total of 504 10-day-old Cherry Valley ducks were randomly allotted to 6
treatments with 6 replicate pens per treatment and 14 ducks per pen based on mean body weight. Six isonitrogenous
and isocaloric experimental diets were formulated on a digestible amino acid basis to produce diets in which
containing 0%, 3%, 6%, 9%, 12%, and 15% CGM, respectively. One-way analysis of variance (ANOVA) was
performed for significance analysis among groups. All statistical analyses were performed using SAS 9.2 (SAS
Institute Inc., Cary, NC) with P < 0.05 considered statistically significant, and post hoc comparisons of group means
were carried out with Duncan’s test when the ANOVA was significant. Results showed as follows: Compared with
other groups, ducks fed 12% CGM significantly increased (P < 0.05) the feed to gain ratio and numerically increased
the mortality. The percentage of breast meat weight and the content of crude protein in breast meat presented a linear
decrease (P < 0.05) with the increase of dietary CGM levels. Serum biochemical indices (alanine aminotransferase,
aspartate aminotransferase, glucose, high density lipoprotein cholesterin, total cholesterol, triglyceride, total protein
and urea) showed no significant differences among all groups (P > 0.05). However, the serum content of low density
lipoprotein cholesterin in 15% groups was significant lower (P < 0.05) than that in other groups. The jejunal crypt depth
and the ileal ratio of villous height to crypt depth linearly increased (P < 0.05), but the ileal crypt depth and the jejunal
ratio of villous height to crypt depth linearly decreased (P < 0.05) with the increase of dietary CGM levels. These
results suggested that the optimal levels of CGM in diets for meat duck aged from 10-42d were 3% to 9%.
Keyword: corn germ meal, Pekin duck, growth performance, meat quality, optimal level
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FINAL ID: 189
TITLE: Influence of heat stress and the inclusion of sodium-butyrate in the diet, on growth performance, body weight
uniformity, and intestinal morphology in broilers from 0 to 39 d of age
Abstract Body: The objective of this research was to study the effects of the inclusion of a protected form of sodiumbutyrate in the diet on growth performance and morphology of the gastrointestinal tract in broilers from 0 to 39 d of
age. The additive used was Butirex C4 (Novation 2002, Spain) a Na protected salt that contained by analyses 54% of
butyrate and 21% of sodium. The feeding program consisted in three periods (0 to 20 d, 21 to 30 d and 31 to 39 d of
age) and in each period the birds were fed one of two experimental diets. The two had the same composition and
nutrient content with the only difference being the inclusion or not of 0.10% of sodium-butyrate. From 30 to 39 d of
age, all birds were kept under a mild heat stress that consisted in increasing the average ambient temperature of the
°
barn from 20 ± 2 to 30 ± 2 C. The experimental design was completely randomized with 2 treatments and 18 replicate
pens of 20 broilers each per treatment. BW gain, feed intake, and feed conversion ratio were analyzed by feeding
period and cumulatively (0 to 39 d of age) using the MIXED procedure of SAS. The Tukey test was used to make
pairwise comparisons to separate treatment means. At 29 and 39 d of age (beginning and end of the heat stress
period) the birds were weighed individually and uniformity of the BW was estimated indirectly as the coefficient of
variation (%) of the individual BW of the birds within each replicate. In addition, body temperature was measured in
the cloaca in two birds per pen at 29, 32, and 39 d of age to measure the short-term (3 d) and long-term (10 d)
response of the birds to heat stress. Also, villus height and the associated crypt depth of the jejunal mucosa were
measured in two birds per replicate at 29 and 39 d of age. Sodium-butyrate increased BW gain from 0 to 21 d of age
(P < 0.05) with most of the benefit observed for the first two weeks of life. At 39 d of age, one the birds were for 9 days
under a mild heat stress situation, supplementing the diet with sodium-butyrate improved BW uniformity of the birds (P
< 0.05) but did not affect the temperature of the cloaca or the morphology of the jejunal mucosa. In summary, the
inclusion of Na-butyrate in the diet increased broiler performance for the first 2 wk of life. At 39 d of age, after 9 days
of a mild heat stress, Na-butyrate improved BW uniformity of the birds although broiler growth was not affected
KEYWORDS: body weight uniformity, broiler, heat stress, intestinal morphology, sodium-butyrate.
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FINAL ID: 190
TITLE: Multiple dietary supplementations of omega 3 fatty acids and calcidiol on growth performance, health status,
and tissue enrichments of broiler chickens
Abstract Body: The average US diet does not contain adequate long chain polyunsaturated fatty acids (PUFA), in
particular omega 3 fatty acids DHA and EPA, and 25-hydroxy vitamin D (calcidiol). Chicken meat is one of the most
3
consumed animal-sourced proteins and an excellent candidate for enriching these nutrients. The present study was to
determine effects of feeding microalgal DHA oil (Onavita, ADM, Decatur, IL), EPA-rich Nannochloropsis sp CO18
(MAGIC, Duke University, Beaufort, NC) and calcidiol (DSM, Parsippany, NJ) on growth performance, health status,
and tissue enrichment of these nutrients in broiler chickens. Day-old Cornish male broiler chicks (total = 180) were
divided in to 5 treatment groups (6 cages/treatment, 6 birds/cage). Birds were fed: Diet 1 = a corn-soybean meal basal
diet (BD, control); Diet 2 = BD + DHA (1.5 g/kg for 0-3 wk and 3.0 g/kg for 4-6 wk); Diet 3 = Diet 2 + Nannochloropsis
sp CO18 (0.3 g/kg for 0-3 wk and 0.6 g/kg for 4-6 wk); Diet 4 = Diet 2 + calcidiol (6,000 IU/kg for 0-3 wk and 12,000
IU/kg for 4-6 wk); and Diet 5 = Diet 3 + calcidiol ( 6,000 IU/kg for 0-3 wk and 12,000 IU/kg for 4-6 wk). Growth
performance was recorded weekly. Blood, liver, breast, thigh, and adipose tissue were collected at wk 3 and 6 (2
chicks/cage) for biochemical analyses. Data were analyzed by one-way ANOVA. Birds fed Diet 3 had higher (P <
0.05) body weight gain and birds fed Diet 2 had higher (P < 0.05) gain:feed ratio (3.1-16%) at wk 6 than the other
groups. Birds fed Diets 2-5 had higher (P < 0.05) DHA and n-3 PUFA concentrations (4-18-fold) and n3/n6 ratios (428-fold) in the liver, breast, and thigh than those in the control group at wk 6. Birds fed Diet 3 also had lower (P < 0.05,
8%-54%) concentrations of triglycerides, cholesterol, and non-esterified fatty acids in the plasma, liver, breast, and
thigh than the control. Birds fed Diet 2 had lower (P < 0.05) concentrations of plasma (22%) and tissue phospholipids
(31%-47%) than the control. The mRNA abundance of vitamin D metabolism genes (CYP2R1, CYP24A1, VDR) and
lipid metabolism genes (FASN, SREBP1, CPT1) was upregulated in the liver by Diets 2-5 compared with the control at
wk 3, whereas these genes were downregulated in breast, thigh and adipose tissue by Diets 2-5 compared with the
control. Expression of VDR, SREBP1 and CPT1 in the liver, thigh, and adipose tissue was upregulated by Diets 2-5
compared with the control diet at wk 6. In conclusion, feeding chicks with supplemental omega 3 fatty acids and
calcidiol improved growth performance, health status, and tissue accumulation of DHA of broiler chickens (Supported
by DOE MAGIC grant DE-EE0007091, USDA grant 2019-69012-29905, and Cornell University Hatch grants NYC127302).
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FINAL ID: 192
TITLE: Effects of dietary DDGS levels on growth performance, serum biochemical indices, and intestinal morphology
in Pekin ducks
Abstract Body: This study was investigated to the effects of dietary corn distillers dried drains with solubles (DDGS)
levels on growth performance, serum biochemical indices, and intestinal morphology in Pekin duck from 10 to 42 d of
age. A total of 672 10-day-old Cherry Valley ducks were randomly allotted to 6 treatments with 7 replicate pens per
treatment and 16 ducks per pen based on mean body weight. Six isonitrogenous and isocaloric experimental diets
were formulated on a digestible amino acid basis to produce diets in which containing 0%, 5%, 10%, 15%, 20% and
25% DDGS, respectively. One-way analysis of variance (ANOVA) was performed for significance analysis among
groups. All statistical analyses were performed using SAS 9.2 (SAS Institute Inc., Cary, NC) with P < 0.05 considered
statistically significant, and post hoc comparisons of group means were carried out with Duncan’s test when the
ANOVA was significant. Results showed as follows: The mortality in 25% DDGS group (23.21%) was significantly
higher (P < 0.05) than that in other groups, and the mortality of 10% DDGS group (1.79%) was the lowest among all
treatments. Compared with 0%, 5%, 10% and 15% DDGS groups, the BW (d 42), ADG (d 10-42) and ADFI (d 10-42)
in the 20% and 25% groups significantly reduced (P < 0.05), and feed to gain ratio significantly increased (P < 0.05).
There was no significant difference (P > 0.05) on the growth performance of meat ducks in the 0%, 5%, 10% and 15%
groups. No significant differences (P > 0.05) was observed on the contents of alanine aminotransferase, aspartate
aminotransferase, glucose, high density lipoprotein cholesterin, low density lipoprotein cholesterin, total protein and
urea in serum among all groups. However, the content of total cholesterol in 20% DDGS groups was significant higher
(P < 0.05) than that in 0% and 5% DDGS groups, and the serum triglyceride contents in 0% and 5% DDGS groups
was significant lower (P < 0.05) than in 15% and 20% DDGS groups. There was also no difference (P > 0.05) in the
villous height of jejunum and ileum, the crypt depth of jejunum, and the ratio of villous height to crypt depth of jejunum
and ileum among all treatments. Compared with other groups, the crypt depth of ileum significantly increased (P <
0.05) in 25% DDGS group. These results suggested that the optimal levels of DDGS in diets for meat duck aged from
10-42d were 5% to 10%.
Keyword: DDGS, Pekin duck, growth performance, serum biochemical indices, intestinal morphology.
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FINAL ID: 193
TITLE: A Comparison Of Statistical Methods To Estimate Zinc Bioavailability In Chickens.
Abstract Body: Ross 308 male broiler chicks (784) were fed 6 known levels of Zn hydroxychloride in a wheat/soybean
meal-based basal starter (0 to 14 d) diet to form a standard curve (7 replicates per level) with another 7 replicates fed
a combination of 50 mg/kg Zn as ZnO and 50 mg/kg Zn as ZnSO4 (Industry Reference Control) to compare
responses to the standard curve. Various responses were measured when the chicks were 14 and 35 d old. Measured
amounts of Zn (mg/kg) in starter were 31.0 to 135 the standard curve samples and 127.3 in the test sample. Of the
2
various growth performance and tissue minerals measured, the most linear and highest R (0.51) response was to
tibia Zn concentration at 14 d. Using one-way ANOVA and Duncan’s Multiple Range Test, no significant differences
were found from birds fed the Reference Control Zn diet and ones fed 135 nor 73 mg Zn/kg from Zn Hydroxycholride.
Using normal regression and inverse prediction, the Reference Control sample was estimated to contain 107.5 ± 15.7
mg Zn/kg diet (mean ± SEM). Using reverse regression and normal prediction, the Reference Control sample was
estimated to contain 96.0 ± 8.1 mg Zn/kg diet. Using normal regression and Graybill’s (1976) Abductive Method
prediction, the Reference Control sample was estimated to contain 107.5 ± 6.1 mg Zn/kg diet. Since the abductive
method is the only one to consider tibia Zn as a function of dietary Zn, and includes variation in the standard curve in
its calculations, it is the most appropriate one to use. Relative bioavailability of the Industry Reference Control sample
was 107.5 / 127.3 = 84.1% compared to the Zn hydroxychloride standard. This indicates higher bioavailability of
(100/84.1 =) 119% for Zn hydroxychloride as compared to the commonly used combination of 1:1 ZnO and ZnSO4.
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FINAL ID: 194
TITLE: An assessment of the variation in limestone grit originating from North and South America and implications for
laying hen nutrition.
Abstract Body: Limestone (LS) is the primary source of Ca in laying hen diets, contributing as much as 94% of the Ca
consumed by a hen. A large portion of the LS in commercial diets is supplied as large particle grit that is expected to
be slowly soluble to provide Ca in the intestine at the time of shell formation. Since previous research has shown LS
particle size and solubility to be negatively correlated with eggshell and bone quality in laying hens, it was of interest to
understand the variation in grit LS used in commercial feed mills. Grit samples (109) with a geometric mean diameter
(GMD) >1000 μm were collected from South America (SA) and North America (NA). Samples were subjected to
moisture analysis and nine minerals (Ca, Cu, Fe, Mg, Mn, P, K, Na, Zn) following the AOAC (2002), and AOAC
(2016), adapted for ICP-OES. Particle size was determined using a shaker and a set of 14 sieves ranging from
3,35mm to 0,25mm plus a base pan. A 100g sample of each LS was subjected to 6 minutes of shaking and the GMD
of LS particle by mass (dgw) was determined by using the equations as described by Wilcox et al. (1962). The
solubility of each LS was determined in duplicate by making use of the dynamic solubility assay as described by Kim
®
et al. (2019) at 30, 90, and 150 minutes (min). All data were analyzed using JMP statical package, Version 15.0.
Analyzed Ca in SA LS was 37.1 ± 2.0% and 37.9 ± 1.4% for NA samples. The range in GMD particle size was 1001.3
to 3590.2 and 1095.84 to 3139.2μm for SA and NA samples, respectively. Solubility at 30-min ranged from 23.7 to
94.0% for SA samples and 16.6 to 86.3% for NA samples. The weak negative correlation between GMD particle size
and 30-min solubility (r-0.49) indicated that particle size could only explain approximately 50% of the variation in
solubility. For example, one LS sample from NA with a GMD of 2017 μm had a 30 min solubility of 71.3%; while a
second sample with GMD of 2106 μm had a 30 min solubility of 45.0%. The poor correlation between GMD particle
size and solubility, as well as large observed differences in the 30 min solubility of LS with a similar particle size
emphasizes the shortcoming of only using LS GMD particle size as the sole criteria to select LS grit used in
commercial laying hen diets.
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FINAL ID: 196
TITLE: Effects of dietary metabolizable energy and standardized ileal digestible lysine content of the diet on
performance and egg quality of brown-egg laying hens from 18 to 41 weeks of age
Abstract Body: The influence of energy (AMEn, kcal/kg) and standardized ileal digestible lysine (SIDLys) content of
the diet on egg production and egg quality traits was studied in brown-egg laying hens from 18 to 41 wk of age. The
experimental design was completely randomized with 10 treatments organized as a 2 x 5 factorial with two energy
concentrations (2,750 and 2,700 kcal/kg) and five AMEn to SIDLys ratios (3.48, 3.62, 3.77, 3.93, and 4.10). Each
treatment was replicated 10 times and the experimental unit was the cage with 10 hens for all measurements. To
ensure that the SIDLys content of the diet was limiting hen production in all cases, all diets were formulated to exceed
by at least 2 percent units the desired ratio between key indispensable AA and SIDLys content. Birds had free access
to feed and water throughout the trial. Production data (egg rate, feed intake, egg weight, egg mass, FCR, BW gain,
and mortality) were collected and analyzed by period (6 periods of 4 wk each) and cumulatively (18 to 41 wk of age).
Egg quality traits (egg weight, Haugh units, and shell resistance to breakage) were measured in 8 eggs randomly
selected from each replicate in the last 2 days of each of the 6 experimental periods. Data were analyzed as a
completely randomized design using the MIXED procedure of SAS, with energy concentration, AMEn to SIDLys ratio,
and the interaction as main effects. In addition, the effects of the level of SIDLys on the variables studied were
partitioned into its lineal (L) and quadratic (Q) components. All differences were considered significant at P < 0.05. No
interactions between AMEn and SIDLys level of the diet were found for any of the variables studied and therefore,
only main effects are presented. An increase in the AMEn content of the diet from 2,700 to 2,750 kcal/kg increased
egg weight (P < 0.05) but did not affect the number of eggs produced or feed conversion ratio. A decrease in the
AMEn to SIDLys ratio, increased linearly egg weight (P < 0.05) and egg mass production (P < 0.05) and tended to
improve feed conversion ratio (P = 0.100). Feed intake and BW gain, however, were not affected. Neither energy nor
AMEn to SIDLys ratio affected any of the egg quality traits studied. However, shell resistance to breakage increased
linearly (P < 0.05) as the AMEn to SIDLys ratio of the diet decreased. In conclusion, an increase in the energy content
of the diet from 2,700 to 2,750 kcal AMEn/kg did not affect egg production but increased egg weight and egg mass
production. The data indicate that brown laying hens require no more than 769 mg SIDLys/d to optimize egg
production. However, when the objective is to maximize egg weight, at least 806 mg SIDLys/d are needed.
KEYWORDS: egg production, energy, egg weight, laying hens, standardized ileal digestible lysine.
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FINAL ID: 197
TITLE: Egg quality and serum biochemical profile of laying breeder hens fed diets supplemented with probiotic and
organic chromium
Abstract Body: The objective of this study was to evaluate the effects of probiotic (Bacillus subtillis PB6), organic
chromium (Cr propionate) or their combination on egg and eggshell quality as well as serum biochemical profile of
laying breeder hens. A total of 32 Rhodes Island Red and 32 White Plymouth Rock breeder hens at 55 weeks of age
were allocated in individual wire cages (0.33 m × 0.46 m × 0.40 m) using a completely randomized block design with
16 replicates. Hens were fed 4 experimental feeds in 4 periods of 28 days each, from 55 to 70 wks. Experimental
feeds were a Control diet (formulated with corn, soybean meal and wheat bran without additives), Control + Probiotic
(supplemented with 500 g/ton of Bacillus subtilis PB6; CLOSTAT); Control + Cr (50 g/ton of organic Cr; KemTRACE),
and Control + Probiotic + Cr (with both additives). In the last 4 days of each experimental period, all eggs were
collected to evaluate: egg weight, specific egg weight, percentage of albumen, yolk and shell, yolk index and Haugh
unit as well as shell thickness and shell strength. Blood was collected from 8 birds per treatment every period to
determine cortisol, albumin, glucose, total cholesterol, and triglycerides serum concentration. Data were subjected to
one-way analysis of variance using the MIXED procedure of SAS Institute and significance was accepted at P < 0.05.
Means were compared by Tukey test. No effect was observed between the hens’ strain, and only dietary treatments
were considered as independent variable. Treatments did not affect eggs weight, Haugh unit, yolk index, total solids
and percentage of albumen and yolk (P > 0.05). From 63 to 66 wk, 67 to 70 wk and 55 to 70 wk, hens fed Control +
Probiotic, or Control + Cr or Control + Probiotic + Cr had higher (P < 0.05) shell percentage than hens fed the Control.
In all evaluated periods, shell strength increased when hens were fed Control + Cr or Control + Probiotic + Cr
compared to the Control not supplemented, also having higher specific weight and shell thickness. There were no
differences (P > 0.05) among periods and dietary treatments on cortisol, albumin and triglycerides; however, in the
overall period, cholesterol and glucose serum concentration decreased (P < 0.05) when hens were fed Control +
Probiotic + Cr compared to the Control. In conclusion, laying breeder hens fed diets supplemented with probiotic,
organic chromium or their combination produced eggs with increased eggshell quality, presenting increased shell
strength, shell thickness and specific weight, without modifying the main serum biochemical parameters.
KEYWORDS: Bacillus subtilis, breeder hen, chromium propionate, cortisol, eggshell quality.
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FINAL ID: 198
TITLE: Apparent metabolizable energy and performance of broilers and Japanese quail fed selected modern grain
sorghum varieties
Abstract Body: Intensive pressures on corn production for poultry and gamebird diets are a major concern due to the
increased competition among human, animal and industrial users. To reduce these pressures, alternative feedstuffs
are of great interest. An alternative feedstuff that is comparable to corn is grain sorghum (milo). Modern varieties of
U.S. grain sorghum are nearly 99% tannin-free; however, limited data are available to support using modern varieties
as an alternative feedstuff to effectively replace corn in poultry and gamebird feeds. The objective of this study was to
determine the apparent metabolizable energy (AME ) content of red/bronze, white/tan and U.S. No. 2 yellow varieties
n
of grain sorghum for feeding commercial broilers and Japanese quail. AME response was evaluated during two
n
phases of grow-out for commercial broilers (n = 224; 22-24 day of age; 43-45 day of age) and Japanese quail (n =
314; 18-20 day of age; 36-38 day of age). Both species of birds were phase-fed 1 of 4 corn basal diets with 20% of the
calories for the gross energy of corn replaced by the equivalent calories of the gross energy of milo for treatment diets
or dextrose for the control diet. During each phase, feed intake and excreta was measured for nitrogen and gross
energy content. AME was determined using the difference method. Weekly measures of mean body weight and feed
n
consumption were used to calculate body-weight (BW), feed intake (FI), and feed conversion ratio (FCR). Analyses
were based on a 2 x 4 factorial treatment design with age (grower and finisher-phases) and grain types (corndextrose, red/bronze, white/tan, and U.S. No. 2 yellow) defining the treatments, and a randomized complete block
experiment design with cage and trials defining the block. For broilers, the AME values were significantly different
n
(P<0.05) among treatments for both phases, while FI and FCR were significantly different (P<0.05) in the grower
phase only. For the Japanese quail, AME values were different (P<0.05) among treatments in the grower phase.
n
Overall, the mean AME values of milo varieties were 3,420 kcal/kg (white/tan), 3,181 kcal/kg (U.S. No. 2 yellow), and
n
3,363 kcal/kg (red/bronze) for broilers. In Japanese quail, mean AME values of milo varieties were 3,266 kcal/kg
n
(white/tan), 2,988 kcal/kg (U.S. No. 2 yellow), and 3,449 kcal/kg (red/bronze). Results suggest the potential for using
these respective milo varieties as a replacement for corn in diet formulation without adverse effects on growth
performance factors.
KEYWORDS: apparent metabolizable energy, broiler, grain sorghum, gamebird, Japanese quail.
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FINAL ID: 199
TITLE: Effect of select modern grain sorghum varieties on the growth performance and carcass traits of broiler
chickens
Abstract Body: Corn constitutes 60-70% of poultry diets, and its direct competition with human and industrial users
makes it favorable to seek more sustainable, alternative feed ingredients. U.S. grain sorghum, which is 99% tanninfree, may be a viable alternative to corn due to its similar nutritional profile. Assessment of growth performance
parameters may elucidate perceived issues and offer producers an adequate recommendation for use of grain
sorghum as an alternative feed ingredient in poultry production. The objective of this study was to evaluate the effect
of modern varieties of grain sorghum (red/bronze, white/tan, and U.S. No. 2 yellow) and validate their previously
determined nutrient profiles on the growth performance and carcass traits of Cobb 500 x Hubbard male broilers (n =
640) at full-substitution of corn. Birds (20 birds/pen and 8 pens/treatment) were fed 1 of 4 treatments (corn, red/bronze
sorghum, white/tan sorghum or U.S. No.2 yellow sorghum) of crumble/pellet feed according to a three-phase feeding
program: starter (1 to 14 d-of-age), grower (15 to 28 d-of-age) and finisher (29 to 41 d-of-age). Group body weight
(BW) and feed intake (FI) were recorded weekly and mortality weighed and recorded daily to calculate average BWG,
FI and adjusted feed conversion ratio (AdjFCR). On day 41, 2 birds from each pen/treatment was randomly selected
for slaughter and further processing to obtain carcass yield (CY) and breast yield (BY). The model effects were
assessed with one-way ANOVA based on the treatment and experiment design, and Fisher’s Least Significant
Difference procedure was used to determine specific differences among the grain type means. At 41 d-of-age, birds
fed the corn treatment were heavier (P<0.05) than those fed white/tan sorghum, while red/bronze and U.S. No. 2
yellow sorghum treatments were intermediate. FI was higher for standard corn treatment, when compared to
red/bronze, white/tan and U.S. No. 2 yellow sorghum treatments (P<0.05). No significant differences were observed
for AdjFCR, CY and BY among treatments. This study indicated that modern grain sorghum varieties may be an
adequate alternative to corn in poultry diets without negatively impacting performance and carcass parameters.
KEYWORDS: alternative feedstuff, broilers, grain sorghum, growth, performance.
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FINAL ID: 200
TITLE: Effect of beak trimming at hatch and oat hulls inclusion in the diet on growth performance, pecking behavior,
and digestive tract traits of brown-egg pullets from hatch to 15 weeks of age
Abstract Body: The influence of oat hulls (OH) inclusion in the diet on growth performance, pecking behavior, and
gastrointestinal tract traits were studied in brown pullets with intact or infrared-trimmed beak at hatch from 0 to 15 wk
of age. The experiment was conducted as a completely randomized design with 4 treatments arranged as a 2 × 2
factorial with beak treatment (intact beaks vs. trimmed at hatch) and OH inclusion (0 vs. 3%) as main effects. Each
treatment was replicated 20 times and the experimental unit was an enriched cage with 10 birds. Pullet performance,
[feed intake, BW gain, and feed conversion ratio (FCR)] were determined by period (0 to 6, 6 to 10, and 10 to 15 wk of
age) and cumulatively. Also, energy intake (kcal AMEn/d) and energy conversion ratio (kcal AMEn/g BW gain) were
estimated at same ages. Feed preference behaviour was determined at 6 wk of age by measuring the difference in
geometric mean diameter and the geometric standard deviation of the feeds at 08.00 am (lights on) and 24 hours
after. The exploratory pecking behavior was evaluated at 8, 10, 12, and 14 wk of age as a) time elapsed from the
introduction of a ballpoint pen in the lateral panel of the cage until a first pullet pecked it and b) number of pullets
within each cage that pecked the ballpoint pen in less than 5 seconds. Also, at 10 and 15 wk of age, two birds per
replicate were selected at random, sacrificed, and weighed individually. The proventriculus, gizzard, the small
intestine, and the large intestine were excised for further determinations. Data were analyzed for beak trimming and
OH inclusion as main effects, and their interactions using the MIXED procedure of SAS. No interactions between main
effects were detected for any of the traits studied and therefore, only main effects are presented. From 0 to 15 wk of
age, beak trimming improved FCR (P < 0.01) but did not affect any other trait. Beak trimming increased (P < 0.05)
mortality from 0 to 6 wk but not thereafter. Oat hulls inclusion tended to improve energy efficiency (P = 0.084) and BW
uniformity (P = 0.090) but did not affect BW gain. Preference for coarse particles was reduced in trimmed birds. Beak
trimming and OH feeding reduced pecking activities at all ages (P < 0.05). Oat hulls increased the weight of the
gizzard and the small and large intestine at all ages (P < 0.05). In summary, beak trimming at hatch improved FCR
and reduced the exploratory pecking behavior of the birds. Oat hulls increased gizzard weight at all ages and
improved energy efficiency but did not affect BW gain. In addition, OH reduced the exploratory pecking behavior of the
birds.
KEYWORDS: beak trimming, brown pullet, gastrointestinal tract trait, oat hull, pecking behavior.
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FINAL ID: 201
TITLE: An assessment of the variation in limestone quality originating from North and South America and implications
for broiler nutrition.
Abstract Body: In vegetable-based broiler diets, limestone (LS) can contribute up to 70% of the total dietary Ca
supplied to broilers. Recent research has further shown that LS particle size and solubility alters both Ca digestibility
and phytase efficacy in broilers. This makes it of interest to quantify variation in LS included in commercial broiler
diets. A total of 200 fine LS samples with a geometric mean diameter (GMD) of <1000µm were collected from feed
mills across North America (NA) and South America (SA). Of these 200 samples, 64 of the samples originated from 6
countries in SA with the remainder being sourced from the USA and Canada. Samples were analyzed for moisture
and nine minerals (Ca, Cu, Fe, Mg, Mn, P, K, Na, Zn) following the AOAC (2002), and AOAC (2016), adapted for ICPOES. Particle size was determined using a shaker and a set of 14 sieves ranging from 3,35mm to 0,25mm plus a
base pan. A 100g sample of each limestone was subjected to 6 minutes of shaking and the GMD of limestone particle
by mass (dgw) was determined using the equations as described by Wilcox et al. (1962). The solubility of each LS
was determined in duplicate by making use of the dynamic solubility assay as described by Kim et al. (2019) at 5, 15,
and 30 minutes (min). All data were analysed using JMP statical package, version 15.0. Analyzed Ca for NA was 37.9
± 1.7% and 37.2 ± 2.3% for SA with a range of 31.6-40.0% and 30.4-39.9%, respectively. The respective GMD
particle size of LS from NA and SA was 378,55 and 300,51 microns, respectively. Only 15% of the LS sampled were
less than 150 micron indicating the coarser nature of fine LS used . Solubility of LS at 5, 15,and 30 min was 60.0 ±
17.2%, 80.9 ± 11.7% and 90.8 ± 7.3% respectively. There was a moderate negative correlation (r-0.59) between GMD
particle size and solubility at 5 min for all 200 samples, indicating that as particle size increased solubility decreased.
However, there were many exceptions to the rule. For example, two samples one from Costa Rica and another from
Canada had very different GMD particle size (457.7 vs 283.8) but both solubilized 59.7 % at 5 min. This shows that in
addition to particle size, differences in the limestone rock geology can influence solubility rate. The large variation in
GMD particle size and dynamic solubility of LS used in commercial broiler diets can be expected to contribute to
differences in Ca and P utilization by the bird, and should be considered in practical diet formulation.
KEYWORDS: Calcium, Limestone quality, Particle size, Solubility, Broiler.
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FINAL ID: 202
TITLE: Effects of Encapsulated Cinnamaldehyde on Intestinal Digestive and Absorptive Functions, Meat Quality and
Gut Microbiota in Broiler Chickens
Abstract Body: Essential oils are potential antimicrobial alternatives and their applications in animal feeds are limited
due to their fast absorption in the upper gastrointestinal tract. The objective of this study was to investigate the effects
of encapsulated cinnamaldehyde (CIN) at 50 mg/kg or 100 mg/kg on organ weights, meat quality, intestinal
morphology, jejunal gene expression, nutrient digestibility, and ileal and cecal microbiota. A total of 320 male day-old
broiler Cobb-500 chicks were randomly allocated to 4 treatments with 8 pens per treatment (10 birds per pen): 1)
basal diet (negative control, NC); 2) basal diet supplemented with 30 mg/kg avilamycin premix (positive control, PC);
3) basal diet with 50 mg/kg encapsulated CIN (EOL); 4) basal diet with 100 mg/kg encapsulated CIN (EOH). The data
was analyzed by one-way analysis of variance (ANOVA) followed by Tukey’s multiple comparison test (SAS 9.4).
Despite birds fed EOH tended to increase (P = 0.05) meat pH at 24 h, all pH values were normal. Similar to the PC
group, meat from birds fed EOL and EOH showed a reduced (P < 0.05) Warner-Bratzler force shear (WBFS)
compared to the NC group. The highest villus to crypt ratio (VH/CD; P < 0.05) was observed in broiler fed either EOL
or EOH, with an average being 14.67% and 15.13% in the duodenum and 15.13% and 13.58% in the jejunum,
respectively. For jejunal gene expressions, only six out of the 11 studied genes showed statistical differences among
the dietary treatments. Gene expressions of cationic amino acid transporter 1 (CAT-1) and neutral amino acid
0
transporter 1 (B AT-1) were upregulated in EOH-fed birds compared to PC and NC-fed birds (P < 0.05), respectively;
while expression of proliferating cell nuclear antigen (PCNA) was downregulated in EOL-fed birds when compared to
NC birds (P < 0.05). Nonetheless, the expressions of cadherin 1 (CDH-1), zonula occludens 1 (ZO-1), and maltaseglucoamylase (MG) were all upregulated (P < 0.05) in EOH-fed birds compared to PC-fed birds. The apparent ileal
digestibility (AID) of dry matter, crude protein, crude fat and of all 18 tested amino acids increased in EOL-fed birds (P
< 0.01). Additionally, relative abundances (%) of ileal Proteobacteria decreased, while ileal and cecal Lactobacillus
increased in EOH-fed birds (P < 0.05). In conclusion, dietary encapsulated CIN improved meat quality and gut health
by reducing meat WBFS, increasing VH/CD in intestines, jejunal gene expressions, AID of nutrients, and beneficially
ileal and cecal microbiota composition.
KEYWORDS: Antimicrobial alternatives, Broiler chickens, Encapsulated essential oils, Gut health, Meat quality.
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FINAL ID: 203
TITLE: Supplemental dietary omega 3 fatty acids and calcidiol improved intestinal integrity and function of broiler
chickens
Abstract Body: Previous research demonstrated the beneficial effects of supplementing omega 3 fatty acids (DHA &
EPA), vitamin D, or microalgae alone on intestinal health of broiler chickens. The present study was to determine
collective effects of supplemental microalgal DHA oil (Onavita, ADM, Decatur, IL), EPA-rich Nannochloropsis sp CO18
(Duke University, Beaufort, NC) and/or calcidiol (DSM, Parsippany, NJ) on intestinal integrity of broilers. Day-old
Cornish male broiler chicks (total = 180) were grouped into 5 treatments (6 cages/treatment, 6 birds/cage) and fed:
Diet 1: a corn-soybean meal basal diet (BD, control); Diet 2: BD + DHA oil (1.5 g/kg); Diet 3: Diet 2 + Nannochloropsis
sp CO18 (0.3 g/kg); Diet 4: Diet 2 + calcidiol (6,000 IU/kg); or Diet 5: Diet 3 + calcidiol (6,000 IU/kg) for 3 wk. Blood,
duodenum, jejunum and ileum tissues were collected (2 chicks/cage) at the end after orally gavaged with 2 sequential
daily doses of dextran sulfate sodium (0.5 g per chick), followed by 1 dose of fluorescein isothiocyanate dextran
(FITC-d, 8.32 mg/kg body weight) as the indicator of gut permeability. Data were analyzed by one-way ANOVA. Diets
2-5 decreased (P < 0.05) serum FITC-d concentrations by 24% to 33% compared with Diet 1. Diet 2 increased (P <
0.05, 29%) jejunal crypt depth and Diet 3 increased (P < 0.05, 12%) jejunal villi height than the control. However, Diet
2 decreased (P < 0.05) ileal crypt depth and villi height by 13% and 24%, respectively, than the control. Gene
transcripts of tight junction proteins including claudin-1, claudin-5, zonula occludens-1 (ZO-1), ZO-2, junctional
adhesion molecule 2 (JAM-2) and JAM-3 in the small intestines were affected by Diets 2, 4 and(or) 5 compared with
the control. Diets 2, 4, and 5 decreased mRNA levels of jejunal claudin-1gene (37%-40%, P < 0.05), and Diet 5
decreased those of JAM2 and JAM3 (P < 0.05, 35% - 47%). Diet 5 also caused similar decreases (P < 0.05, 40%) in
mRNA levels of duodenal claudin-1 compared with the control. In contrast, Diets 2, 3, and 4 up-regulated (P < 0.05,
61% to 1.9-fold) mRNA levels of ZO-1 and ZO-2 in the ileum than the control. Diets 4 and 5 elevated (P < 0.05)
duodenal claudin-1 protein by 29 to 47% over the control. Diets 2, 3 and 4 up-regulated (P < 0.05) duodenal ZO-1
protein by 54% to 82% over the control. In conclusion, the double and triple supplementations of DHA, EPA, and
calcidiol into diets for broiler growers improved intestinal integrity and enhanced its resistance to exogenous insults via
up-regulating functional expression of tight junction proteins in the small intestines (Supported by DOE MAGIC grant
DE-EE0007091, USDA grant 2019-69012-29905, and Cornell University Hatch grant NYC-127302).
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FINAL ID: 204
TITLE: Complete replacement of soybean meal with black soldier fly larvae meal in feeding program for broiler
chickens depressed growth performance from placement through to 49 days of age
Abstract Body: Black soldier fly larvae meal (BSFLM) is an appealing ingredient possessing good quality protein and
additional functional attributes. However, there is limited data on the inclusion of BSFLM in practical broiler rations.
Therefore, we examined the influence of partial to complete replacement of soybean meal (SBM) with BSFLM in a
broiler feeding program. A total of 1,152 d-old male Ross × Ross 708 chicks were allocated to 48 floor pens and
assigned to one of six diets in a randomized complete block (room) design (n=8). The diets were a basal (0% BSFLM)
corn-SBM diet (A) with no prebiotic, probiotic, anticoccidial or antimicrobial growth promoting substances, four BSFLM
diets formulated to replace SBM in A diet by 12.5% (B), 25% (C), 50% (D), and 100% (E), and diet (F), diet A plus
coccidiostat (Monteban) and antibiotic. To provide similar energy among treatments, soy oil was used for diets A and
F and black soldier fly oil for the other diets. The mash diets had similar nutrient specifications and were prepared for
three phases: starter (d 0-10), grower (d 11-24), and finisher (d 25-49). Body weight (BW), feed intake (FI), and
mortality (dead and compromised birds) were recorded on a per pen basis for calculation of BW gain (BWG) and
mortality-corrected FCR. The data were analyzed using the Glimmix procedures of SAS with fixed effect of diet and
random effect of block. Tukey’s test was used to separate LSmeans and linear and quadratic contrasts were applied
for BSFLM responses. In the starter phase, birds fed diets B, C and F had higher (P<0.01) BWG than birds fed diets
A, D, and E, however, birds fed diet E had lower (P<0.01) BWG than birds fed diets A or D. Birds fed diets D and E
had lower (P<0.05) BWG than birds fed other diets in the grower and finisher phases. Birds fed diet F had higher final
BW (3,257 g) than birds fed other diets. The final BW of birds fed diets A (2,997 g), B (3,068 g), and C (3,068 g) were
similar but higher (P<0.01) than for birds fed diet D (2,749 g) and E (2,450 g). Overall (d 0-49), replacement of SBM
with BSFLM linearly decreased (P<0.01) BWG and FI and increased (P<0.01) FCR and mortality. The BWG and FI of
birds fed 50 and 100% BSFM diets was 96 and 92%, 90 and 82% of birds fed 0% BSFLM (diet A), respectively. The
data indicated that birds fed lower levels of BSFLM (12.5% and 25%) outperformed the basal diet fed birds and could
provide some growth promoting effects commensurate to coccidiostats and antibiotics. However, replacing SBM with
greater amounts (≥50%) of BSFLM reduced growth linked to depressed feed intake. Further research is warranted to
explore physiological basis of depressed growth when birds are fed higher amount of BSFLM.
KEYWORDS: Broiler chickens, Black Soldier Fly Larvae Meal, Growth Performance.
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FINAL ID: 205
TITLE: Energy values of Tenebrio molitor larvae meal for broiler chickens determined using the regression method
Abstract Body: Insect meal represents a new field of study as an ingredient for animal nutrition. This ingredient is rich
in protein and energy and can be produced under a sustainable view. In the current study, the ileal digestibility energy
(IDE), apparent metabolizable energy (ME), and nitrogen-correction ME (ME ) of Tenebrio molitor larvae meal were
n
determined using the regression method. A total of 189 slow feathering Cobb 500 male broilers were fed 3
experimental diets with 9 replicate cages of 7 birds each, in a completely randomized design. Broilers were fed a cornsoybean meal reference diet (RD) and 2 test diets (TD) from d 14 to 21 post-hatch. The TD consisted of Tenebrio
molitor larvae meal that partly replaced the energy sources in the reference diet at 100 or 200 g/kg, such that equal
rations were maintained for all energy-containing ingredients across all experimental diets. Excreta samples were
collected twice daily from d 19 to 21, and ileal digesta were collected on d 21. Data were analyzed using the GLM
procedure of SAS. Regressions of the test ingredient-associated IDE, ME, or ME intake in kilocalories against
n
kilograms of test ingredient intake for cage of birds was conducted using linear regression following SAS statements.
Apparent ileal digestibility of dry matter (DM), nitrogen (N), and amino acids as well as the total tract metabolizability
coefficients of DM, N, and energy were calculated. The addition of Tenebrio molitor larvae meal to the RD linearly
increased (P < 0.05) ileal and total tract of DM and N digestibilities as well as IDE, ME, and ME (P < 0.05). The
n
inclusion of increasing levels of Tenebrio molitor larvae meal to the RD did not result in quadratic effects for all
evaluated performance responses (P > 0.05). The IDE, ME, ME values of Tenebrio molitor larvae meal for broilers
n
were 5,140, 5,238, and 4,925 kcal/kg of DM, respectively. In conclusion, the current study showed that broilers can
utilize a considerable amount of energy and amino acids from tilapia byproduct meal; however, as with many new
products, the nutrient can vary, and more data is needed to create databases to formulate diets for broilers chickens.
KEYWORDS: broiler, digestibility, insect meal, nutrition, Tenebrio molitor.
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FINAL ID: 206
TITLE: Spirulina (Arthrospira) platensis ingredient characterization and amino acid digestibility in male Cobb 500
broilers.
Abstract Body: Spirulina Platensis, a blue green-micro algae, is growing in interest as feed ingredient for poultry as it
typically has a higher protein level than soybean meal while also being dense in vitamins, minerals, and pigments.
Three experiments were conducted to determine apparent metabolizable energy corrected by nitrogen (AMEn),
apparent ileal amino acid digestibility (AIAD), standard apparent ileal amino acid digestibility (SIAD), and Spirulina
efficacy. The AMEn and SIAD values determined were used to conduct the subsequent Spirulina efficacy experiment
via a titration. Both digestibility experiments were ran on wire floored metabolic cages (27” x 24” x 15”) with Cobb 500
by-product males. Three hundred and eighty-four chicks were reared in group cages (8/chicks/cage) and fed a
standard starter ad libitum until 14d. Each cage was then randomly allocated to a digestibility trial for AMEn
determination through the total excreta collection method or to amino acid analysis through the indigestible biomarker
titanium oxide method. For the titration experiment 720 male Cobb 500 chicks (12/birds/pen) were reared in (3’ x 4’ x
2’) floor pens and fed a standard starter ad libitum until 14d. The experimental diets were formulated to be iso-caloric
and iso-nitrogenous while containing Spirulina at 0-5% (0,1, 2, 3, 4 and 5%) to 49 d of age. Performance parameters,
carcass yields, meat quality, meat colorimetric and footpad scores were calculated (n=5). Data analysis was
performed by using JMP Pro15 statistical analysis software (SAS Institute, 2018) for ANOVA with P<0.05 indicating
significant differences. Linear regression was further used to determine the AMEn and analyze breast meat color. Two
batches of Spirulina were sourced from the same supplier for these experiments and average proximate analysis was
93% DM, 65% CP, 8% ash, 0.5% crude fat and 1% fiber. The calculated AMEn for Spirulina was 2,656 kcal/kg (DM
basis), and apparent ileal digestibility coefficients were: 70.4% Lys; 68.5% M + C; 71.3% Thr. There was no statistical
impact on performance parameters, processing yields, fat pad or breast myopathies from increased inclusion of
Spirulina in 49d broilers. There was however a 9-point increase in FCR when algae inclusion reached 3%. Redness
(P=0.011) and yellowness (P<0.001) in the pectoralis major increased linearly with Spirulina inclusion. The
performance results validate the calculated digestibility coefficients. The linear increase in breast meat color indicates
that pigmentation will continue to increase as larger rates of algae are included. Spirulina can be formulated into
broiler diets at low inclusion levels with minimal impacts on performance and can provide increases in carcass
pigmentation.
KEYWORDS: Spirulina, digestibility, broilers, pigmentation, formulation.
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FINAL ID: 207
TITLE: Energy expenditure in broiler chicks under health challenges
Abstract Body: Understanding the mechanism of energy expenditure under a health challenge in birds to supply the
energy and attenuate the effects of the sanitary problems is essential. This study aimed to evaluate the daily energy
expenditure in growing broiler chicks under health challenges. Forty-eight day-old male Ross 308 broiler chicks 13day-old were allocated into open-circuit chambers. The birds were randomly distributed in two treatments (Challenge
with E. maxima and C. perfringens - C and no challenge pair-feeding group - PF), with three replicates of eight birds,
each with the same body weight. On the 14-old-day, the birds of the challenged treatment were inoculated with 1ml of
3
6
Eimeria maxima (7x10 oocysts/ml) by oral gavage. On days 18, 19, and 20 was inoculated 2.5x10 CFU of
Clostridium perfringens. The PF group was inoculated with 1 ml of saline solution. The gas exchange was measured
daily during the feeding condition from 14 to 22-old-day. Also, was measured body weight (BW) and the feed intake
(FI) to calculate the feed efficiency (FE). The heat production (HP) was obtained from the oxygen consumption (VO )
2
and carbon dioxide production (VCO ), using the Brouwer (1965) equation, and the respiratory quotient was obtained
2
from VCO /VO ratio. The data was analyzed by ANOVA two-way considering each day as a longitudinal factor,
2
2
using Minitab v.20 statistical software. The FI was similar between treatments, for the FE was shown an interaction
between treatment and age (P<0.01). The difference (P<0.01) was shown on the first day before the E. maxima were
inoculated (14, 15, and 16). The PF report hight values than C treatment (P<0.01) during all observation periods. The
birds of the C group had a lower BW compared to PF (P<0.001). Challenge birds had a significantly higher HP
(P=0.013) than PF treatment, with a difference of 32.1 KJ/kg0.75/d, but no interaction was observed. Also, the RQ
was not different between treatments (P=0.593), but it was affected by the longitudinal factor (P<0.001) and was
shown interaction (p=0.034). During the challenge period (between 18-21 d), RQ was higher than 1 in challenged
birds. In conclusion, a moderate health challenge affects feed efficiency utilization and increases energy expenditure,
representing energy loss.
KEYWORDS: Clostridium perfringens, Eimeria maxima, energy expenditure, growing birds, heat production.
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FINAL ID: 208
TITLE: Evaluation of semi-purified diets for glucose recovery in order to estimate endogenous losses of energy in
broiler chickens
Abstract Body: Standardization of metabolizable or digestible energy for basal endogenous losses of energy (EEL)
may reduce variability of energy assays or increase assay sensitivity. Two experiments were designed to evaluate
suitability of diets for estimating EEL by evaluating presence of glucose in the terminal ileum. In both experiments,
day-old YP × Ross 708 male chicks were placed into 32 battery cages (9 chicks/cage) and were provided a common
starter diet from 1 to 17 D of age. At 18 D of age, birds were weighed and provided with semi-purified experimental
diets. In experiment 1, diets primarily consisted of dextrose, dextrose and cellulose, dextrose and starch, or dextrose,
starch, and casein. In experiment 2, diets were dextrose-based with 5% cellulose and 0, 5, 10, and 15% casein. All
diets contained titanium dioxide as an indigestible marker and included supplemental vitamins and minerals to
balance nutrients and dietary electrolyte balance. Excreta were collected quantitatively at 21 and 22 D of age and
birds and feed were weighed at 22 D of age. Birds were necropsied for collection of duodenal, jejunal, and upper and
terminal ileal digesta at 23 D of age. Glucose recovery, titanium dioxide concentration, and gross energy were
determined in excreta and terminal ileal digesta samples. Glucose content was analyzed in all digesta samples. Each
experiment was conducted as a randomized complete block design with 8 replicates per diet. Growth performance
characteristics and EEL were analyzed with one-way analysis of variance. Additionally, preplanned orthogonal
contrasts were utilized in experiment 1, and regression analysis was utilized in experiment 2. Glucose presence in the
terminal ileum was analyzed as a one-sample one-tail T-test where H = 0. In experiment 1, birds provided with the
0
dextrose diet had insufficient digesta for analysis, while glucose was recovered in ileal digesta of chicks provided diets
containing starch (P ≤ 0.0171). Chicks fed the diet containing casein had increased BW gain compared with chicks fed
the dextrose and cellulose diet (8 g vs. -50 g, P < 0.0001). No glucose was recovered in terminal ileal digesta in chicks
provided with any diet in experiment 2 (P ≥ 0.09). Body weight gain was maximized in chicks provided with 10 or 15%
casein (P < 0.0001). Casein inclusion rate did not affect EEL (P = 0.38). These experiments demonstrate that broilers
have a measurable basal EEL which may affect additivity of ingredients in diet formulation. Additionally, these
experiments indicate that a dextrose-based semi-purified diet with 5% cellulose and 10% casein is appropriate for
estimating EEL in broilers.
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FINAL ID: 209
TITLE: Effect of beak trimming at hatch and the inclusion of oat hulls in the diet on water intake, preference behavior
for coarse particles, and gastrointestinal tract traits of brown-egg pullets from 0 to 5 weeks of age
Abstract Body: The effects of infrared beak trimming (BT) at hatch and the inclusion of oat hulls (OH) in the diet on
water intake, preference behaviour for coarse particles, and the development of the gastrointestinal tract (GIT) were
studied in brown-egg pullets from 0 to 5 wk of age. The experimental design was completely randomized with 4
treatments arranged as a 2 × 2 factorial with 2 beak treatment procedures (intact beak vs. beak trimming) and the
inclusion or not of 3% OH in the diet as main effects. Each treatment was replicated 20 times and the experimental
unit was a cage with 10 pullets. The control diet was based on corn and soybean meal and contained 2,960 Kcal
AMEn/Kg, 19% CP and 0.98% digestible Lys. Water to feed intake ratio was determined by week and cumulatively. In
addition, the preference for consuming coarse particles was measured at 4 wk of age as the difference of the
geometric mean diameter (GMD) and the geometric standard deviation (GSD) between the original feed at the start of
the experiment and the residuals 24 hours after feed provision. Immediately after the last control (5 wk of age), two
birds per replicate were selected randomly, sacrificed, and used to measure GIT development. Data were analysed as
a completely randomized design using the MIXED procedure of SAS with BT and OH inclusion as main effects and
their interaction. When the data was significant, the Tukey test was used to separate treatment means. From 0 to 5 wk
of age, no interactions between beak trimming and OH inclusion were detected for any trait, and therefore, only main
effects are presented. Water intake and water to feed intake ratio were greater for the non-treated than for the beaktrimmed pullets (P < 0.001). The preference for coarse particles was greater for the intact beak birds than for the
beak-trimmed birds (P < 0.001). Diet did not affect any of the GIT traits studied (P > 0.05). An interaction between
beak trimming and age was observed for water intake and water to feed intake ratio. Non-treated pullets drank more
water and had higher water to feed intake ratio than beak-trimmed pullets from 0 to 4 wk of age. However, no
differences were detected thereafter. In summary, infrared beak trimming at hatch reduced water intake and water to
feed intake ratio but did not affect GIT development. Non-trimmed pullets showed a clear preference for coarse
particles compared with treated pullets as indicated by the higher percentage of fine particles (< 315 µm) in the
residual feeds. The inclusion of OH in the diet did not affect water intake or GIT development but increased the
preference of the pullets for coarse particles (P < 0.001)
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FINAL ID: 210
TITLE: Feed processing technologies on Camelina sativa and its effect on performance in laying hens
Abstract Body: Incorporating Camelina sativa (camelina) meal into poultry feed provides an alternative ingredient to
flax in order to produce an omega-3 egg. However, anti-nutritional factors limit the inclusion level to 10% in laying hen
formulations, reducing its efficacy for use in omega-3 egg production. It was hypothesized that heat treating camelina
would reduce anti-nutritional factors and increase feed efficiency and egg production, and that cold-pressed camelina
meal would result in similar egg production and feed efficiency to flax meal. A total of 1,080 Lohmann LSL Lite laying
hens were fed one of ten experimental treatments ad libitum in a 112-day trial consisting of a 5x2 factorial design
including five experimental meals (extruded camelina, pelleted camelina, cold-pressed camelina, hot-pressed
camelina, flax) by two inclusion levels (10% and 20%). Each treatment was replicated 9 times, with 12 birds per
replication. Experimental diets were formulated to reach the omega-3 polyunsaturated fatty acid composition required
to produce an omega-3 claim (>300 mg/egg). Hen performance was measured through feed consumption, egg
production, and visual assessment of the eggs. Egg production was assessed 5 days a week and analysed as percent
lay, visual assessment was recorded during daily egg collections, and feed was weighed back every 28 days. The
data was analysed as a 2-way ANOVA in a completely randomized block design as a 5x2 factorial with statistical
significance being declared at P < 0.05. The 20% flax meal treatment was terminated after 4 weeks of the study due to
excessive reductions in body weight and egg production. At 10% inclusion, flax meal and cold-pressed camelina meal
resulted in the lowest average percent lay for the overall period (84.4% and 83.3%, respectively). Hot pressing and
pelleting camelina meal numerically increased production over both flax and cold-pressed camelina meal (91.4% and
90.7%, respectively). Flax meal resulted in the highest feed intake but the lowest egg production. However, pelleting
and hot pressing tended to increase feed intake suggesting that reductions in anti-nutritional factors may have
improved palatability. At the 20% level, egg production decreased in all treatments. Extrusion and pelleting
numerically increased production over hot and cold-pressed camelina meal (83.9%, 80.4%, 72.6% and 76.4%,
respectively). There were no significant differences in feed intake at the 20% level. In conclusion, heat processing
camelina improved the performance of laying hens through an increased egg production. However, at the 20%
inclusion level, performance was decreased across all feed groups.
KEYWORDS: camelina, flax, feed processing, fatty acids, omega-3.
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FINAL ID: 211
TITLE: Influence of the inclusion of Aspergillus oryzae on productive performance and egg quality of brown hens from
15 to 43 weeks of age
Abstract Body: The object of this study was to determine the effects of the dietary inclusion of either a prebiotic (PRE)
or a postbiotic (PTO) both of them obtained from Aspergillus oryzae (AO) on performance and egg quality traits of
Lohmann Brown Classic hens from 15 to 43 wk of age. The experimental design was completely randomized with 3
treatments that consisted in a control diet with 2,750 kcal AMEn/kg and16.9% of CP and the same diet supplemented
with 50 ppm of PTO or 500 ppm of PRE. Each treatment was replicated 24 times and the experimental unit was the
cage with an individual hen. The experiment lasted 28 wk (7 periods of 4 wk each). Egg production, egg weight, shellless, broken, and dirty eggs, and mortality were controlled daily, and feed disappearance was measured weekly. The
proportion of albumen, yolk, and shell of the eggs, shell quality traits (weight, strength, and thickness), and Haugh
units were measured in all the eggs produced for the last 2 d of each of the 7 experimental periods. BW of the hens
was measured at the start of the trial and at the end of each of the 7 experimental periods. In addition, the quality of
the excreta (moisture content and visual score by two independent observers) and the AME of the feeds were
determined at 35 wk of age. Also, Escherichia coli, Clostridium perfringens, total coliforms, Enterobacteriaceae, and
Lactobacillus spp. colonies were measured in representative excreta samples. Data were analyzed as a completely
randomized design with type of diet as main effect by using the GLM procedure of SAS. In addition, the effect of AO
supplementation was also studied by using orthogonal contrast (AO containing diets vs. control diet). Contrast of AO
containing diets against the control diet was done by using a Dunnett’s test. From 15 to 43 wk of age, AO
supplementation reduced (P < 0.05) the incidence of shell-less eggs. In addition, from 15 to 21 wk of age, the feeding
of PTO increased egg production by 9% and improved FCR by 8% but the differences were not significant. No
significant effect was observed for any of the bacteria colonies studied. The inclusion of AO in the diet might increase
hen performance and eggshell quality. A second study to measure hen production and egg quality during the first
stages of the egg cycle using a larger number of hens to reduce the variability among replicates is granted.
KEYWORDS: Aspergillus oryzae, egg quality, hen performance, laying hen, postbiotic.
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TITLE: Allometric coeffient and energy for maintenance in pullets and laying hens
Abstract Body: In the net energy system, the relationship between basal metabolic rate (or fasting heat production,
FHP) and body mass (BW) is an important issue in energy requirements estimation. FHP is typically scaled with BW
b
according to the equation FHP=aBW , where a is the constant and b is the allometric exponent. The allometric
coefficient of 0.75 suggested by Kleiber is commonly accepted for many species; however, different allometric
coefficient was suggested for growing pigs (0.60), growing calves (0.85), and growing turkeys (0.70). These
differences in allometric coefficient can lead to under or overestimations of energy required for maintenance. The
purpose of this study is to reassess FHP in modern pullets and laying hens and determine a specific exponent for
expressing the metabolic BW. A total of forty-eight observations of FHP were obtained in different groups of white
lohmann birds with body weight ranging between 0.08 and 1.60 kg. Birds were fed ad libitum before fasting. Heat
production was measured using indirect calorimetry in two calorimetry chambers (0.9m x 0.9m X 0.85m). Following
bird chamber placement, birds were fed for three days (adaptation period), then, the feed was removed at the
beginning of the fasting period. All birds had continuous access to water during the fasting period. In each run, the
number of birds was reduced according to chamber size. Concentrations of O and CO entering and exiting the
2
2
calorimetry chambers were recorded two times per hour. Oxygen consumption (vO ) and carbon dioxide production
2
(vCO ) were estimated as the difference between incoming and outgoing chamber gases, multiplied by the chamber
2
airflow rates. Brouwer’s equation (1965) was subsequently used to estimate FHP from the vO and vCO values.
2
2
FHP was standardized as the plateau or asymptotic heat production following a fast of at least 8 hour. Recorded data
of FHP and BW were logarithmically transformed to fit linear regression of the form log(FHP)=log(a)+b*log(BW),
b
where a is the constant term and represents FHP (kcal/BW ), and b is the allometric coefficient. The allometric
coefficient estimated was b=0.67 (95% confidence limits: 0.648-0.696), while the estimated FHP was a=90.1 kcal/BW
0.67
(95% confidence limits: 88.2-91.9). The confidence limits of allometric exponent include 0.67 and excluded 0.75
exponent. In conclusion, the value of 0.67 was found to be appropriate to describe the ratio of metabolic body weight
0.67
and 90.1 kcal/BW
was estimated to be the amount of energy to meet the maintenance needs for pullets and
laying hens.
KEYWORDS: fasting heat production, indirect calorimetry method, net energy.
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FINAL ID: 214
TITLE: Metabolomics biomarkers of sexual development in broiler breeders
Abstract Body: Profiling the plasma metabolome provides a new perspective for studying the metabolic aspects of
sexual maturity in broiler breeder hens, a better understanding of its biological mechanisms, and provides potential
biomarkers for predicting sexual development. The objectives of the current study were to evaluate the effect of
maturity (pullet vs. hen) and onset of lay (early vs. late) on plasma metabolome dynamics to identify potential
biomarkers that predict sexual development. A total of 36 pullets were used, 30 of which were randomly assigned to
one of 10 unique growth trajectories, and 6 were not feed restricted. The growth trajectories were designed using a 3phase Gompertz growth model with 10 levels of BW gain in the prepubertal and pubertal growth phases ranging from
the breeder-recommended target BW to 22.5% higher, in 2.5% increments. The BW trajectories were applied using a
precision feeding system, which collected BW and feed intake data for each individual bird. Birds were classified post
hoc based on age at first egg (AFE), and 12 pullets were chosen from the lower and upper AFE extremes (early and
late onset of lay) for repeated plasma metabolomic assays (collected at 18, 20, 22, 24, and 26 wk of age) using a
direct-injection liquid chromatography-tandem mass spectrometry and steroid assays. Univariate analysis identified 87
differential metabolites between the early and late onset of lay groups at 24 wk of age and 104 differential metabolites
between the pullet and hen groups. We identified 15 potential biomarkers to predict pullet to hen transition by
analyzing receiver operating characteristic curve, mainly consisting of carnitine and choline metabolites. Differential
metabolites during the pullet to hen transition were mainly associated with lipid, energy, and amino acid metabolism
pathways. At 24 wk of age, the main pathways involved in differentiation of the early- and late-onset of lay groups
were related to lipid and amino acid metabolism, which could be involved in biosynthesis of egg yolk precursors in the
liver. In the current study, increasing prepubertal and pubertal BW gains by more than 15% of the breederrecommended target BW triggered fat metabolism and yolk precursor synthesis, which consequently advanced sexual
maturity. In conclusion, this study indicated that metabolic transition during the onset of lay in broiler breeders is
accompanied by certain metabolic signatures that can be used to predict the metabolic status linked to the bird’s
maturity.
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TITLE: Understanding factors that affect soybean meal quality
Abstract Body: Nutrient and trypsin inhibitor (TI) content of soybeans can be influenced by genetics, planting site, and
maturity group, among other factors. Heat treatments during soybean processing reduce most of TI, but the initial
content of TI and other thermoresistant antinutritional factors affect soybean meal quality for use in poultry feed. In this
study, we assessed the CP, Lys, Met, Thr, and Trp content (%) as well as TI (mg/g) in four commonly grown varieties
of soybeans (AG56X8, AG69X0, S53-F7X, and S62XT09, labeled here A to D, respectively) planted in 3 locations of
North Carolina (counties Robeson, Beaufort, and Rowan, labeled as X, Y, Z, respectively) in two maturity groups
double crop (growing two successive crops in one year) and full season (growing one traditional crop in a year). The 4
x 3 x 2 factorial arrangement of treatments resulted in 24 treatment combinations. A completely randomized design
with four plot replicates was used. Raw soybean samples were cleaned from foreign material and standardized to the
USDA soybean grading system to be grade 3 or 2. These samples were either submitted to wet chemistry by AOAC
methods or ground in a Retsch grinder at 16000 rpm with a sieve opening of 0.5 mm to be analyzed by NIRS. NIRS
®
spectra were collected in a FOSS DS 2500, and data were read with the Soya package AMINONIR RED (Evonik).
Data were analyzed using a three-way ANOVA while mean separation was done by Tukey’s or student’s t-test. All
data were standardized to dry matter content before statistical analysis. Results by wet chemistry and NIRS gave
similar results (P<0.001) with a strong correlation between both methods (r = 0.99, 0.97, 0.71, 0.97, 0.88, and 0.90 for
CP, Lys, Met, Thr, Trp, and TI, respectively). Results of both datasets indicated similar three-way interaction effects
(P<0.01). Soybean varieties B and C in location X had higher CP, Lys, Met, Thr, and Trp content than crops of Y and
Z locations, and results did not vary according to maturity group. The highest TI content was observed in variety D
(S62XT09) and the lowest in variety A (AG56X8). In general, beans from full season had higher nutrient content and
lower TI than those from double-crop. The lowest CP and amino acid content and the highest TI were observed in
variety D (S62XT09) in Y and Z locations in both maturity groups. There was (P<0.001) a negative correlation
(average r = -0.75) between TI and nutrient content, except for Met (P>0.05). In conclusion, soybean variety,
plantation location, and maturity group may influence the soybean nutrient profile and TI activities. Better
understanding and tracking of these agronomic factors may help to improve soybean meal quality and reduce its
variability.
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FINAL ID: 216
TITLE: Effects of soybean meal particle size on feed milling efficiency, pellet quality, broiler performance (D1-42) and
processing characteristics
Abstract Body: Ingredient particle size (PS) is known to affect pellet quality (PQ). The literature supports improved
performance when PQ is improved. Recent research indicated that ingredient PS also affects amino acid (AA)
digestibility. The objectives of this study were to determine the effects of soybean meal (SBM) PS on feed milling
efficiency, PQ parameters, broiler performance, and processing characteristics. Dietary treatments were created by
reducing SBM PS with three hammermill screens (3/32” (2.4 mm), 7/32” (5.6 mm), and 10/32” (7.9 mm)). These
screens represent the treatments used in each experiment. Experiment 1 was conducted at the pilot feed mill at West
Virginia University using the finisher period feed that was provided in experiment 2. Experiment 1 was arranged in a 3
x 3 Latin Square design with three 453.6 kg replicate batches per treatment. Hot pellet temperature and production
rate were collected in duplicate and provided as an average. PQ analyses were conducted 24-h post-pelleting. In
experiment 2, 1,152-day-old male HR708 broilers were housed in 12 replicate floor pens per treatment. Treatments
were arranged in a randomized complete block design with a pen of 32 birds serving as the experimental unit. Birds
were fed one of three treatment diets varying in SBM PS (3/32”, 7/32”, or 10/32”) from d1-42 in a three phase (starter,
grower, finisher) feeding program. Birds and feed were weighed to calculate FI, LWG, and mortality corrected FCR at
the end of each feeding phase. On d42, two broilers per pen were individually weighed, stunned, exsanguinated, and
slaughtered to determine processing yields and gizzard weights. All data were analyzed using the GLM procedure of
SAS using a one-way ANOVA. The F-protected Fisher’s LSD test was used to separate means when P≤0.05. In
experiment 1, SBM PS did not affect hot pellet temperature or production rate (P>0.05). However, PQ improvements
were apparent when the small SBM (3/32” screen) was used (P<0.05). It is noteworthy that small SBM did cause the
pellet die to plug during each manufacturing replicate. In experiment 2, d1-42 broiler performance demonstrated
higher FI, LWG, and FCR when the small SBM (3/32" screen) was provided compared to when larger SBM (7/32" and
10/32" screens ) was provided. These data support previously reported findings of reduced AA digestibility when small
SBM is provided to broilers. FI likely increased to meet AA needs, providing additional nutrients for maximal growth.
However, FCR was negatively impacted. Finally, SBM PS did not affect processing yields (P>0.05). These data
indicate that SBM PS does impact feed mill efficiency, PQ, and broiler performance parameters when fed in a pelleted
diet.
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TITLE: Variability in particle size of different types of soybean meal subject to different roller mill settings
Abstract Body: Soybean meals are the most widely used source of high-quality vegetable protein for livestock,
aquaculture, and especially for poultry feed. It may be processed in a variety of different ways to increase the protein
concentrations and to deactivate anti-nutritional factors. The quality of soybean meal (SBM) is affected by nutrient and
antinutritional content, as well as physical characteristics with one being particle size (PS). The PS is an important
factor of feed manufacturing that impacts mixability, feed flowability, pellet quality, and animal performance. The
objective of this study was to evaluate the effects of griding four different SBM types (Full-fat, FFSBM; Solventextracted SBM, SESBM; Expeller-extruded SBM, EESBM; and High-oleic SBM, HOFFSBM) at different roller mill gap
settings on PS. These four sources of SBM were milled using a two-pair roller mill (Model C128889, RMS, Sea, SD) at
10 different settings: 0-0, 0-5, 15-10, 15-15, 20-20, 30-25, 35-20, 40-35, 50-25, and 50-50 (top pair-bottom roller pair
settings). The PS of three replicate samples per roller-gap settings for each type of SBM were analyzed using the
ANSI/ASAE S319.4 “Method of determining and expressing fineness of feed materials by sieving” standard using 13
sieves and an electric sieve shaker (ANSI) accompanied by 0.5 g of silicone dioxide dispersion agent and sieve
agitators. The weight of particles retained by each sieve was expressed as a percentage of the total sample
recovered. The average PS of the samples was expressed as the geometric mean diameter (d ) and standard
gw
deviation (S ). Data were analyzed using one-way ANOVA and means were separated using Tukey’s test or
gw
student’s t-tests. Additionally, a regression analysis was conducted. These settings generated samples with average d
of 574, 623, 681, 732, 778, 858, 881, 892, 905, and 947 µm, respectively. Regression analysis indicated negative
gw
2
quadratic effects (P<0.001) of roller gap on d
with R of 0.83, 0.92 and 0.90 for FFSBM, HOFFSBM, and SESBM,
gw
2
respectively. These effects were observed in all the meals except EESBM which had (P<0.001) a linear effect (R =
0.79). The SESBM had the largest particle size followed by FFSBM, HOFFSBM, and EESBM. However, both FFSBM
2
and HOFFSBM broke with similar d
(P < 0.001). The S
decreased (P<0.001) linearly for EESBM (R = 0.73),
gw
gw
2
2
FFSBM (R = 0.73), and HOFFSBM (R = 0.83) as the roller-gap was reduced. The S
was lower for the FFSBM
gw
and HOFFSBM than the SESBM and EESBM. In conclusion, the d
and S
of the SBM varies when ground under
gw
gw
the same gap-settings in a roller mill depending on the type SBM and potentially fat.
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TITLE: Effect of different soybean meal inclusions in broiler diets on the Arkansas Net Energy, performance and body
composition from d0 to d56 of age
Abstract Body: Arkansas Net Energy (Ark NE) is a NE system for ingredients, diet and feed additives that provides
actual productive energy (PE) and is dependent upon genetics, age, environment and nutrient content. The advantage
of utilizing Ark NE instead of AMEn and Classic NE is the Ark NE system measures actual net energy utilized for
maintenance (NEm) and gain (NEg). Broilers need a dietary energy system that reflects performance, high protein
gains and body composition consisting of a high percentage of protein mass. Soybean meal (SBM) is an important
protein source for broiler diets because it contains high quality protein with excellent amino acid digestibility. Diets with
increasing SBM inclusions were used to determine the Ark NE, performance, and body composition of broilers for 56
days using dual energy x-ray absorptiometry (DEXA) and indirect calorimetry. A total of 2,616 fast-growing male
broilers were randomly assigned to 96 floor pens for 56 day feeding study with 5 dietary phases. In each dietary
phase, broilers were given a corn-soybean meal basal diet formulated with three different inclusion levels of SBM to
determine the Ark NE and nutritive value of experimental diets. Data were subjected to a one-way ANOVA and
Tukey’s HSD to compare separate treatment means with significance set at 0.05 using JMP pro 15.2 (SAS Institute,
2018). A linear regression model was used to establish the Ark NE value of diets and SBM. Using the Ark NE
equation, broiler performance including protein and fat mass gain was higher (P < 0.05) for broilers fed the highest
SBM level compared to lower SBM inclusions in each feeding- phase. For each gram increase in SBM intake/broiler,
the predicted broiler protein mass increased by 0.43, 0.38, 0.36, 0.47 and 0.25 grams, and the predicted broiler fat
mass increased by 0.02, 0.19, 0.19, 0.12, and 0.09 grams in starter, grower, finisher I, II and III, respectively.
Consequently, the Ark NE values of SBM were 1401.32, 1950.75, 2046.27, 2140.66 and 2718.26 kcal/kg in starter,
grower, finisher I, II and III. Additionally, Ark NE: AMEn ratios of SBM were 68.29, 92.89, 99.51, 105.32 and 133.68 in
starter, grower, finisher I, II and III, respectively. The AMEn system underestimated actual productive energy (Ark NE)
for SBM by 462 kcal/broiler during 56 day feeding study.
KEYWORDS: Broilers, Soybean meal, Net Energy, Dexa, Indirect Calorimetry .
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FINAL ID: 219
TITLE: Chemical composition, protein quality, and in vitro protein digestibility of commercial soybean meals from
different origins
Abstract Body: An experiment was conducted to study the influence of the origin of the beans on the chemical
composition, protein quality, and nutritive value of the corresponding soybean meals (SBM). In addition, the in vitro
protein digestibility of the meals was determined using a two-step test that simulated the digestive processes
occurring in the gastrointestinal tract of the chick. A total of 160 commercial samples of SBM from South Africa (SAF),
Argentina (ARG), Brazil (BRA), and USA, in equal numbers, were collected by specialized quality control personnel.
Samples from SAF were collected in the country of origin, whereas the samples from the other 3 origins were obtained
from crushing plants in different European locations or at the arrival of the vessels to European ports. The data were
analyzed as a completely randomized design using the GLM procedure of SAS with country of origin of the SBM as
main effect. When significant differences were detected, the Tukey test was used to separate treatments means. On
88% DM bases, the BRA meals had more crude protein and crude fiber contents than all the other meals (P<0.01).
The highest ether extract (EE), sucrose, and phosphorus content were observed for the SAF meals (P<0.01). The
amino acid (AA) profile of the SBM varied with the origin of the beans, with the SAF and USA meals having more Lys
and total sulfur AA per unit of protein than the South American SBM (P<0.01). In general, all protein quality indicators
[urease activity (UA), protein dispersibility index (PDI), KOH solubility (KOH), and trypsin inhibitor activity (TIA)] were
lower for the ARG meals than for all the other meals (P<0.01). The in vitro protein digestibility, determined in 30 SBM
samples per origin after 3 h of incubation, was higher for the SAF than for the ARG and BRA meals with the USA
meals being intermediate (P<0.01). Independently of SBM origin, in vitro protein digestibility values were highly
correlated with TIA (r = 0.442; P < 0.001) and KOH (r = 0.234; P < 0.05) but not with UA or PDI. Based on accepted
prediction equations, the AME , content of the SBM was higher (P < 0.001) for the SAF meals than for the South
n
American meals with the USA meals being intermediate. It is concluded that the origin of the beans affects the
chemical composition, protein quality, and in vitro protein digestibility of the SBM. Because of their higher EE and
sucrose content, the AME of the SBM was greater for the SAF meals than for the USA meals and greater for both
n
than for the South American meals, although the differences not always were significant. In summary, feed mill
managers should use different matrices to estimate the chemical composition and nutritive value of SBM of different
origins.
KEYWORDS: amino acid profile, in vitro N digestibility, protein quality indicator, proximal analyses, soybean origin.
CURRENT CATEGORY: Metabolism & Nutrition: General Nutrition
PRESENTER: L. Aguirre
1
2
3
1
1
AUTHORS (FIRST NAME, LAST NAME): L. Aguirre , A. Smith , J. J. Arroyo , A.F. de Juan , G. Fondevila , H.
1
1
1
Kadardar , Gonzalo Mateos , L. Cámara
INSTITUTIONS (ALL):
1. UPM, Madrid, Madrid, Spain.
2. DSM Nutritional Products (UK) Ltd, Heanor, Derbyshire, United Kingdom.
3. DSM Nutritional Products Ltd, Madrid, Alcalá de Henares, Spain.

FINAL ID: 220
TITLE: Effects of varying corn particle size on broiler performance and organ development from 1 to 21 days of age
Abstract Body: This research evaluated the influence of varying dietary corn particle size (CPS) on body weight, feed
consumption, and feed conversion of broilers grown to 21 days of age. Previous research has demonstrated that CPS
can influence feed costs, nutrient digestibility, and potential profitability. Broiler starter diets with CPS of either 832,
1432, or 2036 μm were fed to 288 male Cobb 700 broilers over a 21-d battery cage grow out (6 replicate cages per
treatment; 96 birds per treatment). Bird weights and feed consumption data were collected at 7 d intervals. At study
termination, 6 birds per cage were euthanized for organ data collection (crop, proventriculus, gizzard, and ceca). Data
were analyzed as a completely randomized design, with battery cage representing the experimental unit, using the
GLM procedure of SAS. Means were separated using Tukey’s HSD and statistical significance considered at P≤0.05.
There were significant treatment effects for average body weight at d 7 (P=0.050), with birds on the 832 μm CPS diet
weighing more (180.3 g) than birds on 1432 and 2026 μm diets (176.5 and 169.0 g, respectively). There were,
however, no CPS effects on BW at d 14 and 21 (P>0.05). Overall, there were no significant treatment effects for feed
consumption d 0 to 7 (P=0.429), 0 to 14 (P=0.511), or 0 to 21 (P=0.939); and feed conversion d 0 to 7 (P=0.832), 0 to
14 (P=0.252), or 0 to 21 (P=0.189). Additionally, there were no observed treatment differences for mortality anytime
during the 21 d grow out (P>0.05). Corn particle size did not influence relative (g/kg BW) crop, gizzard, or ceca
weights. However, birds on 832 μm CPS had 14 and 13% larger (P<0.05) relative proventriculus weights respective to
the 1432 and 2036 μm treatments. Varying corn particle sizes did not significantly impact most performance and organ
parameters during the broiler starter phase; however, based on these results 832 μm CPS may be recommended for
higher bird weights and a more developed proventriculus to improve digestibility.
KEYWORDS: broiler, corn particle size.
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FINAL ID: 221
TITLE: Effects of fiber type, particle size, and inclusion level on the growth performance, digestive organ growth,
intestinal viscosity, intestinal morphology, and gene expression of broilers
Abstract Body: Inclusion of cheap and fibrous feed ingredients is gaining attention in the poultry industry, which
makes the understanding of the nutritional and physiological role of dietary fiber of importance. Therefore, the
objective of this study was to evaluate how fiber type, particle size, and inclusion level affect the growth performance,
organ development, intestinal viscosity, intestinal morphology and gene expression in broiler chickens. A total of 648
®
one-day old Cobb male broilers were randomly assigned to a control diet and 8 other dietary treatments divided in 2
fiber types (cellulose vs soyhulls), 2 particle sizes (100 and 600 µm), and 2 inclusion levels (4% and 8% crude fiber).
Birds were reared to 21 days of age in battery cages (n=6 replicates). On day 21, digestive organ weights were
recorded for analyses of organ growth, ileal digesta samples were taken for analyses of intestinal viscosity, intestinal
samples were taken for analyses of histology, and jejunal mucosas were collected for analyses of nutrient
transporters. Data were analyzed as a completely randomized block design with 8 treatments organized as 2 × 2 × 2
®
factorial using JMP 2021. Orthogonal contrasts were used to determine the effect of fiber inclusion compared to the
control group or individually, whereas the main effect interactions were evaluated excluding the control group to be
able to assess the effect of the independent variables without the variability introduced by the control group. Groups
fed 8% crude fiber from cellulose (8% CL) had the lowest weight gain regardless of the particle size (P < 0.01). The
control group had the highest feed intake among treatments (P < 0.01). Groups fed 8% crude fiber from soyhulls (8%
SH) with a coarse particle size had the heaviest relative gizzard weight among treatments (P = 0.045). Groups fed 8%
SH had the heaviest small intestine weights regardless of the particle size (P = 0.009). No differences were observed
in the relative weights of the liver and ceca. The highest viscosity was observed in the group fed 8% SH with a fine
particle size (P < 0.001). The group fed 4% SH with a coarse particle size had the longest duodenal villus (P < 0.001).
The shortest jejunal villus height was observed in the group fed 8% CL with a fine particle size (P < 0.001). Ileal villus
was highest in groups fed high cellulose levels regardless of the particle size (P < 0.001). The highest expression of
peptide transporter 1 was observed in the group fed 8% CL with a coarse particle size (P = 0.008). In conclusion, fiber
type, particle size, and inclusion levels are important factors in the regulation of intestinal morphology, viscosity,
nutrient transporters, and growth performance.
KEYWORDS: fiber, particle size, inclusion level , intestinal morphology, broiler.
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FINAL ID: 222
TITLE: Effects of improvements to pellet quality on commercial hen turkey performance and processing parameters
Abstract Body: Performance benefits of feeding improved pellet quality (PQ) are well documented for broiler chickens.
However, the effects of feeding improved PQ feed to modern commercial turkeys needs revisited. Proudfoot and
Hulan suggested that turkeys may be more sensitive to PQ than broilers; however, this was suggested nearly 40
years ago. The study objective was to investigate the effect of PQ on weeks 5-16 hen turkey performance and
processing variables. Poor pellet quality (PPQ) feed and improved pellet quality (IPQ) feed were provided to eight
replicate pens of Nicholas Select hen turkeys from weeks 5-16. Each of the 16 pens contained 28 hen turkeys, totaling
448 birds. A 7-phase feeding program followed Aviagen nutrient recommendations. A common Starter 1 crumble was
fed to poults from weeks 1-4. After ensuring week 4 body weights were similar across all pens, hens were provided
nutritionally identical diets differing only in PQ. The IPQ feed was manufactured at a commercial feed mill using
techniques known to create high quality pellets. Feed was augered into a bulk bin and then systematically split into
two equal allotments (PPQ and IPQ). Four 22.68-kg feed bags were methodically chosen and removed from each
allotment for initial pellet-to-fine ratio (P:F) determination using a modified particle size separator fitted with a No. 5
sieve. To create PPQ treatments, calculated portions of the initial PPQ allotment were ground using a hammer mill,
creating fines. Calculated amounts of pelleted feed and fines were then mixed to reduce the P:F of the IPQ feed by
30% for each phase. IPQ feed averaged 89.8% pellets while PPQ feed averaged 59.8% pellets. Performance and
processing metrics were analyzed in a one-way ANOVA using the GLM procedure of SAS. Performance and
processing yields were unaffected by PQ during weeks 5-12 (P>0.05), suggesting that PQ may be less important in
light hen turkey production. However, PQ dramatically affected hen performance from weeks 13-16 where IPQ feed
improved FCR by 0.237 compared to PPQ feed (P=0.0126). Furthermore, weeks 5-16 FCR was improved by 0.107
when IPQ feed was provided (P=0.0374). Therefore, producers of heavy hens should consider PQ improvements to
elicit performance benefits. Week 16 processing yields were not affected by PQ (P>0.05). These data indicate that PQ
is an important parameter to consider during the latter phases of hen turkey production when feed intake is highest.
Perhaps feed mill managers and integrators can implement manufacturing techniques that are known to improve PQ
later in hen turkey production when PQ is generally poor.
KEYWORDS: pellet quality, turkeys, feed manufacture, processing.
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FINAL ID: 223
TITLE: Combined effects of dietary cadmium, lead, mercury, and chromium on performance, egg quality, serum
biochemical markers, and oxidative stress in laying hens, and the subsequent attenuation of toxicity with selenized
yeast
Abstract Body: Cadmium, lead, mercury, and chromium are frequently found together in the environment and can
occur in high concentrations in feedstuffs. The objective of this trial was to investigate the combined effects of dietary
cadmium, lead, mercury, and chromium on laying performance, egg quality, serum biochemical markers, and
oxidative stress of laying hens, as well as the alleviation of toxicity by dietary supplementation with selenized yeast. A
total of 160 Lohmann pink-shell laying hens (63-wk-old) were randomly divided into 4 treatments, each with 10
replicates of 4 hens. The treatments were as follows: control group: corn-soybean meal basal diet; Se group: the basal
diet supplemented with 0.4 mg/kg Se from selenized yeast; combined heavy metals group (HEM): the basal diet
supplemented with 5 mg/kg Cd(CdCl ) , 50mg/kg Pb (Pb(NO ) ), 3mg/kg Hg (HgCl ) and 5 mg/kg Cr (CrCl );
2
32
2
3
Se+HEM group: the HEM diet supplemented with 0.4 mg/kg selenium from selenized yeast. Laying hens were given
feed and water ad libitum. The experimental period was 12 weeks. The PROC MIXED procedure of SAS (version 9.4,
SAS Inst. Inc., Cary, NC, USA) was used to analyze the data. Values of P < 0.05 were considered statistically
significant, with the trends toward significance indicated by 0.05< P <0.10. Dietary HEM exposure significantly
decreased (P < 0.05) hen-day egg production and average egg weight, and egg white quality. HEM significantly
increased (P < 0.05) glutamic oxalacetic transaminase (AST) activity in the serum, induced higher malondialdehyde
(MDA) and reactive oxygen species (ROS) in the serum, liver and ovary, and significantly decreased (P < 0.05) the
activity of superoxide dismutase (SOD) and tended to decrease glutathione S-transferase (GST) (P = 0.09) in the
serum. Meanwhile, HEM significantly decreased (P < 0.05) the activity of SOD, GST, glutathione peroxidase (GPX)
and glutathione (GSH) in the liver, and the activity of GPX and GSH in the ovary. Selenium addition of 0.4 mg/kg
significantly (P < 0.05) increased AST concentration in the serum and SOD activity and tended to increase GST
activity (P = 0.09) in the serum. Selenium significantly improved (P < 0.05) GPX activity in the liver and GPX activity
and GSH concentration in the ovary. Therefore, dietary HEM exposure depressed laying performance and egg white
quality was likely due to an impaired antioxidant capacity, disrupted hepatic function, and elevated HEM accumulation
in egg yolk and egg white of laying hens. Selenium addition of 0.4 mg/kg attenuated toxicity of HEM on oxidative
stress and hepatic function but did not ameliorate toxic effects of HEM on laying performance and egg white quality.
KEYWORDS: laying hens, heavy metals, intoxication, selenized yeast, alleviation.
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FINAL ID: 225
TITLE: Copper(I) oxide as an alternative for antibiotic replacement to promote growth and improve health in broilers
under challenge
®
Abstract Body: The aim of this study was to evaluate the effect of copper(I)oxide (Cu O, CoRouge , Animine,
2
France) compared to an antibiotic growth promoter on performance and immunity of broilers fed a corn-soybean mealbased diet. Four diets were fed to 600 male broilers (Cobb 500) from 1 to 42 d as follows:(1) negative control (NC):
diet without antibiotics and with Cu at requirement level (14.5 mg/kg); (2) positive control (AntB): NC + 50 mg/kg of
zinc bacitracin; (3) copper supplemented (CR): NC + 150 mg/kg of Cu from Cu O; (4) copper and antibiotic
2
supplemented (AntB+CR). Animals were randomly assigned in one of the treatments and placed in pens of 15 chicks
(10 replicates/treatment). At day 7, broilers were subjected to an Eimeria challenge by oral gavage with 15x the
manufacture recommended dose of Bio-Coccivet – R live vaccine (Biovet®). At day 21, blood was collected from one
bird per pen for immunity assessment. Data were analyzed by ANOVA using the GLM procedure of SAS. At 21 days,
broilers fed NC had worst (P<0.01) BW and FCR (806g and 1.31, respectively) than the other treatments. The
combination AntB+CR had a higher (P<0.01) BW (1087g) than AntB alone (986g); CR treatment had intermediate BW
value (1016g). The FCR did not change for AntB, CR and AntB+CR treatments (average of 1.19; P>0.01). At the end
of the trial (d42), broilers fed CR or AntB+CR diets had better BW (3079 and 3140g, respectively; P<0.05) and better
FCR (1.59 and 1.58, respectively; P<0.01) than broilers fed AntB (2986g and 1.65) and NC (2899g and 1.71).
Regarding immunological responses, the CD4/CD8 rate was the same among treatments (P>0.01). However, broilers
fed CR had greater (P<0.01) phagocytosis rate (75.4%) than these fed the other treatments (average of 54.9%),
indicating a higher capacity to fight against infections and to kill pathogens, and which may explain the better
performance. To conclude, Cu O showed as good performance as growth promoter antibiotics under mild challenge
2
conditions, and providing additional benefits in immunity.
KEYWORDS: Antibiotic, Broilers, Copper, Eimeria.
CURRENT CATEGORY: Metabolism and Nutrition, Vitamins and Minerals
PRESENTER: Alessandra Monteiro
1
1
3
AUTHORS (FIRST NAME, LAST NAME): Alessandra Monteiro , Denise Cardoso , Cristina Massoco Salles Gomes
2
2
2
, Cristiane S. Araujo , Fabricia D. Roque , LUCIO F. ARAUJO
INSTITUTIONS (ALL):
1. Animine, Annecy, Rhone-Alpes, France.
2. Nutrition and Animal Science, University of Sao Paulo, Pirassununga, Brazil.
3. Department of Pathology, University of São Paulo, Pirassununga, São Paulo, Brazil.

FINAL ID: 226
ABSTRACT WITHDRAWN

FINAL ID: 227
TITLE: Determination of the standardized digestible calcium requirement of broilers from day 11 to 24 post-hatch
Abstract Body: An experiment was conducted to determine the standardized ileal digestible (SID) calcium
requirement of Arbor Acres Plus male broilers from d11 to 24. Broilers (n = 576) were obtained at hatch and allocated
to 96 cages with 6 birds/cage. From hatch to d24, 16 randomly allocated cages of birds were fed a nutrient adequate
positive control (PC) diet. The PC was formulated to contain 0.96 and 0.87% total Ca from hatch to d10 and d11 to 24,
respectively. The remaining 80 pens were fed a nutrient adequate diet, formulated to contain 0.50% SID Ca (1.03%
total Ca) and 0.48% available P (avP) from hatch to d10. On d11, five diets, containing 0.56, 0.46, 0.36, 0.26 or 0.16%
SID Ca were randomly assigned to 16 cages/diet. Available P was maintained at 0.48% from hatch to d10 and 0.44%
from d11 to 24, including 0.19% avP from 3,000 FYT/kg of phytase in the SID Ca diets. The same ingredients were
used in all experimental diets. Data were analyzed in JMP Pro v. 15.1. Means were separated using orthogonal
contrasts to compare the PC vs all SID Ca diets and linear and quadratic effects of SID Ca. From hatch to d10,
broilers fed diets formulated to contain 0.50% SID Ca tended to eat more (P = 0.07), gained more (P = 0.001), and
tended to be more (P = 0.06) efficient than birds fed the PC. From d11 to 24, there was no effect of diet (PC vs SID
Ca) or graded levels of SID Ca on FI or BWG. Birds fed the PC were more efficient (P = 0.02) than birds fed graded
concentrations of SID Ca; most likely due to the quadratic (P = 0.04) effect of SID Ca level on feed conversion ratio,
which was highest in birds fed 0.46 or 0.16% SID Ca and lowest in birds fed 0.26% SID Ca. Tibia ash percent was
greatest in birds fed 0.56 or 0.46% SID Ca and decreased (quadratic, P = 0.04) as the SID Ca content in the diet
decreased. This resulted in a lower tibia ash percent (P < 0.001) in birds fed the SID Ca diets compared with birds fed
the PC. Apparent ileal digestibility (AID) and apparent retention of Ca or P were greater (P < 0.0001) in birds fed the
diets formulated using SID Ca compared with birds fed the PC. This was likely due to the greater AID of Ca in birds
fed 0.16 or 0.26% SID Ca compared with birds fed 0.56 or 0.46% SID Ca (quadratic, P = 0.01). The AID of P or
apparent retention of Ca increased (linear, P < 0.0001) as the dietary SID Ca concentration decreased from 0.56 to
0.16%. Apparent P retention was greatest in birds fed 0.36% SID Ca (quadratic, P < 0.0001) and decreased as dietary
SID Ca decreased. Regression equations developed using apparent P retention or percent tibia ash suggested the
SID Ca requirement of 11 to 24 d-old broilers was 0.42 or 0.50%, respectively. This corresponds to a SID Ca:avP ratio
of 0.95 to 1.14.
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FINAL ID: 228
TITLE: Available phosphorus and calcium: are we close to the best dietary levels for performance and mineralization
in broilers regarding calcium to available phosphorus ratio?
Abstract Body: Low phosphorus (P) diets may be a key for a sustainable broiler production. However, in fast growing
broilers, it is observed that low P diets leads to lower bone mineralization and welfare issues. This may be due to the
supply of dietary available P (aP) and of calcium (Ca), and to differences in their utilization. Currenly, aP and Ca:aP
requirements of modern broilers remain unclear. Consequently, a trial was performed to study the effect of dietary aP
and Ca:aP ratio on performance of broilers. A total of 384 day old male Ross 308 broilers were randomly assigned to
6 groups, each replicated 16 times, for 42 days (d). There were 3 growing phases, with starter (d0-d10), grower (d11d21) and finisher (d22 -d42). Groups consisted in different feeding with 3 sequences with low (L), medium (M) and
high (H) aP levels in starter (L:0.45; M:0.50, H:0.55), grower (L:0.35, M:0.40, H:0.45) and finisher feeds (L:0.27,
M:0.32, H:0.37) with two Ca:aP ratio (low: 1.8 or high: 2.2). Groups were arranged as follows: LLL2.2, MMM2.2,
HHH2.2, HHL2.2, LLL1.8 and HHH1.8. Orthogonal contrasts were performed for statistical analysis to either detect the
effect of Ca:aP ratio, the linear or quadratic effect of aP, or the effect of the decrease of aP in finisher phase. Dietary
treatments did not affect performance during the starter and grower phase. In the finisher phase, average daily gain
and feed conversion ratio (FCR) tended to improve linearly with increasing aP level at the highest Ca:P ratio (P<0.1).
A decrease of performance was observed with low aP in finisher phase (1.78 FCR for HHH2.2 vs 1.87 for HHL2.2),
suggesting a high aP requirement during this phase. Concerning bone characteristics, no effect was observed at 21 d.
At 42 d, the decrease of aP in HHL2.2 led to lower tibial breaking strength (TBS) and stiffness (TS), resulting in values
similar to LLL2.2. In contrast, HHH2.2 resulted in a higher tibial TBS and TS compared to HHL2.2 and LLL2.2
(P<0.05). LLL1.8 resulted in the lowest tibial TBS and TS values of all groups. HHH1.8 did not differ from HHH2.2 for
those parameters. Concerning carcass traits, LLL2.2 had a significantly higher breast meat weight (+65 g; P<0.05)
and yield than LLL1.8 (+1.1 pt; P<0.05). In conclusion, high aP with high Ca seemed to be the best strategy for the
studied criteria. At low Ca:aP ratio, low aP was the worst strategy. Conversely, high aP led to the highest bone
strength, irrespective of Ca supply. The decrease of aP supply degraded growth in finisher phase and bone
characteristics at d42, and therefore does not seem to be a beneficial strategy. Future trials are needed to investigate
the effect of reducing aP in starter and grower phases, e.g. with LLH2.2 or LLH1.8 sequences.
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FINAL ID: 229
TITLE: Evaluating the impact of supplementing organic chromium with flax seed in broiler diets:
Effects on production performance, breast muscle pathology, and meat quality aspects
Abstract Body: The study investigated the impact of organic chromium (Cr) and flax supplementation on live
performance, carcass yield, serum metabolites, muscle lipid profile, histopathological aspects, and meat quality
parameters in broilers. Ninety (n=90), day-old Cobb chicks were fed a corn-soybean meal-based diet containing 0%
flax (Control), 10% flax (Diet 1) and Diet 1 + 0.05% organic Cr (Diet 2) for 42 days. The chicks were kept in 6 pens
with 5 chicks per replicate pen. Body weight (BW) gain and feed:gain was determined at days (1-11), (11-22), and (2242). For all response variables, the effect among dietary treatments was compared separately with one or two-way
ANOVA using SAS 9.4. P-values were considered significant at ≤ 0.05. On day 22, Diet 1 and Diet 2 chicks had lower
BW gain and feed:gain than Control (P< 0.05). In the finisher phase (22-42 days), Diet 2 chicks were higher in BW
with improved feed:gain than Diet 1 (P<0.05) but were not different from Control chicks (P>0.05). The overall weight
gain and feed:gain was higher in Diet 2 and Control than Diet 1 (P<0.05). The relative organ weight (liver, fat pad,
heart, gizzard) and yield of breast and thigh muscles were not different (P>0.05) among the diets. No difference was
observed in the visual incidence of white striping score (1= no striping, 2= mild, 3= severe) on breast muscle among
diets (P>0.05). Histopathological changes including floccular/vacuolar degeneration, fibrosis, lipidosis, interstitial
inflammation, and muscle lysis were less pronounced in Diet 1 than Diet 2 (P<0.05). Breast muscle total fat and
cholesterol were lower in Diet 1 than Control (P<0.05). Serum cholesterol and aspartate aminotransferase were lower
in Diet 1 and Diet 2 than in Control (P<0.05). Total serum proteins were lower in Diet 2 than other diets (P<0.05). Diet
1 and Diet 2 had increased (>2-5 fold) total and long-chain (>20C) n-3 fatty acids (FA) in the breast and thigh muscle
(P<0.05). Total saturated FA was decreased in the thigh muscle of flax-fed birds compared to Control (P<0.05). In
contrast, total monounsaturated FAs were highest in the breast and thigh muscle of Diet 2 (P<0.05). Lipid peroxidation
products measured as thiobarbituric acid reactive substances were lower in the breast muscle and serum of Diet 1
and Diet 2 than Control (P<0.05). No effect of diet was noticed for breast muscle pH, color, tenderness, and cook loss
values (P>0.05). Drip loss values were reduced for Diet 1 and Diet 2 versus Control (P<0.05). As consumer demand
for n-3 FA-rich poultry products is on the rise, Cr may serve as a feed supplement that could be used in broilers fed
flax-based diets for enriching edible tissues with n-3 FA, while enhancing production performance.
KEYWORDS: broiler, flax, chromium, n-3 fatty acid, meat quality.
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FINAL ID: 230
TITLE: Effects of in ovo injection of 25-hydroxyvitamin D in conjunction with Marek's Disease vaccine
3
on the hatchability and hatch variables of Ross 708 broilers
Abstract Body: The in ovo injection of 25-hydroxyvitamin D (25OHD ), the second metabolite of vitamin D, has been
3
3
shown to improve the hatchability, live performance, breast meat yield, small intestine morphology, and immunity of
broilers. However, effects of the combined in ovo injection of different levels of 25OHD and a commercial Marek's
3
Disease vaccine (HVT) on broiler chick hatchability have not been previously investigated. Therefore, the purpose of
this study was to determine their combined effects on live embryonated broiler hatching egg hatchability (HI), hatch
residue, and hatchling BW at 528 h of incubation (hoi) subsequent to their in ovo administration at 432 hoi. A total of
1,800 live embryonated hatching eggs from 35 wk-old commercial Ross 708 broiler breeder hens were assigned to
one of the following 5 in ovo injection treatments: 1) non-injected (control); or a 50 μL solution volume of 2)
commercial diluent (sham-injected control); 3) 25OHD -0.6 (commercial diluent containing 0.6 μg of 25OHD ); 4)
3
3
25OHD -1.2 (commercial diluent containing 1.2 μg of 25OHD ); and 5) 25OHD -2.4 (commercial diluent containing
3
3
3
2.4 μg of 25OHD ). A water-soluble form of the 25OHD (Hy-D® 1.25%; DSM Nutritional Products Inc., Parsippany,
3
3
NJ) was used. All eggs were candled at 312 and 430 hoi, and percentage egg weight loss (PEWL) between 0 and
312, 312 and 430, and 0 and 430 hoi was determined. One egg from each of the 5 treatment groups on each of the 6
incubator tray levels (30 total eggs) was randomly selected for embryo staging analysis. A randomized complete
experimental block design was employed and all data were analyzed by one-way ANOVA using SAS (9.4) software.
No significant treatment differences were observed for HI or PEWL in any of the time intervals. However, hatchling
BW was higher (P = 0.014) in the 25OHD -1.2 and 25OHD -2.4 treatment groups as compared to the sham control
3
3
and 25OHD -0.6 treatment groups. Also, embryo mortality during the pipping process was higher (P = 0.05) in the
3
25OHD -2.4 in conjunction with a Marek's Disease vaccine has a promising result on hatchling BW although the
3
higher level may increase embryonic mortality. Further research is needed to determine Marek's Disease vaccine
viability and the post-hatch effects of various levels of 25OHD when both are adminestrated together
3
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FINAL ID: 231
TITLE: 25-hydroxycholecalciferol reverses heat induced alterations in bone quality in finisher broilers associated with
effects on intestinal integrity and inflammation
Abstract Body: Alterations in ambient temperature have been associated with multiple detrimental effects on broilers
such as intestinal barrier disruption and dysbiosis resulting in systemic inflammation. Inflammation and 25hydroxycholecalciferol (25-OH-D ) have shown to play a negative and positive role, respectively, in the regulation of
3
bone mass. Hence the potential of 25-OH-D in alleviating heat induced bone alterations and its mechanisms was
3
studied. 15-day-old birds were randomly allotted to control (22°C, ad libitum feeding basal diets), heat stress (daily 7 h
at 34°C and rest of day 26°C, ad libitum feeding basal diets), pair feeding (22°C, restrictive feeding according to feed
intake of heat stress-birds of basal diets) or 25-OH-D (heat stress, ad libitum feeding basal diets supplemented with
3
0.069 mg/kg 25-OH-D ) group. Heat stress exposure from 22 to 39 days. Data were analyzed using One-way the
3
analysis of variance (ANOVA). Heat stress directly induced a decrease in tibia material properties and bone mass, as
demonstrated by lower mineral content, and heat stress caused a notable increase in intestinal permeability.
Treatment with dietary 25-OH-D reversed the heat stress-induced bone loss and barrier leak. Broilers suffering from
3
heat stress exhibited dysbiosis and increased expression of inflammatory cytokines in ileum and bone marrow, as well
as increased osteoclast number and activity. Changes that were prevented by dietary 25-OH-D administration.
3
Specifically, dietary 25-OH-D addition decreased abundance of B- and T-cells in blood, and the expression of
3
inflammatory cytokines in both ileum and bone marrow, but did not alter the diversity and repopulation of major
bacterial phyla. With regard to bone remodeling, dietary 25-OH-D supplementation was linked to a decrease in
3
serum C-terminal cross-linked telopeptide of type I collagen reflecting bone resorption and a concomitant decrement
in osteoclast-specific marker genes expression (e.g. cathepsin K), whereas it did not apparently change serum bone
formation markers during heat stress. These data underscore the damage of heat stress to intestinal integrity and
bone health, as well as that dietary 25-OH-D supplementation was identified as a potential therapy for preventing
3
these adverse effects.
KEYWORDS: heat stress, intestinal barrier, inflammation, bone remodeling, tibial mass.
CURRENT CATEGORY: Metabolism and Nutrition, Vitamins and Minerals
PRESENTER: Huaiyong Zhang
1, 2
1
4
AUTHORS (FIRST NAME, LAST NAME): Huaiyong Zhang
, Maryam Majdeddin , Djoere Gaublomme , Bernard
3
5, 6
4
3
5
2
1
Taminiau , Matthieu Boone
, Dirk Elewaut , George Daube , Iván Josipovic , Keying Zhang , Joris Michiels
INSTITUTIONS (ALL):
1. Department of Animal Sciences and Aquatic Ecology, Ghent University, Ghent , Belgium.
2. Institute of Animal Nutrition, Sichuan Agricultural University, Chengdu, Sichuan, China.
3. Department of Food Sciences - Microbiology, University of Liège, Liège, Belgium.
4. Unit Molecular Immunology and Inflammation, VIB Center for Inflammation Research, Ghent University, Ghent,
Belgium.
5. Ghent University Centre for X-ray Tomography (UGCT), Ghent University, Ghent, Belgium.
6. Radiation Physics Research Group, Department of Physics and Astronomy, Ghent University, Ghent, Belgium.

FINAL ID: 232
TITLE: Effects of oil quality, phytase and vitamin E supplementation on the growth performance, nutrient utilization
and relative fat and liver weight in 21-day-old broiler chickens
Abstract Body: The objective of this study was to determine the effect of oil quality, phytase, and vitamin E
supplementation on the performance, relative liver and fat weight, and the apparent total tract utilization of nutrients in
21-day-old broiler chickens. The experiment used 378 day-old male by-product Cobb breeder chicks with 9 treatments
consisting of 7 replicates of 6 birds per replicate cage. The first 8 treatments were based on a marginally non-phytate
phosphorus (nPP) deficient diet (0.31%), while treatment 9 was a positive control (PC) with adequate nPP levels
(0.45%). Specifically, the treatments included 2 oil quality levels (fresh soy oil; peroxide value (PV) = 3 meqO /kg and
2
oxidized soy oil; PV =109 meqO /kg), 2 phytase levels (0 vs 1000 FTU/kg), 2 levels (0 and 150 ppm) of dietary
2
vitamin E (mixed tocopherols containing 55-75% γ-tocopherols) and the PC. All birds were fed the PC diet from days 0
to 7 before placing them on the experimental diets. The 8 marginal nPP treatments were analyzed using the GLM
procedure of SAS appropriate for a factorial arrangement of treatments (2x2x2). The effect of marginal nPP was
tested using contrast between the PC and the nPP deficient diet containing fresh oil without phytase or vitamin E
supplementation. The PC diet resulted in lower (P < 0.05) total tract P utilization but a higher (P < 0.05) bone breaking
strength (BBS) and ash content compared to the diet with deficient nPP level without phytase or vitamin E
supplementation. Phytase supplementation improved (P < 0.05) feed efficiency (d 7-14 and 7-21), Ca utilization, BBS,
tibia ash, the apparent metabolizable energy (AME), and AME corrected for nitrogen (AMEn) but decreased (P < 0.05)
bone lipid content. Oxidized oils resulted in a higher (P < 0.05) relative liver weight, and AME. Birds that received
oxidized oil and phytase had a higher (P < 0.05) AME and AMEn compared to birds fed diets containing either fresh or
oxidized oil without phytase supplementation. Crude fat utilization was higher (P < 0.05) in birds that received
oxidized oil without phytase supplementation, compared to those that received oxidized oil with phytase and those that
received fresh oil with phytase. Furthermore, the birds that were fed diets containing oxidized oil with no vitamin E had
higher (P < 0.05) utilization of crude fat compared to those fed oxidized oil with vitamin E. The results of this study
show that phytase supplementation is beneficial for improving feed efficiency, Ca utilization, BBS, tibia ash, AME, and
AMEn regardless of oil quality or vitamin E supplementation. Furthermore, when feeding oxidized oils, phytase
supplementation improved AME and AMEn but reduced crude fat utilization.
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FINAL ID: 233
TITLE: Effects of dietary Ca concentration on the performance of broiler chicks fed various sources of dietary P with
and without phytase supplementation, responses under slight P deficiency.
Abstract Body: A follow up experiment was conducted to determine the effects of high dietary calcium (Ca) on broiler
chicks fed diets containing moderately low phosphorus (P) from either nonphytate (nPP) or phytate P (PP) with or
2
without phytase. Newly hatched broiler chicks were housed in raised-wire starter batteries (65.8 in /bird) for 16 d. The
12 treatments were replicated 6 times using 8 chicks per cage resulting in 576 Hubbard x Cobb 500 chicks. The 3 x 2
x 2 factorial arrangement included 3 P treatments (0.325% nPP, 0.325 + 0.1% P from nPP and 0.325 + 0.1% P from
PP), 2 concentrations of Ca (0.9 vs.1.4% Ca) with and without phytase (0 or 1,000 FTU of phytase). Body weight gain
(BWG), feed intake, mortality corrected feed conversion ratio was calculated over the 16 d period. On d 16, all
remaining chicks were euthanized, and the right tibias were collected and analyzed for tibia ash weight (TAW)
expressed as mg/tibia and as a percentage (TAP). All data were analyzed as a 3 x 2 x 2 factorial using ANOVA in
JMP 14 (P ≤ 0.05). There were Ca x phytase interactions for BWG and FI, but not for FCR (P ≤ 0.05). Although BWG
and FI were maximized in the 0.9% Ca fed diets, phytase was able to partially ameliorate the negative effects when
1.4% Ca diets were fed (For BWG 351.0 g vs. 389.8 g and FI 3.94 kg vs. 4.31 kg without vs. with phytase
respectively, P ≤ 0.05). There was a three-way interaction for TAW (P ≤ 0.05). Phytase increased TAW in all
treatments with the exception of the 0.9% Ca and 0.325 + 0.1% P from nPP fed birds where P utilization may have
already been maximized. When TAP was considered, 2-way interactions were noted for P x Ca and P x phytase. The
increased Ca in the diets had a larger negative effect on the diets without P supplementation and those supplemented
with nPP (dicalcium phosphate) in comparison to those supplemented with PP (32.7% and 38.6% vs. 39.4%
respectively, P ≤ 0.05). Both supplemental nPP and PP increased TAP without phytase, but when these diets were
supplemented with phytase, the diet with nPP resulted in a decreased improvement in TAP in comparison to PP
(42.3% vs. 43.7% respectively, P ≤ 0.05). This response is possibly associated with diminishing returns as the nPP
supplemented diet approach the birds’ nPP requirement. When diets were formulated to contain P concentrations that
were more relevant to industry conditions, responses were more difficult to quantify than those observed at lower
dietary P concentrations. However, phytase supplementation did partially ameliorate the negative consequences of
high Ca. The use of nPP vs. PP is complex, as it appears that supplemental PP is better utilized in high Ca feeds
when compared to supplemental nPP.
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FINAL ID: 234
TITLE: Available phosphorus requirement for broilers: integrated
assessment of performance results using meta-analysis
Abstract Body: Phosphorus is an essential nutrient that plays an important role in many biological functions.This study
was developed to reassess the
available phosphorus (aP) requirements of broilers by carrying out a meta-analysis of previously published
performance responses. Studies available in electronic databases (PubMed, Web of Science, and Scopus) were
searched using systematic review methods. Then, publications were selected for the meta-analysis if presenting
performance responses of broilers fed at least three dietary aP levels. Data from 76 studies (64,503 animals from 1 to
53 days old) published from 1997 to 2019 were extracted to an electronic spreadsheet. Due to the high variability
among studies, the aP concentration and the performance responses were standardized. First, the aP intake was
relativized to the recommendations of Brazilian Tables for Poultry and Pigs (i.e., values were considered 100% if in
complete agreement with the recommendations of Rostagno et al., 2017, 4th edition, Viçosa, Brazil). After, the
average daily weight gain (ADG) and feed
conversion ratio (FCR) were also expressed as relative values to the best response in the study (i.e., best
performance in each study was considered 100%). Linear broken-line (LP), quadratic broken-line (QP), and
exponential asymptotic (EXP) models were used to estimate the relative aP intake that maximized performance
responses (NLMIXED procedure with random effect of study, SAS 9.3). When using LP model, the relative aP intake
required to maximize ADG was 71% of the recommendations from Brazilian Tables. The values obtained with QP and
EXP models were 85 and 104% of Brazilian Tables recommendations, respectively. The results for FCR were
estimated at 57 (LP) and 94%(QP) of Brazilian Tables recommendations. In this last case, EXP model failed to
converge. The LP models showed the lowest Akaike Information Criterion for both responses. Interaction of the
response of broilers to increasing aP intake was found (P<0.05) for growing phase (ADG and FCR) and for the use of
animal origin ingredients (ADG), while was not significant for phytase, feed form or calcium level. Reassessing the aP
recommendations is essential for the implementation of precision feeding strategies and the meta-analysis is a
suitable tool in this very important task.
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FINAL ID: 235
TITLE: Available phosphorus requirement for broilers: integrated assessment of bone characteristics using metaanalysis
Abstract Body: Precise estimations of available phosphorus (aP) requirements are essential in modern broiler
production. Although several studies have been conducted to study aP requirements, no definitive consensus has
been achieved regarding aP ideal recommendation. This meta-analysis was conducted using results published in the
literature to evaluate the requirements for aP to maximize tibia characteristics in broilers. The research employed
three different electronic databases (PubMed, Web of Science, and Scopus). All publications were critically evaluated.
For inclusion in the database, the articles must compare at least three dietary levels of aP. After applying the selection
criteria, data from 47 scientific publications (35,592 animals) published from 2000 to 2019 were extracted to an
electronic spreadsheet. Standardization procedures were adopted to deal with the high variability among studies.
Thus, raw values of tibias ash, phosphorus (P), and shear force were expressed as relative to the greatest response
in the study (i.e., greatest value for each variable in each study was considered 100%). Relative aP intake was also
evaluated according to its relation to the recommendations of Brazilian Tables for Poultry and Pigs (i.e., values were
considered 100% if in complete agreement with the recommendations of Rostagno et al., 2017, 4th edition, Viçosa,
Brazil). Linear broken-line (LP), quadratic broken-line (QP), and exponential asymptotic (EXP) models were used to
estimate the relative aP intake that maximized bone characteristics (NLMIXED procedure with random effect of study,
SAS 9.3). Relative aP intake required to maximize tibia ash, P, and shear force were, respectively, 89, 89, and 88% of
the recommendation proposed by the Brazilian Tables when using LP models. The QP and EXP models estimated
higher relative aP intake to maximize tibia ash (QP: 111%; EXP: 113%), P content (QP: 137%), and shear force (QP:
104%; EXP: 116%). However, the LP models showed the best (lowest) Akaike Information Criterion for all studied
responses. Interaction of the response of broilers to increasing aP intake was found (P<0.05) in the growing phase for
all studied responses, and also for phytase and feed form when evaluating tibia ash. No interaction was found for the
use of animal origin ingredients or calcium level. Integrating available results to reassess the aP recommendations is
an important task toward feeding programs that maximize the efficiency of P utilization in broilers.
KEYWORDS: Ash content, bone quality, shear force, systematic review, tibia.
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FINAL ID: 236
TITLE: Contamination of eggs by Salmonella Enteritidis and Salmonella Typhimurium in experimentally infected
laying hens in indoor cage-free housing
Abstract Body: Contaminated eggs are a leading source of human Salmonella infections and this problem continues
to challenge public health authorities and egg industries around the world. Salmonella invasion of the ovaries and
oviducts of infected laying hens can result in bacterial deposition inside the edible portions of developing eggs. The
introduction, persistence, and transmission of salmonellae in commercial egg-laying flocks are influenced by flock
management practices, but the food safety ramifications of different types of laying hen housing remain unresolved.
The present study assessed the frequency of internal contamination of eggs after experimental Salmonella Enteritidis
and S. Typhimurium infection of laying hens in indoor cage-free housing. Groups of 72 hens were housed on wood
shavings in isolation rooms simulating commercial cage-free barns with community kick-out nest boxes and perches
7
and 1/3 of the hens in each room were orally inoculated with 8.0 × 10 cfu of 2-strain mixtures of either S. Enteritidis
(2 rooms) or S. Typhimurium (2 rooms), and the entire internal contents of all eggs laid 5-30 d post-inoculation in nest
boxes or on the flooring substrate were cultured to detect Salmonella. Contaminated eggs were laid between 8 and 28
d post-inoculation. The contamination frequencies associated with the two egg collection locations were not
significantly different (P < 0.05 in Fisher’s exact test). The overall incidence of S. Enteritidis isolation from eggs
(3.41%) was significantly (P = 0.0005) greater than S. Typhimurium (1.19%). These results demonstrate that oral
infection of a relatively small proportion of laying hens in indoor cage-free housing with invasive Salmonella serovars
can result in the production of internally contaminated eggs at low frequencies over a period of nearly a month postinoculation.
KEYWORDS: Salmonella Enteritidis, Salmonella Typhimurium, laying hens, eggs, cage-free housing.
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FINAL ID: 237
TITLE: Impact of different caging systems on eggshell cuticle quality and Salmonella adherence in table eggs
Abstract Body: Food safety of table eggs is critical, as consumption of contaminated eggs and egg products
continues to be linked to outbreaks of food poisoning. Egg producers in the United States and Canada are
increasingly introducing alternative caging systems into their production chain, as animal welfare concerns become of
greater relevance to today’s consumer. Alternative caging systems are designed to allow birds to express a fuller
repertoire of normal behaviours due to opportunities for interaction with their environment and other birds. Hen
aggression and nesting behaviour is modified in furnished cages, and thus caging system can alter the physiology of
egg formation and cuticle deposition / quality. The completeness of cuticle coverage and its chemical composition play
an important role in limiting bacterial entry; however, bacterial load on the eggshell surface is another key factor. The
goal of this study is to identify the impact of caging system on eggshell cuticle quality and structure of cuticle pore
plugs; and to evaluate the role of cuticle on bacterial load. Cuticle pore plugs (n=18) were visualized using scanning
electron microscopy and pore plug elemental composition was determined by Energy Dispersive X-Ray Spectroscopy.
The inner surface of the pore plug was consistently found to be chemically different from the surrounding eggshell
mineral. Cuticle quality and its chemical composition (n=30) was determined by attenuated total reflection Fourier
transform infrared spectrometry (ATR-FTIR). Total cuticle was higher in free range and enriched cages as compared
to free run, while carbonates and sulphates were higher in free run than enriched cages. Cuticle protein parameters
including OH (R=-0.9560) and total cuticle (R=-0.9681) were negatively correlated with the mineral carbonate signal.
Bacterial cell attachment assay (n=18) showed that numbers of adhering Salmonella Typhimurium on outer surface of
eggshells was significantly higher in bleach treated control eggs without cuticle as compared to eggshells from
different housing systems (P=0.0001). Significant reduction (P=0.025) in bacterial cell counts was observed in eggs
obtained from free range as compared to enriched systems. These results indicate that nesting environment and
behaviour of birds can impact bacterial adherence and cuticle parameters. The outcome of our research will provide
new tools for predictive microbiology in order to improve the food safety of table eggs.
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FINAL ID: 238
TITLE: Tissue colonization and egg and environmental contamination associated with experimental infection of laying
hens with Salmonella Braenderup.
Abstract Body: Salmonella is a major foodborne pathogen of concern with the focus on Salmonella Enteritidis for the
egg industry. In recent years, other serovars of Salmonella, such as Salmonella Braenderup, have been linked to
foodborne illness outbreaks associated with shell eggs. However, little is known of Salmonella Braenderup infections
in laying hens. The objective of this study was to investigate the impact of Salmonella Braenderup on organ invasion,
as well as egg and environmental contamination. Cage-free specific-pathogen-free laying hens (Trial 1 and 2, 43 – 45
weeks old; Trial 3 and 4, 54 – 56 weeks old; 72 hen/trial) were orally challenged with 7 log cfu of the egg-associated
human outbreak isolate of Salmonella Braenderup (SB). On day 6 post-inoculation, half of the challenged flocks (36
hens/trial) were euthanized and tissue samples (ileocecal junction, liver, spleen, ovary, and oviduct) were collected. In
trials 1 and 2, eggs were collected from day 7 to day 20 post-inoculation (excluding weekends; 10 days total egg
collection/trial) and day 7 to day 27 post-inoculation (excluding weekends; 15 days total egg collection/trial) in trials 3
and 4. Nest box swabs and substate composite samples were also collected at the time of daily egg collection.
Recovery of SB for all samples was analyzed by Chi-square. The rate of SB recovery from organ tissue samples
varied between the four trials. In trial 2, 33.3% (P < 0.05) of the ileocecal samples were positive for SB, the highest
recovery rate of all the trials. Rate of SB recovery from the other organ tissues samples was between 0 and 5.6%.
Recovery of SB from egg and environmental samples also varied between the trials. In trial 2, SB was detected in
2.9% of shell emulsions (P < 0.0043) compared to the other trials with no detected SB. Salmonella Braenderup was
only detected in nest box swabs in trial 2 (7.5%; P < 0.02). In trial 1, SB was detected in 92.5% (P < 0.0001) of
substrate composite samples compared to the other trials (2.5 – 17.5%). In the current study, Salmonella Braenderup
was found to invade the organs of laying hens and contaminate eggs at a low rate. Further research is needed to
determine how the presence of Salmonella Braenderup in the environment could contaminate shell eggs internally
and externally .
KEYWORDS: Salmonella, shell eggs, food safety, layer, environment.
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FINAL ID: 239
TITLE: Efficacy of a Combination of a Yeast Cell Wall and Live Salmonella Vaccine to Reduce Salmonella Infantis
Colonization in Broilers to Hot Rehang Carcass Rinse
Abstract Body: Salmonella Infantis (S.I.) has been associated with several foodborne illnesses in the U.S. and around
the world. S.I. is a serogroup C1 which the Salmonella vaccines in the U.S. have not been as successful in controlling
alone as has been demonstrated for S. enteritidis or S. heidelberg. The fimbriae of the yeast cell wall has been shown
to effectively bind Salmonella in the intestine. Therefore, a study was designed to evaluate the effectiveness of
combining a commercially available yeast cell wall product, Celmanax, and the live vaccine MeganVac1. The four
treatments with ten replicates were untreated control, live vaccine only, live vaccine plus yeast cell wall (YCW), and
yeast cell wall only. The live vaccine was one dose sprayed at day 1 and YCW was at 100 g/metric ton through all
feeds to 43 days. On day 4, liver/spleen and ceca were taken from one bird/pen for vaccine take. Then on day 4, 25 of
7
the 50 chicks/pen were challenged with 2.3 x 10 CFU/chick S. Infantis by gavage and challenged birds were tagged.
The samples collected were 43 day: bootsocks, whole bird carcass rinse (hot rehang) and ceca from five direct and
five horizontal challenged per pen. A typical eight hour feed withdrawal was performed prior to catch and processing.
Salmonella prevalence and enumeration were performed with tetrathionate, then XLT-4. Enumeration was by micro
most probable number (MPN) method of Berghaus et al., 2013. There was no significant impact of the YCW on the
live vaccines ability to colonize on day 4. There was no significant reduction in prevalence or number of S.I. in the
environmental sample (bootsocks) on day 43 by any treatments. The combined vaccine plus YCW (P < 0.05) lowered
a
ab
prevalence of S.I. on carcass rinses (39% ) versus challenge control (72% ). The combined vaccine plus YCW also
a
ab
lowered S.I. prevalence in ceca (42% ) versus control (75% ). There were numerical reductions in number (MPN/ml)
of carcass rinse and MPN/g of ceca by the combined live vaccine plus YCW. In conclusion, the combination of the live
S. typhimurium vaccine (MeganVac) plus the YCW (Celmanax) demonstrated a consistent reduction in S. Infantis
prevalence and number in the ceca and in the hot rehang carcass rinse of broilers challenged with the group C
Salmonella Infantis.
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FINAL ID: 240
TITLE: Reducing Salmonella Kentucky in Broilers with Inactivated Autogenous Vaccines Administered by Coarse
Spray
Abstract Body: Salmonella Kentucky has not often been associated with human foodborne illness. However, it is
commonly isolated in carcass and parts rinses in processing plants counting as a positive in a processing plant’s FSIS
52-week rolling window. One of the major interventions for broilers has been one of the two commercially available
live Salmonella vaccines. However, these vaccines do not afford much reduction in colonization of S. Kentucky. In two
studies, an autogenous vaccine made from the SPRG challenge S. Kentucky investigated the effectiveness of a
polymer adjuvant, Carbigen®, delivered by spray. Study 1 design was two replicates (42 chicks/replicate placed) of
non-vaccinated and two replicates of autogenous at 0.25 ml/chick coarse sprayed on day 1 and 14. Study 2 design
was four replicates (32 chicks/replicate) of non-vaccinated control, autogenous with original adjuvant from study 1 and
autogenous with EASE® Technology at 0.25 ml/chick coarse sprayed on day 1 and 14 of age. S. Kentucky challenge
for both studies (nalidixic acid resistant) was orally gavaged to all birds on day 30 (study 1) and day 29 (study 2) at 0.5
7
7
ml/chick (3.0 x 10 CFU/chick, study 1; 7.0 x 10 CFU/chick, study 2). Ceca were aseptically collected from 20 birds
per replicate (study 1) or 15 birds per replicate (study 2) and cultured for Salmonella prevalence and number by most
probable number (MPN) on day 36 and 42/43. Spleen and ½ liver were pooled and cultured for prevalence only on
day 36. Both prevalence and MPN per gram of ceca were performed with tetrathionate, then XLT-4 (25 µg/ml nalidixic
acid) with the enumeration by micro MPN method of Berghaus et al. 2013. Study 1 had a significant (P < 0.01)
reduction in positive liver/spleen in vaccinated (55%) versus challenge control (80%). There was no significant
difference in the ceca prevalence or number on either day 36 or 43. However, the vaccinates had a numerical
reduction (MPN/g) in ceca from day 30 to 43. In study 2, the EASE® vaccinates had a 6.7% reduction in liver/spleen
prevalence but this was not significant. The S.K. prevalence in the ceca 7 or 14 days post challenge were not
significantly reduced. However, both vaccine adjuvant types had significant (P < 0.5) reduction in S.K. number by
MPN/g in the ceca 14 days post challenge. In conclusion, the results of these two studies indicate a spray of the
autogenous vaccine with Carbigen® adjuvant reduce the invasion of S.K. into internal organs of liver/spleen. Also, by
day 14 post challenge, the vaccinated broilers had less S.K. in their ceca which may impact the number of S.K. that
could contaminate the feathers and skin resulting in less S. Kentucky entering the processing plant.
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FINAL ID: 241
TITLE: Effect of a live attenuated Salmonella Typhimurium-vaccine against emerging Salmonella Reading in poults
Abstract Body: Turkey products have recently been implicated in large Salmonella Reading-associated outbreaks in
the United States and Canada. Because S. Reading was previously recognized as a relatively uncommon turkeycolonizing serovar in turkey production, investigating ways to mitigate this understudied pathogen is critical. This study
investigated the potential protective effects of Avipro Megan Egg, a live attenuated S. Typhimurium vaccine on
Salmonella Reading in turkey poults in three trials. In the first trial, 24, day-old poults were distributed into one of the
three groups: negative control (NC), positive control (PC), or vaccine (VAC). Upon arrival, poults in the VAC group
were vaccinated. After 24 hours, poults in the PC and VAC groups were inoculated with a six-strain cocktail of S.
reading (~ 4.5 log CFU/bird). Twenty-four hours post-inoculation (PI), birds were euthanized, and ceca, liver, and
10
cloaca were collected for S. Reading enumeration and enrichment. In the second trial, 24, day-old poults were
allocated into groups described above. Birds in VAC were vaccinated upon arrival. After seven days, poults in the PC
and VAC groups were inoculated with a six-strain cocktail of S. Reading as above. Birds were euthanized at seven
days PI, and ceca, cloaca, and liver were collected for Salmonella enumeration and enrichment. In the third study, 14,
day-old poults were allocated into PC and VAC groups. The VAC group poults were vaccinated on the first day, and
all birds were inoculated with 4 log CFU S. Reading on day 3. On day 4 PI, birds were euthanized, and ceca,
10
cloaca, and liver were collected for Salmonella enumeration and enrichment. Ceca were serially diluted, and
o
appropriate dilutions were surface plated on Xylose Lysine Deoxycholate agar (XLD) plates, incubated at 37 C for 24
hours, and S. Reading counts were determined. Ceca, cloaca, and liver samples were enriched in selenite cysteine
broth and streaked on XLD plates for Salmonella. Data were analyzed using the PROC-ANOVA procedure, and
significance was tested at P<0.05. In the first trial, the vaccine reduced S. Reading by 1.8 log CFU/g, compared to
10
the PC (P<0.05). In the second trial, no significant difference was shown between PC and VAC. The third trial resulted
in a 0.8 log CFU/g (non-significant) reduction of S. Reading in the VAC group (P>0.05). There were no significant
10
differences between the samples positive between PC and VAC groups in the three trials, except the first trial in which
the VAC group had 50% fewer liver samples positive for S. Reading. Results indicate the necessity of a booster dose
for S. Reading protection and warrant studies in adult turkeys. (NIFA #2020-67017-30787; RARF#81824)
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FINAL ID: 242
TITLE: Effects of Eimeria tenella on cecal luminal and mucosal microbiota in broiler chickens
Abstract Body: The intestinal disease coccidiosis, caused by parasitic Eimeria species, severely impacts poultry
production, leading to excessive economic losses. This study aimed to investigate the effects of Eimeria tenella (ET)
infection on luminal (L) and mucosal (M) cecal (Ce) microbial population. Ross 708 broilers (288) were inoculated with
4
10 ET oocysts (IF) or sham-inoculated (C) at 21 d post-hatch. To investigate CeL and CeM bacterial communities,
cecal contents and epithelial scrapings were collected 0, 3, 5, 7, 10, and 14 d post-infection (PI) from C and IF birds
for bacterial DNA isolation. At each time point, body weight (BW) and feed intake (FI) were recorded, and body weight
gain (BWG) and feed conversion ratio (FCR) were calculated and analyzed using Statistical Analysis System (SAS)
software v9.4. The microbiota was determined by sequencing of the hypervariable V3-V4 region of bacterial 16S rRNA
(Illumina). Alpha and beta diversity were analyzed using Kruskal-Wallis and PERMANOVA, respectively, on the QIIME
2 2020.11 platform. Differential abundance of bacterial taxa was analyzed using Linear Discriminant Analysis Effect
Size (LEfSe). Metagenomic functions were predicted using PICRUSt2 v2.3.0-b. IF birds had significantly lower BWG
and higher FCR 7 d PI (P < 0.05). In CeL microbiota, observed features (ASVs) and richness (Faith’s Phylogenetic
Diversity) were lower (P < 0.05) 7 and 14 d PI, while evenness was lower 5 d PI, but became higher on 14 d PI (P <
0.05) in IF birds in comparison to C birds. Beta diversity analysis showed significant differences between IF and C
microbiota 7 d PI (Unweighted UniFrac, P < 0.05). In CeM microbiota, Shannon diversity, ASVs, and evenness were
lower (P < 0.05) in IF birds 7 d PI. Microbiota of IF and C birds significantly differed on 7 d PI (Unweighted UniFrac, P
< 0.05). LEfSe analysis indicated a higher relative abundance of Enterobacteriaceae (identified as Escherichia coli or
Escherichia-Shigella) in IF compared to C in both CeL and CeM datasets, and substantial increases in
Enterobacteriaceae were observed in IF birds 7 d PI. In addition, predicted metagenomic functions related to amino
acid biosynthesis were differentially expressed in IF birds, with some of these pathways associated with E. coli strain
K-12. In conclusion, our results show that ET infection disturbs mucosal and luminal microbiota balance in chickens.
Moreover, luminal microbiota seems to be more susceptible to prolongated imbalance due to IF, while mucosal
microbiota appeared to be affected only in the short term.
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FINAL ID: 243
TITLE: Limited gut microbiota overlap between heavy breeders and their specific progeny
Abstract Body: Introduction: Published microbiota comparisons show similarity between hens and their progeny,
implying the possible vertical transmission of commensal gut bacteria from one generation to the next through the
egg. On the other hand, another publication showed that exposure to hens greatly affected chick microbiota
composition, implying vertical transmission through the egg is limited. Characterizing vertical transmission through the
egg is important to develop methods that enhance the transmission of commensals while inhibiting the transmission of
pathogens. Furthermore, identifying bacterial phyla which do not transmit effectively through the egg is important, as
these bacteria might be important for the development of a normal healthy microbiota.
Objective: To identify bacterial strains and phylogenetic groups that may be vertically transmitted through the egg.
Materials and methods: We collected fertilized eggs from ten broiler breeders and grew their chicks for 14 days. We
collected fecal samples from the hens during egg collection week and from the chicks at ages 2, 7, and 14 days. We
then performed 16S rDNA sequencing and compared microbial communities.
Results: Out of 410 bacterial strains identified in hen feces only 25 were identified in the chicks by day 2 of life.
Furthermore, out of the 410 strains, 250 did not appear in the chicks at least till day 14 of life. PCoA analysis by
Jaccard distances showed a progression in the chick’s microbiota composition through life. The same analysis also
reveals that the chick’s microbiota composition is different from the hen’s microbiota composition and that the chick’s
microbiota displays high variation. Last, chick bacterial community analysis identified high levels of potential
pathogens such as members of Proteobacteria.
Conclusions: The few bacterial strains that we identified as common to both hens and 2 day old chicks are possibly
transmitted through the egg and warrant further research. However, our results imply that for many bacterial strains
transmission through the egg either does not occur at all or is not an effective means of transmission. While we only
measured colonization till day 14, this already represents between half to a third of the life span of broilers.
Furthermore, while it is possible that colonization does not occur because the gut is not in a developmental state in
which these bacteria are able to colonize, published results showing that exposure to the hen enables chick
colonization, imply this is not the case. To conclude, further research is required to determine the impact of the lack of
transmission of these gut commensals on commercial broilers, and if artificial exposure can positively impact broilers.
KEYWORDS: gut microbiota, vertical transmission, probiotics.
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FINAL ID: 244
TITLE: Development of monoclonal antibodies against Clostridium perfringens
Abstract Body: Clostridium perfringens is a foodborne bacterial pathogen causing severe necrotic enteritis in chickens
and enteritis in humans. Limited effective options are available to treat C. perfringens-induced illness. In this study, we
aimed to develop monoclonal antibody (mAb) to prevent and treat C. perfringens-induced diseases. BL6 wild type
(WT) mice were immunized three times with C. perfringens sporulation protein (Cp-spor-super) to generate anti-C.
perfringens B cells. 14 days after the last booster immunization, plasma B cells in the spleen were collected for RNA
isolation. Reverse transcription was used to generate complementary DNA (cDNA) from the RNA template. A set of
PCR primers were used to amplify antibody variable region of heavy chain (Vh) and variable region of light kappa
chain (Vl) from cDNA. The PCR products of Vh and Vl were further assembled into a single-chain variable fragment
(scFv) using PCR. All the scFv sequences were inserted into a phagemid of pComb3xSS through digestion with SfiI
and then ligation with T4 enzyme. Phage Display with antigen Cp-spor-super in a plate was performed to select the
genes expressing anti-C. perfringens mAb. Dot-blot was conducted to detect the efficiency of selected phages
strongly binding to Cp-spor-super. The results showed that the PCR sizes of Vl and Vh segments were around 350 to
400bp through gel electrophoresis. After gel purification and overlapping PCR, the resulted scFv PCR was around
800bp. After digestion and ligation, the successful construction of recombinant plasmid (pComb3xSS-scFv) was
confirmed by double digestion with the NruI and SacI and gel electrophoresis, which showed two bands of 3318bp
and 800bp representing the linearization pComb3xSS and scFv, respectively. The scFv phage were generated after
transforming pComb3xSS-scFv into E. coli TG1 and co-infected with M13O7 phage. The scFv phage was selected
through bio-panning in a plate coating with Cp-spor-super. After 2 cycle of bio-panning, the eluted scFv phage showed
strong black dot against Cp-spor-super with Dot-blot assay. In conclusion, we have produced anti-C. perfringens mAb.
The following-up is to identify and characterize the individual mAb for preventing and treating C. perfringens-induced
enteritis.
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FINAL ID: 245
TITLE: Assessment of mycotoxins contamination and chemical composition of South American corn via Near Infrared
reflectance spectroscopy (NIRS), year 2020
Abstract Body: Being widely cultivated throughout the world, corn plays a unique role in the Industry due to its great
use in animal feed, particularly as a basic ingredient in poultry diets. However, grain quality can be altered by the
presence of fungi, which produce mycotoxins under favorable conditions. When ingested, these toxins have a
negative impact on animal production. Corn grain quality is also affected by its nutritional composition, which varies
according to genotype, growing location, and cultivation and processing conditions. It is thus essential to develop
reliable methodological tools to analyze this important ingredient. In this context, the present study employed Near
Infrared reflectance spectroscopy (NIRS) to examine South American corn samples throughout 2020 in order to
assess mycotoxicological contamination and determine water activity (A ) and chemical composition. Samples were
w
ground in a sampler miller fitted with a 1 mm sieve, homogenized and then scanned on NIRS equipment. A total of
96,921 analyses were performed in corn from Argentina, Bolivia, Brazil, Colombia and Peru. The Brazilian samples
were stratified according to the country’s five regions. Concentrations of mycotoxins, A , crude protein (CP), ether
w
extract, starch and apparent metabolisable energy in poultry were determined in 8,854 spectra. FBs was the most
prevalent toxic metabolite in South American corn, being detected in 91.6% of the samples (mean 1,723 µg/kg); ZEN
had the second highest positivity, 15.4% (mean 8 µg/kg), followed by AFB with 15.3% (mean 1.2 µg/kg). FBs also
1
had the highest incidence in Brazilian samples, 92.6% (mean 1,833 µg/kg), followed by AFB with 15.2% (mean 1.1
1
µg/kg) and ZEN with 14.7% (mean 8 µg/kg). Contamination with at least one mycotoxin was found in 93.4% of the
samples. A index showed oscillations in relation to the means, but the levels were below the safe limit (0.70), thus
w
indicating that the kernels were well stored. There were variations in the chemical composition of the samples. CP
ranged from -10% in Colombia to +12.4% in Bolivia in relation to the mean (7.42%). In Brazil, the Southeast region
presented the largest positive variability in relation to the means for all evaluated parameters, followed by the
Northeast region (excepting for CP); the South region showed the greatest negative oscillation (excepting for CP). The
present findings demonstrate that NIRS suits the needs of the Industry for providing information on multiple
parameters in real time. Data on prevalence, mycotoxicological contamination, storage conditions and nutritional
quality of corn speed up the process of decision making regarding raw material use.
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FINAL ID: 246
TITLE: Correlation between naturally occurring feed mycotoxins and necrotic enteritis severity in broiler birds
Abstract Body: Poultry feeds are naturally contaminated with aflatoxins, fumonisins, deoxynivalenol,
acetyldeoxynivalenol, zearalenone and several other mycotoxins. Mycotoxins increase gut permeability and can
exacerbate the severity of necrotic enteritis in poultry. This study quantified and correlated the feed mycotoxin content
to the necrotic enteritis disease score and gut permeability. Six experiments were conducted over a period of nine
3
months. In all six studies, birds were raised in cages and challenged with 5x10 Eimeria maxima oocysts on d14 and
8
with 1x10 CFU Clostridium perfringens on d19, 20, and 21. All studies were replicated in 8 pens. At d21, three birds
per pen were sacrificed and scored for necrotic enteritis disease severity, and gut permeability was measured by
FITC-D gavage assay. All studies had the same feed formulation except for the source of grains. Feed was quantified
for aflatoxin B1, B2, and G1, fumonisin B1, B2, B3, dexoynivalenol, acetyldeoxynivalenol and zearalenone content by
HPLC. The total aflatoxin content of Diets 1 to 6 was 21.2, 5.2, 3.8, 3.5, 3 and 2.5 ppm. Diet 1 had 16.7 ppm aflatoxin
B1, while Diets 3, 5, and 6 had no aflatoxin. Diet 3 had the highest concentration of total fumonisins of 3.5 ppm. Diet 4
had 2.3 ppm aflatoxin B1 and 1.5 ppm total fumonisins. Diets 5 and 6 had 366 and 123 ppb of zearalenone. Birds fed
Diet 1 had the highest (P < 0.05) Wilcoxon/Kruskal-Wallis necrotic enteritis score means, which was significantly
higher than the other experiments. Birds fed Diets 5 and six had the lowest Wilcoxon/Kruskal-Wallis necrotic enteritis
score means. Analyzing the data from all six experiments, there was a positive correlation between feed total
mycotoxin (r = 0.48) and total aflatoxin (r = 0.48) content with the necrotic enteritis disease severity. There also was a
positive correlation between feed total mycotoxin (r = 0.67) and total aflatoxin (r = 0.67) content with serum FITC-D
content. It can be concluded that naturally occurring feed mycotoxins, particularly aflatoxins, at levels above 21.2 ppm
exacerbates necrotic enteritis disease severity by increasing gut permeability.
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FINAL ID: 247
TITLE: POULTRY COMPOST AS AN ALTERNATE SAFE FEED INGREDIENT IN BROILERS PRODUCTION
Abstract Body: Poultry litter is being used as a fertilizer in agriculture lands and as a source of food in poultry and
livestock since long. But the use of non-processed litter is a source of land and water contamination with NO which
3
could eventually result in respiratory illnesses, cancer and fetal anomalies. Litter composting is viewed as a viable
mean for reducing such toxic effects of litter application on agriculture land. The purpose of current study is the
introduction and implementation of concept of processed poultry litter as a safe feed additive in broiler poultry.
Compost was prepared from dead birds and poultry litter and its nutritional value was confirmed by proximate and
mineral analysis and microbial composition was checked by whole genome sequencing (16S RNA) of the DNA
extracted from the compost. The results showed no harmful bacteria or toxic chemicals in the compost. Two hundred
and forty, day old broiler chicks were used in the trial and were randomly divided into five treatment groups (n=48) with
compost supplementation in the broiler feed with a 0, 2.5, 5, 7.5, and 10 percent ratio. On day 42 the birds were
slaughtered for the collection of Blood samples which were analyzed for lipid profile, hematology, serum glucose level,
total protein, albumin and oxidative stress biomarkers by spectrophotometric colorimetric assays. All the lab values
were statistically tested on one way ANOVA using the SPSS software. All the results were non-significant among
groups showing no adverse effects as compared with control. In conclusion, composting of poultry wastes (litter, dead
birds) can be an efficient procedure for converting wastes into cheap feed ingredient with minimum environmental
pollution and health hazard for the birds. The cost of broiler feed could also be reduced by replacing the feed with
poultry litter and compost.
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FINAL ID: 248
TITLE: Response of hilA of Firmly Attached Salmonella Infantis on Chicken Skin to the Use of Cetylpytidinium
Chloride (CPC) as a Short Duration Dip
Abstract Body: With the emergence of pESI-like megaplasmid among Salmonella Infantis strains isolated from poultry
meat, the poultry industry has become increasingly aware of the enhanced resistance of Salmonella Infantis to
antimicrobials such as peroxyacetic acid (PAA). Therefore, the industry is tasked with identifying effective strategies to
reduce these S. Infantis strains and potentially minimize virulence gene expression of any Salmonella remaining
attached to the poultry carcasses. Previously presented data (PSA 2020) demonstrated that the application of PAA
and cetylpytidinium chloride (CPC) as short-duration dips were effective in reducing Salmonella Typhimurium and S.
Infantis firmly attached to poultry skin. In the current study, we specifically focused on virulence gene expression in
response to these antimicrobials. As such, the objective of the study was to evaluate the efficacy of CPC on reducing
Salmonella Infantis and the expression of hilA, a transcriptional regulator of pathogenicity and invasion, on poultry skin
compared to the industry standard PAA. Chicken breast skins (4 x 4 cm; N = 100, n = 10, k = 5, per inocula) were
inoculated with Salmonella (Typhimurium or Infantis) and allowed to adhere for 30 min (4 °C) for a final attachment of
8
10 CFU/gram. Skins were then shaken for 30 s to remove excess fluid, and the remaining bacteria were considered
firmly attached. Chicken skins were treated with the following short-duration dips (30 s) in 50 mL: a no inoculation - no
treatment control (NINTC), no treatment control (NTC), tap water (TW), TW + 500 ppm PAA (PAA), or TW + 500 ppm
CPC (CPC). The excess fluid was shaken off (30 s), and skins were rinsed in neutralizing Buffered Peptone Water
and agitated via stomacher (1 min). Skins were discarded, and the rinsates were spot-plated for Salmonella. Reverse
transcriptase-qPCR (rt-qPCR) was performed targeting the hilA gene of the rinsates of the S. Typhimurium and S.
Infantis inoculated skins. The rt-qPCR cycle thresholds of the target gene, hilA, and control gene, 16S, were
ΔΔct
transformed using the 2
method. Data were analyzed using a one-way ANOVA and polynomial contrasts in R
with means being separated by Tukey’s HSD (P £ 0.05). There was no main effect of treatment on the expression
change of hilA (P > 0.05). However, using polynomial contrasts, the treatment of skins with CPC reduced the
expression change of hilA in comparison to the controls (NTC, TW, CPC; P < 0.05). There were no differences
between NTC, TW, and PAA t when polynomial contrasts were performed (P > 0.05). In conclusion, CPC is
potentially effective in reducing S. Infantis hilA expression levels on chicken skin when used as a 30 s short-duration
dip.
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FINAL ID: 249
TITLE: Effects of Hot Water Spray and Sub-zero Saline Chilling on Bacterial Reduction of Broiler Carcasses
Abstract Body: Introduction: Reduction of Salmonella load on poultry carcasses is one way to prevent salmonellosis.
Salmonellosis is a major cause of bacterial enteric illness in both humans and animals. Each year an estimated 1.4
million cases of salmonellosis occur among humans in the United States. The CDC estimates that Salmonella in food
causes approximately,000 hospitalizations and 380 deaths in the United States each year (CDC 2019). The purpose
of this research was to evaluate the effects of subzero saline chilling (SSC) with/without hot water spray (HWS) on
broiler carcasses for bacterial reduction.
Material & Methods: A total of 16 commercial broilers in market sizes (6 weeks old in live weights 2.3 – 3.3 kg) were
obtained locally. These birds were electrically stunned for 3 s (40 mA, 60 Hz, 110V), bled for 120 s, scalded for 120 s
o
at 56.7 C, and defeathered in a rotary drum picker for 120 s in the Meat Processing Center at California Polytechnic
State University. After manual evisceration and washing, four carcasses were randomly assigned to one of the four
o
o
chilling treatments: 1) water immersion chilling (0% NaCl/0.5 C) (WIC), 2) HWS (71 C for 1 min) and WIC, 3) SSC
o
(4% NaCl/-2.41 C), and 4) HWS and SSC. Data 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.
Results: Broiler carcasses in SSC were chilled faster than those in WIC, regardless of HWS. The best bacterial
reduction of mesophilic aerobic bacteria, Escherichia coli, and total coliforms was observed on the carcasses chilled in
HWS/SSC over WIC, SSC, and HWS/WIC. No Salmonella was detected on the carcasses chilled in SSC and
HWS/SSC while Salmonella was positive on all carcasses chilled in WIC and HWS/WIC. Almost no Gram-negative
genus was detected in HWS/SSC when quantitative microbiota profiles of 16 rRNA gene sequences were evaluated.
Conclusion: Based on these results, the combination of HWS and SSC significantly improved chilling efficiency and
bacterial reduction, especially for Gram-negative bacteria.
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FINAL ID: 250
TITLE: Effects of common litter treatments on Campylobacter jejuni prevalence in broilers
Abstract Body: Campylobacter jejuni is an important zoonotic foodborne pathogen commonly associated with poultry.
In humans, it causes acute gastrointestinal disease due to the consumption of contaminated products. Campylobacter
is shed through feces from contaminated birds into the litter. In commercial settings, litter is reused for multiple flocks
which could spread Campylobacter if the bacteria survive. Two grow-outs were conducted to evaluate if reusing
Campylobacter contaminated litter is indeed a possible way to spread the bacteria and to assess the effect of windrow
composting and sodium bisulfate poultry litter treatments on prevalence of C. jejuni in the litter and the flock. For each
grow-out, 1250 chicks were obtained from a commercial hatchery and 50 chicks were randomly assigned to 25 floor
pens. In the first grow-out, five birds per pen were inoculated with 7 log CFU/mL dose of C. jejuni on days 14 and
10
21. The spread of Campylobacter was monitored on a weekly basis after inoculation by collecting litter samples (boot
swabs) and ceca samples from five un-inoculated birds per pen. For the second grow-out, birds were randomly
assigned to one of the following treatments: (-) control (fresh litter), (+) control (used litter with no treatment), sodium
2
2
bisulfate (100 lb./1000ft ), windrow composting or sodium bisulfate (100 lb./1000ft ) and windrow composting.
Samples from litter (boot swabs) and ceca were collected at days 14, 21, 28, 35 and 42 for C. jejuni enumeration and
prevalence estimation. Samples were spread plated onto Campy Cefex blood agar plates for enumeration and
incubated for 24 hours at 42 C in Campylobacter Enrichment Broth (3M) to determine prevalence using the 3M
Molecular Detection System. The first flock had 100% of the pens (25) and 84% of the birds (105/125) positive for C.
jejuni at day 28. In the second flock, bacterial counts for the organism were lower than the detection limit in every
treatment on each sampling date. Additionally, all the pens (25) and birds (125/125) sampled were Campylobacter
negative at the end of the second trial. The results of these studies suggest that Campylobacter may not survive in the
litter after a three-week downtime period in between flocks. Future studies will continue to evaluate Campylobacter
survivability on litter to determine the necessary downtime to stop Campylobacter spread to a subsequent flock.
KEYWORDS: Campylobacter jejuni, Litter contamination .
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FINAL ID: 251
TITLE: Identification of Enterococcus cecorum in broiler breeder waterline biofilms and fecal sample
Abstract Body: Following a drop in hatchability, our goals were to identify a bacterial pathogen as a potential source
of contamination in broiler breeder barn environmental and fecal samples.
Material and methods
Numerous unhatched eggshells and barn environmental swabs,and fecal samples were collected. Bacteriological
tests were performed to detect avian pathogens. Confirmation for Enterococcus cecorum (EC) was done by MaldiTOF.
Sequencing and genome assembly : As comparison, a known pathogenic EC strain was selected from our lab
collection (CECO0008) and all isolated EC genomes were sequenced with NovaSeq 6000 (Illumina). De novo
assembly was done after read trimming and contigs aligned against the complete genome of an EC strain
(NCTC12421).
Detection of virulence factors : All strains were screened for EC known virulence factors: asa1 (aggregation
substance), gelE (gelatinase), hyl (hyaluronidase), esp (enterococcal surface protein), cylA (cytolisin), efaA
(endocarditis antigen), ace (collagen-binding protein).
Phylogenetic trees : Protein identification was performed, pangenome analysis and core genome alignment were
done. Phylogenetic trees were made using the core genome alignment and the aligned nucleotide sequences of the
sodA gene found in all EC strains. Two Maximum Likelihood trees (core genome alignment and sodA gene) were
constructed with a bootstrap method (Bootstrap replications=500) and the Jukes-Cantor model nucleotide substitution.
Antibiotic resistance profiling : All EC genomes were screened for antibiotic resistance genes using ABRicate with the
NCBI database.
Results
No pathogenic bacteria was isolated from unhatched eggs. EC was the only known potential pathogen isolated from
the egg room humidifier (CECO0002), waterline biofilm (CECO0001) and fecal samples (CECO003, CECO0004 and
CECO0005). CECO0002 was closely related to CECO0004, while CECO0003 and CECO0005, both from fecal
samples from the same floor were closely related. None of our strains showed the presence of previously reported
virulence genes, but neither did our control pathogenic strain. All tested EC strains did carry 2 to 7 antimicrobial
resistance genes.
Conclusions
Enterococcus cecorum is a new pathogen causing spondylitis and osteomyelitis in chickens. It was initially believed to
be a commensal of chicken intestines, until pathogenic strains appeared. The origin and source of these strains,
where, and whether they survive in a barn environment, are unknown. This is the first report of Enterococcus cecorum
isolation from the environment, more specifically the drinking water system. Isolated EC strains were multidrugresistant, hence could serve as a reservoir for resistance genes to other Enterococcus spp.
KEYWORDS: Enterococcus cecorum, sequencing, waterline biofilm, antimicrobial resistance, waterline
contamination.
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FINAL ID: 252
TITLE: Evaluation of a protocol to study Salmonella and Campylobacter spp. inovo transmission via inoculation and
incubation of hatching eggs
Abstract Body: Salmonella and Campylobacter spp. are important foodborne pathogens, and increased knowledge on
egg transmission would be beneficial for intervention strategies. There is documentation that Salmonella spp. can be
transmitted from hen to egg and offspring, but the data is lacking for Campylobacter spp. The objective of this project
was to evaluate an inoculation and recovery protocol for hatching eggs using S. Enteritidis (SE) as a potential way to
study egg transmission for both Salmonella and Campylobacter spp. Two experiments were performed using 2 SE
2
3
inoculum levels: 10 (exp 1), 10 (exp2), and buffered peptone water (BPW, negative control). For both experiments,
156 SPF white Leghorn eggs were divided into 2 treatments, SE or BPW inoculated (n=78). On d0, a hole along the
equator of the egg was ground and inoculum was injected into the albumen before incubation. Eggs were incubated at
37.5°C, 54% relative humidity, and turned every hr. Three eggs/treatment were sampled on d0 to confirm inoculation,
and 30 eggs/treatment were sampled on d5 and d15 of incubation. Embryos were aseptically removed and sampled
separately from egg contents. Direct and enriched plating was performed to determine the recovery and mortality of
embryos was recorded. For direct counts, ANOVA was used to determine significance; for prevalence and mortality
data, the Kruskal-Wallis method was used to determine significance (p≤0.05). For overall mortality, there were no
significant differences (p>0.05) between the SE and BPW treatments for exp 1 (16%) and exp 2 (16% vs. 7%). For
exp 1 at d5, SE counts were significantly higher (p<0.0001) for both embryos (2.79 log /mL) and egg contents (1.97
10
log /mL) compared to BPW treatment (0 log /mL). For d15, there were no significant differences (p=0.06) between
10
10
the SE (0.32 log /mL) and BPW (0 log /mL) treatments for embryos, and no egg contents were positive with direct
10
10
or enriched plating. For exp 2, there was a significant difference (p<0.0001) at d5 for SE recovery from embryos (3.11
log /mL) and egg contents (3.16 log /mL) compared to eggs inoculated with BPW (0 log /mL). At d15, there was
10
10
10
a significant difference (p=0.0036) in direct counts between SE (1.26 log /mL) and BPW (0 log /mL) treatments for
10
10
egg contents. For embryos, there were no significant differences for direct counts, but recovery from enriched plating
was significantly higher (p=0.0079) for SE (21% positive) vs. BPW (0% positive) treatments. Results confirm that
Salmonella Enteritidis can be recovered from both embryos and egg contents of hatching eggs incubated up to 15d
and be a potential protocol to study egg transmission. Further experiments with evaluate this protocol with
Campylobacter spp. as well.
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FINAL ID: 253
TITLE: Investigation of the Potential of Aerosolized Salmonella Enteritidis on Colonization and Persistence in Broilers
from D 3 to 21
Abstract Body: The presence of Salmonella in air of poultry houses has been confirmed through published research.
Therefore, it is important to investigate the transmission of Salmonella to chickens via air. The present study aimed to
evaluate the potential of different doses of aerosolized Salmonella Enteritidis inoculation, in day-old broilers, on
colonization of ceca, liver/spleen, and trachea of broilers over time. For each of the three independent trials, a total of
112 1-d old birds were randomly divided into four groups (n=28/group). On d 1 of bird age, group 1 (control) was
3
exposed to aerosolized sterilized saline and remaining groups were exposed to one of three doses, 10 CFU/mL
6
9
(group 2), 10 CFU/mL (group 3), 10 CFU/mL (group 4), of aerosolized Salmonella Enteritidis. Aerosolized exposure
time was 30 min/group and was performed using a nebulizer. Nebulizer generated aerosol particles were <5 µm and
the average nebulizing rate was 0.20 mL/min. Following nebulization, birds were reared in separate battery cages up
to 21 d of age. On d 3, 7, 14, and 21 of age, ceca, liver/spleen, and trachea of 6 birds/group/trial were aseptically
removed following euthanasia. Tissues were cultured for Salmonella prevalence and ceca for Salmonella counts (log
CFU/g). Salmonella counts were analyzed by two-way ANOVA with Tukey’s HSD for means separation.
10
Prevalence data were analyzed using Fisher’s exact test. All sampled tissues from the control group were Salmonella
negative. On sampling d 3 and 7, ceca Salmonella counts were highest from group 4 (5.14 and 5.11, P≤0.0281). No
differences for Salmonella counts were observed among groups on d 14 or 21 (P≥0.5666). In group 2, ceca
Salmonella counts increased (P=0.0188) from d 3 (2.43) to d 7 (4.43) and then remained constant. Ceca Salmonella
counts decreased over time for groups 3 and 4 (P ≤ 0.0005, 4.56 to 2.59 group 3, 5.14 to 2.81 group 4). For each
tissue, Salmonella prevalence increased with increasing inoculum levels at all sampling timepoints (P≤0.0213).
Salmonella prevalence was low (0/18 to 4/18) and did not change over time in sampled tissues for group 2
(P≥0.2394). For groups 3 and 4, Salmonella prevalence decreased over time in ceca (17/17 to 8/18 group 3, 18/18 to
12/18 group 4) and trachea (17/18 to 5/18 group 3, 18/18 to 14/18 group 4) (P≤0.0483). For group 4, liver/spleen
prevalence increased from d 3 (11/18) to d 14 (18/18) and then decreased at d 21 (10/18) (P=0.0015). Overall, this
study demonstrated that Salmonella colonization and persistence in chickens following aerosol inoculation is
dependent on Salmonella challenge levels and sample time post exposure.
KEYWORDS: Salmonella, broiler, aerosol, tissues, poultry.
CURRENT CATEGORY: Microbiology and Food Safety
PRESENTER: Amrit Pal
1
1
1
1
AUTHORS (FIRST NAME, LAST NAME): Amrit Pal , Rachel Osborne , Andrea Urrutia , Alexandra Jackson ,
1
1
3
2
1
Matthew A. Bailey , Kenneth Macklin , Stuart Price , R. J. Buhr , Dianna Bourassa
INSTITUTIONS (ALL):
1. Poultry Science, Auburn University, Auburn, AL, United States.
2. USDA-ARS US National Poultry Research Center, Athens, GA, United States.
3. College of Veterinary Medicine, Pathobiology, Auburn, AL, United States.

FINAL ID: 254
TITLE: Effect of Inoculation Dose on Prevalence and Concentration of Salmonella Reading in Commercial Turkey
Poults
Abstract Body: Salmonella enterica serovar Reading (S. Reading) has been recently associated with multistate
outbreaks in the United States and Canada through contaminated turkey products. This serovar exhibits a high
potential for persistence and dissemination in turkey production facilities, yet more research is needed to characterize
its behavior in live birds. The objective of this study was to determine the effect of S. Reading inoculation dose on
cecal colonization and dissemination to internal organs following experimental challenge of young turkeys. Turkey
2
4
poults (N=487) were assigned to four challenge groups corresponding to a S. Reading inoculation dose of 10 , 10 ,
6
8
10 , or 10 CFU/mL (n=112/group), along with a non-inoculated control group (n=39). The birds were orally
challenged on day 7 of age and euthanized on days 9 (n=50), 14 (n=314), and 21 (n=50). On sampling days, the
ceca, liver, and spleen were aseptically removed for microbiological analysis. Ceca samples were collected from all
turkey poults (n=414), liver and spleen samples were collected from 50 birds (n=150/organ). The prevalence and
concentration of Salmonella were determined following the SalQuant procedure of the BAX® PCR System, along with
conventional surface plating using XLD agar. One-way ANOVA and Chi-Square were used to evaluate statistical
2
differences. Recovery of Salmonella was highest in the ceca (P ≤ 0.05). Turkey poults challenged with 10 CFU/mL
had the lowest prevalence of Salmonella (P ≤ 0.05) and reached a maximum of 60% at 7 days post-challenge. In the
2
4
6
8
remaining groups, the prevalence ranged from 90 to 99%. Inoculation doses of 10 , 10 , 10 , and 10 CFU/mL
resulted in 2.1, 3.3, 5.8, and 6.0 log CFU/mL colonization of the ceca, respectively. Oral challenge with a dose of 10
10
8
CFU/mL resulted in the higher prevalence and persistence of colonization. The concentration of Salmonella in
6
8
treatment groups 10 and 10 CFU/mL decreased to 3.3 and 4.6 log CFU/mL after 28 days, while the prevalence
10 2
4
remained similar. The opposite trend was observed in treatment groups 10 and 10 CFU/mL. Dissemination of S.
Reading to internal organs was low, irrespective of inoculation dose, and the prevalence did not surpass 20% and
10% in the liver and spleen, respectively. Comparison of quantitative methods revealed that Salmonella detection
rates and mean populations were higher when using SalQuant (P ≤ 0.05). This study highlights the ability of S.
Reading colonization of turkeys and identifies an optimum challenge dose to evaluate poultry production interventions
in reducing its prevalence at pre-harvest.
KEYWORDS: Salmonella Reading, turkey, colonization, ceca, challenge.
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FINAL ID: 255
TITLE: Development of a protocol for early colonization of the chick intestinal tract
Abstract Body: Introduction: Ideally, the chicken gastrointestinal tract should be colonized by bacteria that are
important to ensure health and growth performances. First colonisers can influence immune system hence immunity.
However, microbiota manipulation in chicks to obtain a stable bacterial population has had limited success.
Objective: To develop a protocol of colonization of newly hatched chicks using different profiles of cecal microbiota.
Methods: 240 Cobb eggs were divided into the following 4 treatment groups: a) Conventional: cecal content of
commercial broiler chickens raised under conventional production system, b) Organic: cecal content of organically
raised layer hens with open access to pasture, c)
Autoclaved: autoclaved cecal content of organic layer hens and d) Control: no cecal content.
The cecal content of 10 donor birds was diluted in 1L of saline, which was spread on eggs the day before hatching,
given by gavage (1ml) after hatching and mixed with the drinking water. Ten birds per group were euthanized at day 2,
7, 14, 28 and 42. Next generation sequencing was used to characterize cecal bacterial communities.
Results: Cecal microbiota composition at D7, D14, D28 and D42 was statistically different between treatments
(P<0.001) and more similar to the donor’s bacteria. Time of sampling (age) also impacted the cecal microbiota
(P<0.001).
Conclusions: This protocol was efficient to colonize chicks’ ceca with the donors’ cecal microbiota.
Age and source (donor) influenced the cecal microbiota of chickens during the entire grow out with initial colonization
creating a stable and long lasting cecal microbiota.
The protocol developed and the data generated in this study can both be used for the development of microbiomebased interventions to enhance performance and to prevent diseases in commercial flocks.
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TITLE: Effect of Dietary Resistant Starch on Cecal Microbiota and Metabolome in Pekin Ducks
Abstract Body: The microbial barrier within cecum plays an important role in protection against pathogens and
maintain intestinal health in poultry. Alteration in gut microbial composition literally brings a wide variation of
metabolites and metabolic pathways, which consequently exert a tremendous influence on host health. Currently,
knowledge about the impact of dietary resistant starch on the link between cecal microbiota and metabolites is limited.
In this study, Illumina Hiseq high-throughput sequencing and LC-MS/MS technology for untargeted metabolomics
analysis were used to investigate the effect of raw potato starch (RPS, RS2) on microbial composition and metabolites
in the cecum of Pekin duck. A total of 200 1-d-old male ducklings were fed (10 pens of 10 ducklings, on each diet)
either basal diet without RPS (Control) or RS diet with 12% RPS for 21 days. Subsequently, samples of cecal contents
were prepared for examination. All data analyses were performed using R and Python. The model construction was
performed by using R package Vegan. The microbial results showed that RS group significantly elevated (1.2-fold) in
Firmicutes abundance and Firmicutes/ Bacteroidetes ratio compare with the control group. Based on Lefse analysis,
birds fed RS diet had significantly increased levels of Lactobacillales, Rothia, Erysipelotrichaceae, and Coprobacillus
compared to basal diet-fed ducks. As for metabolomic analysis revealed that metabolic pathways, tryptophan
metabolism, Steroid hormone biosynthesis, vitamin B6 metabolism, arginine and proline metabolism, tyrosine
metabolism, mTOR signaling pathway, phenylalanine, tyrosine and tryptophan biosynthesis and FoxO signaling
pathway were impacted by RS diet. And RS supplementation significantly upregulated the abundance of Kynurenic
acid, Arachidonic acid, Equol, 5-Hydroxyindoleacetic Acid and 4-phenylbutyric acid, etc., while downregulated the
Indolelactate, Indoleacetaldehyde, Creatine, Neu5Ac, Aflatoxin G1 and Glycerophospho-N-palmitoyl ethanolamine,
etc. Furthermore, a Spearman’s correlation analysis indicated that Lactobacillaceae was positively correlated with
Ethylestrenol, Androstenedione, N-acetyl-L-cysteine, S-succinyl-dihydrolipoamide, Ethyl cinnamate, Cianidanol,
Homocarnosine, Imazaquin, Tryptophyl-4-hydroxyproline and kynurenic acid, etc., while negatively with Methional,
Indole-3-lactic acid, Indole-3-acetaldehyde, Malic acid, Glutaral, and 3-methylglutaric acid, etc. Accordingly, these
results suggest that RS not only alters the composition of the gut microbial composition but also modulates the
metabolomic pathway and metabolites, which may further affect the intestinal health of the host.
KEYWORDS: resistant starch, cecal microbiota, metabolome, intestinal health, Pekin ducks.
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FINAL ID: 257
TITLE: Role of microbiota on Campylobacter jejuni chicken colonization
Abstract Body: Campylobacter jejuni is one of the worldwide prevalent foodborne bacterial pathogens mainly
transmitted from poultry. However, few mechanisms are available on why C. jejuni colonizes chickens. In this study,
we aimed to investigate the mechanism of transplanting microbiota on C. jejuni chicken colonization. Mouse specific
pathogen free (SPF) microbiota was cultured on Brain Heart Infusion agar (BHI) and collected as SPF-Aerobe and
8
SPF-Anaerobe. Birds raised on floor pens were colonized with 10 CFU/bird SPF-Aerbe and SPF-Anaero at d 0 and
9
infected with 10 CFU/bird C. jejuni chicken isolate AR101 at d 12. Birds were sacrificed at day 28 to enumerate C.
jejuni cecal colonization on selective Campylobacter plates. C. jejuni AR101 was co-cultured with SPF-Anaero and
chicken anaerobic microbiota (Ch-Anaero) for examining the impact of microbiota on the pathogen in vitro growth at
an inoculation ratio of 1:100, and 1:1000. As a result, we found that the SPF-Aerobe and SPF-Anaero microbiota
5
4
6
reduced 91 % and 96 % of C. jejuni colonization in chicken ceca at day 28 (1.9x10 and 8.5x10 vs. 2.4x10
CFU/bird, respectively) compared to infected alone birds. Notably, transplanted SPF-aerobe and SPF-Anaero
increased Bacteroidetes (51.89 and 47.60% vs. 12.33%, respectively) compared to infected control birds. SPF-Anaero
5
reduced C. jejuni growth by 99% (1.4 x10 , and 0 CFU/ml) for both 1:100, and 1:1000 inoculations, while Ch-Anaero
5
reduced C. jejuni growth by 97% and 99% (5.6 x10 and 0 CFU/ml) for the inoculations. Interestingly, SPF-Anaero
and Ch-Anaero were comparable on inhibiting C. jejuni growth. In conclusion, SPF-aerobe and SPF-Anaero
microbiota resisted against C. jejuni chicken colonization, while SPF-Anaero and Ch-Anaero reduced C. jejuni in vitro
growth.
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TITLE: Assessment of Cecal Cycling in Broilers and Turkeys
Abstract Body: The ceca, in poultry, are two blind out-pockets of the GI tract located at the ileocecal junction. Small
undigested feed particles, water, and urine are filtered into and fill the ceca through reverse peristalsis (watery stage),
the diverse microbe population ferments the contents (frothy stage), the water is absorbed (pasty stage), and a cecal
dropping is expelled about twice per day, emptying the ceca and restarting the cycle. The objective was to evaluate
the cecal cycle stage of poultry at different ages and with different stressors (light and feed withdrawal (FW)) to
understand how the poultry ceca cycles at various stages of production. A series of 5 studies were conducted. The
first three studies [Study 1: 600 18-week-old turkeys; Study 2: 1,920 7-week-old broilers; and Study 3: 96 12-day-old
broilers] involved observation of the cecal cycle stage of turkeys and broilers. Studies 4 and 5 were conducted to
evaluate the effect of light and FW on broiler cecal evacuation. In study 4, 60 7-week-old broilers were evenly divided
into two treatment groups (T1: light on (4-5am) and FW (7pm-7am); T2: light off and FW (7pm-7am)). In study 5, 75 7week-old broilers were evenly divided into 3 treatment groups (T1: light on (3:30-6:30 am) and FW (6:30pm-6:30am);
T2: light on (3:30-6:30 am) and no FW; T3: light off and FW (6:30pm-6:30am)). Birds in studies 4 and 5 were sampled
at 7am and 6:30am, respectively, the cecal cycle stage was recorded for each bird. In study 1, 8 turkeys (1.33%) had
empty ceca while 508 turkeys (84.67%) had ceca in the pasty stage, 31 of which (5.16%) were partially emptied. All
broilers in study 2 had full pasty ceca. In study 3, 19 broilers (19.79%) had empty ceca while 72 broilers (75%) had
ceca in the pasty stage, 11 of which (14.67%) were partially emptied. In study 4, all 60 broilers had full pasty ceca; 2
fresh cecal droppings were observed in the T2 pens. In study 5, there were 74 broilers (98.6%) with pasty ceca; 5
birds (20%) in T1 had pasty ceca that were partially emptied, no cecal droppings were observed; T2 had one bird (4%)
with frothy ceca and 2 birds (8%) with a pasty, partially emptied ceca, no cecal droppings were observed. In
conclusion, studies 1-3 suggest that broiler ceca stop completely emptying some time after 2 weeks of age and
remain in the pasty stage. Turkey ceca continue cycling more than broiler ceca in the later stages of production.
Studies 4 and 5 indicate that under these conditions light and FW play a minor role in the cycling of the ceca. Although
more research needs to be done, our results indicate that cecal cycling changes throughout production which raises
concerns of dysbiosis and contamination issues at the processing plant.
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TITLE: Reduction of cecal colonization and internal organ dissemination of emerging Salmonella enterica serovar
Reading using a turkey-derived probiotic and a Salmonella Typhimurium vaccine in growing turkeys
Abstract Body: Identification of uncommon Salmonella serovars in turkey production as etiological agents of
foodborne outbreaks has alerted the industry to search for proactive measures to control these pathogens before
outbreaks result. The 2017-2019 S. Reading outbreak through raw turkey products is an example of such emergence
and warrants rapid control measures. This study investigated the antibacterial effects of a turkey-derived Lactobacillus
salivarius probiotic and a live attenuated S. Typhimurium vaccine (AviPro Megan Egg) on cecal colonization and
internal organ dissemination of S. Reading in growing turkeys. Thirty, day-old poults were allocated into one of 5
groups: negative control (NC), positive control (PC), vaccine (VAC), L. salivarius (LB), and the combination of the
vaccine and L. salivarius (LB+VAC). Poults in VAC and LB+VAC groups were vaccinated upon arrival and boosters
th
were given at 3 weeks of age and 2 days before Salmonella challenge at 6 week. The LB and LB+VAC groups were
supplemented with 7 log CFU/gal of L. salivarius through the drinking water every other day until the Salmonella
10
challenge, and then every day until sample collection. All turkeys except those in the NC group were inoculated with
approximately 5 log CFU/mL of S. Reading. Seven days after inoculation, ceca, crop, liver, and spleen were
10
collected from euthanized turkeys for Salmonella enumeration and enrichment. All cecal samples were homogenized
and diluted and the appropriate dilutions were plated on Xylose Lysine Deoxycholate (XLD) agar and plates were
o
incubated at 37 C for 24 hours before enumeration. Liver, spleen, and crop samples were enriched in selenite
cysteine broth and streaked on XLD plates for Salmonella identification after enrichment. Each treatment group had 6
birds, and the study was repeated 3 times (N=90). Data were analyzed using the PROC-MIXED procedure of SAS
and significance was detected at P<0.05. The results of the study indicate that all treatments were effective in
reducing emerging S. Reading in growing turkeys. The PC group had ~3log CFU/g S. Reading colonized in their
10
ceca. Compared to PC, the VAC group resulted in the highest reduction across all studies (2.3 log reduction; P<0.05).
LB resulted in 1.8 log CFU/g reduction and the combination a log reduction compared to PC (P<0.05). All
10
treatments significantly reduced dissemination of S. Reading to liver and spleen, and reduced recovery from crop.
Results indicate that the turkey-derived L. salivarius and the S. Typhimurium vaccine are effective in reducing the
cecal colonization and internal organ dissemination of S. Reading in growing turkeys. (NIFA #2020-67017-30787;
#2016-38420-25285)
KEYWORDS: Salmonella Reading, Lactobacillus, Vaccination, Growing Turkeys, Alternatives to Antibiotics.
CURRENT CATEGORY: Microbiology and Food Safety
PRESENTER: Claire Peichel
1
2
3
3
AUTHORS (FIRST NAME, LAST NAME): Claire Peichel , Shijinaraj Manjankattil , Grace Dewi , Ashton Amann ,
3
3
4
3
5
3
3
Peter Bina , Medora Creek , mastura akhtar , Timothy Johnson , Sally L. Noll , Kent M. Reed , Carol Cardona ,
6
Anup Kollanoor Johny
INSTITUTIONS (ALL):
1. Animal Science, University of Minnesota, St. Paul, MN, United States.
2. ANIMAL SCIENCE, UNIVERSITY OF MINNESOTA, Saint paul, MN, United States.
3. University of Minnesota, St. Paul, MN, United States.
4. animal science, university of minnesota, Saint Paul, MN, United States.
5. Animal Science, University of Minnesota, Saint Paul, MN, United States.
6. Animal Science, University of Minnesota, St. Paul, MN, United States.

FINAL ID: 260
TITLE: In silico prediction of novel vaccine candidates to reduce Campylobacter jejuni in chickens
Abstract Body: Campylobacter jejuni (C. jejuni) is a common food-borne pathogen that causes human gastroenteritis.
Poultry products are considered as major reservoirs for C. jejuni and the consumption of contaminated poultry
products is the main source of human infection. Controlling C. jejuni colonization in poultry is greatly needed to reduce
the frequency of food-borne illness in humans. The current study aimed to identify the conserved surface-exposed
antigens of C. jejuni, which could be used to develop subunit vaccines to reduce C. jejuni colonization in the poultry GI
tract. The genome sequences of four C. jejuni isolates from retail broiler carcass and giblets were utilized to identify
vaccine candidates by the reverse vaccinology strategy. Protein-coding sequences were predicted and annotated
using Prokka v1.13. The predicted protein sequences were analyzed using Vaxign to determine the subcellular protein
localization, transmembrane helicase, and adhesion probability. VaxiJen predicted the protein antigenicity.
Conservancy analysis of selected antigens was performed by local tblastn utilizing Geneious Prime v2020.2.2, which
was analyzed against a database of 206 C. jejuni strains and 34 C. coli. Finally, blastp analysis was performed to
confirm that the host Gallus gallus (taxid:9031) does not express the selected proteins. From the four C. jejuni strains
evaluated (MS2005, MS2058, MS2074, and MS2169); 1,820, 1,933, 1,629, and 1,750 protein-coding sequences were
predicted, respectively. Among these proteins, a total of 30 proteins were selected as they were predicted to be
present in an outer membrane or extracellular matrix, with transmembrane helixes ≤ 1 and an adhesion probability
score ≥ 0.5. From four screened C. jejuni strains, VaxiJen prediction for antigenicity revealed, 27 out of these 30
proteins were antigenic (antigen score ≥ 0.5). Among the 27 antigenic proteins, 21 protein sequences were conserved
(presence in > 80%) within the C. jejuni and C. coli strains. None of the proteins were expressed by the host Gallus
gallus. Among the 21 conserved protein sequences obtained, five proteins were found in all four C. jejuni strains and
one protein (FlgE) was found only in MS 2074 strain. Overall, six conserved proteins out of the initial 21 were
identified as conserved protein antigens (Phospholipase A, MoMP or PorA, FlgE, FliD, TonB, and Cj-cdtB). Out of the
six conserved proteins, three novel antigens (Phospholipase A, TonB, and Cj-cdtB ) were identified, which have not
been tested as vaccine candidates and have the potential for the development of efficient vaccines. In conclusion, this
study identified novel and highly conserved vaccine candidates, which could be used to develop subunit vaccines.
KEYWORDS: Campylobacter jejuni, reverse vaccinology, antigen selection, subunit vaccine, poultry.
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FINAL ID: 261
TITLE: Prediction of fumonisins B and B through Near Infrared Reflectance Spectroscopy (NIRS) in distiller’s dried
1
2
grains with solubles (DDGS)
Abstract Body: Distiller’s dried grains with solubles (DDGS) is the major by-product of biofuel plants that use corn as
raw material. This cereal is commonly contaminated by toxic substances known as mycotoxins. Fusarium stands out
among the various genera producing these toxins, as it includes the main producers of fumonisins (FBs). In poultry,
ingestion of FBs triggers numerous negative effects upon animal performance. DDGS has been used as an alternative
to protein sources in poultry diets due to its nutritional characteristics. As well as other mycotoxins, FBs present in
corn are concentrated in DDGS during its processing, and mycotoxicological monitoring is essential before its use in
feed formulations. Advanced methodological tools, such as the Near Infrared reflectance spectroscopy (NIRS), have
been gaining ground in the Industry due to the speed in analysis of multiple parameters. Thus, this work aimed to
develop a method for predicting FBs B and B in DDGS using NIRS in association with chemometric methods. One
1
2
hundred and sixty-six DDGS samples were used to build the models. Two datasets were created: a calibration group,
containing 132 samples, and an external validation group, including 34 samples. The material was received and
promptly analyzed at the Laboratory of Mycotoxicological Analyses (LAMIC), Santa Maria (Brazil), by Liquid
Chromatography Coupled to Tandem Mass Spectrometry (LC-MS/MS; reference method) throughout 2020; another
fraction was used for optical data collection in order to build the spectra library. The spectra were obtained in a Foss
®
XDS Rapid Content Analyzer and the data were extracted and converted into a JCAMP file. The final spectral data
were exported to conduct the chemometric analyses via the Unscrambler v.9.7 software (CAMO, Norway). FBs levels
-1
-1
varied from 250 to 8,360 μg.kg ; mean value and standard deviation were 3,897 and 1,627 μg.kg , respectively. The
models were evaluated separately for FB and FB . Partial least squares was the regression method applied in the
1
2
models, using cross-validation. The calibration results for FB and FB were, respectively: correlation coefficient, 0.90
1
2
and 0.89; coefficient of determination, 0.80 and 0.79; root mean square error of prediction, 527 and 237; and residual
prediction deviation, 2.30 and 2.20. Values of the external validation dataset were compared with the levels obtained
via LC-MS/MS and the Mann-Whitney test was applied. No statistical difference was found between the groups (p:
0.085), thus indicating a satisfactory predictive ability and confirming the potential of NIRS to predict FBs in DDGS.
KEYWORDS: DDGS, by-products, fumonisins, NIRS, chemometric methods.
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FINAL ID: 262
TITLE: Modeling the thermal inactivation of Salmonella reduction in poultry feed in a lab-based water bath
Abstract Body: Feed hygienics are of increasing concern for poultry producers in the effort to produce safe poultry
products with little to no Salmonella contamination. This project included two studies to investigate kinetic parameters
of Salmonella in poultry mash feed with various heating temperatures. In study one, two- and five-gram samples were
inoculated with Salmonella Typhimurium and then submerged in a heated water bath set at 90C and internal
temperature of feed was monitored with a thermocouple until the temperature reached 75, 80, and 85C. In study two,
two-gram samples were inoculated with Salmonella Typhimurium and submerged into a water bath set at 75, 80, 85,
90, and 95C for 0 to 180 s. Counts of pathogens were analyzed on xylose-lysine-Tergitol-4 (XLT-4) with tryptic soy
agar overlay. Thermocouple data demonstrated two-gram and five-gram samples achieved a 5-log reduction of
Salmonella when internal temperature was heated to 80°C and 85°C, respectively. United States Department of
Agriculture (USDA) IPMP-Global fit software was used to calculated D-values for Weibull and linear models for feed
heated at five temperatures. D-value is defined as the time required at a given temperature to achieve a 1-log
reduction of a pathogen of interest. Weibull model calculated D-values were 2.27, 3.67, 3.95, 4.68, and 7.63 s when
heated at 95, 90, 85, 80, and 75C, respectively. Linear model calculated D-values were 6.70, 8.83, 12.05, 13.91, and
24.40 s when heated at 95, 90, 85, 80, and 75C, respectively. After analyzing the whole data using USDA-IPMPGlobal fit software, each individual temperature dataset was further analyzed using GinaFit software. The “shoulder”
impact was not observed in most of the thermal kinetics data except for feed heated at 90C. In the opposite, the “tail”
o
effect was observed in all data except for the 90 C. As heating temperatures decreased from 95 to 75C, Doubleo
Weibull and Biphasic models fit all the thermal data from 90 to 75 C well, indicating that the Salmonella generated two
subpopulations with different thermo-resistance. Results from this study demonstrate that Weibull, Linear, DoubleWeibull, and Biphasic models are appropriate for predicting thermal inactivation of Salmonella in poultry feed. These
data my support feed mill standards to reduce Salmonella contamination in feed.
KEYWORDS: Salmonella, Feed, Thermal Inactivation, Feed Manufacture, Feed Microbiology .
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FINAL ID: 263
TITLE: Identification and Characterization of Escherichia coli Isolates from Poultry Litter
Abstract Body: This study aimed to investigate the antibiotic resistance profile of Escherichia coli (E. coli) found in
poultry litter to ampicillin, streptomycin, and erythromycin, as well as E. coli O serogroups and virulence genes. E. coli
is a major cause of foodborne illnesses and a source for antibiotic resistance. E. coli can also negatively impact the
welfare of broilers and cause significant economic losses for poultry farmers. Litter samples were collected from 16
pens housing broiler chickens (d53) and E. coli was isolated (n=48 isolates). Antibiotic resistance of E. coli isolates
was determined by performing the Kirby Bauer Test. Digital images were taken of each plate. The diameter of each
zone of inhibition (ZOI) was measured with a ruler (Live) and with images of the plates using ImageJ (Digital). O
serogroup and genotyping confirmation of E. coli with 16S RNA was performed by PCR. Also, a multiplex PCR was
performed for the presence of 9 virulence genes indicative of avian pathogenic E. coli (APEC). Student’s t-tests were
used to determine the effects of measurement method on the cumulative ZOI for all plates and for each antibiotic as
well as the effect of antibiotics on the ZOI within each method. Each ZOI was categorized into 1 of 3 antibiotic
susceptibility categories (susceptible, intermediate, resistant). There was no difference in the ZOI of the Live and
Digital measures across all plates (P = 0.23). Within each antibiotic, there was no difference in the ZOI of ampicillin
and streptomycin, but the Digital ZOI of erythromycin was significantly greater (P=0.003) compared to Live (12.8 vs.
10.2 mm, respectively). Independent of the measurement method, the ZOI for ampicillin was greater (P0.002) than
streptomycin and erythromycin. The identified O serogroups of the E. coli isolates were O15, O75, O78, and O91.
Among the E. coli isolates, the highest resistance was to erythromycin (50%), followed by streptomycin (34.1%) and
ampicillin (18.2%). There were five instances of multidrug resistance to all three antibiotics seen in some isolates with
O serogroups O78 and O15. Of the genes indicative of APEC-like E. coli, there were five unique combinations. Within
the APEC-like E. coli isolates, 12 exhibited resistance to one or more of the antibiotics. These isolates all contained
plasmid genes iroN, ompTp, and hlyF. None of the APEC-like E. coli isolates exhibiting antibiotic resistance contained
chromosomal genes. Consistent monitoring for E. coli antibiotic resistance would provide the necessary depth and
breadth of information to develop effective solutions to this global public health problem.
KEYWORDS: Virulence genes, O serogroup, Kirby Bauer, Avian pathogenic E. coli, Broiler.
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FINAL ID: 264
TITLE: Efficacy of Trans-cinnamaldehyde nanoemulsions in inactivating Salmonella Enteritidis on shelled eggs and
chicken skin.
Abstract Body: Salmonella Enteritidis (SE) is a major foodborne pathogen that causes enteric illnesses in humans,
primarily through the consumption of contaminated poultry products. Generally Recognized as Safe phytochemicals
such as trans-cinnamaldehyde (TC) have previously shown to exhibit anti-Salmonella efficacy, however, the low
solubility of TC is a major hurdle in its adoption as an egg or carcass wash treatment. This study investigated the
efficacy of TC nanoemulsions (TCNE) as dip treatments for reducing SE on shelled eggs and chicken skin. TCNE
were prepared by high-energy sonication using Tween-80 (Tw.80) or Gum Arabic and lecithin (GAL) as emulsifiers.
7
White-shelled eggs were spot inoculated (200 μL; attachment time 60 min) with a 4-strain mixture of SE (10 CFU/mL)
followed by dipping in sterile deionized water (control) or water containing TC, or TCNE at 0.01, 0.02, 0.03, 0.06, 0.12,
o
0.24, 0.48% for 1, 3, or 5 min at 34 C. Similarly, chicken skin (4 x 4 cm) was spot inoculated with SE (200 μL;
attachment time 120 min), followed by dipping in water (control), or water containing TC or TCNE-Tw.80 (0.5, 1, 2,
o
5%) for 15, 30, or 60 min at 4 C. Post washing, the population of surviving SE on eggshell or chicken skin was
enumerated on XLD agar. All experiments had triplicate samples, repeated thrice, and analyzed using one-way
ANOVA at p<0.05. The nanoemulsions had a PDI below 0.3, particle size between 98-140 nm and zeta potential
range of -8 to -40 mV. In baseline eggs (SE inoculated, not washed), ~ 6.3 log CFU SE/egg were recovered. After
washing with water for 5 min (control), ~ 4.3 log CFU SE/egg were recovered. When washed with TC, only the highest
concentrations (0.12, 0.24, 0.48%) were effective in reducing SE by ~ 1.7, 2.7, 2.3 log CFU/egg, respectively, as
compared to control by 1 min (P<0.05). In contrast, TCNE-Tw.80 treatments (0.06, 0.12, 0.24, 0.48%) were effective
in killing SE by at least 2 to 2.5 log CFU/egg as early as 1 min (P<0.05). TCNE-Tw.80 and TCNE-GAL at 0.24, and
0.48% were the most effective treatments and reduced SE to below detection limit (3 log CFU/egg) by 1 min of
treatment (P<0.05). In baseline chicken skin, ~ 7.6 log CFU SE/sample were recovered. After washing skin with water
for 60 min, ~ 7.4 log CFU SE/sample were recovered. TC was not effective in reducing SE on skin when compared to
controls. TCNE-Tw.80 treatments (1, 2, 5%) were effective in killing SE by ~ 1.2, 1.4, 2 log CFU/sample, respectively,
as compared to control, by 15 min (P<0.05). Results demonstrate the efficacy of TCNE against SE as an antimicrobial
wash on shelled eggs and chicken skin. (Funded by USDA-ARS, ATA research #58-60022-8-006).
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FINAL ID: 265
TITLE: Effect of Trans-cinnamaldehyde, Eugenol and Carvacrol on Salmonella Enteritidis proteome critical for
colonization in chickens.
Abstract Body: Salmonella Enteritidis (SE) is a foodborne pathogen of global concern that causes severe diarrhea in
humans. Chickens act as a reservoir host for SE, wherein the pathogen colonizes the ceca leading to carcass
contamination during slaughter and subsequent human infections. Several multi-drug resistant SE strains have been
isolated from poultry and poultry products fuelling the research for developing antibiotic alternatives for controlling SE
in chickens. Trans-cinnamaldehyde (TC), Eugenol (EG) and carvacrol (CAR) are Generally Recognized as Safe
status plant-derived compounds that have been reported to exert significant anti-Salmonella efficacy in chickens.
However, the underlying molecular mechanisms of their action are still unclear. This study investigated the effect of
sub-inhibitory concentrations of TC, EG and CAR on the proteome profile of SE, especially the expression of proteins
critical for colonization in chickens. Sub-inhibitory concentrations (SICs; compound concentrations below the minimum
inhibitory concentrations that do not affect bacterial growth) of TC, EG and CAR against SE-31 strain (isolated from
chickens) were determined by standard growth curve assay. For proteome profiling, SE-31 was cultured either in the
o
presence or absence (control) of SICs of phytocompounds for 24 h at 37 C followed by SDS-PAGE based protein
extraction. Extracted proteins were quantified and subjected to LC-MS/MS analysis followed by matching MS/MS
spectra to Salmonella Enteritidis PT4 (Uniprot reference proteome ID UP000000613) and analysis using Scaffold
software version 5. Differentially expressed proteins between samples were analyzed using Student’s t-test (P<0.05).
The sub-inhibitory concentration of TC, EG and CAR that did not inhibit SE growth as compared to control was 0.01%
(~0.75 mM), 0.01% (~0.6 mM) and 0.008% (~0.5 mM), respectively. Approximately 1440 proteins were identified by
LC-MS/MS analysis of which ~ 170 proteins were down-regulated and ~100 proteins were upregulated by the
phytochemical treatments. All phytochemical treatments down-regulated critical virulence proteins contributing to PSI1 type III secretion system (SipA, SipB, SipC), motility (SefB), cellular metabolism (GlpB, MetK, SpeF), and polymyxin
resistance (ArnA) (P<0.05). The expression of proteins involved in stress response or cellular transport (GroL, TolC,
AcrA) was upregulated by phytochemical treatments (P<0.05). Phytochemical specific change in protein expression
was also observed for several SE proteins. Overall, these results delineate the prospective mechanism of action of
TC, EG and CAR against SE and provides a basis for their combinatorial application.
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FINAL ID: 266
TITLE: Establishing on-site diagnostic procedures for the detection of Campylobacter jejuni in poultry
Abstract Body: Campylobacter jejuni (C. jejuni) is the leading cause of foodborne illness in the United States. Poultry
is responsible for up to 80% of the human C. jejuni infections, therefore controlling C. jejuni in poultry is greatly
needed to reduce the burden of foodborne illness in humans. Rapid and accurate detection of C. jejuni on-site is one
of the first steps to minimizing the spread of this pathogen. Loop-mediated isothermal amplification (LAMP) is a
nucleic acid-based amplification technique that uses a constant temperature to detect this pathogen. Compared to the
polymerase chain reaction (PCR), which is costly and requires specialized equipment, LAMP offers a simple,
sensitive, specific, and low-cost assay, which does not require specialized equipment and can be performed on-site.
The objective of this study was to develop an on-site rapid detection assay for the determination of C. jejuni utilizing
the LAMP method. In this experiment, pooled fecal samples were randomly collected from a commercial broiler farm,
and 20 g fecal samples were homogenized with 35ml of Phosphate-buffered saline (PBS) in sterile Whirl-Pak filter
bags. The filtered samples were centrifuged to collect fecal pellets for DNA extraction. A C. jejuni ATCC 33560 cell
7
pellet was homogenized with PBS and adjusted to make 1.44 × 10 CFU/ml and was then serially diluted from 1.44 ×
7
3
10 to 1.44 × 10 CFU/ml. One ml fecal samples were spiked with 100 µl of the C. jejuni ATCC 33560 serial dilution.
Spiked fecal samples were used to extract DNA using a Thermo Scientific GeneJET Genomic DNA Purification Kit
following the manufactures' protocol. Obtained DNA samples were filtered using Zymo-Spin III-HRC Filter columns to
enhance the purity. All LAMP assays were performed in a 25 µl reaction mixture containing WarmStart Colorimetric
LAMP 2X Master Mix, primers, and template DNA at an isothermal temperature of 65 C. DNA samples spiked with the
7
1.44 × 10 CFU/ml of C. jejuni showed color change (pink to orange) within 20 min, indicating positive results.
3
However, samples spiked with 1.44 × 10 CFU/ml of C. jejuni did not change color until 50 min, indicating that the
LAMP assay cannot determine the low concentration of C. jejuni presence in fecal samples. In conclusion, the LAMP
assay was rapid, simple, and easy to handle, but it requires pure DNA to generate a positive result, which makes it
challenging to perform on-site detection. In the future, a simple sample processing protocol is required for the on-site
application of this LAMP assay, as well as quantitative analysis needs to be achieved to verify the sensitivity and
specificity of the LAMP assay to the standard PCR assay.
KEYWORDS: Loop-mediated isothermal amplification, Poultry , Nucleic acid-based amplification, Campylobacter
jejuni.
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FINAL ID: 268
TITLE: Effect of Cetylpytidinium Chloride (CPC) on the Microbiome of Salmonella Typhimurium and S. Infantis
Inoculated Chicken Skin
Abstract Body: As poultry continues to be a significant contributor of salmonellosis in the US, especially with the
emergence of pESI-like megaplasmid among Salmonella Infantis strains isolated from poultry meat, the poultry
industry is tasked with determining effective mitigation strategies. Therefore, the objective was to evaluate the effects
of peroxyacetic acid (PAA) and cetylpytidinium chloride (CPC) on the microbiota of chicken skin inoculated with either
Salmonella Typhimurium or S. Infantis. Chicken breast skins (4 x 4 cm; N = 100, n = 10, k = 5) were inoculated with
8
either Salmonella Typhimurium or S. Infantis and allowed to adhere 4 °C for 30 min for a final attachment of 10
CFU/gram. Skins were shaken for 30 s to remove the excess fluid, with remaining bacteria being considered firmly
attached. The following treatments were applied as 30 s dips in 50 mL: no inocula-no treatment control (NINTC), no
treatment control (NTC), tap water (TW), TW+500 ppm PAA (PAA), or TW+0.5% CPC (CPC). Excess fluid was
shaken off (30 s) and skins were rinsed in neutralizing buffered peptone water and stomached for 1 min. Genomic
DNA of rinsates was extracted, and the 16S rDNA was sequenced (Illumina MiSeq platform). Microbiota data were
filtered and aligned using the QIIME 2-2020.2 pipeline, with data considered significant at P ≤ 0.05 for main effects
and Q ≤ 0.05 for pairwise differences. Results demonstrated that there was significant interaction of treatment and
inocula (P < 0.05) for Alpha Diversity metrics, but not for any Beta Diversity (P > 0.05). Skin inoculated with S.
Typhimurium had a more even and rich microbiota than those inoculated with S. Infantis (Pielou’s and Shannon’s; P <
0.05). Among Bray Curtis and Weighted Unifrac, there were distinct differences in abundances and phylogenies
between the inoculum administered and differences between PAA treated skins and of the controls (P < 0.05). Using
ANCOM, the analysis of microbiomes, the inoculation of skins with S. Typhimurium resulted in an increased relative
abundance of Campilobacterota and Cyanobacteria compared to those inoculated with S. Infantis. In addition, using
ANCOM, the treatment of skins with CPC and PAA had the lowest relative abundance of Proteobacteria compared to
all other treatments with a composition resembling NINTC treated skins. In conclusion, both PAA and CPC are
capable of altering the microbiota of chicken skin when inoculated Salmonella (Typhimurium vs Infantis), with serovar
differences being observed.
KEYWORDS: poultry, 16S rDNA, Salmonella Infantis, peroxyacetic acid, cetylpytidinium chloride.
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FINAL ID: 269
TITLE: Reduction of Salmonella Infantis on Skin-on, Bone-in Chicken Thighs by Cetylpyridinium Chloride Application
and the Impact on the Skin Microbiota
Abstract Body: Salmonella Infantis has been the etiological agent of numerous foodborne outbreaks of non-typhoidal
Salmonella. As such, there is an emergent need to mitigate Salmonella Infantis among poultry and poultry products.
Thus, this study evaluated the efficacy of cetylpyridinium chloride (CPC) versus peroxyacetic acid (PAA), the standard
poultry processing antimicrobial, on bone-in, skin-on chicken thighs for the reduction of Salmonella, as well as the
changes in the microbiota. A total of 100 skin-on, bone-in chicken thighs (2 trials, 0 and 24 h, k = 5, n = 5, N = 50)
8
6
were inoculated with 10 CFU/mL of a nalidixic acid (NA) resistant strain of S. Infantis for an attachment of 10
CFU/g. Inoculated thighs treated with 400 mL of the following 20 s part dips: a no inoculum, no treatment control
(NINTC); inoculated, no treatment control (NTC); tap water (TW); TW+CPC; TW+PAA. Following, thighs were rinsed
in 150 mL of nBPW, and the rinsates were collected downstream analyses. Rinsates spot plated for Salmonella and
aerobic bacteria (APC). Corresponding plate counts were Log transformed and analyzed using a mixed-effects
10
model (mixed effect = trial) with means separated using Tukey’s HSD (P < 0.05). The genomic DNA of the rinsates
was extracted, and the V4 region of the 16S rDNA was sequenced on an Illumina MiSeq. Microbiota data were filtered
and aligned using QIIME 2, with data considered significant at P ≤ 0.05 for main effects and Q ≤ 0.05 for pairwise
differences. Treatment x time interactions were observed for both Salmonella and APC (P < 0.05). The treatment of
thighs with PAA and CPC was capable of reducing Salmonella (5.19 and 5.38 Log CFU/g at 0 h and 4.96 and 4.29
10
Log CFU/g at 24 h) and APC (5.20 and 5.77 Log CFU/g at 0 h and 5.59 and 4.56 Log CFU/g at 24 h) in
10
10
10
respect to the controls. Numerically, thighs treated with CPC had less Salmonella (4.29 Log CFU/g) and APC (4.56
10
Log CFU/g) at 24 h than all other treatments (P > 0.05). Differences in α or β diversity were not consistently
10
observed between treatments; however, in trial 2, the NTC treated thighs were different than those treated with CPC
(P < 0.05; Q < 0.05). In both studies, using ANCOM, the analysis of microbiome compositions, thighs were different in
the relative abundances of Proteobacteria (W > 2; P < 0.05), with NINTC having less abundance of Proteobacteria. As
well, ANCOM revealed shifts due to treatment or treatment x time at both the phylum and order levels (P < 0.05). In
conclusion, the treatment of skin-on poultry parts with CPC may reduce the risk of foodborne outbreaks caused by
Salmonella Infantis.
KEYWORDS: poultry, microbiota composition , Salmonella Infantis, peroxyacetic acid, cetylpytidinium chloride.
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FINAL ID: 270
TITLE: Salmonella Enteritidis decontamination on egg shell surface by High Voltage Atmospheric Cold Plasma
Abstract Body: The primary objective of this study is to investigate the effect of a Dielectric Barrier Discharge High
Voltage Cold Plasma (HVACP) parameters on Salmonella Enteritidis reduction. Poultry eggs and their products are
highly susceptible to pathogenic microorganisms, particularly, Salmonella spp., causing 1.2 million cases of serious
illness in the United States alone and costing $365 million for medical intervention. Their ability to persist through
challenging growth conditions makes them particularly hard to eliminate from food surfaces such as eggs. Cold
plasma, commonly called the ‘fourth state of matter’, is an ionized cocktail of reactive molecules and free radicals
produced when a gas is passed through two electrodes with a sufficient potential difference to cause its breakdown
and ionization. This reactive gas chemistry is the driving force behind microbial decontamination observed on various
matrices, including and not limited to foods. In the current study, eggshell surfaces were inoculated with an initial load
of 9 log CFU/mL of Salmonella Enteritidis and were subjected to HVACP under different treatment conditions. A
number of variables such as treatment time (2-15 minutes), post-treatment hold time (0-24 hours), mode of exposure
(direct/indirect), applied voltage (80-100 kV), gas used (Air/MA65) and relative humidity (0-80%) were tested for in
triplicates and screened for their effectiveness. Upon conducting Plackett-Burman screening analysis with a 95%
confidence, it was observed that all variables tested had a significant (p<0.05) and positive effect on Salmonella
reduction while some of them such as the post-treatment time and voltage had a much more pronounced effect on the
decontamination. Briefly, higher voltages, longer treatment, and post-treatment times under indirect plasma exposure
resulted in >5 log CFU reductions, especially at higher humidity. For example, a 100 kV, 2 minutes treatment, and 24
hours post-treatment hold at 80% RH was a highly effective combination for achieving >5 log CFU reduction. Air was
found to be the most effective working gas than MA65 (65% Oxygen, 30% Nitrogen, 5% CO ) indicating a
2
.
combination of reactive oxygen species (ROS) like ozone, OH , H O along with reactive nitrogen species (RNS)
2 2
such as oxides of nitrogen, nitrates, nitrites and nitric acid that contribute towards effectively eliminating these
pathogenic microorganisms from egg surfaces. Additional tests will be conducted to study the effects of plasma
treatment on egg quality. In conclusion, HVACP is a safe and promising technology for achieving high standards of
food safety sustainably with low energy inputs.
Keywords: cold plasma; salmonella; eggshells; decontamination; antimicrobial.
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FINAL ID: 271
TITLE: Supply-chain temperature abuse of tray-packed raw chicken on pallets can influence spoilage at retail level
Abstract Body: Objective: To demonstrate the effects of temperature abuse on spoilage of raw chicken at retail level.
Experimental Design: An experiment was designed to simulate the repeated temperature abuse of raw chicken during
supply-chain and study its effects on spoilage of chicken.
Materials and Methods: A commercially produced pallet of tray-packed boneless skinless chicken breast (4 layers x 5
boxes per layer x 24 tray packs per box) was subjected to a cyclic temperature abuse pattern (2-hours 4 C and 2hours at 22±2 C) for 24-h. Temperature profiles of a representative fillet and air in each box was recorded using
thermocouples and thermal images of the pallet were taken. Microbial sampling (n= 1 fillet/tray x 2 random trays/box x
2 boxes/layer x 4 layers) was performed by rinsing individual fillets with buffered peptone water (50 mL), serially
diluting, and spread plating on duplicate plates on two sets of standard methods agar plates. Each set of plates was
incubated at 37 C for 24-48-h and 4 C for 10 days to estimate aerobic plate counts (APC) and psychrotrophic plate
count (PSY) (log CFU/mL of rinsate). After 24-h temperature abuse, boxes (n=2) with highest temperature abuse were
pooled for shelf-life estimation and compared to an unabused box at 4 C for 8 days. Microbiological sampling (n=1
fillets/random tray x 3 trays x 2 treatments) was conducted every 2 days as above to determine the APC and PSY
plate counts and was reported as log CFU/mL of rinsate. Fillets crossing the APC level of 7 log CFU were considered
spoiled.
Statistical Analysis: One-way ANOVA with Tukey’s HSD (p<0.05) was used to determine differences in the
microbiological counts. APC and PSY growth trends were analyzed using regression models.
Results: Layers 1 and 4 had a higher temperature increase than layers 2 and 3 on the pallet. The APC and PSY
concentrations stayed consistent over the 24-h and ranged from 1-2 log CFU/mL of rinsate. During the shelf-life study,
the APC and PSY of temperature abused fillets increased to 7 logs (spoilage level) at 4.8 days and 3.8 days,
respectively, compared to 7 days and 5.2 days, respectively for the control samples. Linear regression models for the
2
APC growth trends (r = 0.87 and 0.96 for temperature abuse and control, respectively) can predict spoilage. No
significant difference was observed in APC (p=0.0513) but was observed in PSY (p=0.0388) when comparing 0-h and
24-h. Tukey’s HSD showed no significant differences.
Conclusions: Shelf-life of chicken breast reduced 2-days after simulated supply-chain cyclic temperature abuse
indicating the significance of collecting time/temperature data during supply-chain.
Keywords: Temperature Abuse, Spoilage, Shelf-life, Cold Chain, Psychrotroph
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FINAL ID: 273
TITLE: Delayed feeding of newly hatched broiler chicks alters hepatocytic and adipocytic exosomal miRNA secretion
and cross-tissue regulation
Abstract Body: Hepatic fatty acid oxidation of yolk lipoproteins provides the main energy source for chick embryos.
Post-hatching these yolk lipids are rapidly exhausted and metabolism switches to a carbohydrate-based energy
source. We recently demonstrated that a large number of microRNAs (miRNAs) are key regulators of hepatic and
adipocytic metabolic pathways during this metabolic switching. MiRNAs are small non-coding RNAs which posttranscriptionally regulate gene expression in most eukaryotes. To further elucidate the roles of miRNAs in the
metabolic switch we used delayed feeding for 48 hours post-hatching to impede the hepatic metabolic switch in Ross
708 broilers. We then used RNA-seq (Illumina) to identify transcription differences between embryos at 18 days of
incubation (E18) and two-day-old chicks (D2) which were given access to feed (FED) or not provided feed (DLY). We
then combined this with our miRNA expression data to further define the roles of miRNAs in regulating the metabolic
switch. Finally, we determined if, broiler heapocytes and adipocytes have the potential to release miRNAs via small
lipid vesicle, termed exosomes. For RNA-seq data, a gene was defined as differentially expressed if it had a ≥2-fold
and FDR≤0.05; CLC-exact test (based on Robinson and Smith method)). A total of 880 genes (n=6; fold-change≥2;
FDR ≤0.05) were found to be differentially expressed in the liver between D2 broilers that were delayed access to feed
for 48 hrs after hatch (DLY) and broilers fed-from-hatch (FED). Heat-map analysis revealed very distinct expression
patterns between the two groups. Between FED birds and E18 embryos 2,430 genes were differentially expressed
(n=6 fold-change≥2; FDR ≤0.05), and between DLY birds and E18 embryos 1,979 genes were differentially expressed
(n=6 fold-change≥2; FDR ≤0.05). The top canonical pathways for differentially expressed genes unique to the
DLY:E18 comparison are Aldosterone Signaling, Pregnenolone Biosynthesis, and the Unfolded Protein Response.
The top canonical pathways for differentially expressed genes unique to the DLY:FED comparison include Cell Cycle
Control of Chromosomal Replication and Role of BRCA2 in DNA Damage Response. These results indicate that even
a short period of starvation after hatching induces metabolic disturbances and organ damage. Using RT-qPCR (n=6,
ANOVA), we found that both hepatocytes (e.g. miR-30a) and adipocytes (e.g. miR-449c) can secrete miRNAs via
exosomes. We further found that cross-treatment with exosomes significantly (RT-qPCR; n=6, p≤0.05; ANOVA)
altered the expression of miRNA-targeted metabolic genes associated with lipid metabolism and oxidative stress.
KEYWORDS: broiler, metabolism, RNA-seq, microRNA, gene regulation.
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FINAL ID: 274
TITLE: Sex differences in dose dependent release of both corticosterone and cortisol, and in heterophil to
lymphocyte ratios in response to ACTH in the adult Pekin duck.
Abstract Body: More often, poultry scientists are utilizing direct and indirect measures of stress hormones to monitor
bird welfare. However, it has been clear that our understanding of the avian hypothalamic-pituitary-adrenal axis (HPA)
is insufficient as evidenced by the many conflicting reports regarding stress responses, such as transportation stress,
in poultry. It has long been assumed that the poultry HPA functions similarly to that of mammals. However, we now
know that there are considerable differences in the avian HPA. In addition to corticotropin releasing hormone, the
avian brain utilizes a second neurohormone, arginine vasotocin, and both are released from the brain to stimulate
pituitary corticotropes (ACTH). Both glucocorticoids (GC) are synthesized from a common pathway that begins with
cholesterol and pregnenolone. The synthesis of one of the glucocorticoids does not depend upon the synthesis of the
other. The purpose of our study was to test the hypothesis that ACTH will stimulate both corticosterone and cortisol.
To test this hypothesis, we injected intramuscularly artificial ACTH (cosyntropin; 0.0625, 0.031, 0.016 mg/kg or saline
as control) into adult drakes and hens (N = 10/sex/dose). Both glucocorticoids (GC) were assayed in serum using
previously verified ELISAs. Blood smears were also assessed for heterophil to lymphocyte ratios (HLR). Data were
analyzed by repeated measures 3-way ANOVA with Fishers PLSD as an ad hoc test. We observed that both GC
were secreted in significantly (p = 0.0002) different patterns in a dose-dependent manner compared to controls, and
that there was a significant (p = 0.0001) sex difference in both GC compared to saline controls. Further, we observed
that the high dose ACTH elicited a significant (p = 0.004) sex difference in the HLR response compared to controls.
Our data suggest that ducks, at least, may utilize more than just corticosterone for physiological homeostasis.
Further, the time course of stressor to release of GC and subsequent HLR response may be dependent upon sex.
More detailed analyses of the HPA is necessary in all poultry species to better understand stress responses as we
utilize biological bases for welfare assessments.
KEYWORDS: corticosterone, cortisol, ACTH.
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FINAL ID: 275
TITLE: Acute injections of either corticosterone or cortisol elicit differential effects on heterophil to lymphocyte ratios in
a sex-dependent manner in Pekin ducks.
Abstract Body: Poultry scientists have utilized both direct and indirect measures of stress hormones for monitoring the
state of avian welfare. However, it is now known that our current understanding of the avian hypothalamic-pituitaryadrenal axis (HPA) is insufficient following studies that have shown conflicting reports of avian stress responses, such
as transportation stress. For decades, it has been assumed that the mammalian and avian HPA function similarly to
one another. Now we know that there are considerable differences between the two, with one being the
neurohormones involved. Originally, it has been assumed that the predominate glucocorticoid (GC) in birds was
corticosterone, but recent studies have suggested that both corticosterone and cortisol are secreted in response to
ACTH. GC release is associated with an increase in blood heterophils due to increased migration from the lymph
nodes and a decrease in lymphocytes due to marginalization. Both of these factors account for an increase in
heterophil to lymphocyte ratios (HLR). The goal of this project was to determine the effect of each GC on HLR over
time. To achieve this, we intramuscularly injected 2.0 mg/kg of each GC, 0.5 mg/kg for the low-dose cortisol treatment,
or safflower oil as vehicle control. Blood was collected at the prior to IM injections and blood collected three more
times at every hour. Blood smears were also collected to assess HLR at the same four time points. HLR assays were
completed by avian pathologists from an independent lab who were unaware of the treatments. Data were analyzed
by 3-way repeated measures ANOVA with a p < 0.05 considered significant. We found significant sex (p<0.001) x
treatment (p<0.001) x time (p<0.001) effects with significant interactions (p = 0.0055). In hens, both GC resulted in
significant increase in HLR at 1 hour after injection compared to controls. In drakes, however, both GC showed a
significant increase in HLR but not until 2 hours after injection. The low dose cortisol had no significant effect on HLR
in either sex. Combined with the ACTH dose response effects of each GC, these data suggest that sex differences
need to be considered when assessing duck welfare, and that cortisol may play a role in the HPA axis in ducks in a
sex-dependent manner.
KEYWORDS: corticosterone, cortisol, sex differences .
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FINAL ID: 276
TITLE: Relationship between broiler breeder eggshell cuticle deposition and incubation parameters
Abstract Body: Eggshell cuticle, predominantly composed of glycoproteins, provides antimicrobial and protective
characteristics. It is unclear what factors contribute to cuticle deposition and if this proteinic layer could potentially
improve incubation parameters. The objectives of this study were to determine if broiler breeder hen age and
performance parameters have an impact on eggshell cuticle, and if cuticle deposition contributes to an improved hatch
of fertile eggs. Cobb 700 broiler breeder pullets (n = 430) were reared in floor pens up to 21 wk of age and fed a
common starter diet through 3 wk of age. A common grower diet was fed to birds from 4 to 21 wk using a restricted
skip-a-day feeding program. Pullets were then moved to laying pens (n = 43 per pen; n = 10 pens) with 4 Cobb
Vantage males in each pen. A common laying diet was fed when hens reached 5 % egg production after 25 wk of
age. Hens were feed-restricted and fed a common daily feed allowance depending on body weight and egg production
goals. Broiler breeder hen egg production, egg weight, egg mass, and shell quality were determined through wk 50 of
age. Eggs were incubated 6 times (29, 33, 37, 41, 45, and 49 wk of age) to determine hatch of fertile percentage and
embryonic mortality diagnosis. In addition, pre and post-stain eggshell reflectance (n = 100 eggs per wk) was
determined using a portable spectrophotometer to calculate eggshell cuticle deposition (difference of reflectance, %).
PROC REG and stepwise-backward elimination procedure was performed using SAS (v 9.4) and significance of P ≥
0.05 was utilized. Our results indicate that egg production, mass, shell quality, or weight did not affect the cuticle
deposition (P ≥ 0.274) and was positively and linearly dependent on hen age through wk 50 (P < 0.001). None of
these characteristics including hen age influenced hatchability of fertile eggs (P ≥ 0.161). However, as eggshell cuticle
deposition values increased, percentage of hatch of fertile eggs linearly improved (P = 0.011). Embryo diagnosis
relationship with eggshell cuticle indicated that neither early nor mid mortalities were influenced by cuticle (P ≥ 0.347),
although higher cuticle deposition contributed to lower late embryonic mortalities (P = 0.028). Our results indicate that
cuticle is highly dependent on hen age, and possibly plays an important role in improving hatchability of fertile eggs by
reducing the number of late embryonic mortalities. Future research is needed to understand nutritional or
management strategies that could promote eggshell cuticle deposition in eggs, and the mechanism of how this barrier
preserves inner breeder egg quality during incubation.
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FINAL ID: 277
TITLE: Cryopreservation of Rooster Semen Using Different Levels of Acetamide
Abstract Body: Semen cryopreservation is an important tool in the preservation of animal genetic resources especially
with the at-risk and valued species. However, semen cryopreservation is not widely used with the avian species on the
commercial scale. Rooster spermatozoa has particular characteristics compared to that in the other species, such as
the smaller contents of cytoplasm, antioxidants and mitochondria, and the higher levels of polyunsaturated fatty acids
in the plasma membrane. Therefore, rooster spermatozoa are more susceptible to damage during the
cryopreservation process. Thus, the current study was conducted to investigate the impact of different
cryopreservation protocols, with acetamide, on sperm motility traits in chicken roosters. Twelve adult chicken roosters
were used for semen collection twice a week and the collections were repeated 6 times. The samples were evaluated
individually using Computer-Assisted Sperm Analysis (CASA). Then, the samples with more than 60% progressive
6
motility were pooled and the average concentration was 3.9 x 10 sperm/ µL. The pooled sample was diluted (1:2 v/v)
with EK semen extender supplemented with 3%, 6% and 9% Dimethyl acetamide (DMA), and subjected to two
different freezing methods (ultra-rapid freezing in pellets and slow freezing in straws). Data were analyzed using Twoway ANOVA, and the means were separated using multiple-wise Duncan test with significance level of P < 0.05.
Preliminary results indicate that the total motility (TM) and progressive motility (PRG) percentages were higher (P <
0.05) in the slow freezing protocol in straws than in the ultra-rapid freezing protocol in pellets (54.7 vs. 47.8% TM and
27.6 vs. 21.3% PRG, respectively). There was no significant effect of DMA levels on the TM (averaged 52.1%) while
the PRG motility was significantly (P < 0.05) higher in the DMA at 6% (28.0%) than the other levels (24.7 and 23.0%
for 3 and 9% DMA, respectively). There was an interaction effect for freezing protocol x DMA levels on the TM and
PRG. The best results were obtained for the TM and PRG in the slow freezing with 6% DMA (60.3 and 33.2%,
respectively), followed by the ultra-rapid freezing with 3% DMA (54.3 and 24.1%, respectively). It can be concluded
that the slow freezing in straws with 6% DMA maintain sperm motility characteristics after thawing than the ultra-rapid
freezing in pellets.
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FINAL ID: 278
TITLE: Impact of growth trajectory on sexual maturation in layer chickens
Abstract Body: While domestic chickens are seasonal breeders, recent studies in our lab showed that apart from
photostimulation, metabolic triggers may independently activate sexual maturation and egg production when a
threshold is met. However, the origin, mode of action, and specific target(s) of this metabolic control, and whether it is
strain dependent, remain unknown. Rather than body weight (BW), we hypothesize that body composition (BC) and
associated specific metabolic signals are involved. Thus, this study was conducted to determine the BW and BC
thresholds triggering spontaneous sexual maturation in 2 strains of layers under differing growth trajectories. Day old
Lohman LSL lite (W) and Lohman brown (Br) layer chicks (n=210 each) were raised in brooding cages (n=15; 14
chicks/cage) under ad libitum (AL) feeding, with lighting schedule as per breeder’s recommendation. At 8 weeks of
age (woa), pullets were randomly allocated into individual cages across two rooms (n=210 cages/room) and assigned
to one of 3 experimental growth profiles, including AL, breeder’s target (T), restricted 20% below target (R), (n=70
birds /profile/ strain). All hens were maintained on 10 h of light (10 lux) throughout the rest of the study, with no
photostimulation. Feed allocation for T and R birds were determined individually on a weekly basis based on actual
BWs, with all hens fed the same commercial diet. Blood and tissue samples were collected throughout the study to
measure estradiol (E2) levels and organ weights, respectively, and carcasses were subjected to DEXA (Dual-energy
X-ray absorptiometry) analyses. All analyses were completed in SAS using the MIXED procedure. Our results show
that R treatment slowed (P < 0.001) body growth, delayed age at first egg (FE) and egg production (P < 0.001), and
resulted in lower BW at FE (P < 0.001), lower ovary weight and number of follicles (P < 0.001), and attenuated plasma
E2 levels in both strains. In Br hens, a further delay in the E2 peak was observed. Interestingly, AL feeding resulted in
higher growth rate and earlier age at FE (P < 0.001) for Br hens only. However, birds fed AL had a higher BW at FE (P
< 0.001), higher follicle number and ovary weight (P < 0.001) in both strains. For DEXA, AL feeding (P < 0.001)
increased tissue weight, lean weight, and fat deposition while R significantly reduced them (P < 0.0001). Of interest,
fat deposition remained below 10% in Br hens until 22 woa, time at which a delayed peak in plasma E2 was observed.
In conclusion, feed allocation impacted growth and BC in a strain dependent manner, resulting in differing sexual
maturation and egg production. Whether these effects are mediated through hypothalamic input is under investigation.
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FINAL ID: 279
TITLE: Cyclosporin A halts ovarian transplant rejection during the first two weeks post-surgery in the domestic turkey
(Meleagris gallopavo)
Abstract Body: Biobanked turkey ovaries collected from recently hatched poults could be revived by transplanting the
tissue into a recipient bird; however, studies have shown that ovarian transplants become highly infiltrated by T and Blymphocytes leading to tissue rejection. Using an immunosuppressant to alter this immune response has not yet been
thoroughly investigated, thus, the goal was to determine if mycophenolate mofetil (MFM), cyclophosphamide (CY), or
cyclosporin A (CsA) could stop rejection and permit normal graft development. For this study, 7- to 9-day old donors
and 2-day old recipient poults were used. Recipients were assigned to 1 of 9 treatment groups, with 3 to 6 poults per
group. Treatment groups included: (1) no immunosuppressant ‘control’; (2-3) MFM at 100 or 150 mg/kg/day via crop
gavage; (4) MFM at 100 mg/kg/day via subcutaneous injection; (5) CY at 200 mg/kg the day before surgery only; (6)
CsA at 50 mg/kg/day beginning the day before surgery; (7-9) CsA at 12.5, 25 or 50 mg/kg/day starting the day after
surgery. At 14 days post-surgery, blood was collected for white blood cell count (WBC) and recipients were
euthanized. Their bursa and thymus were weighed, and ovarian transplants were fixed for analysis. Fixed ovaries
were sectioned, stained (H&E), andgraded based on appearance (normal or infiltrated by lymphocytes). A one-way
ANOVA, followed by a Tukey post-hoc test was used to evaluate differences between treatment groups for WBC, and
organ relative weight (RW). Graft appearance was analyzed using a generalized linear model, followed by a pair-wise
comparison. Birds receiving CsA had the lowest number of circulating lymphocytes and total leukocytes compared to
the controls (P ≤ 0.05); whereas the number of lymphocytes and total leukocytes were similar between MFM- and CYtreated birds and controls. Birds treated with CY had the smallest (P ≤ 0.001) bursal RW (0.046 ± 0.004 %), compared
to all other treatments. In the controls, 4/5 grafts were graded as being infiltrated with lymphocytes. For the MFM, CY
groups, and the CsA 12.5 mg group all transplants were infiltrated by lymphocytes. Grafts in the CsA 25 and 50 mg
groups did not show any sign of lymphocyte infiltration (P ≤ 0.001). Results show that MFM, the most common
immunosuppressant used in ovarian transplantation for poultry, did not reduce circulating lymphocytes or transplant
infiltration. Although CY significantly decreased bursal RW, it did not stop graft rejection. CsA at the higher doses
reduced the number of circulating lymphocytes and prevented lymphocytic graft infiltration. Therefore, CsA at 25
mg/kg/day would be recommended to prevent turkey ovarian graft rejection during the first 2 weeks post-surgery.
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FINAL ID: 280
TITLE: Impacts of intensive genetic selection on expression of genes regulating calcium and phosphorus uptake and
retention in broilers during embryonic and early post-hatch development
Abstract Body: Genetic selection of commercial broilers has historically been primarily focused on production
parameters, including increased growth efficiency and meat yields. Such selection has subsequently contributed to
higher incidence of leg disorders, many of which are a result of skeletal abnormalities. Bone is comprised of
hydroxyapatite, a complex of calcium (Ca) and phosphorus (P) that begins its formation during embryonic ages. This
mineralization process is regulated by jejunum absorption and kidney resorption of these minerals. This study sought
to define gene expression of Ca and P transporters and chaperones that may have been affected by commercial
genetic selection. To this end, total RNA was extracted from kidney and jejunum collected on embryonic days (E) 14,
16, 18, 20 and post-hatch days (D) 0, 1, 3, 5, 7, 10, and 13 from male Cobb 500 and Athens Canadian Random Bred
(ACRB) birds, the latter of which are representative of broilers from the mid-1950s (n=6). Levels of mRNA for Ca and
P transporters and chaperones were measured by RT-qPCR, and target gene expression was normalized to
glyceraldehyde 3-phosphate dehydrogenase in jejunum and 18S in kidney. Data were analyzed by 2-way ANOVA
followed by the test of least significant difference when ANOVA indicated significance (P≤0.05). Plasma membrane
Ca-transporting ATPase 1 mRNA levels, which moves Ca to interstitial space to be collected by blood vessels, was
higher in ACRB kidney at earlier post-hatch ages (D1, P≤0.05) and higher in Cobb kidney at later ages (D13, P≤0.05).
Expression of Ca sensing receptor (CASR) in kidney, which detects changes in Ca concentration in the distal
convoluted tubule, was more highly expressed earlier in Cobb (D0, P≤0.05) than in ACRB, which had higher
expression on later ages (D13, P≤0.05). In jejunum, CASR expression was higher in Cobb at most post-hatch time
points (D1, D3, D7, D13; P≤0.05). Kidney expression of calbindin (CALB1-28k), a cytoplasmic Ca chaperone, was
more highly expressed in Cobb at early embryonic ages (E16, P≤0.05) and higher in ACRB closer to hatch (E20,
P≤0.05). In contrast to calcium transporters, inorganic phosphate transporter 1 (PiT1) showed higher expression in
ACRB at embryonic ages (E20, P≤0.05), while expression in Cobb was higher at post-hatch ages (D13, P≤0.05).
Furthermore, PiT1 expression in jejunum was higher at all post-hatch days in ACRB (P≤0.05). These results indicate
that genetic selection may have altered Ca and P exchange in modern broilers, which could alter availability of these
ions for bone formation at critical ages, therefore leading to reduced leg health in these birds.
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TITLE: Tissue distribution of genes involved in calcium and phosphorus utilization in the laying hen intestinal tract.
Abstract Body: Eggshell calcification requires stringent regulation of calcium (Ca) and phosphorus (P) absorption from
the intestinal tract, yet the mechanisms and timing behind Ca and P uptake in laying hens are poorly understood. This
study investigated the expression of genes involved in the transport and regulation of Ca and P in the duodenum,
jejunum, ileum, and ceca of mature laying hens. To this end, laying hens containing an actively calcifying egg in the
shell gland at 21 weeks of age (n=7) were euthanized, and mucosal scrapings of each section of the gastrointestinal
tract were collected. Total RNA was extracted and reverse transcribed using Qiazol and M-MuLV reverse
transcriptase, respectively. Levels of mRNA were determined using real-time quantitative PCR, and target gene
expression was normalized to glyceraldehyde-3-phosphate dehydrogenase in each sample. Data were analyzed by
one-way ANOVA, and means were compared using Tukey’s Honest Significant Difference test when ANOVA
indicated statistical significance (P≤0.05). Levels of calbindin 1 (CALB1) were similar throughout the small intestine;
however, its expression was significantly lower in the ceca (P≤0.05). Ca transporter (ATP2B1) was uniformly
expressed. Calcium sensing receptor (CASR) and parathyroid hormone receptors 1 and 3 (PTH1R, PTH3R)
increased progressively from duodenum to ileum, with expression levels in ileum being significantly higher than in
duodenum (P≤0.05). Inorganic phosphorus transporter 1 (PiT-1) showed the highest levels of expression in the ceca
(P≤0.05), and low levels of expression in the duodenum, jejunum and ileum. Phosphorus transporter 2 (PiT-2),
however, increased in expression from the duodenum to the ileum (P≤0.05), with the cecal expression decreasing
from that of the ileum. Calcium uptake may also be altered by vitamin D. Vitamin D receptor (VDR) expression was
evenly distributed between small intestinal segments but substantially lower in the ceca (P≤0.05). Retinoid X receptor
alpha increased in expression from the duodenum to the ceca (P≤0.05), and retinoid X receptor gamma increased
from the duodenum to the ileum, with a lower cecal expression of this gene (P≤0.05). These results indicate that
expression of Ca and P related genes generally increased towards the distal parts of the small intestine and ceca, with
most genes being expressed at highest levels in the ileum. Given the pattern of Pit-1 and Pit-2 expression, the ceca
may play an important role in mediating phosphorus uptake. Taken together, these results suggest that the distal
components of the gastrointestinal tract of laying hens may play a larger role than previously thought in mediating Ca
and P uptake and utilization during eggshell calcification.
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FINAL ID: 282
TITLE: Determining the phenotypic shape variation of the premaxillary and dentary bones that may underlie beak
shape in two pure layer lines
Abstract Body: Severe feather pecking (SFP) is a behavior that is often observed in commercial laying hen flocks and
has serious consequences for bird welfare as it can result in wounds, cannibalism, and mortality. Beak treatment is an
effective method of reducing the damage inflicted by SFP but there is significant pressure to eliminate these
treatments and rely solely on alternative strategies. In response to this, there has been an increased focus on
selective breeding against SFP, but the incorporation of meaningful behavior data into a breeding program can be
challenging. Therefore, quantifiable outcomes such as plumage cover, liveability, and beak shape are measured.
Substantial natural variation in beak shape exists within non-beak treated layer flocks and beak shape appears to be
heritable. There is the potential to use this pre-existing variation and genetically select for hens whose beak shapes
are less apt to cause damage during SFP. In order to do this, we must first understand the range of phenotypes that
exist for both the external beak shape and the bones that provide its structure. The objective of this study was to
determine the variation in premaxillary and dentary bone morphology that exists in two non-beak treated pure White
Leghorn layer lines using geometric morphometrics to analyse radiographs. Left lateral head radiographs were taken
of 825 hens and the premaxillary and dentary bones were landmarked using ImageJ software. Landmark coordinates
were standardised by Procrustes superimposition and the covariation was analysed by principal components analysis
and multivariate regression using Geomorph (an R package). For the premaxillary bone, three principal components
(PCs) explained 85% of the total shape variation and showed that premaxillary bone shape ranged from long and
narrow with pointed bone tips to short and wide with more curved tips. The two lines overlapped significantly in
morphospace (shape space); however, they were partially separated by PC1, which described the bone width and
angle of curvature. For the dentary bone, two PCs explained 81% of the total shape variation. PC1 described the
dentary bone length and width and PC2 explained the angle between the bone tip and its articular process. For both
bones, shape was significantly associated with bone size and differed significantly between the two lines. Bone size
accounted for approximately 42% of total shape variation for both bones. Together, the results showed a range of
phenotypic variation in premaxillary and dentary bone shape. These bone phenotypes will guide further quantitative
genetic and behavioral analyses that will help identify which beaks shapes cause the least damage when birds
engage in SFP.
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FINAL ID: 283
TITLE: Delayed post-hatch feeding alters intestinal stem cell activities and intestinal permeability in broiler chickens
Abstract Body: Early life adversity alters the developmental trajectory of intestine, leading to functional disorders of
nutrient absorption, barrier integrity, and intestinal immunity later in life. Intestinal epithelial stem cells (IESCs) govern
the development and homeostasis of intestinal epithelium, which may play important roles in intestinal dysfunction and
post-stress recovery. However, the effect of early life stress on the intestinal function and IESCs behavior in poultry
had not been fully evaluated. The objective of this study was to evaluate how post-hatch feed deprivation impacts
intestinal permeability and IESCs characterizations in broilers. A total of 160 Ross 308 eggs were hatched and allotted
into either delayed feeding group (DF, no feed until 72hr post-hatching) or normal feeding group (NF, immediate
access to feed). Both NF and DF were housed in the same environment. At d3, d4, d14, and d21 post hatching, ileal
samples were collected post 24h-BrdU i.p. injection. Tissues were fixed for morphological analysis and BrdU
immunohistochemistry. Ileal mucosa were mounted on the Ussing chamber for FD4 permeability assessment. Crypt
cells were isolated for culturing intestinal organoids. Ileal cell proliferation and epithelial differentiation marker genes
were quantified via RT-PCR. Student’s t-test was performed using GraphPad and significance denoted at P ≤ 0.05.
Our results showed that DF significantly decreased (P < 0.05) villus height and crypt depth at d3, d14, but not at d21.
However, ileal FD4 permeability was not different at d3, but was significantly higher (P < 0.05) in DF birds at d14 and
d21 compared with NF control. In vivo proliferation of epithelial cells, indicated by BrdU positive cells, was suppressed
in DF group. In vitro activities of IESCs, indicated by enteroids formation rate, size, and expansion index, were
significantly reduced (P < 0.05) in the DF birds at d3 and d14 post-hatch in comparison with control. After 24h
refeeding, the proliferation ability of IESCs from d4 chickens was restored ~50% (P < 0.05) compared with control.
Interestingly, the expression of IESCs marker gene Olfm4 was significantly reduced at d3, but numerically upregulated
at d21. Epithelial goblet cell marker (MUC2) was upregulated (P = 0.07) while Paneth cell marker (LYZ) were
downregulated (P = 0.09) in DF bird at d21. Together, the results indicated that early life stress had long term effects
on intestinal barrier function, which may be regulated by dynamic IESCs proliferation and differentiation activities.
Understanding IESCs regulation during early life development will shed lights on identifying novel strategies for
optimal gut health and regeneration under stress.
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FINAL ID: 284
TITLE: Heat stress affects proliferation and differentiation through the mTOR/S6K pathway in breast muscle satellite
cells from turkeys with different growth rates
Abstract Body: Newly hatched poults have an immature thermal regulatory system and as homotherms have difficulty
handling thermal stress. As muscle stem cells, satellite cells (SCs) are responsible for post-hatch muscle growth by
hypertrophy and are sensitive to temperature during the first week after hatch. Heat stress increases both proliferation
and differentiation rates of 1-wk-old turkey pectoralis major (p. major) muscle SCs (pmSCs), and growth-selection
amplifies the temperature effect. The mechanistic target of rapamycin (mTOR) signaling pathway, which is highly
sensitive to heat stress during turkey pmSC differentiation, regulates SC proliferation and myofiber hypertrophy
through a downstream effector, S6 kinase (S6K). Thus, it was hypothesized that heat stress will affect mTOR/S6K
signal transduction, altering the proliferation and differentiation of pmSCs in a growth-dependent manner. The SCs
were isolated from the p. major muscle of 1-wk-old faster-growing modern commercial turkeys (NC) and slowergrowing Randombred control line 2 (RBC2) turkeys representing commercial turkeys of 1966. Satellite cells were
incubated at 38 or 43°C during proliferation and differentiation. Protein expression was determined by western-blot
analysis, and phosphorylated mTOR and S6K were normalized to their total expression. Small interference RNA
targeting mTOR was transfected into the SCs. After transfection, proliferation, differentiation, and gene expression
were determined by DNA concentration, creatine kinase assay, and real-time quantitative polymerase chain reaction,
respectively. Data were analyzed by MIXED procedure in SAS with P < 0.05 considered significant. During
proliferation and differentiation, both mTOR and S6K showed higher phosphorylation levels (P < 0.01) in the NC line
compared to the RBC2 line at 38 and 43°C. Phosphorylation of both mTOR and S6K increased in both lines (P < 0.01)
at 43°C compared to 38°C, and a greater increase was observed in the RBC2 line. Knocking down mTOR expression
decreased (P < 0.01) proliferation and differentiation in both lines at 38 and 43°C with the RBC2 line showing a
greater linear reduction than the NC line. Expressions of myoblast determination protein 1 and myogenin during
proliferation and differentiation were decreased in both lines (P < 0.01) after knocking down mTOR at 38 and 43°C. In
the RBC2 line, a greater reduction in both genes was observed during proliferation. These data suggest heat stress
increases the breast muscle growth potential partially through mTOR/S6K pathway, and pmSCs from the modern
commercial turkeys are less dependent on mTOR-mediated growth with the potential to affect heat stress-induced
increases in breast muscle growth and yield.
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FINAL ID: 285
TITLE: Effect of cell culture plate gelatin coating method on density of primary broiler chicken skeletal muscle satellite
cells
Abstract Body: The hypertrophic growth of skeletal muscle is dependent on the function of myogenic stem cells called
satellite cells (SC). Protocols for the in vitro culture of primary broiler chicken SC are not standardized in the literature.
Therefore, the objective was to determine the impact of gelatin plate coating method on SC density after 72 h in
2
culture. Six 2-cm wells on 3 replicate tissue culture plates were coated with 0.1% gelatin diluted in sterile Ultrapure
water using 1 of 2 methods. Half of the wells (n = 18) were coated with 500 µL of 0.1% gelatin per well, incubated at
room temperature (RT) for 30 min, liquid gelatin was aspirated off, and wells were dried at RT for 30 min prior to SC
plating (DRY method). The other half of the wells (n = 18) were coated with 500 µL of 0.1% gelatin per well, incubated
at RT for 30 min, liquid gelatin was aspirated off, and SC were immediately plated on the wet gelatin (WET method).
Primary SC isolated from Pectoralis major muscles of 24, male, 15-d-old broilers were pooled and plated in Low
Glucose Dulbecco’s Modified Eagle’s Media supplemented with 10% chicken serum, 5% horse serum, 1%
antibiotic/antimycotic, and 0.1% gentamicin. At 24 h post-plating, the 3 replicate plates were rinsed, and fed fresh
media. At 72 h post-plating, plates were fixed, immunofluorescence stained to detect SC expressing the commonly
used SC marker, paired box 7 (Pax7), and nuclear counterstained with DAPI. Plates were imaged using a Nikon Ti-U
®
Eclipse inverted fluorescence microscopy system and Nikon Elements software. Five digital images per well were
2
captured and populations of DAPI+:Pax7+ cells were enumerated, and their density expressed on a cells per mm
basis. Data were analyzed using the GLIMMIX procedure of SAS (V9.4) with gelatin coating method as the fixed effect
and culture well as the experimental unit. Multiple comparisons of least squares means were performed with the
PDIFF option at P ≤ 0.05. As hypothesized, gelatin coating method did not alter the density of Pax7+ SC (DRY = 41
2
2
per mm ; WET = 40 per mm ± 3; P = 0.7315) at 72 h post-plating. A major advantage of the DRY method is that the
method allows for greater flexibility in the timing of SC plating without appearing to compromise SC proliferation.
These data suggest that either the DRY or WET gelatin plate coating method can be successfully utilized for culturing
Pectoralis major primary SC from broilers.
KEYWORDS: Skeletal muscle satellite cell, broiler chicken, gelatin plate coating method, satellite cell culture, muscle
stem cell.
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FINAL ID: 286
TITLE: Effect of in vitro culture temperature on heterogeneity of myogenic regulatory factor expression in primary
broiler chicken satellite cells
Abstract Body: Satellite cells (SC) mediate post-hatch skeletal muscle growth and repair by proliferating and fusing
with existing fibers to increase myonuclear DNA content which increases myofibrillar protein synthesis potential.
Culture conditions for broiler SC are not standardized in the literature. Broiler body temperature ranges from 40 to 42
°C. The objective of this study was to determine the optimal incubation temperature for culturing primary SC isolated
from the pooled Pectoralis major (PM) muscles of 24, male, 15-d-old broilers. Primary SC were plated in triplicate on
15.6-mm, gelatin-coated wells on 3 parallel tissue culture plates. They were cultured in low glucose Dulbecco’s
Modified Eagle’s Medium supplemented with 10% chicken serum, 5% horse serum, 1% antibiotic/antimycotic, and
0.1% gentamicin. Cultures were incubated at 40, 41, or 42 °C for 96 h (n = 3 plates with 3 wells per temperature). At
24 and 72 h post-plating, wells were rinsed with serum-free media, and fresh media was added. At 96 h post-plating,
cultures were stained using indirect immunofluorescence with a DAPI nuclear counterstain to detect SC expressing
the common SC markers and myogenic regulatory factors (MRF), paired box 7 (Pax7) and myogenic differentiation
®
factor 1 (MyoD). All wells (n = 27) were imaged using a Nikon Ti-U Eclipse inverted fluorescence microscopy system
with Nikon Elements software. Images of 5 random fields were captured per well, and populations of DAPI+ only,
2
DAPI+:Pax7+, DAPI+:MyoD+, and DAPI+:Pax7+:MyoD+ cell populations were enumerated and expressed on a mm
basis. Total MRF- or non-myogenic (DAPI+:Pax7-:MyoD-), total MRF+ or myogenic (DAPI+:Pax7+, DAPI+:MyoD+,
DAPI+:Pax7+:MyoD+), and total cells (DAPI+) were calculated from the cell taxonomy data. Cell populations were
expressed as a proportion of total DAPI+ cells. Data were analyzed using the GLIMMIX procedure of SAS (V9.4) with
temperature as the fixed effect and well as the experimental unit. Least squares means were separated using the
PDIFF option at P ≤ 0.05. Cultures incubated at 40 °C had more total DAPI+ (P < 0.0001), MyoD+ (P < 0.0001),
Pax7+:MyoD+ (P < 0.0001), and total MRF+ (P < 0.0001) cells compared with those incubated at 41 °C and 42 °C.
The density of both DAPI+:Pax7+ (P = 0.0212) and total MRF-, non-myogenic (P = 0.0071) cells was greatest in SC
cultured at 42 °C. The 40 and 41 °C incubation temperatures produced higher proportions of total MRF+ cells
compared with those cultured at 42 °C. Culturing PM broiler primary SC at 40 °C appears to best promote
proliferation. Further investigation of SC doubling time, differentiation, and myotube fusion when cultured at chicken
body temperature is warranted.
KEYWORDS: skeletal muscle satellite cell, broiler chicken, cell culture temperature, myogenic regulatory factor
expression, proliferation.
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FINAL ID: 287
TITLE: Effect of basal plating culture media on primary broiler chicken muscle satellite cell myogenic regulatory factor
expression heterogeneity
Abstract Body: Broiler chicken satellite cells (SC) isolated from Pectoralis major (PM) muscles provide a useful in vitro
model to study broiler muscle growth as they play an essential role in post-hatch muscle growth and repair. There is
little consistency in the literature regarding optimal conditions for promoting sufficient proliferation of SC and their
differentiation into nascent myofibers called myotubes in culture. Therefore, the objective of this study was to
determine the effect of different basal plating media on the heterogeneity of myogenic regulatory factors (MRF)
expression in SC. Three parallel plates of SC isolated from pooled PM muscle from 12 (19 d-old) male broiler chicks
were plated on triplicate wells in 1 of 3 basal media: McCoy’s 5A (MCCOY), high glucose Dulbecco's Modified Eagle's
medium (HGDMEM), or low glucose DMEM (LGDMEM). All basal media were supplemented with 10% chicken
○
serum, 5% horse serum, 1% antibiotic/antimycotic, and 0.1% gentamicin. SC were cultured at 40 C with 18% O and
2
5% CO on 9 wells (n = 3 per basal media) on 24-well culture plates coated with 0.1% gelatin. Twenty-four h post2
plating, all plates were rinsed twice with serum-free LGDMEM and cultured for an additional 48 h in LGDMEM
containing 10% chicken serum, 5% horse serum, 1% antibiotic/antimycotic, and 0.1% gentamicin. After 48 h in
proliferation media (72 h post-plating), cultures were immunofluorescence (IF) stained to detect SC expressing the
common SC markers and MRF, paired box 7 (Pax7), myogenic differentiation factor 1 (MyoD), and myogenic factor 5
(Myf-5). After IF staining, a DAPI nuclear stain was applied. Five fields per well were imaged using a Nikon Ti-U
®
Eclipse inverted fluorescence microscopy system and Nikon Elements software. Cell populations were enumerated
DAPI+, Pax7+, MyoD+, Myf-5+, Pax7:MyoD+, Pax7+:Myf-5+, MyoD+:Myf-5+, and Pax7+:MyoD+:Myf-5+ and densities
2
expressed on a cm basis. Total MRF- (DAPI+:MRF-) and total MRF+ (DAPI+:MRF+) were calculated. Cell
populations were also expressed as a proportion of total DAPI+ cells (TDAPI). Data were analyzed using the
GLIMMIX procedure of SAS (V9.4) with well serving as the experimental unit. Multiple least square mean comparisons
were performed using the PDIFF option at P ≤ 0.05. Cultures plated in HGDMEM basal media tended to have smaller
PAX7+ SC populations at 72-h post-plating compared with SC plated in MCCOY (P = 0.0965). Interestingly, basal
plating culture media did not alter MyoD+, Myf-5+, Pax7:MyoD+, Pax7+:Myf-5+, MyoD+:Myf-5+, Pax7+:MyoD+:Myf5+, or total MRF+ SC populations (P = 0.1594). Overall, these results indicate that plating primary SC cultures in any
of the 3 basal medias tested produce similar populations of double MRF+ SC.
KEYWORDS: skeletal muscle satellite cell, broiler chicken, cell culture, plating media, myogenic regulatory factor
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FINAL ID: 288
TITLE: Temporal and tissue-specific mRNA expression of glucose and amino acid transporters in broilers
Abstract Body: In poultry, nutrient absorption is facilitated by the gastrointestinal tract, and nutrients are transported to
liver and muscle for further metabolic processing and partitioning. Glucose is a key energy substrate, while amino
acids (AA) are critical for protein accretion. In mammals, age and tissue-specific physiological mechanisms regulating
nutrient uptake and utilization are well-studied. However, such information is lacking in broilers, a commercially
important species for which understanding these processes might enhance production efficiency. We investigated
expression of glucose transporters (GLUT1, GLUT2, GLUT8, and GLUT12) and AA transporters (CAT1, CAT2, LAT1,
and yLAT2) in the jejunal mucosa, liver, and breast muscle (Pectoralis major) of male Ross broilers on post-hatch day
(D) 17 and D28 (n=12 replicates per age). Expression of mRNA for glucose and AA transporters was measured by
RT-qPCR. Data were analyzed using ANOVA followed by Fisher’s Least Significant Difference test, and differences
were considered significant at p≤0.05. In jejunal mucosa, mRNA expression of GLUT1 significantly decreased
between D17 and D28, while expression of GLUT2 increased significantly during this time. Expression of GLUT1 and
GLUT8 mRNA increased significantly on D28 in liver, while mRNA expression of GLUT8 and GLUT12 were
downregulated on D28 in breast muscle. Both in jejunal mucosa and liver, CAT2 and yLAT2 were elevated
significantly on D28. In contrast, breast muscle mRNA expression of CAT1, CAT2, and LAT1 were downregulated on
D28, while yLAT2 was upregulated at this age. Increased expression of select insulin-responsive (GLUT2, GLUT8,
GLUT12) glucose transporters in jejunal mucosa and liver and a concomitant decrease in breast muscle suggests
that, in older broilers, these tissues differ in their sensitivity to circulating insulin and that basal uptake of glucose by
breast muscle is adequate to support the rapid growth of this tissue at this age. Further, since GLUT8 and GLUT12
are bidirectional glucose transporters, the decrease in their expression in breast muscle on D28 potentially limits
glucose movement out of this tissue to further support the metabolic process of muscle accretion. CAT2 and yLAT2
transport the essential AA arginine and lysine, and their increased expression in jejunum and liver on D28 would
support the increased requirement for these AA as the birds grow. Reduced expression of CAT1, CAT2, and LAT1 on
D28 in breast muscle is likely reflective of reduced protein turnover in this tissue, again contributing to rapid muscle
accretion at this age. Together, these results provide insights into understanding how nutrients are partitioned during
different phases of juvenile broiler growth.
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FINAL ID: 289
TITLE: Diminished insulin-like growth factor binding protein expression in the liver and muscle of peri-hatch broilers is
associated with the transition from embryogenesis to juvenile development
Abstract Body: Insulin-like growth factor (IGF) 1 and 2 are regulators of vertebrate growth and their activities are
modulated by IGF binding proteins (IGFBPs). In chickens, proper growth and development require a coordinated
transition to occur between late embryogenesis and early post-hatch. The objective of this study was to determine if
expression of genes regulating IGF signaling action changed throughout this developmental transition. Liver and
breast muscle (Pectoralis major) were collected from Ross 308 males at embryonic day (e) 12, e14, e16, e18, e20,
and post-hatch day (d) 0, d1, d3, d5, d7, d10, d14, and d21. Total RNA was extracted from 6 birds at each age (n=6).
Expression of mRNA was determined by reverse-transcription real-time quantitative PCR, and target mRNA levels
were normalized to 18S rRNA levels. Data were analyzed by one-way ANOVA and post hoc means comparisons were
made with the test of least significant difference when ANOVA indicated significance (P≤0.05). Age-induced
differences in expression were observed in both liver and breast muscle. Liver IGF1 and IGFBP4 increased after
hatch despite low embryonic expression (P≤0.05). On e20, liver expression of IGF1R, IGFBP1, IGFBP2, and IGFBP3
decreased but then increased again by d3 and remain elevated throughout the juvenile period (P≤0.05), although
none returned to embryonic expression levels. Similarly, IGFBP5 and IGFBP7 in liver were diminished between d0
and d3 and rebounded following hatch (P≤0.05). In contrast to the liver, embryonic IGF1R, IGFBP2, IGFBP4, and
IGFBP5 in breast muscle dropped after d1 and remained low until d21 (P≤0.05). The IGFBPs regulate IGF signaling in
part by preventing IGFs from binding to their receptor. Diminished IGFBP expression during the peri-hatch period and
reduced juvenile expression, particularly in breast muscle, suggests that enhanced IGF signaling could be necessary
to induce rapid post-hatch growth observed in commercial broilers. The reduction of IGFBP mRNA overall might
enhance sensitivity of skeletal muscle to both circulating endocrine and local paracrine IGFs, although the strength of
this effect could differ across the IGFBPs.
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TITLE: Effect of maternal and post-hatch supplementation of 25-hydroxycholecalciferol on in vivo broiler chicken
duodenal crypt cell proliferation
Abstract Body: Undifferentiated proliferating crypt cells (stem cells and transit amplifying cells) are the source for
intestinal epithelial development and regeneration. Epithelial cell proliferation is necessary during the early post-hatch
stage to develop a functional epithelium as the bird transitions to a solid diet. However, it is a metabolically expensive
process that diverts energy and amino acids from skeletal muscle accretion. Previous studies have found that posthatch supplementation of broiler diets with the vitamin D (D3) metabolite, 25-hydrocycholecalciferol (25OHD3), affects
the small intestine morphology. A randomized complete block design experiment with a 2 × 2 factorial treatment
arrangement was conducted to assess the effect of combining maternal (MDIET) and post-hatch (PDIET) dietary
25OHD3 inclusion on duodenal (DUO) crypt cell proliferation of young broiler chickens. All diets were formulated to
provide 5,000 IU of vitamin D. Broiler breeder hens were offered 1 of 2 MDIET: 5,000 IU D3 per kg of feed (MCTL) or
2,240 IU of D3 + 2,760 IU of 25OHD3 per kg of feed (M25OHD3) from wk 25 to 41. Male broiler offspring (n = 480)
hatched from eggs collected during breeder age wk 41 were allotted in raised floor pens (4 birds per pen from d 0 to 7
and 1 bird per pen from d 8 to 21). Chicks were fed 1 of 2 PDIET (starter d 0 to 21): 5,000 IU D3 per kg of feed (PCTL)
or 2,240 IU D3 + 2,760 IU 25OHD3 (P25OHD3). DUO samples (n = 12 birds per treatment per day) were collected on
d 3, 6, 9, 12, 15, 18 and 21 for cryohistological and immunofluorescence analysis to facilitate the enumeration of total
cell nuclei (DAPI+) and mitotically active cells (BrdU+) and calculate the proportion of proliferating cells (PPC) per
duodenal crypt. Data were analyzed using SAS (V9.4) PROC GLIMMIX and means were separated at P ≤ 0.05. Bird
age impacted crypt PPC with the greatest PPC per duodenal crypt observed on d 3 and 12 (39.30 and 41.11%,
respectively), and the lowest PPC per crypt observed on d 21 (25.32 %; P < 0.0001). A MDIET × PDIET interaction
was observed for the PPC per crypt on d 3 where M25OHD3:PCTL broilers had greater PPC in their crypts than
MCTL:PCTL birds (P = 0.002). No MDIET × PDIET were observed at any other time points. MDIET altered duodenal
crypt cell proliferation on d 6 post-hatch as MCTL broiler offspring had a greater crypt PPC than those from hens fed
M25OHD3 (36.71 vs. 33.89 % respectively; P = 0.0002). Overall, it appears that maternal supplementation with
25OHD3 may influence early post-hatch small intestinal physiology of broilers. Further research is warranted to
understand the underlying mechanisms behind these changes.
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FINAL ID: 291
TITLE: Effects of antibiotic growth promoters on growth performance and intestinal development in commercial
broilers
Abstract Body: Subtherapeutic levels of antibiotics have historically been used in the broiler industry for the purpose
of growth promotion. Implementation of the Veterinary Feed Directive has barred the continuation of this practice,
generating a need to establish antibiotic growth promoter (AGP) alternatives for use in broiler production. However,
the mechanism by which AGPs influence broiler growth efficiency remains unknown, complicating the search for a
suitable replacement. The objective of this study was to investigate the effects of AGPs on growth performance and
intestinal development. Male broiler chicks (108) were individually caged in an environmentally controlled room
between D10 and D36 and received one of two grower (d10-d24) and finisher (d24-d36) diets (n=54/diet): an
antibiotic-free control diet (ABF) or a diet containing subtherapeutic levels of bacitracin methylene disalicylate (BMD;
55 mg/kg diet). Birds and feed were weighed on d10, d24, and d35 for determination of individual body weight gain
(BWG), feed intake (FI), and feed conversion ratio (FCR; g BWG/g FI). On d36, the 4 birds with the lowest (high
efficiency; HE) or highest (low efficiency; LE) FCR from each diet were used for sample collection (n=4), resulting in 4
groups: ABF-HE, ABF-LE, BMD-HE, and BMD-LE. Body weight and intestinal tract weights were determined, and
mucosal scrapings from jejunum and ileum, excreta, and the right ceca were collected. Data were analyzed by 2-way
ANOVA, and post hoc means comparisons were made with the test of least significant difference when ANOVA
indicated statistical significance (P0.05). Birds fed the BMD diet (BW=2656.3 g, BWG=2367.9 g) were significantly
heavier on D35 and gained significantly more weight between D10 and D35 than birds fed the ABF diet (BW=2583.5
g, BWG=2292.96 g) (n=54). Among the sampled birds (n=4), there was a significant diet*group interaction for FCR,
with the ABF-HE (1.35) and BMD-HE (1.36) FCRs being significantly lower than the two LE groups but not different
from each other. FCR for the BMD-LE group (1.55) was significantly lower than that of the ABF-LE group (1.65). There
was a main FCR effect on % excreta dry matter, which was significantly higher in LE birds at 26% compared to HE
birds at 21%. There were no interaction or main diet effects for intestinal tract weights, but there was main FCR effect
where the jejunum (% BW) of LE birds was heavier than that of HE birds. Total aerobic plate counts in jejunum, ileum,
and ceca were not different between groups. These data suggest that while AGPs did significantly improve FCR in LE
birds and BWG, direct effects on the intestinal tract size or aerobic microbial population are not responsible for this
improvement.
KEYWORDS: BMD, feed conversion ratio, intestine, broiler, growth efficiency.
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FINAL ID: 292
TITLE: Immersion Chiller Media Characterization and Effects on Peracetic Acid Half-Life Rates
Abstract Body:
The poultry industry relies on peracetic acid (PAA) as an antimicrobial agent in an effort to control microbial
contamination. This reliance does not equate to an understanding of PAA stability and decay within immersion chillers.
There are a growing number of anecdotal reports indicating PAA’s rapid decay in the presence of organic carbon that
are in the forms of total suspended solids (TSS), total dissolved solids (TDS), fats, oils, and greases (FOGs). In an
effort to inform industry of how individual components of organic carbon impact PAA’s stability, we first must
understand how these parameters change throughout a processing day. This project characterized chiller water
samples from both pre-chiller and main chiller from first WOG (whole bird without giblets) in until last WOG out at two
different plants. All samples were analyzed for pH, PAA, TSS, TDS, and FOG concentration to aid in later PAA
stability studies. A third plant characterization is planned and statistical analysis of all three plants will be performed
once all data is collected. For the first two plants, the concentrations of TSS, TDS and FOG were low in the beginning
of chill in both chiller types. The pre-chiller reached “steady state” within 3-4 hours, while the main chiller TSS, TDS,
and FOG continually increased throughout the day. Utilizing this data, organic carbon components were individually
tested for their effects on PAA stability. All tests began with PAA at an initial concentration of 150 ppm. PAA was
added to test water and mixed for sixty seconds before concentration was measured (t=1). PAA concentration was
measured at five time points (1, 5, 15, 30, and 60 minutes) at a pH of 9.0 using two colorimetric adsorption device kits.
Half-lives were calculated using an exponential decay formula, while averages and standard deviations were
calculated using Excel formulas. PAA in potable water (pH 9.0) acted as a control group for decay rate with a half-life
of 145 minutes. TSS at 2000 ppm resulted in a half-life of 80 minutes. TDS at 1750 ppm had a large effect on PAA,
with a half-life of 6 minutes. Components that contribute to TDS, including proteins and organic nitrogen, were also
tested. Bovine serum albumin (BSA) protein at 1800 ppm resulted in half-life of 141 minutes. Organic nitrogen at 250
ppm had the largest effect on PAA with a half-life of 1 minute. The majority of organic carbon species in the pre-chiller
reach a steady state within a few hours. On the other hand, those same species continually increase in the main
chiller throughout the processing day. As for the species that has the largest effect on PAA stability, it was shown that
TDS and by extension, organic nitrogen cause PAA to rapidly decay.
KEYWORDS: peracetic acid, PAA, PAA decay, characterization, chiller.
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FINAL ID: 293
TITLE: Combination of Water Immersion Chilling and Subzero Saline Chilling Improved Chilling Efficiency and Meat
Tenderness of Broiler Carcasses
Abstract Body:
Chilling freshly slaughtered carcasses is vital to ensure meat quality and product wholesomeness. Water immersion
chilling (WIC) of poultry carcasses is widely practiced in the United States. However, poor or delayed chilling
conditions reduce meat quality and product safety. Recently, a novel chilling technology known as subzero saline
chilling (SSC) has demonstrated improvement of chilling efficiency and product safety. The objective of this study was
to further investigate the effects of SSC on broiler carcasses in various chilling conditions. The experiment was
conducted in two replicates. In each replicate, a total of thirty 6-week-old commercial broilers were obtained and
conventionally processed with live weights 2.3 – 3.3 kg. After evisceration, carcasses were immediately chilled by
randomly assigning to one of the five solutions: 1) WIC (control) in 0% NaCl/0.5 oC, 2) SSC in 4% NaCl/-2.41 oC, 3)
SSC-WIC: SSC in 4% NaCl/-2.41 oC followed by WIC in 0% NaCl/0.5 oC, 4) WWIC-WIC: warm-WIC in 0% NaCl/10.0
oC followed by WIC, and 5) WIC-SSC: WIC followed by SSC. The internal temperature of breast fillets was monitored
during chilling. Razor blade shear force (RBSF), sarcomere length, pH, R-value, and instrumental color (L*, a*, and
b*), were evaluated in breast fillets. The experiment was a randomized block design. Data were analyzed using the
PROC MIXED of SAS, with the replicate and chilling methods as fixed effects and animal ID as random effect. Before
chilling, the internal carcass temperature was 40.2oC on average. Temperature was reduced to 4.2 to 5.3oC, with
average chilling times of 78.6, 87.1, 87.3, 89.5, and 129.4 min in SSC, SSC-WIC, WIC, WIC-SSC, and WWIC-WIC,
respectively. Chilling yield was higher in WIC-SSC (103.18±1.65 %) compared to the other four chilling conditions
(101.49±1.01%, pooled; P < 0.05). After cooking, the most tenderized fillets were noticed in SSC (8.46±1.79 N) and
WIC-SSC (8.53±1.88 N ), which showed 27.4% reduction of RBSF compared to the remaining chilling methods
(11.7±2.22 N, pooled; P < 0.05). Sarcomere length was longer in the fillets of carcasses that were chilled in WIC-SSC
and SSC than in the remaining chilling solutions (P < 0.05), supporting the results of fillet tenderness. No statistical
significance was observed for breast cooking yield, muscle pH, R-value, or skinless breast color, regardless of chilling
method. These results indicate that SSC and WIC-SSC significantly improve carcass chilling efficiency and meat
tenderness. Additional research is required to assess bacterial population and salt pickup level on carcasses during
chilling as well as shelf-life of the broiler product and recycling of the red water (saline solution) after chilling.
KEYWORDS: sub-zero saline chilling, water immersion chilling , chilling efficiency, meat tenderness.
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FINAL ID: 294
TITLE: Sub-zero Saline Chilling Improved Chilling Efficiency and Bacterial Reduction of Turkey Carcasses
Abstract Body: The poultry industry has attempted to improve chilling efficiency, meat quality, and product safety. The
purpose of this research was to investigate the effects of sub-zero saline chilling (SSC) on chilling efficiency and
microbial safety of tom turkey carcasses. A total of 12 eviscerated turkey carcasses (2 carcasses/treatment for 2
replications; ~ 30 kg/carcass) were randomly picked from the processing line in a local turkey processing plant. They
were immediately chilled using one of the three solutions: 1) 0%NaCl/0.5°C (control), 2) 4% NaCl/-2.41°C, and 3) 8%
NaCl/-5.08°C. Before chilling, one mid-size tom per treatment was selected, and a thermometer was inserted to the
center of breast fillet of the tom to monitor the internal temperature during chilling. After chilling, breast skin (~ 25
g/carcass) was aseptically excised for bacterial enumeration for mesophilic aerobic bacteria (MAB), Escherichia coli
(E. coli), and total coliforms. Data were analyzed using one-way ANOVA and a completely randomized design was
used. A post-hoc analysis was performed using Duncan`s multiple range test to evaluate difference among treatments
at P < 0.05. During chilling, carcass temperature was reduced most effectively in 8% NaCl/-5.08 °C (136 min),
followed by 4% NaCl/-2.41 °C (175 min) and 0%NaCl/0.5 °C (325 min). After chilling, bacterial populations of MAB, E.
coli, and total coliforms were significantly reduced in both SSC solutions over the control, except the MAB in 4%
NaCl/-2.41 °C. Based on these results, chilling of turkey carcasses in subzero saline solution appears to be a better
option than control solution, especially in 4% NaCl/-2.41 °C solution considering the high salt issue in 8% NaCl/-5.08
°C during wastewater treatment. Further research needs to be performed to confirm chilling solution effects on
bacterial reduction of turkey carcasses before and after chilling.
KEYWORDS: Sub-zero saline chilling, chilling efficiency, Bacterial reduction, Turkey chilling.
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FINAL ID: 295
TITLE: Temperature stress and poultry meat quality: a meta-analysis
Abstract Body: Temperature stress has consequences for poultry health and welfare, productivity, and industry
profitability by negatively affecting body weight and feed efficiency. Exposure to temperatures outside the thermal
comfort zone may also result in meat quality defects, which cost the broiler and turkey industries millions of dollars
annually. To determine the effect of temperature stress on poultry meat quality, a meta-analysis was conducted. A
systematic literature search was used to identify 48 publications which met the criteria for inclusion. Treatment
temperature (°C) and treatment duration were extracted from the chosen studies to define temperature stress.
Treatment duration was further categorized for analysis into acute (≤ 24 hours) or chronic (> 24 hours) treatments.
The meat quality parameters considered for this study were lightness (L*), redness (a*), yellowness (b*), pH (initial
and ultimate), drip loss, cooking loss, and shear force. Linear mixed model analysis, including study as a random
effect, was used to determine the effect of temperature and treatment duration on the chosen meat quality traits.
Prediction models were evaluated by performing a k-fold cross-validation to estimate test error. Treatment
temperature had a significant effect on all studied meat quality traits. As treatment temperature increased, meat colour
was lighter, more yellow, and less red. Furthermore, at high temperatures, meat pH was lower, had increased
moisture loss, and higher shear force. The interaction between treatment temperature and duration was significant for
almost all traits; however, whether acute or chronic stress had a larger impact on meat quality was unclear. Acute
stress had a larger effect on ultimate pH, and chronic stress had a larger impact on colour traits (L* and a*). The
results of this meta-analysis confirm that ambient temperature affects poultry meat quality and quantifies these effects
across a large dataset of published studies. However, effects estimated were generally small, and it could be
challenged whether they have practical significance from a processing perspective. Further studies should be
conducted to better investigate the effect of temperature duration as well as other factors like effective temperature
(including humidity, ventilation, etc.) and production traits (i.e., growth rate, feed efficiency, etc.).
KEYWORDS: meta-analysis, meat quality, temperature stress, broiler, turkey.
CURRENT CATEGORY: Processing and Products
PRESENTER: Emily M Leishman
1
1
1
2
AUTHORS (FIRST NAME, LAST NAME): Emily M. Leishman , Jennifer Ellis , Nienke van Staaveren , Shai Barbut ,
1
1
3, 4, 1
1
1, 5
Ryley Vanderhout , Vern Osborne , Ben J. Wood
, Alexandra Harlander , Christine F. Baes
INSTITUTIONS (ALL):
1. Animal Biosciences, University of Guelph, Guelph, ON, Canada.
2. Food Science, University of Guelph, Guelph, ON, Canada.
3. School of Veterinary Science, University of Queensland, Gatton, QLD, Australia.
4. Hybrid Turkeys, Kitchener, ON, Canada.
5. Institute of Genetics, University of Bern, Bern, Switzerland.

FINAL ID: 296
TITLE: Evaluation of toughness and firmness of pet treats developed from broiler chicken carcass frames and
wooden breast combinations
Abstract Body: Pet treats are high-value products that can be developed using various ingredients. To maximize
profits without sacrificing positive attributes, quality low-value ingredients can be utilized. Among these ingredients are
co-products from broiler chicken processing. Carcass frames (CF) and Wooden Breast (WB) meat are low-priced
products that could potentially be transformed into pet treats. To transform these products, a stabilizing agent such as
sodium alginate + encapsulated calcium lactate (ALGIN) can be included in the mixture to improve the consistency of
the final product. The objective of this study was to assess toughness and firmness of pet treats developed from 5
different CF:WB mixtures with 2 ALGIN inclusions. Severe (score 3) WB and CF were ground using a Thompson 3000
industrial grinder and mixed in the following ratios: 0%CF-100%WB, 25%CF-75%WB, 50%CF-50%WB, 75%CF25%WB, and 100%CF-0%WB. Mixtures were combined with 1 of 2 ALGIN concentrations (0.500% sodium alginate +
0.425% encapsulated calcium lactate (0.5x), and 1.00% of sodium alginate + 0.85% encapsulated calcium lactate (1x)
to produce 10 treatments. Each treatment was extruded into a 52-mm diameter casing, wrapped in plastic wrap, and
refrigerated at 1 °C for 16 h and frozen at -11 C for 3 h prior to being slicing into 3-mm thick slices. Slices were cooked
in a 149 °C Koch smokehouse (target internal temperature 74 °C; 6-8 min). Oven temperature was decreased to 66
°C until water activity reached 0.80 (4 h). Ten slices per treatment were analyzed with a shear force test using a TA-42
probe with a 3 mm thick, 70 mm wide and 45° chisel edged blade. This test measured toughness (total force over
distance) and firmness (peak force). Data were analyzed using the GLIMMIX procedure of SAS (V9.4) and least
square means were separated using the PDIFF option at P ≤ 0.05. An interaction among ALGIN inclusions and
CF:WB mixtures for both variables measured was observed. Firmness increased as WB proportion increased, while
0%CF-100%WB and 75%CF-25%WB mixtures with 1x ALGIN were firmer that their 0.5x ALGIN equivalents (P <
0.0001). Similarly, higher WB and ALGIN inclusions produced tougher slices, but ALGIN did not impact the 100%CF0%WB combination (P < 0.0001). Low-value broiler chicken processing co-products, CF and WB were successfully
combined with ALGIN to develop pet treats, increasing the value of such co-products.
KEYWORDS: toughness, firmness, carcass frame, pet treat, Wooden Breast meat.
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FINAL ID: 297
TITLE: Differences in carcass yield and breast meat quality parameters in fast- and slow-growing chickens
Abstract Body: In Europe, increased consumer interest in chicken meat from alternative farming systems along with
forthcoming legislative changes pose major challenges for the poultry industry. To meet future demand, the use of
suitable chicken genotypes in conventional and organic breeding systems is essential, as is the feeding of cockerels
of egg-production poultry.
In this study, the carcass yield and differences in breast meat quality of fast- (Ross 308) and slow-growing dualpurpose (ISA Dual) genotypes of chickens were evaluated. 200 cockerels were fed to a final weight of 2 kg under
identical conditions. A random selection of 10 birds of each genotype were slaughtered for carcass analysis.
Pectoralis major (PM) muscle samples were taken to determine the physical and chemical parameters of the meat
quality. Data were analysed by analysis of variance (SAS Institute, Inc., 2013) and significance evaluated using t-test.
The Ross 308 reached 2 kg live weight aged 32 days and the ISA Dual aged 74 days. Neither genotype of chicken
showed a significant difference in dressing percentage. However, the fast-growing chickens had a significantly higher
breast meat percentage (P≤0.001) and abdominal fat content percentage (P=0.005). Regarding the meat’s physical
characteristics, the pH measured 24 hours post-mortem in PM differed by genotype (P≤0.001), with lower values in
the ISA Dual than the Ross 308. No significant difference was observed in any L*, a*, b* colour values. Higher
(P≤0.001) cooking loss of the Ross 308 indicates a lower water holding capacity than that of the ISA Dual. The
chemical composition of the breast meat was determined using the AOAC method (2005). ISA Dual chickens had a
significantly higher (P≤0.001) proportion of dry matter, protein, and ash, while lower (P≤0.001) fat and cholesterol
content than Ross 308 chickens. As expected, due to the longer feeding period, the hydroxyproline content was higher
(P=0.001) in ISA Dual than in Ross 308 chickens. Muscle fiber characteristics were determined using the method by
Ashmore and Doerr (1971). The PM of ISA Dual chickens was composed of a higher (P≤0.001) number of muscle
2
fibers, and since the number of muscle fibers in a 1 mm area is related to their cross-sectional size, their area was
lower (P≤0.001) than that of Ross 308 chickens, in which the opposite result was obtained.
In conclusion, the study found a difference between the genotypes. Dual-purpose cockerels are much more suitable
for longer feeding. Although they have a significantly lower proportion of breasts compared to the Ross 308, the breast
meat shows better physical and nutritional properties.
KEYWORDS: carcass yield, dual-purpose, genotypes, meat quality, muscle fibers.
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FINAL ID: 298
TITLE: Quality attributes of standard and high breast yielding broilers raised for small and big bird debone markets.
Abstract Body: In recent times, meat quality has become a key aspect of broiler production. However, little knowledge
is published in the literature that assesses modern strain, sex, and target weight differences on meat quality.
Therefore, the purpose of this study was to assess meat quality variation in strain, sex, and carcass size for four
commercially available strains (2 standard yielding (SY) and 2 high yielding (HY)) within the current United States
market. In this study, 2,400 sex separate broilers were placed to evaluate performance when grown to two market
weights (2.5 and 3.8 kg, representing small bird and big bird program, respectively). Additionally, broilers were fed one
of two diets with varying degrees of amino acid inclusion to represent two planes of nutrition. Upon analysis, diet had
little impact (P>0.05) on parameters and was therefore excluded in further data analysis. A three-way ANOVA was
then used to assess various meat quality parameters using main effects of strain, sex, and carcass size. A main
effect of strain type was significant for most parameters (P<0.05) except for breast width and cook loss (P>0.05). For
all listed parameters SY strains outperformed those from the HY strains regarding meat quality assessment.
Concomitantly, SY strains in the small bird (SB) market performed better than SY strains in the big bird (BB) market as
smaller carcasses had lower incidences of white striping, woody breast, spaghetti meat, woody-like tender, and tender
feathering and improved quality attributes (P<0.05). Similar trends were observed (P<0.05) in HY strains as SB
carcasses produced a better overall product. For each market segment, males had significantly thicker (P<0.05) and
longer (P<0.05) fillets, higher incidences (P<0.05) of white striping, and higher (P<0.05) cook loss, when compared to
females. Differences were also observed in tenderness as SY strain A produced the lowest shear values, whereas SY
strain B produced the highest shear values across parameters (P<0.05). Differences in carcass size directly impacted
quality (P<0.05) as SB markets showed improvements in most parameters assessed. Although strain had some
impact on quality measures, carcass size and sex had greater impacts in terms of muscle myopathies, water holding
capacity, and shear properties. These results suggest that variation in quality at processing in industry may be partly
due to processing varying live weights, as well as straight run broilers. Integrators should also strive for a balance
between yield and quality.
KEYWORDS: meat quality, myopathies, tenderloin, breast, tenderness.
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FINAL ID: 299
TITLE: Assessment of Meat Quality Attributes of Four Commercial Broiler Strains Processed at Various Market
Weights
Abstract Body: As the demand for poultry meat continues to grow, the industry is challenged with how to meet these
needs of consumers. The current solution is to grow a bigger, higher breast yielding bird that results in increased
production at market. The growth rates continually improve in order to increase production efficiently. However, the
industry has seen a decline in the quality of the meat as the growth rates and growth periods continue to increase.
The objective of this study was to assess changes in quality associated with bird size. In this study, 1,800 broilers from
four commercial strains (two high breast yielding (HY) and two standard yielding (SY)) were raised sex separately in
order to evaluate meat quality trends over time at six different market weights. Birds were processed at market
weights ranging from 2043g to 4313g in 454g increments. All data were subjected to mixed model statistical analysis
by sex with fixed effects of strain and carcass size and random effect of pen. High breast yielding strains (HY) had
significantly higher breast and tender yields that those of the standard breast yielding (SY) strains (P<0.05). There
was an increase in breast and tender yields as target weights increased (P<0.05) for both HY and SY strains. Some
differences were observed depending on strain for fillet dimensions consisting of length, width, and thickness;
however as expected, measurements increased as target weight increased (P<0.05). Woody breast (WB) had a
higher severity in the HY strains for both males and females (P<0.05) when compared to SY strains. There were
significant differences for WB and WS (P<0.05), showing that over time as target weight increased, severity of the
myopathy increased. Spaghetti meat generally decreased (P<0.05) from 2497g to 4313g broilers while woody-like
tender scores decreased (P<0.05) throughout the same range. Tender feathering was inconsistent across strains and
weights. For shear values, the main differences were observed among target weight with inconsistent difference
between the high and standard yielding strains. Total loss (thaw and cook loss) decreased (P<0.05) from 2497g to
4313g in males and females. MORS energy values were significantly different for both sexes among target weights
and increased as the target weight increased in the cranial region of the fillet (P<0.05). While strain had some
significant impact on meat quality attributes, processing weight had a greater impact on quality, specifically muscle
myopathies, water holding capacity, and shear values.
KEYWORDS: broiler, market weight, meat quality, myopathy, strain.
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FINAL ID: 300
TITLE: Identification of Dead on Arrival Chickens by Analysis of Body Temperature Variation
Abstract Body: Chickens dead-on-arrival (DOA) are an animal welfare, food safety and economic concern to poultry.
Controlled atmosphere stunning (CAS) utilizes a gradual increase in carbon dioxide to render broilers unconscious
before shackling for slaughter. Because broilers are typically stunned within transportation coops, it can be difficult to
differentiate recent DOAs and CAS-stunned birds. In some systems, an entire transport truck is stunned prior to
shackling. The objective of this study was to evaluate temperature differentials for identification of DOAs in spent
broiler breeders and broilers. To assess broiler breeder DOAs, 24 coops each containing 8-9 spent broiler breeders
(n=186) were used. In a separate trial, broiler DOAs were assessed using 24 coops each containing 7 broilers
(n=168). One bird from each coop was euthanized and returned to the coop to represent the DOA. The remaining
birds were then euthanized after a predetermined time to simulate stunning of the entire coop. The carcasses then
remained in the coop for an additional predetermined time period to simulate the time following stunning prior to
shackling. The time periods used for the simulated DOA were 1) 15 minutes, or 2) 120 minutes. The time periods used
to simulate time between coop stunning and shackling were 1) 5 minutes, 2) 30 minutes, 3) 60 minutes, or 4) 120
minutes. At each “post-stun” time, body temperatures were recorded using thermal imaging (broiler breeder and
broilers) and an infrared thermometer (broilers only). Temperature comparisons between the DOA and the coopmates
were analyzed using one-way ANOVA with means separated by Tukey’s HSD. Values were considered significant
when the P value was ≤ 0.05. For broiler breeders, only birds that had been dead for 120 minutes (30.4°C) were
distinguishable from coopmates (34.4°C) when temperature was evaluated 5 minutes post “stun” (p<0.0001).
However, for broilers, all treatment groups with DOA birds that had been dead for 120 minutes followed by entire coop
euthanasia times at 120, 60, 30, and 5 minutes were found to be distinguishable (P=0.0186, 0.0475, 0.0339, 0.0066),
with body temperatures of the simulated DOA birds recorded at 27.4°C, 26.7°C, 29.3°C, 28.3°C in comparison to the
coopmates at 29.4°C, 28.9°C, 31.1°C, 31.6°C. Neither trial resulted in significant differences of body temperatures
with a DOA time of 15 minutes. It would be valuable to determine the shortest distinguishable DOA time. Using
temperature differentials between coopmates for identifying DOAs shows potential, particularly for stunning systems in
which an entire transport trailer is stunned prior to shackling, therefore leading to an extended time period between
stunning and shackling.
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TITLE: The Effect of High Voltage Atmospheric Cold Plasma (HVACP) on Chicken Egg Quality
Abstract Body: High Voltage Atmospheric Cold Plasma (HVACP) is an in-package, rapid and effective non-thermal
technique that has gained recent attention due to its low costs and simple design. The HVACP ionizes the gas inside
a sealed package into reactive gas species (RGS) such as ozone (O ) which have bactericidal properties. Previous
3
studies have shown greater than 5 logs reductions of Salmonella Enteritidis (SE) on egg shell after a few minutes of
cold plasma treatment. However, it is crucial to investigate the effect of HVACP on egg quality. Therefore, this study
was undertaken to evaluate the effect of HVACP on chicken egg quality using treatments previously reported to
demonstrate greater than 5 log reductions of SE. The quality analyses performed included: egg shell thickness, Haugh
unit (HU), height of albumen, color, pH, egg shell strength, and vitelline membrane strength (VMS). The investigation
evaluated egg quality during four weeks of post-treatment storage under refrigerated conditions. Grade A, large
chicken eggs, estimated to be seven to ten days old, were purchased from the local grocery store. The eggs were
randomized and grouped into three egg sets. Each set of eggs was then sealed in a 6.5 L container in dry air (15%
RH) and treated with HVACP at 90 kV under direct and indirect mode of exposure for 5 and 15 minutes with no posttreatment storage. All testing was performed in triplicate. Each egg quality analysis included nine egg measurements
per experimental condition. Statistical analysis was performed using ANOVA statistical analysis software with a
P<0.05 indicating statistical significance. Results found that treated and untreated eggs remained at ‘A’ grade or better
after two weeks of refrigerated storage with no significance difference in Grade between treatment conditions.
Additionally, no significant difference was observed in terms of shell thickness, HU, height of albumen, color, pH, and
egg shell strength between treated and control samples. As expected from previous literature the VMS significantly (Pvalue: 0.027) decreased during the two weeks of storage from 0.03 to 0.02 N in both the control eggs and treated
eggs. These results indicate that HVACP treatment up to 15 minutes under direct treatment did not affect egg quality
during an additional two weeks of storage.
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FINAL ID: 302
TITLE: Textural analysis of pet treats developed from broiler chicken Wooden Breast meat and carcass frame
combinations
Abstract Body: Co-products of broiler chicken processing, like carcass frames (GF), are considered low-value
products. Wooden breast- (WB) affected fillets are often downgraded and sold at a reduced price. These co-products
have potential to increase their value through transformation into high-priced goods. Pet treats are valuable items that
can use these products as rich protein source. Addition of sodium alginate and encapsulated calcium lactate (ALGIN)
can act as gelling agents for these mixtures. The objective of this study was to assess textural parameters of pet
treats developed from 5 different GF:WB mixtures with 2 ALGIN inclusions. Severe (score 3) WB and GF were each
ground using a Thompson 3000 industrial grinder and mixed in the following ratios: GF0:WB1, GF1:WB3, GF1:WB1,
GF3:WB1, GF1:WB0. Mixtures were combined with 1 of 2 ALGIN concentrations (0.500% of sodium alginate +
0.425% encapsulated calcium lactate (0.5x), and 1.00% of sodium alginate + 0.85% encapsulated calcium lactate (1x)
to obtain 10 treatments. Each treatment was extruded into a 52-mm diameter casing, wrapped in plastic wrap, and
refrigerated at 1 °C for 16 h and frozen at -11 C for 3 h prior to being slicing into 25-mm thick slices. Slices were
cooked with a MIWE ECONO Convection oven at 93 °C with a fan speed at 2 for 2 h (target internal temperature 75
°C). Texture profile analysis (TPA) measures: hardness (maximum force required to deform), cohesiveness
(represents structural integrity under compression), adhesiveness (adhesion of sample to the probe), chewiness
(energy required to masticate), resilience (ability of sample to regain original form), and springiness (height that the
food recovers between compressions). Ten slices per treatment underwent TPA using a two-cycle compression with a
TA-25 cylinder probe and a test speed of 5 mm per s. Data were analyzed using SAS (v9.4) PROC GLIMMIX and
least square means were separated using PDIFF at P ≤ 0.05. An ALGIN × GF:WB ratio interaction was observed for
all variables measured, except adhesiveness. Hardness of samples was inversely proportional to increasing GF and
ALGIN inclusion (P < 0.0001). Resilience and cohesiveness were reduced with increasing concentrations of ALGIN
except for the GF1:WB0 ratio (P = 0.0002). Springiness was reduced for all ratios when ALGIN inclusion increased to
1x (P < 0.0001) but with varying magnitudes. Chewiness of slices increased with 0.5x ALGIN inclusion, decreased as
WB inclusion decreased, and was highest for GF0:WB1 mixture with 0.5x ALGIN (P < 0.0001). Adhesiveness was
similar among all treatments (P = 0.5775). In conclusion, the processing co-products were successfully transformed
into pet treats, increasing potential profitability.
KEYWORDS: alginate, carcass frame, pet treat, texture, Wooden Breast meat.
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FINAL ID: 303
TITLE: Textural characteristics analysis of pet treats generated from mixtures of ground chicken carcass frames and
Wooden Breast meat
Abstract Body: Pet food is a rapidly growing, large commercial food product industry that can utilize high quality, lowcost broiler chicken processing co-products such as carcass frames (GF) and Wooden Breast meat (WB) to generate
highly marketable pet treats. Textural characteristics of pet food products are important and can influence purchasing
decisions of consumers. The objective of this study was to evaluate textural characteristics (TC) of pet treats
generated from mixtures of GF and WB. All products were ground using a Thompson 3000 Industrial Mixer/Grinder.
GF was first ground with a (9.52-mm) then with a grinder plate (4.76-mm) and WB was ground with a (4.76-mm)
grinder plate. These ground products were mixed to achieve the following 5 ratios: 0% GF:100% WB, 25% GF:75
%WB, 50% GF:50% WB, 75% GF:25% WB, 100% GF:0% WB. Subsamples of the 5 GF:WB mixtures were then
mixed with 2 different dosages (50 or 100% of the recommended dosage) of sodium alginate and encapsulated
calcium lactate (ALGIN; 0.85% calcium lactate and 1% sodium alginate). Combinations of GF-WB and ALGIN
dosages resulted in a total of 10 treatments. Weighing, grinding, and mixing of the products were performed at 4 °C.
Each treatment was extruded into a 52-mm diameter casing, wrapped in plastic wrap, and refrigerated at 1 for 16 h
and frozen at -11 °C for 3 h prior to being slicing into 3-mm thick slices for TC analysis. Slices were cooked in a 149
°C Koch smokehouse (target internal temperature 74 °C; 6-8 min). Oven temperature was decreased to 66 °C and
samples were cooked until water activity reached 0.80 (4 h). Stiffness, hardness, and flexibility of dehydrated pet
treats were analyzed using the three-point bending test. Data were analyzed with the GLIMMIX procedure of SAS
(V9.4) and least square means were separated using the PDIFF option at P ≤ 0.05. Interactions of the main effects of
GF:WB ratio and ALGIN inclusion were observed for all TC parameters measured. Stiffness was not affected by
ALGIN inclusion (P = 0.2123); however, stiffness increased as WB proportion increased (P < 0.0001). An interaction
(P < 0.0001) between GF:WB ratio and ALGIN dosage was observed for hardness and as WB inclusion decreased,
increasing ALGIN to 1X resulted in a lower increase in hardness. Flexibility increased as GF proportion increased (P =
0.2394); however, increasing dosages of ALGIN were not equal across all combinations. In conclusion, the processing
of broiler co-products is a feasible way to add value to these ingredients and manufacture quality pet treats.
Combination of GF and WB with ALGIN to manufacture pet products can provide economically benefit the poultry
industry.
KEYWORDS: textural characteristics, broiler chicken processing, Wooden Breast meat, alginate, pet food.
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FINAL ID: 304
TITLE: Textural profile analysis of raw pet treats generated from mixtures of carcass frames and Wooden Breast
meat
Abstract Body: Wooden Breast (WB) meat and carcass frames (GF) are co-products generated during broiler
processing. These products are often downgraded due to poor quality, resulting in economic losses for producers.
However, they have a great potential in the creation of new products in the pet treat industry. In the last few decades,
the pet food industry has experienced massive growth. Texture is an organoleptic characteristic that influences
consumers’ buying decisions. The objective of this study was to evaluate textural characteristics of pet treats
generated from mixtures of GF and WB with inclusion of sodium alginate and encapsulated calcium lactate (ALGIN).
Carcass frames and severely affected Wooden Breast meat were ground and mixed to obtain 5 different combinations
0%GF:100%WB, 25%GF:75%WB, 50%GF: 50%WB, 75%GF:25%WB, 100%GF:0%WB. Samples were mixed with 2
ALGIN inclusions at 50 and 100% of the manufacturer’s recommended dosage of ALGIN (100% ALGIN = 0.85%
encapsulated calcium lactate and 1% of sodium alginate). Each treatment was extruded into a 52-mm diameter
casing, wrapped in plastic wrap, and refrigerated at 1 °C for 16 h and frozen at -11 C for 3 h prior to being slicing into
25-mm thick slices. Texture Profile Analysis (TPA) measures: hardness (maximum force required to deform),
cohesiveness (represents structural integrity under compression), adhesiveness (adhesion of sample to the probe),
chewiness (energy required to masticate), resilience (ability of sample to regain original form), and springiness (height
that the food recovers between compressions). Data were analyzed using the GLIMMIX procedure of SAS (v9.4) and
least square means were separated using the PDIFF option at P ≤ 0.05. An interaction was observed between GF:WB
combinations and ALGIN inclusions for all the variables measured. Hardness increased as WB combinations and
ALGIN inclusion increased (P < 0.0001). Treats were more adhesive as GF and ALGIN increased (P = 0.0013).
Resilience of raw samples decreased with increasing GF but increased as ALGIN increased (P < 0.0001).
Cohesiveness values peaked at 100%GF:0%WB and 0%GF:100% WB but were the lowest at 50%GF:50%WB.
Treats were also more cohesive as ALGIN increased (P < 0.0001). Springiness of raw treats peaked at
100%GF:0%WB and 0%GF:100% WB but were the lowest at 75%GF:25%WB. Springiness decreased with
decreasing ALGIN inclusion (P = 0.0036). Chewiness decreased as GF increased, but treats were chewier as ALGIN
inclusion increased (P < 0.0001). In conclusion, the low value co-products were successfully used to produce pet
treats. Generating high quality products ensures a greater economic return in the poultry processing industry.
KEYWORDS: Wooden Breast meat, carcass frame, texture analysis, pet treats, broiler chicken processing coproducts.
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FINAL ID: 305
TITLE: Evaluation of the texture profile analysis of pet treats generated from mixtures of broiler liver and heart
Abstract Body: Broiler chicken liver (CL) and chicken heart (CH) are often undervalued co-products which could lead
to new pet food products. Characteristics, such as texture, determine the quality of a meat product. An experiment
was designed to evaluate raw meat blends as pet food treats from chicken co-products (CL and CH), as well as
additions of sodium alginate and encapsulated calcium lactate (ALGIN) as a structuring agent. The objective of this
study was to evaluate texture profile analysis (TPA) of pet treats generated from 3 mixtures of raw CL and CH with 2
ALGIN inclusions. CL and CH were ground individually with a 4.76-mm plate. Products were mixed at 3 ratios of CL
and CH: 25%CL:75%CH, 50%CL:50%CH, and 75%CL:25%CH. Subsamples of the 3 CL:CH mixtures were then
mixed with 0.5x (0.425% encapsulated calcium lactate and 0.5% sodium alginate) and 1x (0.825% encapsulated
calcium lactate and 1% sodium alginate) ALGIN inclusion to produce final batches (n = 6), stuffed into 69-mm casings,
and refrigerated at 3°C for 48 h prior to slicing. Meat products were cut into 25-mm-thick slices for TPA. Hardness,
springiness, cohesiveness, adhesiveness, chewiness, and resilience of samples were measured using 2-cycle
compression with a TA-40-cylinder probe. Data were analyzed with the GLIMMIX procedure of SAS and means were
separated at P ≤ 0.05. Interactions were observed for all variables evaluated (P ≤ 0.0001). Hardness increased as CL
proportion decreased (P ≤ 0.0001), with 1X ALGIN inclusion expressing the highest values for hardness (P ≤ 0.0001).
In relation to the other treatments, adhesiveness was lowest in the 50%CL:50%CH + 0.5x ALGIN samples (P ≤
0.0001). Values for resilience were higher for all samples containing 1x concentrations of ALGIN (P ≤ 0.0001) with
inconsistent values measured for mixtures utilizing 0.5x ALGIN. Cohesiveness declined (P ≤ 0.0001) with increasing
concentrations of CL, but only in the 1x ALGIN inclusions. Springiness was highest (P ≤ 0.0001) when 50%CL:50%CH
are mixed with 0.5x ALGIN inclusion and lowest (P ≤ 0.0001) in the 50%CL:50%CH + 1x ALGIN inclusion. Chewiness
increased (P ≤ 0.0001) at 1x ALGIN inclusion and was highest (P ≤ 0.0001) in 25%CL:75%CH + 1x ALGIN samples.
In conclusion, TPA results from this study demonstrated that co-products from poultry meat processing can be mixed
with varying ALGIN inclusions to produce pet food products. Utilizing the right amounts of each co-product could lead
to better quality products, better consumer acceptance and could reduce production costs.
KEYWORDS: alginate, broiler chicken processing, textural characteristics, pet food.
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FINAL ID: 306
TITLE: Textural characteristics of pet treats generated from mixtures of broiler chicken liver and heart
Abstract Body: Processing chicken generates co-products with reduced commercial value, of these, chicken liver (CL)
and chicken heart (CH), both possess great potential for generating highly nutritious products. Pet treats are one
alternative way to add value to meat industry co-products. New meat products as pet treats need to be evaluated for
different characteristics prior to moving to the development phase. Texture is one characteristic that needs to be
evaluated in new products to determine quality. Shear force (SF) is a texture analysis that measures the firmness and
toughness. Firmness is the amount of force needed to slice the product and toughness is the accumulated effort
needed to slice the product. The objective of this study was to evaluate the SF of pet treats generated from mixtures
of CL and CH with additions of different dosages of ALGIN (structure forming agent made of sodium alginate and
encapsulated calcium lactate). Initially, raw CH and CL were ground separately to 4.76 mm, and then mixed into 3
different ratios of CL to CH: 25%CL:75%CH, 50%CL:50%CH, 75%CL:25% CH. Mixtures were divided and blended
with 1 of 2 different concentrations of ALGIN; 1x (1.00% sodium alginate + 0.85% encapsulated calcium lactate) and
0.5x (0.50% sodium alginate + 0.42% encapsulated calcium lactate) to produce final batches. Each treatment was
extruded using a commercial stuffer to produce 20-mm-thick samples, which were wrapped in plastic and stored at 3
°C for 48 h. Each sheet was cut into 25.4 mm width × 63.5 mm length × 20 mm thick strips and dehydrated at 93 °C
for 2.5 h. Toughness and Firmness were analyzed with the TA-42 blade, a 3-mm-thick, 7-cm wide and 45° chiseledged blade. The blade moved at 1.5 mm per s until it passed through 95% of the product. Data were analyzed using
the GLIMMIX procedure of SAS (v9.4) and least square means were separated using the PDIFF option at P ≤ 0.05.
For both firmness and toughness interactions among CL:CH ratio and ALGIN dosage were observed (P ≤ 0.0001).
Samples containing 50%CL:50%CH + 0.5x ALGIN had the highest firmness values compared with all other
combinations including 1x ALGIN inclusions (P ≤ 0.0001). Combinations of 25%CL:75%CH + 0.5x ALGIN had the
highest toughness values, while the 75%CL:25%CH + 0.5x ALGIN had the lowest values (P ≤ 0.0001). All remaining
samples were intermediate regardless of the concentration of ALGIN or CL:CH ratio. In conclusion, the results from
this experiment demonstrated that both CL and CH can be effectively combined with ALGIN and used as primary
ingredients to produce pet treats, thereby enhancing the economic value of these broiler industry co-products.
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FINAL ID: 307
TITLE: Evaluation of three-point bend textural characteristics of pet treats created from the combination of different
chicken processing co-products
Abstract Body: Co-products obtained from broiler processing may end up being used in lower value products or
simply rendered as their value is often underestimated. However, there is a great opportunity for poultry meat
producers to utilize these co-products to create new products, and thus, maximize their economic return. Texture
characteristics of pet food treats can often completely define buyer preference for a specific product. Therefore, the
objective of this randomized complete block design experiment with a 3 × 2 factorial treatment arrangement was to
evaluate textural characteristics of jerky-type pet treats generated from 3 mixtures of chicken liver (CL) and chicken
heart (CH) and 2 concentrations of encapsulated calcium lactate (ECL) and sodium alginate (SA). Different
proportions of raw CL and CH were ground separately through a 4.76-mm grinder plate, then combined to achieve a
total of 3 mixtures. The mixtures generated were: 25%CL:75%CH, 50%CL:50%CH, and 75%CL:25%CH. ALGIN is a
structure forming agent composed of ECL and SA. The ALGIN concentrations added to the CL:CH mixtures were: 1x
(0.85% of ECL and 1% of SA) and 0.5x (0.425% of ECL and 0.5% of SA) of the manufacturer’s recommended
dosage. The 6 different combinations of raw product were extruded and shaped to create sheets of product which
were then covered with plastic and stored at 3 °C for 48 h. After 48 h of refrigeration, product layers were sliced into
25.4 mm width × 63.5 mm length × 20-mm-thick, jerky-type pet treats and allocated in metal trays. Pet treats were
dehydrated at 93°C for 2.5 h and then left to cool to room temperature. Subsequent analyses of stiffness, hardness,
and flexibility were performed using 10 samples per treatment with a TA-92 three-point bend apparatus. Data were
analyzed as using the GLIMMIX procedure of SAS (v9.4) and least squares means were separated using the PDIFF
option at P ≤ 0.05. Stiffness was higher on 50%CL:50%CH + 1x ALGIN compared with all other treatments (P ≤
0.0001). However, the 75%CL:25%CH combination + 0.5x ALGIN had greater stiffness compared with other
treatments at the same ALGIN dosage (P ≤ 0.0001). Also, pet treats of 50%CL:50%CH + 1x ALGIN concentration had
greater hardness (P = 0.0043). The lowest flexibility was observed in 75%CL:25%CH + 0.5x ALGIN samples (P =
0.0295). In conclusion, these results demonstrate that co-products from poultry meat processing can be successfully
utilized to produce pet food products. Maximizing the utilization of these co-products has the potential to generate
another important source of income to poultry meat producers.
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FINAL ID: 308
TITLE: Effect of inclusions of a forming agent on texture analysis of pet treats developed from cooked chicken paws
Abstract Body: It is important to add value to broiler co-products, such as chicken paws (CP). ALGIN is a combination
of two functional ingredients: sodium alginate and encapsulated calcium lactate and can be used to provide a more
stable structure to the boiled ground CP products and achieve a much higher retail value through incorporation into
pet treats. The objective of this study was to assess the effect of different inclusions of forming agent (ALGIN) on
texture profile analysis (TPA) and shear force (SF) of CP-derived pet treats. Previously frozen CP were pressure
cooked with 13% added water using a GoWISE electric pressure cooker at 13 psi for 90 min. Total cooking moisture
loss was 20.16%. Cooked CP were ground using a 9.52-mm and then a 4.76-mm grinder plate. ALGIN was added
and mixed with ground CP at 3 concentrations: 0.5x (0.50% sodium alginate + 0.425% encapsulated calcium lactate),
1x (1.00% sodium alginate + 0.85% encapsulated calcium lactate), and 2x (2.00% sodium alginate + 1.70%
encapsulated calcium lactate). After mixing, each treatment was extruded into 21-mm diameter casings, stored at 15°C for 16 h, and sliced into 20-mm thick slices for texture analysis. Shear force test was performed using a TA-42
45° chisel blade, to measure toughness (total force over distance) and firmness (peak force). The TPA measures:
hardness (maximum force required to deform), cohesiveness (represents structural integrity under compression),
adhesiveness (adhesion of sample to the probe), chewiness (energy required to masticate), resilience (ability of
sample to regain original form), and springiness (height that the food recovers between compressions).
Measurements were conducted with a two-cycle compression with a TA-25 cylinder probe and a test speed of 5 mm
per s. Data were analyzed using the GLIMMIX procedure of SAS (v9.4) and least square means were separated using
the PDIFF option at P ≤ 0.05. When performing the SF test, firmness was similar for 0.5x and 1x ALGIN inclusions
and 2x ALGIN inclusion samples were less firm (P = 0.0232). Shear force toughness was higher with 0.5x and 1x
ALGIN inclusions compared with 2x ALGIN inclusion (P = 0.0004). From TPA, hardness, resilience, cohesiveness,
springiness, and chewiness values decreased as ALGIN inclusion increased in cooked CP products (P < 0.0001).
Samples from the 0.5x and 1x ALGIN inclusion treatments had lower adhesiveness values than those from the 2x
ALGIN inclusion treatment (P = 0.0017). In conclusion, co-products like cooked CP can be successfully incorporated
into higher value products for the retail pet food industry. These results indicate that ALGIN inclusion allowed cooked
proteins to be formed and sliced.
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FINAL ID: 309
TITLE: Evaluation of color change over time in pet treats produced from chicken paws using sodium alginate and
encapsulated calcium lactate as a stabilizer
Abstract Body: The global poultry industry is a fast-growing market that was estimated to have reached $99 billion
USD in 2020. It produces vast amounts of undervalued products such as chicken paws (CP) that can be processed to
make other products like pet treats with greater retail value. Therefore, the objective of this study is to measure how
different inclusions of ALGIN (structure forming component formed by sodium alginate and encapsulated calcium
lactate) affect color in CP pet treats over time (0, 3, 5 and 7 d). A GoWISE electric pressure cooker at high pressure
(13 PSI) was used to cook CP for 90 min. Cooked CP were ground twice, with a 9.52 and then 4.76-mm grinder plate.
Ground, cooked CP was weighed to determine total yield, and divided into three 3,000-g batches. The 3 treatments
were as follows: 50% (0.5x), 100% (1x), and 200% (2x) of the recommended ALGIN concentration (1% sodium
alginate + 0.85% calcium lactate). After ALGIN inclusion and mixing, the mixtures were all extruded into a 21-mm
diameter casing, covered in plastic wrap, and stored for 16 h at -15 °C prior to being sliced into 10-mm thick slices.
Color variations were measured in terms of CIE L*, a*, b* values using the Minolta colorimeter, model CR-300/DP301
(Minolta Corporation, Ramsey, NJ, USA) calibrated with a with a white calibration plate, a D65 illuminant, 0° viewing
angle, and an 8-mm measurement area. Color was measured on 30 sub-samples of each treatment. Data were
analyzed with the GLIMMIX procedure of SAS (v9.4) and least square means were separated at P ≤ 0.05 using the
PDIFF option. From d 0 to 7, no differences were observed for lightness (L*; P = 0.3518). Redness (a*) values
decreased as ALGIN inclusion increased (P = 0.0023). Redness increased from d 0 to 3 and stabilized with no further
difference observed through d 7 (P < 0.0001). Yellowness (b*) values underwent the most notable change of all color
parameters as values decreased from d 0 to 5 and increased again on d 7 (P < 0.0001). Increasing ALGIN inclusion
increased b* values (P < 0.0001). In conclusion, low value co-products from broiler processing can be utilized postcooking to manufacture pet treats. However, changes in color over time should be controlled to prevent negative
consumer perception and preferences.
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FINAL ID: 310
TITLE: Analysis of color variation over time of cooked pet treats made from co-products of broiler chicken processing
Abstract Body: Broiler processing generates co-products such as Wooden Breast (WB) meat and carcass frames
(GF). Pet food manufacturers can leverage these co-products to deliver protein in pet treats. Color of pet treats may
influence consumer acceptance. The objective of this study was to evaluate color variations of pet treats generated
from WB and GF blends with sodium alginate and encapsulated calcium lactate (ALGIN) inclusions as a protein
binding structure-forming component. Co-products were ground using a 4.76-mm grinder plate and mixed to the
following ratios: 100% GF: 0% WB, 75% GF: 25% WB, 50% GF: 50% WB, 25% GF: 75% WB, and 0% GF: 100% WB.
Subsamples were combined with one of two ALGIN concentrations, ½ x ALGIN (0.5% of sodium alginate + 0.425%
encapsulated calcium lactate) or 1x ALGIN (1% of sodium alginate + 0.85% encapsulated calcium lactate) to produce
10 treatments, extruded into 52-mm diameter casings, refrigerated for 16 h at 1 °C, and frozen at -11 °C for 3 h prior
to being sliced into 3-mm thick samples. Slices were cooked in a 149 °C Koch smokehouse (target internal
temperature 74 °C; 6-8 min). Oven temperature was decreased to 66 °C until water activity reached 0.80 (4 h). Color
variations were measured in CIE L*, a*, b* values using the Hunter Lab Miniscan XE Plus colorimeter. L* means
lightness of samples measured from 0 (black) to 100 (white). Values for a* and b* ranged from -120 to +120, a*
measures redness from green to red and, b* measures yellowness from blue to yellow. Three measurements were
taken on the surface of each sample on d 0, 3, 5, and 7 post-slicing. Data were analyzed using the GLIMMIX
procedure of SAS (v9.4) and least square means were separated using the PDIFF option at P ≤ 0.05. An interaction
among GF:WB ratio and ALGIN inclusion was observed for a* and b* values but not for L*. Samples with lower GF
concentration were lighter (P < 0.0001). Lightness was not affected by ALGIN inclusion (P = 0.799). Lightness also
increased from d 0 to 3, then from d 5 to 7 (P < 0.0001). Redness decreased as GF concentration increased (P <
0.0001) but increased as ALGIN inclusions decreased (P < 0.0001). Redness values increased from d 0 to 3, then
decreased on d 5 and increased on d 7 (P < 0.0001). Yellowness decreased as GF concentration increased (P <
0.0001). Treats were more yellow as ALGIN inclusion decreased (P < 0.0001). Yellowness increased from d 0 to 3,
then decreased on d 5 (P < 0.0001). In conclusion, color is an important variable for consumer pet treat buying
preferences. While color changes were observed, the inclusion of structure forming technologies such as ALGIN may
benefit broiler processors in adding value to co-products.
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FINAL ID: 311
TITLE: Evaluation of color variation of raw pet food treats made from broiler chicken processing co-products
Abstract Body: Wooden Breast (WB) meat and carcass frames (GF) are co-products that originate from processing of
broiler chickens. Myopathies such as WB cause defects in the texture of the pectoralis major muscle, resulting in an
inferior product unsuitable for sale for human consumption or refusal by consumers. Pet treats are a great opportunity
to use WB and GF to maximize economic profits. When consumers are buying pet treats, one attribute they may use
to differentiate between products is color. The objective of this experiment was to assess the effect of increasing
additions of sodium alginate and encapsulated calcium lactate (ALGIN) on jerky-style pet treat color variation (CV).
ALGIN is a structuring agent used in food products. An experiment was designed with different proportions of WB and
GF and color was measured over 7 d post-production. Severe (score 3) WB fillets and GF mixed as follows: 0%GF100%WB, 25%GF-75%WB, 50%GF-50%WB, 75%GF-25%WB, and 100%GF-0%WB. Subsamples were made using
2 different concentrations of ALGIN. Concentrations included 0.5% and 1% sodium alginate with 0.425% and 0.85%
encapsulated calcium lactate, respectively. Each treatment was stuffed into a 52-mm diameter casing, wrapped in
plastic wrap, and refrigerated at 1 °C for 16 h and frozen at -11 C for 3 h prior to being slicing into 3-mm thick slices.
Raw samples were analyzed for Lightness (L*), Redness (a*), and Yellowness (b*). L* of samples was measured on a
scale of 0 to 100. Zero represents the color black while 100 represents white. Redness and yellowness were
represented with values that range from -120 to +120. a* varies from green to red, and b* varies from blue to yellow.
All measurements were taken using a Minolta colorimeter on raw treats d 0, 3, 5, and 7 post-production. The CV were
measured on the surface of the sample that remained exposed. Data were analyzed using the GLIMMIX procedure of
SAS (v9.4) and the PDIFF option was used to separate least square means at P ≤ 0.05. An interaction was observed
among GF:WB ratio and ALGIN inclusion for color (P < 0.0001). Raw treat lightness decreased from d 0 to 5 and
increased on d 7 (P < 0.0001). Values for L* increased as WB concentrations increased and ALGIN percentage
increased (P < 0.0001). Redness decreased from d 0 to 7, increased as ALGIN decreased (P < 0.0001), and declined
when WB concentration was reduced except for the 0%GF-100%WB ratio. Yellowness decreased from d 0 to 7 and
with decreasing WB concentrations (P < 0.0001) and increased as ALGIN concentration increased (P < 0.0194).
These results suggest that co-products considered inferior products can now have a larger economic impact as pet
treats in the pet food industry.
KEYWORDS: color variation, broiler chicken processing, Wooden Breast meat, alginate, pet treat.
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FINAL ID: 312
TITLE: Novel structure forming technology for the manufacturing of pet treats utilizing broiler chicken paws
Abstract Body: Chicken paws are one part of the bird that are not typically used in human foods. Utilization of chicken
co-products in pet food could add significant value to chicken paws and increase profits in the poultry industry. Paws
that are not fit for human consumption are often downgraded and sold for meal production at a lower value. It is of
economic importance to utilize as much as possible of the chicken to improve the economic return. Additionally, while
rendering is an extremely sustainable method of converting co-products for repurposing, higher value markets may
offset additional costs of producing broiler chickens. Co-products in broiler processing such as chicken paws may
exhibit difficulties such as textures that can be difficult to work with. In addition, structure forming technologies have
been well documented in raw meat products but information regarding their efficacy in cooked meats is limited. The
objectives of this experiment were to evaluate the impact of sodium alginate and encapsulated calcium lactate
(ALGIN) inclusion on the chemical characteristics of treats produced from cooked, ground chicken paws. Chicken
paws (bone-in) were pressure cooked in an electric pressure cooker for 90 min at 13 psi and ground using a 9.52 and
then a 4.76-mm grinder plate. Paws were weighed prior to and after pressure cooking, to determine the loss of
moisture which was 20.16%. Samples were then mixed with 3 different concentrations of ALGIN (0.5% of sodium
alginate + 0.425% calcium lactate; 1% of sodium alginate + 0.85% calcium lactate; 2% of sodium lactate + 1.74% of
calcium lactate) to produce 3 treatments. Each treatment batch was extruded into 21-mm diameter casings, covered
in plastic wrap, and stored for 16 h at -15 °C prior to being sliced into 10-mm thick slices. Thirty sub-samples of each
treatment were used for analysis for each of the following, expressible moisture, pH, and water activity. Data were
analyzed using the GLIMMIX procedure of SAS (v9.4) and means were separated using the PDIFF option at P ≤ 0.05.
Expressible moisture of pressure-cooked treats was not affected by increasing concentrations of ALGIN (P = 0.6784).
Differences were also not observed for pH regardless of ALGIN concentration (P = 0.3041). Additionally, ALGIN
concentration had no effect on water activity (P = 0.3041). These data suggest that lower value co-products can be
utilized to produce acceptable pet treat products. Use of lower valued co-products may add significant value to the
broiler processing industry. Finally, structure forming technologies previously used with raw products may be utilized
with cooked proteins.
KEYWORDS: chicken paws, alginate, pet food, broiler chicken processing, co-products .
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FINAL ID: 313
TITLE: Chemical analysis of pet treats generated using varying combinations of broiler processing co-products
Abstract Body: Wooden breast (WB) has a negative economic impact on the poultry industry due to its undesirable
texture and inability of the meat to be sold as a high value product. This and other lower value poultry co-products,
such as carcass frames (GF), are in abundant supply and have the potential to be repurposed into a higher value and
more marketable product such as pet treats. The pet treat market is increasing due to the fundamental role pets play
in the family nucleus. The objective of this study was to evaluate chemical characteristics when using different
combinations of GF, WB, and ALGIN (sodium alginate + encapsulated calcium lactate) to produce jerky style pet
treats. WB and GF were ground separately using a Thompson 3000 industrial mixer/grinder before being weighed and
mixed with ALGIN. Five different combinations of GF and WB were used as follows: 100%GF:0%WB,
75%GF:25%WB, 50%GF:50%WB, 25%GF:75%WB, and100%GF:0%WB. Subsamples were made using two
combinations of ALGIN to produce 10 total treatments. Inclusion rates of ALGIN were 100% and 50% of the
manufacturer’s recommended rate (100% ALGIN= 0.85% calcium lactate and 1% sodium alginate 50% ALGIN=
0.425% calcium lactate and 0.5% sodium alginate). Each treatment was stuffed into a 52-mm diameter casing,
wrapped in plastic wrap, and refrigerated at 1 °C for 16 h and frozen at -11 C for 3 h prior to being slicing into 3-mm
thick slices. Slices were cooked in a 149 °C Koch smokehouse (target internal temperature 74 °C; 6-8 min). Oven
temperature was decreased to 66 °C until water activity reached 0.80 (4 h). Samples were analyzed for water activity
using a Pawkit Water Activity meter. A Hanna pH meter was used to measure pH of all samples. Expressible moisture
was analyzed on raw products using the filter press method. Data was analyzed using the GLIMMIX procedure of SAS
(v9.4) and least square means were separated using the PDIFF option at P ≤ 0.05. An interaction was observed
between GF:WB and ALGIN for all variables. As GF increased pH increased (P < 0.0001). ALGIN inclusion had no
effect on the pH (P = 0.6358). Cooking loss decreased as GF and ALGIN inclusion increased (P < 0.0001). Water
activity of dehydrated treats increased as GF inclusion increased (P < 0.0001). As ALGIN inclusion increased, water
activity of dehydrated treats decreased (P < 0.0001). 100%GF:0%WB and 0%GF:100% WB had the lowest
expressible moisture values, while 75%GF:25%WB had the highest (P < 0.0001). As ALGIN inclusion increased,
expressible moisture decreased. In conclusion, GF and WB poultry co-products were successfully processed into pet
treats that could be sold as a higher retail value product compared with rendering.
KEYWORDS: wooden breast meat, sodium alginate, carcass frame, water activity, pet treats.
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FINAL ID: 314P
TITLE: Laser environmental enrichment increased broiler activity and upregulated myogenic gene expression in the
pectoralis major muscle
Abstract Body: Modern broilers are considerably more feed efficient, have improved muscle yields, and reach market
weight 4-5 times more quickly than their 1950s predecessors. However, disproportionate upper body growth ultimately
outpaces the skeletal system and metabolic capacity of the bird. This leads to a highly inactive animal as well as
reduced breast meat quality. While environmental enrichment is widely recognized by broiler producers as a valuable
tool to improve animal welfare, options that induce exercise without hindering growth are lacking. Methods to prevent
muscle disorders that negatively impact animal welfare as well as poultry meat quality have yet to be established. This
work utilized a laser enrichment device previously shown to motivate movement in broilers. The objectives were to
increase active behavior and elucidate potential shifts in myogenic gene expression of the pectoralis major muscle
indicating healthy muscle growth. 1200 Ross 708 broilers were housed in pens of 30 (n=20 pens/treatment), with half
of the pens receiving laser enrichment four times daily (LASER; 4-min periods) and the other half serving as the
control (CON) for 49d. Seventy focal birds were randomly assigned to 14 video-recorded pens (5 focal birds/videorecorded pen) at the trial’s start for behavioral analysis during laser periods d0-8 and wk 1-6. On d42 and 49, the
cranial region of the right breast fillet was collected from 15 broilers/treatment/timepoint and RNA was isolated using
the RNeasy Fibrous Tissue Kit (Qiagen, Maryland, U.S.). One-Step SYBR Green quantitative PCR (Qiagen) was used
to test six myogenic and one housekeeping gene, 28s. Primers included myoblast determination protein 1 (MyoD),
myogenin (MyoG), muscle regulatory factor 4 (MRF4), insulin-like growth factor 1 (IGF1), insulin-like growth factor 2
(IGF2), and myostatin (MSTN). Behavior data were analyzed using Proc Glimmix and qPCR data were analyzed using
Proc Mixed in SAS Version 9.4 (Cary, N.C.) with the fixed effect of treatment. Over wk 1-6, time spent active was
increased in LASER birds in wk 3 (105% increase), wk 4 (214% increase), and wk 5 (193% increase) compared to
CON birds at the same timepoints (P<0.05). Percent of time spent at the feeder was increased in LASER birds
compared to CON birds in week 4 by 761% (P<0.05). There was significantly upregulated expression of MyoG
(P=0.009), MRF4 (P<0.001), IGF1 (P=0.001), and MSTN (P=0.006) in LASER breast tissue compared to CON. These
results indicate that laser enrichment not only stimulated voluntary locomotion through wk 5 but caused a shift in
myogenic gene expression of the highly valued breast muscle above the control birds that may indicate increased
tissue growth and functioning.
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FINAL ID: 316P
TITLE: Laser environmental enrichment increased body weight and pectoralis major muscle width while improving
woody breast score in broilers
Abstract Body: The fast growth rate and high breast muscle yield that make modern broilers profitable and
sustainable has had unintended side effects on animal welfare and meat quality, namely in terms of leg disorders and
woody breast, the predominant breast muscle myopathy. These issues are prevalent in heavier birds nearing marketage but develop earlier in production. Environmental enrichment designed to maintain activity through grow-out is
lacking in commercial barns, and as the etiology of woody breast remains unknown, interventions to prevent or
minimize muscle damage have yet to be established. Hence, the current study utilized a unique laser device
previously shown to stimulate broiler movement. The study objectives were to improve growth performance and breast
muscle quality through increased activity and feed intake. Half of 1200 Ross 708 broilers received laser enrichment
four times daily (LASER; 4-min periods) and the other half served as control (CON). Performance outcomes were
calculated by pen and averaged per bird by each performance period for a 7-wk grow-out. A subset of 200 broilers
was measured for breast width on d22, 36, 42, and 49. Woody breast (WB) tactile score and breast fillet weights were
collected at d42 and d49 by an individual blinded to treatment. Data were analyzed using Proc Mixed in SAS Version
9.4 (Cary, N.C.) with the fixed effect of treatment. LASER birds had increased body weight at all time-points compared
to CON (P<0.001), including d42 (0.14 kg increase) and d49 (0.15 kg increase). Feed conversion ratio was improved
in LASER birds by 3 points in the starter period (d0-14; P=0.003). Breast width, measured weekly on live birds
beginning on d22, was significantly increased in LASER birds at all time-points (P<0.001), with an increase of 0.48 cm
at d42 and 0.47 cm at d49; however, weight of the right breast fillet was not affected by enrichment at d42 nor 49. At
d42, 72% of LASER and 60% of CON WB scores were 0 (normal/unaffected), while 8% percent of LASER breasts
and 13% of CON breasts were scored 1 (mild WB); remaining scores were intermediate. At d49, 39% of LASER
breasts and 24% of CON breasts received a score of 0, 20% of LASER and 26% of CON breasts received a score of
1, and 4% of LASER breasts and 19% of CON breasts were scored 2 (moderate WB); remaining scores were
intermediate. The laser enrichment device was successful in consistently improving broiler performance and
increasing breast width. Although WB tactile scores were not increased with increased body weight, 12% more
LASER birds received a score of 0 on d42 and 15% more scored 0 on d49 vs CON. This is a positive outcome
indicating that the laser device is capable of improving performance without causing WB.
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FINAL ID: 317P
TITLE: Study on the distribution feature of angel wing and its relationship with wing bone development, hematological
and serum biochemical parameters in geese
Abstract Body: ABSTRACT
Angel wing (AW) is a universal phenomenon of outward twisting along the wrist joint on the unilateral or bilateral wing
in birds. AW not only affects the appearance of geese, but also results in flightlessness in the wild birds and
compromises the birds’ welfare. The aim of this study, therefore, was to reveal the distribution of AW in two separate
populations, and studied the association for different wing types with organ index, wing bone development and blood
biochemical parameters in geese. As far as 70-day-old Hybrid-Wanxi (HW, N = 700) geese and 150-day-old White
Zhedong (ZD, N = 1500) are concerned, the results from student's t-test or chi-square analysis showed that the total
incidence of AW was 6.67% in ZD geese and 8.86% in HW geese, respectively. The incidence of AW in bilateral
wings (n = 66) was significantly greater than that in unilateral wings (n = 34), and the incidence of AW in left wings (n =
26) was remarkably higher than that in right wings (n = 8) of ZD geese (both P < 0.01), but the incidence of AW was
similar between unilateral and bilateral in HW geese. The sex has not apparently affected the incidence of AW in both
ZD and HW geese. Subsequently, 10 male birds were randomly selected from HW geese (70 days of age) with
different wing types to assess the potential relationship between wing types with organ index, bone characteristic or
blood biochemical parameters. Data were evaluated using a two-tailed unpaired t-test or the Mann-Whitney U test for
normally or non-normally distributed datasets, respectively. The organ index was similar between normal wing (NW)
and AW geese. The lengths for the humerus (177.95 mm vs. 173.51 mm), metacarpal (97.12 mm vs. 93.35 mm) and
phalanx (41.03 mm vs. 39.11 mm), the phalanx weights (0.46 g/kg vs. 0.41 g/kg), as well as the angle between the
humerus and the radial ulna (HRU) in NWs were more pronounced than those in AWs (P < 0.05). Furthermore, the
platelet size indicators [mean platelet volume (8.80 fL vs. 7.81 fL), platelet ratio (17.46% vs. 10.79%) and platelet
distribution width (8.42 fL vs. 6.89 fL)] in NW goose were more pronounced than those in AW goose. Collectively,
these findings indicated that AW significantly affected the wing bone length, the phalanx weight and HRU, the
occurrence of AW phenotype may be related with dysfunctional platelet activation in geese.
Keywords: angel wing, bone characteristic, blood biochemistry, goose
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TITLE: Aviary rearing enhances bone microstructure in Lohmann LSL-Lite and bone mass in Lohmann Brown Lite
egg-laying hen pullets compared to conventional cage-rearing
Abstract Body: Aviary systems can benefit welfare by providing complex space for activity, given hens are introduced
to them early on to develop needed physiological/behavioural adaptations. A previous study showed that Lohmann
Select Leghorn (LSL)-Lite pullets reared in a high-complexity aviary had greater bone density and strength than
conventionally reared pullets (Casey-Trott et al., Poult Sci 2017). Commercial rearing aviaries differ in their levels of
spatial complexity, potentially resulting in varied exposure to mechanical stimuli. We therefore aimed to assess
whether pullets reared in aviaries with varying levels of complexity exhibit altered bone mass and microstructure.
5,952 Lohmann Brown-Lite (LB) and LSL-Lite (LW) pullets were reared in conventional rearing cages (CC,
n=240/strain) or three different aviary rearing systems with varying levels of complexity (Low (L), n=690/strain; Mod.
(M), n=846/strain; High (H), n=1200/strain) until 16 woa, across two consecutive flocks. We assessed bone mass and
microstructure in the tibiotarsus diaphysis from a sample of birds (N=141; n=7-13/strain/housing/flock) with μCTimaging (15μm voxel size). Cortical tissue mineral density (Ct.vTMD) and microstructural parameters (cortical area
Ct.Ar, area fraction Ct.Ar/Tt.Ar, thickness Ct.Th, porosity Ct.Po, periosteal and endocortical perimeters Ps.Pm &
Ec.Pm) were assessed. Data were analyzed by ANOVA and post-hoc Tukey testing, with significance at p ≤ 0.05.
Housing affected Ct.vTMD, Ct.Ar/T.Ar, and Ct.Th, while flock affected Ct.Ar/T.Ar, Ct.Th, and Ct.Po. The Ct.vTMD,
Ps.Pm, Ec.Pm, Ct.Ar/T.Ar, Ct.Th, Imax, and Imin were affected by genetic strain. LB pullets had lower Ct.Th. (-11.1%,
-11.8%, -13.4%) and Ct.Ar/T.Ar (-18.3%, -19.3%, -20.6%) than LW pullets reared in L, M and H complexity housing,
respectively (p<0.0001). Interestingly, we observed a significant interaction between strain and housing. LW reared in
CC had lower Ct.Ar/T.Ar compared to LW reared in L (-11.8%, p=0.0002), M (-11.2%, p=0.0012), and H (-13.6%,
p<0.0001) as well as lower Ct.Th when housed in CC compared to L (-5.3%, p<0.0001), M (-5.3%, p<0.0001), and H
(-6.5%, p<0.0001). In contrast, LB housed in CC only had lower Ct.vTMD (-5%, p=0.0178) compared to LB housed in
L. No differences were observed in either strain between the three aviary systems. Our results confirm reports that
rearing in CC is detrimental to bone quality in LSL-Lite pullets. Interestingly, bone microstructure of LB pullets is not
affected, indicating that deleterious effects of conventional cage rearing on tibiotarsus microstructure is dependent on
strain. We also show that benefits of aviary-rearing in LW and LB pullets is independent of aviary housing complexity
examined.
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FINAL ID: 319P
TITLE: The efficacy of increasing dietary L-tryptophan inclusion on broiler breeder pullet growth and fear response
Abstract Body: Dietary L-tryptophan, a precursor to serotonin, may reduce undesirable behavioral reactivity
associated with feed restriction in broiler breeder pullets; however, an effective inclusion level for L-tryptophan in pullet
diets has not been established. Therefore, a study was conducted to evaluate the effects of five dietary tryptophan
inclusion levels on broiler breeder pullet growth and fear response. Four-week-old Ross 708 pullets (n = 180) were
randomly assigned diets with one of five supplemental L-tryptophan (Trp) inclusion rates: 0lb/Ton Trp (T0; Control),
1lb/Ton Trp (T1), 2lb/Ton Trp (T2), 4lb/Ton Trp (T3), 8lb/Ton Trp (T4) resulting in dig Trp concentration of 0.10%,
0.15%, 0.20%, 0.30% and 0.49% respectively. All feed was allocated equally across treatments and pullets were feed
restricted using a 4:3 feeding schedule for the duration of the 6-week study. All pullets were individually weighed on
d51 (23 d post treatment feeding) and d72 (44 d post treatment feeding) to obtain growth measures including body
weight (BW), coefficient of variation (CV), and pen uniformity (U). Fear responses of all pullets were assessed via
tonic immobility (TI) and inversion (INV) on d53 (25 d post treatment feeding) and d73 (45 d post treatment feeding).
All data was analyzed by treatment and by dietary Trp inclusion using One-Way ANOVA where treatment means were
considered significant when P < 0.05. Pullets fed diets including supplemental tryptophan (T1, T2, T3, and T4)
weighed more on d51 and d72 (0.655 ± 0.004 kg, P = 0.01 and 0.856 ± 0.005 kg, P < 0.025 respectively) than T0
pullets (0.631 ± 0.005 kg and 0.831 ± 0.003 kg). No differences in U or CV were observed on d51 or d72 (P > 0.05).
On d73, T0 had a longer latency to right from TI (213.7 ± 28.852 s, P = 0.001) than T1 (111.4 ± 13.152 s), T3 (113.5 ±
13.892 s), and T4 (144.1 ± 19.991 s). Pullets fed dietary Trp had a shorter latency to right from TI on d53 and d73
(128.33 ± 9.209 s, P < 0.02 and 142.03 ± 9.736 s, P = 0.003, respectively) than T0 (182.1 ± 25.893 s, and 213.7 ±
28.852 s, respectively). Pullets fed dietary Trp also spent less time in the second phase of TI on d53 and d73 (54.76 ±
6.629 s, P = 0.003 and 101.27 ± 8.223 s, P < 0.05, respectively) than T0 (109.20 ± 23.986 s and 142.40 ± 23.871 s,
respectively). A shorter latency to first head movement during TI was observed on d73 in pullets fed dietary Trp (40.76
± 4.748 s, P = 0.019) compared to T0 (71.3 ± 17.656 s). No differences by treatment or feed were found in INV
intensity (flaps/s, P > 0.05). These results indicate dietary inclusion of supplemental Trp promotes pullet welfare and
improves the efficiency of BW gain while maintaining strain-specific performance guidelines.
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FINAL ID: 320P
TITLE: Differences in expression of frolicking and running behavior in conventional and slow-growing strains of broiler
chickens
Abstract Body: Play behavior is a positive welfare indicator that may influence the debate concerning the use of
conventional versus slower-growing strains of broiler chickens. Accordingly, the objective of this study was to
determine if play behavior differed between broiler strains differing in growth rate. Strains of slower-growing (SG)
broilers were divided into 3 categories based on growth rate: 4 FAST (ADG
= 53.5-55.5 g/d), 4 MOD (ADG
=
0-61
0-61
50.2-51.2 g/d) and 4 SLOW (ADG
= 43.6-47.7 g/d) and compared to 2 strains of conventional (CONV; ADG
=
0-61
0-47
66.0-69.7 g/d). Over 8 trials, strains were segregated by pen and blocked by location within the experimental room. In
total, data was collected from 11 pens for CONV, 58 pens for FAST, 60 pens for MOD and 65 pens for SLOW. A free
space method was used to stimulate play at 35 d of age for CONV, and 35 and 49 d of age for SG. For this, birds
were moved to the back of the pen using a cardboard divider, and the feeder and hanging scale were removed from
the pen, creating an empty “free space” in their pens; each pen was then video recorded for 5 min. All instances of
frolicking (wing-assisted running, jumping, and wing flapping) and running (running and wing-assisted running)
performed by individually-marked focal birds were recorded using Observer software. For analysis, behaviors were
categorized into a binary outcome, whether or not behaviors occurred in any of the focal birds. Generalized linear
mixed models with repeated measures were run using SAS® to compare odds ratios of flocking and running behavior
between all categories at 35 d and across two different ages, 35 and 49 d, within the SG categories. At 35 d, SLOW,
MOD and FAST strains were 7.82 (p= 0.0116), 6.70 (p= 0.0203), and 5.02 (p= 0.0407) times more likely to engage in
frolicking behavior, respectively, compared to CONV. At 35 d, running only differed in SLOW birds, who were 5.60
times more likely to perform the behavior (p= 0.0207) than CONV. In contrasts statements across SG categories,
running was more likely to occur in MOD compared to FAST at 49 days (p= 0.0309). When comparing age differences
within category, running declined with increasing age in SLOW (p= 0.0210) and FAST (p= 0.0443), but not in MOD
birds (p= 0.5263). These results demonstrate that play behavior is expressed more by slower-growing broiler strains
compared to conventional strains when matched for age. This suggests that there may be factors, such as physical
limitations, that impede the ability of conventional broilers to express play, or that prevent them from reaching their
individual motivational thresholds to perform play behaviors.
KEYWORDS: Broiler, Welfare , Play, Behavior, Slow-growing.
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FINAL ID: 321P
TITLE: Impact of pen density on environmental enrichments usage in broiler chickens
Abstract Body: Environmental enrichment use in a broiler house is one strategy to increase environment complexity,
encourage physical activity, and promote natural behaviors. Vertical integrators are continuously evaluating novel
methods, such as enrichments, to be used to promote animal welfare. As a low-cost animal protein option, it is
particularly important to conventional producers to understand the impact of including environmental enrichments in
facilities, as it relates to increased production costs. Therefore, studies evaluating the efficacy of enrichments, and
their implementation in commercial facilities, is warranted. In an effort to better understand the minimum number of
enrichments that are needed in a facility to balance animal well-being and cost effectiveness, we evaluated bird usage
of platform-style enrichments in a commercial barn. Eight mini-pens encapsulating a water line, and equipped with two
2
tunnel feeders, were constructed in a 1,486m tunnel ventilated house. Each mini pen contained one rectangular
2
platform with a usable surface area of 0.27m . Two replicates of pens each contained 5, 10, 15, and 20 broilers each
(P5, P10, P15, P20). Bird usage was recorded using cameras installed in the ceiling of the house. Observations were
made at five time points. Total bird count and bird frequency (number of birds on the platform / number of birds in the
pen) was collected from d2 to d43 of growout. All five time points were averaged per day, and a Tukey’s HSD was
used to separate means. Data was evaluated using fit least squares in JMP v.14. Average usage over the entire flock
for P5, P10, P15, and P20 was 0.74, 1.68, 2.24, and 3.13 birds, respectively. Despite having the same usable platform
space amongst pens, P5 had lower usage than P20 pen throughout the flock (0.60 ± 0.4 versus 2.8 ± 0.4 on d6 (P=
0.01); (1.8 ± 0.5 versus 4.4 ± 0.5 on d43 (P= 0.01)). Significant differences of the two main effects, total bird count and
age, were found in both replicates (P< 0.0001). The interaction of the two main effects was also significant in both
replicates (P= 0.02). While pens varied in bird density in this study, usable enrichment area remained the same. We
would expect, given all other variables are the equal, that birds would occupy the platforms at the same rate,
regardless of density. Interestingly, this was not the case. For this study, we aimed to determine if broiler usage of
platform enrichments varies based on bird density as a starting point in determining the minimum number of this type
of enrichments needed to achieve both high welfare standards, and low costs. Further study is needed in order to
understand how preference and hierarchy may play a role in broiler usage of these platforms.
KEYWORDS: broiler, enrichment, platform.
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FINAL ID: 322P
TITLE: Exosomes derived from lipopolysaccharide-stimulated chicken macrophages regulate immune response
through the MyD88/ NF-κB signaling pathway
Abstract Body: Exosomes from immune cells can regulate immune responses of recipient cells by releasing their
contents such as mRNAs, microRNAs, and proteins molecules. In the immune system, macrophages recognize
lipopolysaccharides (LPSs) of gram-negative bacteria by toll-like receptor 4 (TLR4) and intracellular pathways, such
as NF-κB pathway, are activated, inducing pro-inflammatory cytokine expression. The purpose of this study was to
investigate the immunoregulatory functions of LPS-stimulated exosomes in chicken immune systems. Therefore,
chicken macrophages cells (HD11) were stimulated with μg/mL LPS from Escherichia coli O127:B8, and exosomes
were purified. The purified exosomes were characterized by size and exosomal marker. The immunomodulatory
effects of LPS-activated exosomes were evaluated by qRT-PCR and western blotting. Statistical analyses were
performed using IBM SPSS software. Results with a p-value of <0.05 were considered statistically significant.
Differences between groups were evaluated using Tukey’s multiple comparison test. In a qRT-PCR result, the LPSactivated exosomes regulated the gene expression of cytokines and chemokines, including IL-1β, IFN-γ, IFN-α, IL-4,
CCL4, CCL17, and CCL19, in naive chicken macrophages. Furthermore, in a western blotting result, LPS-stimulated
exosomes induced the MyD88/NF-κB signaling pathway through MyD88, TAK1, and NF-κB1 molecules. Taken
together, as an immune response against gram-negative bacterial infection, LPS-stimulated chicken macrophages
can release exosomes that are delivered to inactivated macrophages by regulating the expression of immune-related
genes and the MyD88/NF-κB signaling pathway.
KEYWORDS: exosomes, lipopolysaccharide, NF-κB signaling pathway, chicken, macrophage.
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FINAL ID: 323P
TITLE: In vitro validation of newly constructed chicken oviduct gene promoters using luciferase assay
Abstract Body: A chicken as a bioreactor has been widely used to produce human therapeutic proteins, and exhibited
a meaningful performance owing to approval from the Food and Drug Administration in 2015. Several types of chicken
ovalbumin promoters have been developed, a promoter reconstructed with 2.8-kb ovalbumin promoter (pOV) and 1.6kb ovalbumin estrogen response element (ERE), was considered to have potent activity and tissue specificity. Since,
cargo size of a viral vector is limited, compact and efficiently functional promoter is required to drive transgene
expression in chicken. Here, we newly developed two types of chicken oviduct gene promoters, putative enhancer
elements derived from other chicken oviduct genes, such as ovotransferrin (TF), ovomucin alpha subunit (OVOA),
ovalbumin-related protein X (OVALX) were linked to a 5`-flanking region of the pOV (TF_pOV, OVOA_pOV,
OVALX_pOV) as first type promoters. Also, the promoters derived from other chicken oviduct genes, such as
ovotransferrin (pTF), lysozyme (pLYZ), ovomucoid (pOVM) were linked to a 3`-flanking region of the ERE (ERE_pTF,
ERE_pLYZ, ERE_pOVM) as second type promoters. These six recombinant promoters were cloned into luciferase
assay vector (pGL4.11), transfected into human and chicken somatic cells as well as, primarily cultured chicken
oviduct cells, and validated with relative luciferase activity. The relative luciferase ratio was analyzed using oneway
ANOVA. The recombinant promoters, TF_pOV, OVOA_pOV in the first and ERE_pLYZ, ERE_pOVM in the second
type promoters had 2.1- to 19.5-fold (p<0.05) higher luciferase activity than a reconstructed ovalbumin promoter
(ERE_pOV). In conclusion, the promoters constructed with ovalbumin and other chicken oviduct genes can be utilized
to efficiently drive a transgene expression in chicken oviduct.
KEYWORDS: chicken oviduct genes, ovalbumin, recombinant promoters, oviduct cells, luciferase assay.
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FINAL ID: 324P
TITLE: Neuropeptide Y and its receptors are expressed in chicken skeletal muscle and regulate mitochondrial
function
Abstract Body: Neuropeptide Y (NPY) is a highly conserved neurotransmitter which is primarily expressed in the
hypothalamus. It is a potent orexigenic neuropeptide, stimulating appetite and inducing feed intake in a variety of
species. Recent research has shown that NPY and its receptors can be expressed by peripheral tissues, but their role
is not well defined, particularly in avian species. Therefore, the aim of this study was to determine the expression of
NPY and its receptors and determine their regulation by environmental and nutritional stressors in skeletal muscle of
avian species via in vivo and in vitro approaches. 32 day-old Cobb 500 chicks were divided into 4 weight-matched
groups and reared for 8d with ad libitum access to water and feed. On day 9, birds received an intraperitoneal
injection of recombinant rat NPY (rNPY: 0, 60, 120 or 240 ng/100g BW). Feed intake was recorded houly, and 3 hours
after injection, birds were humanely euthanized by cervical dislocation. Breast and leg muscle samples were
immediately collected, frozen in liquid nitrogen, and stored at -80°C for further gene expression analysis. For in vitro
experiments, QM7 cells were fasted overnight then treated with 100nM rNPY for 24 h, with untreated cells used as
control. Cells were then subjected to gene expression analysis via real-time PCR or cellular bioenergetics via
Seahorse XFp Analyzer. Data were analyzed by Student’s T-test or one-way ANOVA, as appropriate. Significant
differences among individual group means were determined with Student-Newman-Keuls multiple range test. NPY
and its receptors are expressed in chicken breast and leg muscle as well as in the QM7 cell line. Intraperitoneal
injection of recombinant NPY increased feed intake in 9d old chicks and upregulated the expression of NPY and NPY
receptors in breast and leg muscle, suggesting autocrine and/or paracrine roles for NPY. Additionally, NPY is able to
modulate the mitochondrial network. In breast muscle, a low dose of NPY upregulated (P < 0.05) the expression of
genes involved in ATP production (UCP, NRF2) and dynamics (MFN1), while a high dose decreased (P < 0.05)
markers of mitochondrial dynamics (MFN1, OPA) and increased (P < 0.05) genes involved in mitochondrial biogenesis
(D-loop, PPARγ). In leg muscle, NPY decreased (P < 0.05) markers of mitochondrial biogenesis and ATP synthesis
(D-loop, PCG1α, PCG1β, PPARγ, NRF2). In QM7 cells, genes associated with mitochondrial biogenesis, dynamics,
and ATP syntheses were all upregulated (P < 0.05), even though basal respiration and ATP production were
decreased (P < 0.05) with NPY treatment. Together, these data show that the NPY system is expressed in avian
skeletal muscle and plays a role in mitochondrial function.
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FINAL ID: 325P
TITLE: Seasonal and sexual variation in mRNA expression of selected adipokine genes affecting fat deposition and
metabolism of Emu (Dromaius novaehollandiae)
Abstract Body: Emus are farmed for the production of oil rendered from their back and abdominal fat. Emu oil has
good anti-oxidant and anti-inflammatory properties and can promote cell growth. Adult emus start to gain fat in spring
and summer and utilize the energy from the accumulated fat to sustain themselves during breeding in winter as they
have little feed intake during that time. Objective is to examine the mRNA expression of 7 adipokine genes that are
known to affect fat deposition and metabolism in birds to identify gene markers that could help improve emu fat
production. We tracked 11 adult emus (7 males, 4 females) over a breeding season. Back and abdominal fat tissues
were biopsied in April, June, August and November. In November, the birds were slaughtered and BW and fat pads
weights were recorded. Total RNA was isolated from the adipose tissue and cDNA was synthesized. Gene specific
primers were designed and used for partial cloning fragments to amplify the open reading frame of FABP-4 (Fatty acid
binding protein), SCD-1 (Stearoyl-CoA desaturase), AdipoQ (Adiponectin), AdipoR1 (Adiponectin Receptor 1),
AdipoR2 (Adiponectin Receptor 2), Lept (Leptin), LepR (Leptin Receptor) and β-actin (House-keeping gene). mRNA
-ΔΔC
expression of each gene was assessed by quantitative RT-PCR and differential expression analysed by the 2
T
method. Seasonal expression variation was analysed by LSANOVA and association of fat gain (FG) and expression
level was by multiple regression. eFABP4 expression was high in April and November. FG from April (Ap) to August
(Au) regressed positively on Apr and June (Ju) expression, respectively. FG from Au to November (Nv) regressed
negatively on Au expression. Female eSCD-1 expression in Au was 35 X higher than other months. FG from Ju to Au
regressed positively on Ju expression. eAdipoQ expression was highest in Ap and lowest in Nv. FG Ju to Au
regressed positively on Ju expression and FG from Au to Nv regressed negatively on Au expression. eAdipoR1
expression was highest in Ap and lowest in Ju. FG from Ap to Ju regressed negatively on Ap expression. FG from Ju
to Au regressed negatively on June expression. eAdipoR2 expression was highest in Ap and lowest in Nv. FG from Au
to Nv regressed positively on Ju expression. No Lept expression in emu adipose tissue. eLepR expression was
highest in Ap and lowest in Nv. FG from Ju to Au regressed negatively on Ju expression. There has been no selection
study for increasing fat deposition in farm animals. Our study laid down the groundwork for identifying promising
candidate genes for such purpose. More studies into the multiple-genetic factors are needed to develop novel
molecular markers that can be applied to improve fat production in emus.
KEYWORDS: emu, fat deposition, adipokine genes.
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FINAL ID: 326P
TITLE: Microbiota diversity in duodenum, jejunum and ileum of emu (Dromaius novaehollandiae)
Abstract Body: Emus are farmed for the production of oil, which is rendered from their back and abdominal fat pads.
Emu oil has good anti-oxidant and anti-inflammatory properties and has ingredients that promote cell growth. While
fatty acid composition of the oil was proposed to cause its antioxidant properties, the effective ingredients in emu oil
that may confer therapeutic benefits remain undefined. Objective is to characterize the intraluminal intestinal
microbiota in the small intestine segments (duodenum, jejunum, and ileum) and examine the metabolic functions of
emu gut bacteria to see whether they may contribute to the effective ingredients in emu oil. Small intestine segments
were collected from 4 adult emus and the contents were scraped from the intestinal wall of each segment. Genomic
DNA was extracted from each of the four duodenal, jejunal and ileal samples and the variable region 3 to 5 (V3-V5) of
the bacterial 16S rRNA gene amplified by PCR and sequenced by 454 GS Junior. The cleaned sequences were
clustered into OTUs. Taxonomy was assigned to each OTU. Representative sequences of each OTU were aligned
and the hypervariable regions were filtered. PICRUSt was used to predict functional genes of the classified members
of the microbiota. Welch’s t-test used for the predicted microbiota functions. PICRUSt nMDS plot showed that the
predicted metagenomics functions of the cecum are very different from that of the small intestine. Duodenum: higher
vitaminB2 metabolism than ceca. Jejunum: higher toxin degradation, fatty acids biosynthesis and lipid metabolism
than ceca, higher protein metabolism than duodenum and ceca, higher antibiotics biosynthesis than duodenum. Ileum:
higher toxin degradation and vitaminA1 metabolism than ceca, higher protein metabolism than duodenum. Ceca:
higher sugar metabolism, protein digestion and absorption, antibiotics biosynthesis and antigen presentation than
duodenum, jejunum and ileum, higher vitaminB6 metabolism than jejunum and ileum, higher carbohydrate metabolism
and absorption than jejunum, higher lipid degradation than duodenum. Our analysis indicated that both the jejunum
and ileum high toxin degradation function which reflects the free-range condition of the emu. The jejunum has fatty
acids biosynthesis and lipid metabolism function which may result from natural selection for the emu to accumulate
large amount of fat for energy storage. The ileum may share fibre digestion with the ceca. Further research in
relationship between microbial metabolites and fat composition is worthwhile.
KEYWORDS: emu, gut microbiota, metagenomic functions.
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FINAL ID: 328P
TITLE: A 127 Kilobase Deletion Affecting the Carboxy Peptidase Q Gene in Broilers.
Abstract Body: Ascites syndromes is a pathophysiological condition resulting from body demand for oxygen in fastgrowing broilers. The result is increased pressure within the pulmonary circulation leading to accumulation of fluid in
the abdominal and then mortality. We used Whole Genome Resequencing (WGR) to identify genetic and
chromosomal regions related to ascites. This identified 31 chromosomal regions of genes associated with ascites.
One of these regions is a 127 kbp region on chromosome 2 encompassing the 3’ end of the gene for
Carboxypeptidase Q (CPQ; also known as Plasma Glutamate Carboxypeptidase). CPQ encodes a metallopeptidase,
in the family of M29 peptidases, that plays a significant role in the cleavage of dipeptides into amino acids. Based on
next generation sequencing data, some broilers carry a deletion of this region beginning in intron 4 of the CPQ gene to
~36 kbp downstream of exon 8. We developed PCR primers that span the deletion allowing us to fine map the exact
limits of the deletion which appears to have resulted from recombination of two CR1 repeat. We have used
exonuclease PCR assays to genotype for relative levels of exon 2 and 8 to quantify the prevalence of the deletion in
our REL ascites research line. This line represents an unselected closed population derived from a commercial broiler
elite line from the 1990s. Further work is focused on the contributions of this deletion to the affect of the CPQ region
on ascites phenotype.
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TITLE: Profiling and functional analysis of Insulin-induced circular RNAs in pectoralis muscle of different chicken
breeds
Abstract Body: To investigate the insulin-responsive circRNAs in different breeds of chicken skeletal muscle, 24d old
male Arbor Acres broilers were injected with insulin (RI), and PBS as a control (RP), respectively. Each chicken in the
treatment group was intraperitoneally injected with insulin of 5IU/kg, while the control group was injected with the
same dose of PBS. The pectoralis muscles of 3 broilers in each group were collected for RNA-seq. Similarly, RNA-seq
was performed in silky fowls at 120min after injection (WI120, WP120). A total of 2027 circRNAs were identified. We
found that the number of differentially expressed circRNAs in WP120_vs_RP120 was the most, with 64 up-regulated
and 62 down-regulated, which may be related to chicken breeds. The difference of circRNAs in RI15_vs_RP15 was
the least, indicating that circRNAs response to insulin in broilers were relatively less at 15min. Enrichment analysis
showed that the source gene was mainly involved in insulin secretion, amino acid synthesis, glucose metabolism, and
MAPK signal pathway. We predicted the target miRNAs of circRNAs by miRanda, and selected | log FC | top 10
2
circRNAs from the results list to construct a circRNA-miRNA interaction network. Some miRNAs (miR-103, miR-107,
and miR-26a) that bind to circRNAs are reported to be involved in the regulation of insulin metabolism. There are also
miRNAs (miR-124, miR-146b, and miR-181) related to muscle growth and development. Eight circRNAs were
randomly selected and qRT-PCR was used to confirm the reliability of RNA-seq. A circRNA (circINSR) formed by
exons of insulin receptor gene (INSR) was screened from sequencing data. Four silky chickens of different ages (E10,
E19, 24d, 49d) were taken from each group and qRT-PCR was used to investigate the expression characteristics of
circINSR in different tissues. One-way the analysis of variance (ANOVA) showed that the expression of circINSR in
pectoralis muscle changed greatly, and the relative expression of circINSR in the pectoralis muscle of silky fowls at
24d was higher than that in the heart, liver, muscle stomach, glandular stomach and leg muscle(P<0.05). P < 0.05
was considered significant. We also explored the effects of food restriction on circINSR. The results showed that the
expression of circINSR in the pectoralis muscle of broilers after 15% energy restriction was lower than that of the
control group(P<0.05); while the relative expression did not change significantly after 15% protein restriction. In
summary, we obtained circRNAs produced by different varieties of chicken pectoralis muscle after insulin injection,
which provided a reference for further study on the regulatory mechanism of circRNAs in insulin in chicken skeletal
muscle.
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TITLE: Identification and functional analysis of insulin-responsive lncRNA in chicken skeletal muscle
Abstract Body: To obtain the key genes of insulin-responsive in broilers, this study was conducted to explore the
effect of exogenous insulin on the expression of lncRNA in chicken pectoralis. Twenty 24-day-old broilers were
randomly divided into two groups with 10 birds per treatment and received with insulin intraperitoneally (5 IU/kg) or
phosphate buffered saline (PBS) after 16 h of fasting. Blood glucose were determined, and pectoralis were collected
for strand-specific RNA sequencing. Differentially expressed lncRNAs (DELs) target mRNA was predicted and
analyzed with the bioinformatics analysis method. The outcome of two-tailed unpaired t-test showed that broilers
(Arbor Acres) had the lowest blood glucose in 120 min after insulin injection, and the blood glucose in the broiler
treated by exogenous insulin was significantly lower than that in the PBS group (P < 0.01). Regarding the analysis and
identification of DELs by EdgeR (Q < 0.05; |Fold Change| ≥ 2), 48 up-regulated and 27 down-regulated DELs were
detected in pectoralis. Among them, glucose homeostasis, mitogen-activated protein kinase activity (MAPK), muscle
development, amino acid activity, insulin secretion were enriched through GO analysis. Insulin signal pathway,
melanin production, glycolysis and gluconeogenesis, mTOR signal pathway, MAPK signal pathway were identified by
KEGG pathway. In addition, 7 DELs were randomly selected for expression verification by qPCR. The relative
-ΔΔCT
expression levels of RNAs were normalized with β-actin and calculated using the comparative 2
method, and
two-tailed unpaired t-test were used. The results were consistent with the sequencing results, indicating that the
sequencing results were reliable. Collectively, this study provides the prediction and analysis of lncRNA function in the
process of chicken skeletal muscle insulin signal transduction, and these results provide a theoretical basis for followup research.
KEYWORDS: insulin, broiler, skeletal muscle, lncRNA.
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TITLE: Effects of exogenous insulin and energy restriction on PPP1R3C expression in arbor acres broilers
Abstract Body: There has been no systematic study on PPP1R3C (protein phosphatase 1 regulatory subunit 3C) in
poultry. The purpose of this study was to detect the expression of PPP1R3C in different tissues of arbor acres broilers
and to explore the effects of exogenous insulin and energy restriction on the expression of PPP1R3C in insulinsensitive tissues of broilers. In experiment 1: male broilers were intraperitoneally injected with insulin (5IU/kg) or PBS
at d 24. Tissue samples were taken at different time points (0 min, 15 min, 120 min and 240 min, n=5) after injection.
The expression of PPP1R3C in different tissues at 0min after injection and at different time points after injection were
detected by qPCR; In experiment 2: Female broilers of d 48 were randomly selected and divided into two groups. The
control group (energy 13.17MJ/kg, crude protein 19%) was free access to conventional diet, while the energy
restriction group was subjected to 30% energy restriction and fed with 80% ration of the average daily feed intake of
the control group. The expression of PPP1R3C in breast muscle and liver was detected at d 48; In experiment 3:
Female broilers at d 7 were randomly divided into three groups. The control group (energy 12.97 MJ/kg, crude protein
36.45%) was fed with conventional diet; The energy restricted group was fed with energy restricted diet (with 15%
energy restriction); The protein-restricted group was fed a protein-restricted diet (15% protein restriction), and all
broilers had free access to diets. The expression of PPP1R3C in breast muscle was detected after feeding to d 21.
Data were analyzed by one-way ANOVA, and significance was set at P<0.05. 1) PPP1R3C was predominantly
expressed in breast muscle, followed by heart and leg muscle. 2) The expression of PPP1R3C did not significantly
change after PBS injection (P＞0.05). After insulin injection, the expression of PPP1R3C was decreased in the breast
muscle and liver (P<0.05), while the expression of PPP1R3C in abdominal fat increased at 15min and then recovered
to 0min level at 240min (P<0.05). 3) The expression of PPP1R3C in breast muscle and liver was significantly downregulated by 30% energy restriction (P<0.05). 4) 15% energy restriction and 15% protein restriction did not
significantly affect the expression of PPP1R3C in breast muscle (P＞0.05). The above studies indicate that PPP1R3C
is predominantly expressed in breast muscle, while insulin injection can reduce the expression of PPP1R3C in breast
muscle and liver, and compensatively increase the expression of PPP1R3C in abdominal fat. 30% energy restriction
could produce an effect similar to exogenous insulin, and the effect of energy restriction on PPP1R3C mRNA level
was dose-dependent.
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TITLE: Seasonal and sex dependent gene expression in emu (Dromaius novaehollandiae) fat
Abstract Body: Emu (Dromaius novaehollandiae) is a bird farmed for its oil, rendered from fat, for uses in therapeutics
and cosmetics. Emu oil has anti-inflammatory and antioxidant properties, promoting wound healing. Emus go through
an annual cycle of fat gain and loss where Canadian emus, used in this study, start gaining fat in April, continue
gaining fat in June, and start losing fat in November during breeding season. This study seeks to determine what
genes affect emu fat metabolism and deposition using transcriptome analysis as part of an aim to improve emu fat
production. Back and abdominal fat tissues of the same 4 male and 4 female emus were collected in April, June, and
November. mRNA samples from fat tissues were isolated to perform next-generation sequencing (NGS). In
November, the birds were slaughtered and body and fat pad weights were recorded. NGS reads were analyzed to find
out what genes are differentially expressed (DE) depending on different seasons and sex and what key genes are
involved in fat metabolism. Transcriptome from emu fat tissue was measured with Illumina MiSeq sequencer and
quantified with Salmon. Fat expression profiles were annotated with Ensembl emu transcriptome and analyzed for
differential expression in DESeq2 for 12 pair-wise comparisons between three time points for both and each of the
sexes, and between the sexes at each of the three time points. Gene ontology (GO) terms and enriched pathways for
seasonally DE genes were compared between the sexes using gprofiler2. Seasonally DE genes functioning in multiple
pathways were examined. Differential expression analysis utilizes MLE and pathway enrichment was analysed by
ORA. We found 100 DE genes (47 seasonally in males, 34 seasonally in females, 19 between sexes) and of those 79
annotated DE genes (35 seasonally in males, 27 seasonally in females, 17 between sexes). Seasonally DE genes
generating significant difference between the sexes in GO terms as well as supporting studies suggested ITGB2
(Integrin beta chain-2) influences fat changes. 6 seasonally DE genes functioned in >2 pathways (2 female: ANGPTL4
(Angiopoietin-like 4) and LPL (Lipoprotein lipase); 4 male: LUM (Lumican), OGN (Osteoglycin), ALDOB (Aldolase B),
and SLC37A2 (Solute Carrier Family 37 Member 2)). Two sexually DE genes (FSHR (Follicle Stimulating Hormone
Receptor) and PLIN2 (Adipose differentiation-related protein)) had functional investigations supporting their influence
on fat gain and loss. The results and related studies suggested 9 key genes (ITGB2, ANGPTL4, LPL, LUM, OGN,
ALDOB, SLC37A2, FSHR, PLIN2) that functionally influence fat metabolism and deposition in emus. These genes
should be further looked at in future studies of emu fat production.
KEYWORDS: Emu, Differential Expression, Fat Deposition.
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FINAL ID: 334P
TITLE: Detection of differentially expressed genes in broiler Pectoralis major muscle affected by spaghetti meat and
woody breast
Abstract Body: Spaghetti meat (SM) and woody breast (WB) are myopathies characterized respectively by firm
consistency (fibrosis) and marked separation of myofibers, which occur in fillets of high breast-yield and growth-rate
broilers. These conditions lead to economic losses due to reduced consumer acceptance and poor meat quality.
Transcriptomic studies have suggested that the pathogenesis of WB may be associated with muscular hypoxia and
oxidative stress; however, no evaluation of the transcriptomic changes in SM-affected fillets has been documented.
Therefore, the goal of the study was to investigate the transcriptomic profiles of SM- and WB-affected chicken fillets,
to outline a framework of the gene networks associated with these myopathies. The Pectoralis major muscle from 32
male broilers (39 d, Ross 708) was collected from a processing plant immediately after exsanguination, and scored for
the presence of WB and SM. Total RNA was extracted, and samples with RNA integrity numbers > 7 were used for
cDNA synthesis. Eighteen samples that passed the quality test (normal = 6; SM = 7; WB = 5) were used for library
preparation and normalized for pair-end sequencing. The significance threshold for differentially expressed genes was
set at a false discovery rate of < 0.1 and a minimum fold change of 1.5. The principal component plot and the heatmap
cluster analysis showed that WB samples clustered together and separated from normal or SM samples, whereas
normal and SM samples clustered together. A total of 1,315 genes were differentially expressed between SM- and
WB-affected fillets, with 459 genes upregulated and 856 genes downregulated in the SM-affected group. There was
no significant difference in expressed genes between normal samples and SM-affected fillets. When comparing both
the WB vs. normal, and SM vs. WB groups, 1) Gene Ontology (GO) analysis showed significant enrichment of terms
associated with the extracellular environment and the immune response; 2) the Kyoto Encyclopedia of Genes and
Genomes (KEGG) analysis showed three significantly enriched pathways, including focal adhesion, phagosome, and
extracellular matrix-receptor interactions. These findings show that WB has a transcriptomic profile that differs from
both SM-affected and normal fillets, indicating that WB is a condition associated with the regulation of genes involved
in interactions between cells and the extracellular environment and the immune response. On the contrary, lack of
significant differences in expressed genes between the SM-affected and normal fillets suggests that SM may not be
caused by factors intrinsic to the broiler breast muscle, and could be caused by mechanical disruptions at the
processing plant (e.g., plucking).
KEYWORDS: broiler myopathy, pathway analysis, RNA sequencing, spaghetti meat, woody breast.
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FINAL ID: 335P
TITLE: Antimicrobial resistance and phylogenetic groups in Escherichia coli isolated from broiler chickens in the State
of Paraná, Brazil.
Abstract Body: Escherichia coli are commensal bacteria present in both animals and humans. Antimicrobial use in
poultry production has been described as a source of antibiotic resistance. In certain cases, E. coli from poultry can be
directly transmitted to humans but also pathogenic and resistance mechanisms can be passed on to other bacteria
that colonize the human host, which are then able to cause disease. This study aimed to assess the antimicrobial
resistance in E. coli isolated from broilers chickens in the state of Paraná, Brazil. In total, 160 cloacal swabs were
collected from 27 to 49-day old broilers from eight different poultry farms belonging to five different companies in the
state of Paraná. The extended-spectrum β-lactamase (ESBL) phenotype was characterized by double-disc synergy
and AmpC producing by reducing sensibility of cefoxitin disc. The DNA of each isolate was extracted using the boil
method. E. coli strains were classified using PCR with specific primers for each phylogenetic group (A, B1, B2 and D).
Descriptive statistical data analyses were performed. Bacteria isolates were found in 100% (160/160) of cloacal
samples. Resistance phenotypes were identified, of which 32.5% (52/160) were ESBL, 7.5% (12/160) AmpC and
0,6% (1) carried both phenotypes. In addition, all phylogenetic groups were identified, of which 17% (27/160) A, 46%
(74/160) B1, 7% (12/160) B2 and 25% (41/160) D. This study demonstrated a high prevalence of antimicrobial
resistance phenotypes in E. coli isolates, especially ESBL phenotype, that is responsible for the global spread of E.
coli infections, that is one of the greatest threats to human and animal health.
KEYWORDS: Poultry , resistance, ESBL, AmpC, Phylogroup.
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FINAL ID: 336P
TITLE: “Development and characterization of poultry-specific immune reagents and immunoassays: NIFA grant
progress report”
Abstract Body: There are two main challenges in poultry immunology and poultry disease research: 1) the lack of
poultry-specific immunological reagents since mammalian reagents do not recognize poultry proteins, and 2) the lack
of methods to effectively measure host immune response to many poultry infectious diseases. NIFA-supported
systematic plan to address the poultry immunological reagent gap with the long-term goal to develop critical
immunological tools for poultry species began in 2012 as part of the US Veterinary Immune Reagent Network (VIRN).
This report will give the progress of what has been accomplished in the developing and commercializing chicken
reagents including 25 genes encoding cytokines and chemokines and the production of mouse monoclonal antibodies
detecting major chicken cytokines and chemokines in biological samples using antigen-capture ELISA. Most immune
reagents (60 hybridomas and 14 chicken cytokines/chemokines) which we developed under the NIFA-funded grants
have been widely distributed through commercialization. Availability of these poultry immune reagents will facilitate
fundamental and applied research in poultry diseases and enable the development of vaccines and antibiotic
alternative feed additives for poultry researchers and scientists who conduct comparative immunology.
KEYWORDS: immunity, immune reagents, cytokines, chemokines, antigen capture assays.
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FINAL ID: 337P
TITLE: Tissue colonization in broiler chickens after oral challenge with Salmonella Heidelberg field strains
Abstract Body: A high prevalence of Salmonella Heidelberg has been reported in broiler farms in southern Brazil,
reflecting an increasing number of carcasses contaminated at slaughter. This study aimed to determine the potential
tissue colonization of S. Heidelberg field strains in broilers. Two S. Heidelberg strains (BRM 42033 and BRM 53672)
isolated from broiler houses in southern Brazil were selected based on different antimicrobial resistance and XbaI5
pulsed-field gel electrophoresis patterns. Day-old SPF White Leghorn chicks were inoculated with 10 CFU of BRM
6
42033 or 10 CFU of BRM 53672 by oral gavage, separated in two experimental groups according to each strain, and
housed in air-filtered wire-mesh floor isolator chambers. Feed and water were provided ad libitum, and mortality and
clinical signs of diseases were daily monitored. Between 10 to 12 broilers from each group were randomly selected,
euthanized and necropsied at days 5, 12, 19 and 26 after challenge, and tissues were aseptically removed for
Salmonella analyses. Cecal content was subjected to quantitative analysis in brilliant green agar supplemented with
40 mg/mL of novobiocin and 30 mg/mL of streptomycin + 15 mg/mL of gentamycin for BRM 42033 or 50 mg/mL of
nalidixic acid for BRM 53672 for selective plate counting. Qualitative analysis was carried out in liver, spleen and cecal
tonsils. Salmonella log CFU/g measured in cecal content at each necropsy was subjected to an analysis of variance
10
pondered by the inverse of the variance of each S. Heidelberg strain for the model containing the effects of strain,
days after challenge, and the interaction strains x days. Fisher exact test was used to compare qualitative results for
each strain on each necropsy. Mortality, detected from days 2 up to 8 after challenge, was higher in chicks challenged
with BRM 42033 (10/52, 19.2%) than BRM 53672 (2/50, 4%). BRM 42033 showed higher cecal colonization in all
evaluated days compared with BRM 53672 (p ≤ 0.05). At 26 days after challenge, strain BRM 42033 and BRM 53672
showed S. Heidelberg levels of 5.08 ± 1.06 and 2.10 ± 2.42 log CFU/g in the cecal content, respectively. Strain
10
BRM 42033 also showed higher number of positive spleens at days 5, 12 and 19; livers at days 5 and 12; and cecal
tonsils at days 12, 19 and 26 after challenge (p ≤ 0.05). Although strains showed differences in colonization potential,
the effective colonization of tissues by S. Heidelberg highlights broilers as potential sources of contamination at
slaughter and the need for control measures at farms.
KEYWORDS: salmonellosis, poultry, food safety.
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FINAL ID: 338P
TITLE: Anisomorphism - a case of poikilocytosis or a marker of subtle toxicity in heterophils?
Abstract Body: Description of the problem: the avian heterophil is regarded as an integral component of innate
immunity. Because it is phagocytic, capable of degranulation, produces reactive oxygen species, and releases a
myriad of antimicrobial substances it is an effective defense against invasive microbes. Presumably the antimicrobial
capacity of heterophils depends on an undegraded physiologically intact cell. When this is not the case defenses are
likely compromised. Certain changes of heterophils recognized microscopically as toxicity are the presence of
vacuoles, increased cytoplasmic basophilia, abnormal granulation (dark blue to purple granules) granules with
abnormal shapes, and abnormal staining. Here the objective is to describe atypical heterophils of ducks displaying
changes suggestive of functional degradation. Materials and methods: atypical cells were detected in blood films from
ducks of various ages, stained with Wright-Giemsa, examined at 45x magnification, and photographed at 100x.The
results show that shapes of some cells could range from hexagonal to higher order polyhedrons. The descriptive term
“anisomorphism” is used for this type of poikilocytosis. Anisomorphic cells could display fully stained nuclei and
cytoplasmic granules. Alternately irregularly shaped cells may have a poorly stained (hypochromic) nucleus or
cytoplasm. Such heterophils were detected in the blood of ducklings as early as day 1 and in older ducks of both
sexes. Anisomorphic cells are not technical artifacts or distorted because of pressure from neighboring cells. Nor is
anisomorphism a consequence of sample staleness as blood films from day 1 ducklings were direct smears not
exposed to EDTA or other anticoagulants. Conclusions: most heterophils are produced in bone marrow where the
developmental stages must pass through the lining cells of sinus walls (diapedesis). Circulating heterophils must
again pass through the linings of blood vessels in order to reach sites of inflammation. Presumably both processes
require some cell membrane flexibility and the normal spherical shapes of heterophils must change temporarily.
However, the shape distortions of anisomorphic heterophils appear to occur during the circulatory phase. This
suggests abnormality. The cause in unknown but given the importance of heterophils in defense, anisomorphism is
remarkable type of poikilocytosis and is suggested to represent a subtle form of toxicity.
KEYWORDS: duck, heterophil, atypia, blood, toxicity.
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FINAL ID: 339P
TITLE: Comparison of immune cell composition and metabolic responses in peripheral blood mononuclear cells of
three inbred chicken genetic lines during Eimeria challenge
Abstract Body: Coccidiosis due to Eimeria spp. is an economically damaging disease in both layer and broiler
production. Iowa State University maintains diverse, highly inbred lines with divergent immune responses to pathogen
challenge. Differential cytokine expression between resistant and susceptible genetic lines has been described, but
alterations in immune response are not well-documented. The objective was to compare immune cell population and
metabolic phenotype responses to Eimeria challenge between Leghorn (Ghs6 and Ghs13) and Fayoumi (M5.1)
genetic lines. Sixty birds/line were placed in battery cages at hatch (10 birds/cage) and fed a commercial diet. On d21,
10 birds/line were euthanized for peripheral blood mononuclear cell (PBMC) isolation. Half of the remainder were
orally inoculated with 10X Merck Coccivac®-B52 vaccine (Kenilworth, NJ) resulting in 6 total study groups. Blood from
5 birds/group was collected on 1, 3, 7, and 10d post-inoculation (pi). Agilent real-time ATP and glycolytic rate assays
(Santa Clara, CA) were used to determine oxidative and glycolytic contributions to ATP production and glycolytic rate,
respectively, as indicators of immune cell activation. Monocyte/macrophage and lymphocyte population changes
during Eimeria challenge were assessed by multicolor flow cytometry. Data were analyzed using the MIXED
procedure (SAS 9.4) with fixed effects of genetic line, Eimeria challenge, and line × challenge, and significance at
+
+
+
P≤0.05. Prior to inoculation, M5.1 birds had greater monocyte/macrophage , Bu-1 B cell, and CD3 T cell
populations compared to both Ghs lines (P<0.0001) but similar immunometabolic phenotype. Eimeria-challenged
M5.1 birds had 34.5% increased peripheral blood monocytes/macrophages compared to unchallenged counterparts
on 1dpi (P=0.003). In contrast, a significant 54.3% monocyte/macrophage increase in Ghs6 birds did not occur until
+
7dpi (P=0.006). On 10dpi, both Ghs6 and Ghs13 birds had 46.4-49.8% fewer CD3 T cells than non-challenged
+
controls (P=0.002). No differences in total CD3 T cells between challenged and non-challenged M5.1 birds were
observed at 10dpi. Despite early immune cell population responses, metabolic profiles were only different at 10dpi
when Eimeria-inoculated Ghs6 and Ghs13 birds had a 24.0-31.8% increase in glycolytic contributions to overall ATP
production compared to non-challenged counterparts (P=0.04). These results suggest M5.1 birds have a faster
systemic monocyte/macrophage response without altering immunometabolism during Eimeria challenge, while Ghs
lines responses may rely primarily on T cell recruitment from peripheral blood in conjunction with increased metabolic
indicators of immune activation in later stages post-inoculation.
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FINAL ID: 340P
TITLE: Clostridium perfringens enumeration and toxin expression in a model with Eimeria maxima and influences in
mineral digestibility after each component of the challenge
Abstract Body: As consumer preferences encourage the poultry industry to use less antibiotics, limiting both
Clostridium and Eimeria interventions, NE is increasingly difficult to manage. Understanding the relationship between
these pathogens and the host may aide in disease intervention. In the current study, ileal mineral digestibility, excreta
Clostridium sp. enumeration, and toxin expression were evaluated at different times during a necrotic enteritis
challenge. Six replicate cages of 10 male Ross broilers represented each of two treatment groups: a challenged group
and an unchallenged group. The challenged group received Eimeria maxima oocysts (~5000/bird) at 14 days of age
8
and were gavaged with 1.0 mL of a field CP isolate (1 x 10 CFU/mL) on day 20. Ileal content was collected from 4
birds/pen and pooled to evaluate mineral digestibility on day 20 and 23. CP was enumerated and analyzed by qPCR
for toxin expression on day 14, 20, 21, 22 and 23. ANOVA, linear mixed, and Tobit censored regression models were
applied to digestibility, CP enumeration, and toxin expression data, respectively. Some minerals had lower digestibility
coefficients in the challenged group on day 20, specifically sodium, potassium, and molybdenum (P<0.05). By day 23,
mineral digestibility had largely recovered; however, nickel digestibility was higher in the challenged group (P<0.05).
On days 21 and 22, CP populations were greater in the challenged group (P<0.05). Enumeration of Clostridium via
direct or enriched culture was not different between challenged and unchallenged groups at other time points.
Temporally, enumeration data suggested greater populations of Clostridium sp. in the excreta at 14 days which waned
prior to CP challenge. Cpa toxin was present in both groups prior to CP challenge but had increased abundance in the
challenged group from day 20 to day 23 (P<0.05). NetB was not detected in either group prior to the challenge. After
the CP gavage, NetB expression was higher in the challenged group (P<0.05). While sodium and potassium
disturbances have been previously reported in mixed Eimeria challenges, this data suggests that E. maxima is a major
contributor to this secretion. Further investigation is needed to understand differences in molybdenum digestibility on
day 20 and nickel uptake in the challenged controls on day 23. While direct enumeration, cpa toxin, and NetB toxin
expression all successfully differentiated the challenged group in relation to an unchallenged control, NetB toxin may
be the easiest to interpret in an applied situation due to less expression in non-pathogenic commensal CP
populations.
KEYWORDS: Necrotic enteritis, E. maxima, mineral digestibility, cpa toxin, NetB toxin.
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TITLE: Saponins-citroflavonoids based solution reduced by 70% the growth of Histomonas meleagridis: an in vitro
study.
Abstract Body: Histomonas meleagridis is a flagellate protozoan parasite living in the caecum of the digestive system
of birds. It is the causative agent of histomonosis or commonly known as “Blackhead disease” in turkey. While chicken
are asymptomatic carriers of the parasite, the effect on turkey is more dramatic. Indeed, the mortality due to this
infestation can reach 80 to 100% leading to important economic losses.
Feed supplementation with plant-based solutions can be considered as a part of a globale management for modern
turkey producers. This study was performed in order to assess the in vitro the effect of active compounds of Citronin
XO (CXO), a saponin-citroflavonoids based solution developped by Nor Feed SAS; France, on the growth of H.
meleagridis and compare their effects to metronidazole. 100,000 H. meleagridis cells grown in log phase were added
to Dwyer’s media with the compound to be tested and incubated at 40°C for 48 hours. Metronidazole a 12.5 ppm was
used as a positive control, while media was used as a negative control. CXO solution was applied at 500 ppm. Counts
was performed using a Neubauer hemocytometer. 3 replications per treatment and each replicate was counted 4
times. Statistical analysis was performed by one-way ANOVA test using Graph pad Prism software. Statistical
significance was considered at p <0.05.
Results show that Both metronidazole and CXO reduced the growth of histomonas meleagridis in vitro.As expected,
incubation with metronidazole reduced the growth by 99.65% (P < 0.001) compared to control. Active compounds of
CXO, namely saponins and citroflavonoids, were able to reduce the growth by 70% compared to control after
incubation with the parasite (P<0.05).
Results from this in vitro study showed that saponins and citroflavonoids active compounds of CXO reduced the
growth of the causative agent of blackhead disease by 70% in these experimental conditions. These results support
the fact that feed supplementation with CXO could contribute to improve turkeys’ gut health and reduce antimicrobial
use in livestock. In vivo studies with and/or without parasite challenge are needed to confirm this in vitro results.
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TITLE: Salmonella chitosan nanoparticle vaccine administration is protective against Salmonella Enteritidis in broiler
birds
Abstract Body: Salmonella poultry vaccines have a withdrawal period of twenty-one days before slaughter. Live
vaccines require two doses, three to four weeks apart, whereas inactivated vaccines can be administered
simultaneously or after live vaccines. Administrating a live vaccine followed by a killed vaccine booster can eliminate
the time restrictions of live vaccine boosters and allow producers to comply with the withdrawal period. We evaluated
the efficacy of administrating a live Salmonella vaccine followed by a killed Salmonella chitosan nanoparticle (CNP)
®
booster vaccine on broilers. The live Salmonella vaccine used was Poulvac ST. The CNP vaccine was synthesized
with Salmonella Enteritidis (SE) outer-membrane-proteins (OMPs) and flagellin proteins. At d1-of-age, one-hundred®
®
sixty-eight chicks were allocated into treatments: 1) No vaccine, 2) Poulvac ST vaccine, 3) CNP vaccine, 4) Poulvac
ST+CNP vaccine. Chicks were allocated in 6 pens/treatment with 7 chicks/pen. At d1, birds were orally vaccinated
®
with PBS, Poulvac ST, or CNP. At d7, birds were orally vaccinated with PBS or CNP. At d14, birds were orally
9
challenged with 1×10 CFU/bird SE. At d7, d14, 8h-post-challenge, d21, and d28, anti-OMPs IgY and IgA were
analyzed in serum and cloacal swabs. At 8h-post-challenge, d21, and d28, anti-OMPs IgA were analyzed in bile. At
d28, SE loads in the ceca and IL-1β, IL-10, IFN-γ, and iNOS mRNA from cecal tonsils were analyzed. Body-weightgain (BWG) and feed-conversion-ratio (FCR) were recorded weekly. Data were analyzed by One-way ANOVA at
P<0.05. There were no significant differences in BWG or FCR between vaccinated birds compared to control. At d14,
®
Poulvac ST+CNP-vaccinated birds had 46% greater levels (P<0.05) of anti-OMPs IgY in serum, compared to control.
®
At 8h-post-challenge, CNP and Poulvac ST+CNP-vaccinated birds had 17% and 24% greater levels (P<0.05) of anti®
OMPs IgA in bile, respectively, compared to control. At 1wk-post-challenge, CNP and Poulvac ST+CNP-vaccinated
birds had 17% and 24% greater levels (P<0.05) of anti-OMPs IgA in bile, respectively, compared to control. At 2wk®
®
post-challenge, CNP, Poulvac ST, and Poulvac ST+CNP-vaccinated birds had 33%, 18%, and 24% greater levels
®
(P<0.05) of anti-OMPs IgA in bile, respectively, compared to control. At d28, CNP and Poulvac ST+CNP-vaccinated
birds had 0.9 Log10 CFU/g and 1 Log10 CFU/g decreased SE cecal loads (P<0.05), respectively, compared to
control. There were no significant differences in IL-1β, IL-10, IFN-γ, and iNOS mRNA between vaccinated birds
compared to control. Findings demonstrate that the CNP prime vaccination and CNP booster vaccination can induce
an antigen-specific immune response against SE and can decrease SE cecal load on broilers.
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FINAL ID: 343P
TITLE: Evaluation of anti-mycotoxin additives in poultry intestinal explants challenged with aflatoxin
Abstract Body: In vitro tests are performed to evaluate the efficacy of anti-mycotoxin additives (AMAs) in preventing
mycotoxicosis in livestock. Such tests do not present high correlation with in vivo trials, which are currently required by
the legislation to certify AMAs efficiency. In search of an alternative method, a study was conducted to investigate the
utilization of an ex vivo technique to evaluate different AMAs in their efficiency to reduce intestinal absorption of
aflatoxin B1 (AFB ) in poultry. Six AMAs with three different compositions were evaluated: AMA1 and AMA2 from
1
hydrated sodium calcium aluminosilicates (HSCAS); AMA3, AMA4 and AMA5 from HSCAS + yeast cell wall (YCW);
and AMA6 from HSCAS + YCW + seaweed extracts. A total of 60 Cobb 500 male broilers were allocated in battery
cages and fed a common diet free of aflatoxins, fumonisins, zearalenone, deoxynivalenol, and T-2 toxin contamination
(verified via high performance liquid chromatography tandem mass spectrometry). At 24 days, birds were slaughtered
and 4 jejunal explants were collected from each bird (n=240) and immediately fixed in the Ussing Chamber. Six
different trials were conducted, each trial had two treatments (The control treatment: Buffer solution (BS) + 2.8 mg/L of
AFB and the AMA treatment: BS + 2.8 mg/L of AFB + 0.5% of AMA) with 20 replicates distributed in a completely
1
1
randomized block design with each bird being considered as one block. Additionally, AMAs were tested in vitro to
assess AFB1 adsorption in artificial intestinal fluid (pH = 6). Statistical analyses were conducted using the
Statgraphics Centurion XV software. Mean differences in AFB absorption among the AMAs were separated using
1
Tukey’s test. Pearson's correlation was performed between ex vivo and in vitro results. In the ex vivo tests, all AMAs
reduced (P < 0.05) the AFB concentration in jejunal explants when compared to the Control treatment. The AMA1
1
and AMA2 reduced the AFB1 jejunal absorption by 67.67% and 74.24%, respectively, whereas AMA3, AMA4, AMA5
and AMA6 presented more expressive reduction of AFB1 intestinal absorption, with 80.31%, 85.79%, 86.28% and
82.30%, respectively (P < 0.05). No differences were observed among AMAs efficiency in the in vitro test (P > 0.05),
with all the adsorptions being higher than 99%. No correlation (P > 0.05) was observed between ex vivo and in vitro
results. The ex vivo model demonstrated to be a useful tool in the assessment of anti-mycotoxin additives efficiency
for poultry. Further studies are needed to better understand the correlation between ex vivo and in vivo results in order
to decrease the number of birds in practical experiments.
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FINAL ID: 344P
TITLE: Adaptation of Cell Culture Assay Measuring Fluorescent Quantification of β-D-Glucuronidase Activity for
Assessment of Ileal Granulocyte Degranulation in Tissue Scrapings
Abstract Body: Inflammation is a complex innate immune response that protects mucosal tissues against excessive
damage or antigens and facilitates return to homeostasis. Uncontrolled gastrointestinal (GIT) inflammation can cause
dysregulation of GIT homeostasis, decreased gut barrier integrity, and increased disease risk. Methods that assess
localized inflammation and innate immune response would lend insight into mechanisms by which GIT conditions
affect bird health. Heterophil granule component β-D-glucuronidase has been used to assess degranulation activity in
cell culture supernatant after bacterial challenge. Adaptation of this assay for site specific degranulation in GIT tissue
was assessed as a potential indicator of GIT inflammation. Further, IL-8 plays a role in granulocyte recruitment and
could be assessed in tandem to supplement degranulation measurements via ELISA. Three replicate experiments
were conducted to evaluate the ability to detect GIT granulocyte degranulation after in ovo inoculation with saline (S),
2
or 10 CFU of Citrobacter freundii (C) or lactic acid bacteria (L). Inoculations were administered on embryonic d18,
and samples collected from 6 birds/treatment on day of hatch (DOH; Exp.1) and d10 included ileal scrapings for
degranulation and IL-8 (Exp.2 and 3). Body weight gain (BWG) was measured in all experiments. Degranulation
samples were collected into RPMI (1% penicillin/streptomycin) media on ice and centrifuged to collect supernatants
that were tested in 3 replicates and incubated with 4-methylumbelliferyl-β-D-glucuronide for 4h at 45°C. Liberated 4methylumbelliferone (4-MU) was quantified fluorometrically at an excitation/emission wavelength of 360nm/460nm.
Treatments were compared against S via Dunnett’s test. No significant differences were seen in Exp.1. In Exp.2, C 4MU was significant at p=0.068 while IL-8 was p=0.6218. There were no 4-MU differences in Exp.3 (p>0.05), while L
IL-8 had a p-value of 0.069. In all experiments, BWG was insignificant which suggests inflammation may not have
been high enough to measure differences with 4-MU and IL-8. While IL-8 was hypothesized to mirror degranulation,
these results may suggest the need of a different substantiating marker, or that IL-8 recruitment was not a major
contributing factor to degranulation in GIT tissue. Further, high standard errors within the 4-MU assay support that a
strong unidirectional inflammatory response may be needed for separation of treatment effects. While adaptation of
the 4-MU assay to tissue extracts was not confirmed, this may be due to a lack of observed inflammation, as indicated
by insignificant BWG. Nonetheless, this assay has potential to serve as an indicator of granulocyte activity in the GIT.
KEYWORDS: gastrointestinal inflammation, degranulation, heterophil, in ovo, IL-8.
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FINAL ID: 345P
TITLE: Effect of Probiotics on Early Microbial Colonization in Day of Hatch Ducklings
Abstract Body: Early microbial colonization of the gut can influence health and performance throughout life. Lactic
acid-producing bacteria (LAB) have been suggested to positively influence gastrointestinal microbial populations and
overall health. Embryos from poor performing and good performing parent flocks were hatched without treatment (C)
or sprayed in the hatching cabinet at d18 of embryogenesis with a mixed inoculum LAB probiotic of Lactocaillus
salivarius and Pediococcus parvulus (P). Some results were previously presented, and this report investigated the
overall treatment impact on microbiome regardless of parent source to determine probiotic effect on pioneer
colonizers. On DoH, intestines were aseptically collected for microbial analysis via Illumina next-generation
sequencing. All relative abundances were compared against C using Student's T-test. In Exp.1, Phyla Bacteroidetes,
Tenericutes, Spirochaetes, Verrucomicrobia, and Fibrobacteres were increased (p<0.05) by application of the
probiotic. At family level, Lactobacilliaceae, Fibrobacteraceae, Bacillaceae, and Bifidobacteriaceae were among those
increased (p<0.05) in P. This is positive as Lactobacilliaceae and Bifidobacteriaceae are considered integral
components of beneficial microbial development. Additionally, a decrease in Enterobacteriaceae in P was seen that
trended towards significance (p=0.0605) which is beneficial as Enterobacteriaceae tend to include opportunistic
pathogens. In Exp.2, Phyla Bacteroidetes, Spirochaetes, Fibrobacteres, Tenericutes, TM7, and Verrucomicrobia were
increased (p<0.05) in P. At family level, Lachnospiraceae, Ruminococcaceae, and Fibrobacteriaceae were among
those increased (p<0.05) in P. In addition, Streptococcaceae (p=0.0297) was reduced and Enterobacteriaceae
trended downward (p=0.0742) towards significance in P. Many species within Streptococcaceae and
Enterobacteriaceae can cause opportunistic infections in birds and reduction is a marker of beneficial microbial
development. Based on changes observed in the microbiota following application of P, it is fair to say that a significant
shift has taken place. Based on an increase of beneficial gut bacteria such as Bifidobacteriaceae, Lactobacilliaceae,
and Fibrobacteriaceae, the importance of early microbial population of the gut and the effect of probiotics has been
displayed. These families are shown to cause positive changes in inflammation, intestinal permeability, and overall
bird performance which is why their increase is significant. The decrease in potentially pathogenic families such as
Streptococcaceae and Enterobacteriaceae is regarded as an additional positive outcome due to a lower risk of
disease incidence and replacement by beneficial bacteria.
KEYWORDS: Microbiome, Probiotic, Hatchery, Lactic Acid-Producing Bacteria, Ducks.
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FINAL ID: 346P
TITLE: Entero-V Poultry, a botanical liquid blend, limits coccidiosis impact in Eimeria-vaccinated broilers.
Abstract Body: Coccidiosis vaccines are widely used on day-old chicks, but their benefit: risk ratio is not always clear
on fast-growing broiler flocks. Since the last decades, botanical extracts have been employed to encourage reasoned
use or withdrawal of antimicrobial drugs. This study evaluated the impact of a proprietary botanical liquid blend in
combination with Eimeria vaccination in coccidiosis-challenged broilers. A total of 1,485 Ross 308 male broiler
chickens were allocated to three treatments: non-infected (NI) birds; Eimeria-infected (EI) birds; EI birds + 0.25 mL/L
Entero-V Poultry (EV, Probiotech) in drinking water for 10 consecutive days (d14-d24). All birds were vaccinated with
IMMUcox3® (CEVA) at the hatchery. The same 3-phase diets were offered ad libitum to 9 replicates of 55 birds from 0
to 35 days of age. No antibiotics nor anticoccidials were used. Eimeria challenge was induced by an oral
5
administration at d14 of 2x10 sporulated oocysts of mixed Eimeria species harvested from field isolates. Body
weights (BW) and feed intakes were recorded on day 10, 20 and 35 and reported per period, as mortality rates.
Performance data and fecal oocyst excretion counts were analyzed by a mixed model including treatment as fixed
effect and barn section as random effect. Intestinal lesion scores were analyzed by Kruskal-Wallis tests using two
birds per pen (n=18 per treatment). Mortality rates did not differ significantly between treatments. Despite vaccination,
EI showed, at 6 days post-infection (6 dpi, d20), a trend in reducing BW (734 vs 780 g, P=0.1025), worsened feed
conversion ratio (FCR) during the grower period (10-20d) (1.50 vs 1.37, P=0.0254), at 6 dpi Eimeria spp. excretion
5
peak (18.2 vs 3.5 10 oocyst per gram (OPG), P<0.0001) and 7 dpi intestinal E. tenella lesion score (1.33 vs 0.22,
P=0.0002), compared to NI birds. EV increased BW (6 dpi, d20) (793 vs 734 g, P=0.0429) and improved FCR during
the starter period (0-10d) (1.18 vs 1.23, P=0.0113), the grower period (10-20d) (1.33 vs 1.50, P=0.0058) and overall
(0-35d) (1.29 vs 1.33, P=0.0160), compared to EI birds. EV also reduced 6 dpi Eimeria spp. excretion (11.4 vs 18.2 10
5
OPG, P<0.0001) and decreased 7 dpi intestinal E. tenella lesion score (0.61 vs 1.33, P=0.0076), compared to EI
birds. Overall, EV limited negative impacts of coccidiosis outbreak in Eimeria-vaccinated broilers by improving growth
performance and showing an anticoccidial activity, especially against E. tenella. This tested botanical liquid blend can
be introduced on top off any coccidiosis control strategies based on vaccination and without anticoccidials, to secure
broiler performances.
KEYWORDS: E. tenella, ABF production, intestinal health, botanical extracts, broilers.
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FINAL ID: 347P
TITLE: Measuring Eimeria oocysts viability via auto-fluorescence following anticoccidial treatment
Abstract Body: Eimeria is a major cause of disease within the poultry industries and anticoccidial resistance makes
control a challenge and highlights the need for development of new control technologies. In vitro tests against oocyst
stages can allow for anticoccidial activity of candidate prophylactics in an affordable and timely manner. Three
experiments were conducted to determine how anticoccidial candidates (AC) would affect oocyst viability as
determined by oocyst auto-fluorescence, morphology assessment, and excystation to verify microscopic assays. Exp.
1 consisted of 5 treatments including a 45°C control (45C) and AC1-AC4. Treatments in Exp. 2 and 3 included a room
temperature control (RTC), 45C, and AC5. In all experiments, each treatment had 5 replicate tubes consisting of
Eimeria tenella oocysts and corresponding AC or PBS in RTC and 45C tubes. Treatment and 45C were incubated on
shakers at 45°C while RTC remained at room temperature. In Exp. 1, subsamples of each replicate were collected for
microscopic evaluation at 72h incubation and in Exp. 2 and 3 subsamples were imaged at 48h incubation.
Photomicrographs consisted of a FITC filtered image overlaid onto a brightfield image of the same field of view.
Sporulated, non-fluorescent oocysts were counted as infective while non-sporulated, abnormal, or fluorescent oocysts
were counted as non-infective. In Exp. 2 and 3, excystation was performed once AC1 images showed ~80% noninfective oocysts to determine sporozoite motility and thus potential infectivity. All viability counts were analyzed by
chi-square in SAS with significance denoted at p<0.05. In Exp. 1 all treatments showed a significant decrease in
oocyst infectivity relative to 45C. Similarly, both Exp. 2 and 3 showed a significant increase of non-infective oocysts for
AC5 compared to RTC and 45C. In Exp. 2, motile sporozoites were observed in RTC and 45C treatments while nonmotile sporozoites were observed in the AC5 treatment. In Exp. 3, RTC and 45C contained excysted sporozoites,
while no sporozoites were observed in AC5 but, many sporocysts still contained non-excysted sporozoites suggesting
they were no longer viable. Based on these results, probable oocyst infectivity was observed by oocyst autofluorescence, morphology and decreased sporozoite excystation. The final excystation step confirmed that
fluorescence and abnormal morphology served as indicators of decreased infective potential, making the assay a
potential tool for in vitro screening of candidate anticoccidial compounds that act on oocyst stages of Eimeria before in
vivo testing.
KEYWORDS: Eimeria, drug resistance, anticoccidial, excystation, fluorescence.
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FINAL ID: 348P
TITLE: Evaluation of quinine as a prophylactic candidate against Histomonas meleagridis
Abstract Body: Histomoniasis, also commonly referred to as blackhead disease, is caused by the protozoan parasite
Histomonas meleagridis. Since the removal of nitarsone (Histostat) in late 2015, there are no approved prophylactics
available for mitigating histomoniasis. Disease incidence and high mortalities are frequently associated with turkey
flocks, although infection of broiler breeders also occurs. Quinine is a naturally occurring alkaloid with antimalarial
properties. In vitro assays have shown strong antihistomonal properties of quinine, leading to our hypothesis that
quinine inclusion within the feed could prevent histomoniasis in turkeys. Selected concentrations of quinine were
included within a turkey starter diet to evaluate effects on body weight gain (BWG), liver lesions, cecal lesions, and
mortality of Histomonas meleagridis-challenged turkeys. On day-of-hatch, poults were randomly assigned to either the
basal diet or a quinine diet. Groups consisted of a non-challenged control (NC; basal diet), 0.022% quinine +
challenge, 0.067% quinine + challenge, 0.2% quinine + challenge, or a positive-challenged control (PC; basal diet).
5
On d10, challenged groups were intracloacally inoculated with 1x10 H. meleagridis cells/turkey, and lesions were
evaluated on d21 post-infection. Individual body weights were recorded on d0, d10, and d31 to calculate the prechallenge and post-challenge BWG. No significant differences (P>0.05) were observed between the d0-10 prechallenged BWG between quinine treatment diets and the basal diet. Similarly, no differences (P>0.05) were observed
in post-challenge d10-31 BWG of the quinine dietary treatments as compared to the PC. Cumulative mortalities, liver
lesions, and cecal lesions related to histomoniasis were not reduced (P>0.05) in any of the quinine treatment groups
as compared to the PC. Although quinine successfully reduced H. meleagridis cells in vitro, results from the in vivo
experiment indicated no reduction in histomoniasis severity, as evidenced by similar lesions and mortality as the PC.
Taken together, these data indicate that quinine inclusion within the feed at these concentrations and under these
experimental conditions was not efficacious in the prevention or treatment of histomoniasis.
KEYWORDS: histomoniasis, Histomonas meleagridis, quinine, turkey, blackhead.
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FINAL ID: 349P
TITLE: Effect of Clostridium septicum hemolytic activity units on Clostridial dermatitis (cellulitis) bacterin/toxoid
humoral immunogenicity in turkeys
Abstract Body: Clostridium septicum (CS), a toxigenic, anaerobic spore-former, is the primary etiology responsible for
cellulitis/dermatitis in commercial turkeys. The alpha toxin is the predominant virulence factor associated with CS
pathogenesis. In commercial turkeys, vaccination with a CS bacterin-toxoid oil emulsion vaccine reduced penicillin
usage and CS-associated mortality under field conditions. During production of CS antigen, hemolytic activity assays
have been traditionally utilized to determine toxin antigen load prior to formalin inactivation. However, the hemolytic
assay is not specific to alpha toxin activity because the delta toxin produced by CS is also hemolytic. In the present
study, multiple batches (50L each) of CS antigen were prepared with a range of hemolytic activity ranging from 128 to
1024 hemolytic units (HU) at the time of formalin inactivation to compare antigen HU to resulting immune response
post-vaccination. For each antigen batch produced: pH, cell density, cell morphology, and hemolytic activity at
selected time points during incubation were evaluated. Immunized treatment groups (N=20 per treatment) included: 1)
non-immunized control (NC), 2) 128 HU antigen + mixing incubation, 3) 512 HU antigen + mixing, 4) 1024 HU antigen
+ mixing, 5) 128 HU antigen + static incubation, 6) 1 part 64 HU and 1 part 1024 HU antigen batches + mixing, or 7) 5
parts 64 HU and 1 part 512 HU antigen batch + mixing. Commercial turkeys were transferred from an integrator to our
facilities at 6 weeks-of-age and immunized subcutaneously at the nape of the neck (0.5mL/turkey) at 7 weeks-of-age.
Blood was collected weekly from 7 to 12 weeks-of-age to determine serum antibody response to CS alpha-toxin postvaccination. From 9 to 12 weeks-of-age, group 2 presented with significantly (P<0.0001) higher antibody titers to CS
alpha-toxin, as measured by ELISA, compared to the NC and the other 5 vaccinated groups. Similar results were
observed for group 5 from 10 to 12-weeks-of-age. Group 4 had the lowest antibody titers throughout the duration of
the study, although the antigen had the highest reported hemolytic activity (1024 HU) before formalin inactivation.
These data suggest that multiple factors contribute to CS alpha-toxin production/bioactivity and must be considered
when estimating CS alpha-toxin presence with a hemolytic activity assay in lieu of minimum lethal dosage testing.
Keywords: dermatitis, cellulitis, turkeys, Clostridium septicum, vaccine
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FINAL ID: 350P
TITLE: Effect of oral or intracloacal challenge with Escherichia coli or Salmonella Enteritidis on enteric colonization
and early performance in broiler chickens
Abstract Body: Escherichia coli (E. coli) and Salmonella Enteritidis are common pathogens introduced to neonatal
poultry. Both pathogens can be vertically and horizontally transmitted during oviposition, in the hatching environment,
and at the broiler farm. Colonization of these bacteria can have substantial implications for the poultry industry due to
reduced flock performance, condemnations in the processing plant, and possible zoonosis. In a laboratory setting, E.
coli and Salmonella challenges are commonly administered via oral gavage at day-of-hatch. Little research has been
conducted to evaluate the efficacy of challenging chicks with Enterobacteriaceae via intracloacal gavage. The
objectives of these studies were to evaluate 1) the efficacy of an intracloacal versus oral gavage challenge at day-ofhatch and 2) dose for optimal colonization utilizing either E. coli or S. Enteritidis. In Exp 1, day-of-hatch chicks were
randomized, weighed, and challenged via oral or intracloacal gavage with saline (vehicle), E. coli, or S. Enteritidis at
3
4
5
selected doses (10 , 10 , or 10 CFU/0.25mL/chick). Based upon Exp 1, significant differences (P<0.05) in GIT
4
5
colonization and body weight at days 3 and 7, final challenge doses of 10 CFU S. Enteritidis and 10 CFU E. coli
were selected for administration via cloacal or oral gavage in Exp 2. Body weight gain and colonization of the
gastrointestinal tract were evaluated on days 3, 7, and 14 of Exp 2. On day 3, significantly more S. Enteritidis
(P<0.001) were enumerated in the challenged groups than the non-challenged control, but differences were not
observed when comparing the two administration methods. No differences for Gram-negative recovery were observed
between the non-challenged control and E. coli challenged groups at 72 hours post-challenge. In contrast to previous
reports indicating that intracloacal challenge induced increased colonization with salmonellae, this was not observed
in the present experiments. Similarly, the presence of presumptive E. coli colonization in challenged and nonchallenged chicks suggests that this approach as a challenge model, at least with non-pathogenic challenge models,
may not be successful.
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TITLE: Evaluation of a functional sensory feed additive on broiler performance, blood chemistry and carcass yield
under heat stress conditions
Abstract Body: The neurosensory anti-stress effect of citrus extract (CE) additive via an olfactory-serotonergic
systems was evaluated and proved on mice. Thus, this specific citrus extract was investigated on growth
performance, blood chemistry and carcass yield on broiler under heat stress conditions during 21 days. 320 chicks (1day-old Ross 308) were housed vertical cages of 0.36 m2 (20/cage) in two rooms. Broilers were splitted into 2
treatments: (VeO) the citrus extract group (VeO, Laboratoires PHODE, France - 250 g/MT of feed); (CTL) the negative
control. Both rooms were kept at a constant temperature and relative humidity of 38±1°C and 60%rH. Difference
between groups were analysed by Tukey test. At 21 days, (Na+K-Cl) blood content was more concentrated from CLT
birds (n=5) than VeO group (n=5) (41.09 vs 35.36 mmol/L, P<0.05) as same as blood protein content (35.69 vs 30.81
g/L, P<0.05) indicating a higher dehydratation status for CTL birds. Thus, broilers receiving VeO maintained their feed
intake compared to CTL ones (812.8 vs 778.3 g/bird, P<0.05) and logically broilers from VeO group were heavier than
that of CTL one (552.79 vs 530.45 g/bird, P<0.05). However, the lower feed intake measured from CTL group allowed
to reduce the relative weight of digestive organs compared to VeO group (11.90 vs 13.80 %LW, P<0.05) optimising
carcass yield (78.67 vs 76.19 %LW, P<0.05). Mortality rate from VeO group tended to decrease compared to CTL one
(0.52 vs 2.71%, NS). This result indicated this specific neurosensory CE is an efficient solution to support feed intake
and growth performance (P<0.05) of broiler under heat stress conditions.
KEYWORDS: neurosensory, citrus extract, heat stress, broiler performance, blood chemistry.
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TITLE: Peanut Skins as a Natural Antimicrobial Feed Additive to Reduce the Transmission of Salmonella in Poultry
Meat Produced for Human Consumption
Abstract Body: Salmonella is the leading cause of bacterial food-borne zoonoses in humans and is estimated to
account for 35% of hospitalizations and 28% of foodborne illnesses in the U.S. Therefore, the development of effective
and applied strategies to control and mitigate bacterial infections in the poultry meat production industry is essential.
The peanut industry generates approximately 40 to 70 million pounds of peanut skin waste annually in the U.S. which
is predominately discarded. However, peanut skins and extracts contain polyphenolic compounds which have been
identified to have antimicrobial properties. The main objective of this study was to determine the antibacterial effect of
peanut skins and/or extracts in the diets of broilers on Salmonella enteritidis (SE) transmission or proliferation in
poultry housing or organs. One hundred sixty male hatchlings (Ross 308) were obtained and randomly assigned to
one of the following experimental treatments, (1) PS: peanut skin diet without oral SE oral inoculation (2) PSSE:
peanut skin diet and SE oral inoculation 3) CON: control diet without SE oral inoculation (4) CONSE: control diet with
SE oral inoculation. Feed intake and body weights were determined at week 0 and 6. On days 10 and 24 post hatch, 3
birds/pen (24 total) from each treatment group were euthanized and the liver, spleen, small intestine, and ceca were
collected. The weights of the liver, spleen and ceca were recorded. Organ invasion was determined by counting SE
colonies. Each pen served as an experimental unit and was analyzed using a t-test. Performance data was analyzed
in a completely randomized design using a general linear mixed model to evaluate differences. There were no
significant differences (P > 0.05) in weekly average pen body weight, total feed consumption, bird weight gain and
feed conversion ratio between the treatment groups. There were no significant differences in SE CFU/g for fecal, litter
or feed between treatment groups CONSE and PSSE. However, for both fecal and litter, the PSSE treatment group
tended (P ≤0.1) to have a lower colony forming units (CFU)/g Salmonella compared to the CONSE treatment group.
The results indicate that peanut skins may have potential application as an antimicrobial feed additive to reduce the
transmission or proliferation of SE in poultry environments or flocks.
KEYWORDS: Salmonella, Peanut Skins, Broiler Chickens, Feed Ingredients, Alternative Feed Ingredients .
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TITLE: Gompertz-Laird and Von Bertalanffy models to describe the growth curve of Creole hens of Mexico
Abstract Body: The growth is an increase in the cell number of an organism, from embryo stage to adulthood, this
process can be explained mathematically by nonlinear models (NLM). The objective of this study was compare two
data recording intervals (RID): Gompertz-Laird (NLGM) and Von Bertalanffy (NLVM) applied to a growth curve of
Creole hens of Mexico, when two data recording intervals (RID) are used. A total of 116 female birds were used. They
ranged from 0 (hatching) to 133 days of age. Animals were fed a diet containing 21.5% CP and 2,900 kcal ME/kg.
Water and feed were provided ad libitum during the study period. From 0 to 63 days of age, individual live weight (LW)
(g) was recorded every third day and also every week. Later, LW was recorded weekly until 133 days of age. Two LW
databases with different recording interval were established to estimate the parameters of NLGM and NLVM. In order
to achieve this, LW data from some days were not taken into account, the data was considered missing. The
recording intervals were: RID , every third day (0-63 days of age) and every fourteen days (63-133 days of age) and
1
RID , every seven days (0-133 days of age). The estimated parameters of the NLGM include: hatching weight (W ,
2
0
g), asymptotic weight (W , g), age at maximum growth (t , d), initial growth rate (L, g/d), rate of decay (K, g/d) and in
A
i
the NLVM: asymptotic weight (W , g), age at maximum growth (t , d), maximum relative growth (K g/d), live weight at
A
i
maximum age growth (W , g), integration constant (B). The criteria for selecting the best NLM in each RID was
I
Arkaike information criterion (AIC) and Bayesian information criterion (BIC). The number of observations in each
database was RID , n= 3132 and RID n= 2320. Data was analyzed using the NLIN procedure of SAS (Marquardt
1
2
algorithm). Estimated parameter values in NLGM were: W , RID : 33.1313, RID : 32.2064; W , RID : 1843.19, RID
0
1
2
A
1
2
: 1832.79; t , RID : 58.3584, RID : 58.0980; L, RID : 0.095788, RID : 0.097152; K, RID : 0.023835, RID : 0.024039,
i
1
2
1
2
1
2
for the NLVM were: W , RID : 2136.44, RID : 2049.99; t , RID : 55.3949, RID : 53.2330; K, RID : 0.016077, RID :
A
1
2
i
1
2
1
2
0.017133; W , RID : 633.021, RID : 607.404; B, RID : 0.81218, RID : 0.82981. Selection criteria values in RID
I
1
2
1
2
1
were: AIC, NLGM: 38129.09 vs NLVM: 38149.03 and BIC, NLGM: 38153.29 vs NLVM: 38173.23. In RID , AIC was
2
NLGM: 29615.12 vs NLVM: 29627.60 and BIC, NLGM: 29638.12 vs NLVM: 29650.60. In conclusion, the GompertzLaird is the best model that describes the growth curve of Creole hens of Mexico with two data recording intervals.
KEYWORDS: Growth curve, Nonlinear models, Gompertz-Laird, Von Bertalanffy, Creole hens.
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FINAL ID: 354P
TITLE: Estimation of parameters of the Gompertz model to describe the growth of Creole chickens of Mexico of two
generations in random mating
Abstract Body: The random mating dosen’t have a productive orientation, and dosen’t present selection, it induces
genetic variability in the progeny. The objective of this study was estimated parameters and selection criteria of the
nonlinear Gompertz growth model (NLGM) of two generations of Creole chickens (GCC), in random mating. The
population of GCC was established with males and females of GCC , and this last one with birds coming for diferent
2
1
place. One hundred forty males chicks of each generation was used, were reared from 0 (hatching) to 63 d of age.
Animals were fed a diet containing 21.5% CP and 2,900 kcal ME/kg. Water and feed were provided ad libitum during
the study period. The conditions of lodging was similar in both generations. Individual live weight (LW) (g) was
recorded every seven days. The estimated parameters of NLGM were: hatching weight (W , g), asymptotic weight (W
0
, g), age of maximum growth (t , d), initial growth rate (L, g/d) and rate of decay (K, g/d). The Akaike information
A
i
criterion (AIC) and the Bayesian information criterion (BIC) were estimated for each GCC. The number of observation
for each GCC was 1400. Data were analyzed using the NLIN procedure of SAS (Marquardt algorithm). Estimated
parameter values were as follows: W , GCC : 31.93, GCC : 27.56; W , GCC : 2539.97, GCC : 2142.42; t , GCC :
0
1
2
A
1
2
i
1
62.58, GCC : 55.34; L, GCC : 0.10, GCC : 0.11 and K, GCC : 0.023, GCC : 0.026. The values of AIC and BIC were
2
1
2
1
2
GCC : 16629.55, GCC : 16144.23 and GCC : 16650.53, GCC : 16165.21, respectively. In conclusion, the
1
2
1
2
populations in random mating tend a modify the magnitude of the parameter and of the selection criteria AIC and BIC
in the Gompertz model according increase the generations.
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FINAL ID: 355P
TITLE: The effects of rearing system design on bone mineral density and skeletal development in laying hens
Abstract Body: As the US laying hen industry transitions from conventional cage to multi-tier aviary housing, it is
important to rear pullets in systems that prepare them to negotiate these more complex environments. We
investigated the effect of rearing system on bone mineral density (BMD) and skeletal development in Dekalb White
hens at 8, 18 and 30 weeks of age (woa). We hypothesized that pullets reared in multi-tier and single-tier aviary
environments would have higher BMD of the humerus, keel and tibia than those reared in floor pens due to increased
opportunities for making vertical transitions and thus, increased bone loading. We also expected BMD and bone
2
length to increase with age. Pullets (n=804) were raised in groups of 56 in 3.05 x 3.05 m either in pens furnished with
five 10cm high perches, single tier aviaries with elevated perches, or double tier aviaries with elevated perches (5
pens/treatment). At 16 woa, pullet housing was replaced with four-tier aviary systems. At 8, 16, and 30 woa, the keel,
both tibiae, and both humeri were collected from 60 pullets/hens per treatment group. Only hens deemed to have
intact bones by palpation were used in the study. Bone measurments and BMD of the full tibia, center of the tibial
diaphysis, full humerus, center of the humerus, and full keel bone, and the lengths of these bones were measured
using Dual-Xray Absorptiometry by a single researcher. A test of intra-rater reliability yielded an interclass correlation
value of >0.90. Data were analyzed using linear mixed effects models in R. We found a treatment*age interaction for
all BMD measurements, and keel bone length. The length and BMD of the tibia, humerus and keel increased with age.
At 16 woa, BMD of the full tibia (p=0.003), tibial diaphysis (p=0.012), full humerus (p=0.004), and non-fractured keel
bones (p=0.013) were lower in floor-reared pullets than those reared in single or multi-tier aviaries. At 30 woa, singletier aviary reared hens had shorter keel bones than those reared in the multi-tiered aviary and floor pens (p = 0.008).
The lengths of the tibia and humerus increased from 8 to 16 woa, and did not differ between treatments at any age. In
conclusion, access to tiered structures and thus, the opportunity to utilize vertical space, promoted bone development
between 8 to 16 weeks of age.
KEYWORDS: laying hen, rearing, keel, housing, bone mineral density.
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FINAL ID: 356P
TITLE: PERFORMANCE OF JAPANESE QUAIL SUBJECTED OF ENVIRONMENTAL HIGH TEMPERATURE AND
DIFFERENT NUTRITION PLANS
Abstract Body: One of the great challenges for quail producers in Brazil and in the tropical world is the high
environmental temperatures inside the shed. Understanding how the interaction between diet and heat affects growth
and egg production can help reduce economic losses for breeders. In addition, there are several feed plan options for
quail in the literature, while some authors recommend two diets, others recommend a single diet during the growth
phase. Therefore, choosing the best feed plan is still a controversial decision for quail breeders.The experiment aimed
to evaluate the grower of Japanese quail fed different nutritional plans (NPs) at two environmental temperatures. The
NPs evaluated were: NP = 2 diets (1 to 21 and 22 to 39 day); NP = 2 diets (1 to 14 and 15 to 39 day); and NP =
1
2
3
single diet (1 to 39 day). The NP and NP diets were recommended by Brazilian Tables for Japanese and European
1
3
Quail (Silva & Costa, 2009) and NP followed the suggestions of the Brazilian Poultry and Pork Tables (Rostagno et
2
al., 2017). A total of 288 birds were housed in an environment of 25°C, considered to be of thermal comfort, and
another 288 birds were housed at a continuous temperature of 35°C, considered temperature of heat stress. The
experimental design was completely randomized in a 3 × 2 factorial scheme resulting in 6 treatments with 12
replicates of 8 birds. Feed intake, weight gain and feed conversion from 1 to 39 days of age were evaluated. The data
obtained were subjected to analysis of variance and the effects of treatments were submitted to the Tukey test at 5%.
a
b
The weight gain of quail was higher (p<0.05) when fed with NP compared with NP (154.49 g vs. 150.21 g) and
3
2b
a
b
better feed conversion when fed with NP (2.98 g/g) in comparasion with NP (3.14 g/g) and NP (3.04 g/g). The
1
2
3
age of switching from the initial to growing diet between the feed plans may have been determinant for the lower
performance of the NP quail (switching at 14 days). Birds submitted to hgh temperature (35°C) decreased (p<0.05)
2 b
a
b
a
feed consumption (412.03 vs. 523.85 g) and weight gain (144.82 vs.160.60 g) compared to those kept in thermal
comfort, respectively. Japanese quail fed with NP and NP show better performance in thermal comfort (25°C) and
1
3
in high temperature (35°C) compared to NP .
2
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FINAL ID: 357P
TITLE: Characterization of growth patterns and carcass characteristics of male and female broilers from four
commercial strains fed low or high density diets
Abstract Body: Over the last few decades, the poultry industry has seen the emergence of various market segments
that are beneficial for rearing various flock sizes. Two concurrent experiments consisting of 1,200 broilers were
conducted to evaluate the effects of sex and diet on the performance of four commercially available broiler strains,
including standard yielding (SY) and high yielding (HY) strains. Within each experiment, a small bird and big bird
debone market were targeted to give variable carcass size. Therefore, a three-way ANOVA was utilized for both
experiments to assess the effects of sex, diet, and carcass size in both experiments. Two common polyphasic diets
were assessed using varying levels of digestible Lys. The low-density diet (LD) consisted of 1.20, 1.10, 1.00, and
0.96% digestible Lys and the high-density diet (HD) consisted of 1.32, 1.21, 1.10, and 1.06%. Weekly BW, BW gain,
feed intake (FI), FCR, and processing yields were assessed during both experiments. Broilers fed the HD diets
responded better than those fed the LD diets, regardless of sex, with increased BW and decreased FCR (P<0.05).
Additionally, males converted a higher BW with a lower FCR (P<0.05) than their female cohorts. Male HY strains
provided the highest carcass yields (P<0.05) compared to SY strains, with no differences observed in females
(P>0.05). High density diets also produced increases in carcass, breast, and tender yield (P<0.05) for males but was
not present for females (P<0.05). Overall, the impact of strain had the highest effect on performance traits and carcass
yields. Therefore, the use of specific strains for various market segments is beneficial for integrators to maximize
return.
KEYWORDS: broiler, amino acid density, carcass, strain, yield.
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FINAL ID: 359P
TITLE: Epiphyseal and Diaphyseal Bone Mineral Density Comparison of Turkey Femurs
Abstract Body: Bone mineralization is considered highly characteristic of skeletal structural integrity to support
increasing BW and muscle growth. In turkeys, the femur is susceptible to fracture increasing interest in characterizing
femur sections. The objective of this experiment was to compare the bone mineralization of the femurs between four
different equal length sections of the bone. The epiphyseal region (25% of end-region) was hypothesized to have a
lower mineral density that the diaphyseal region (50% mid-region). Turkeys from seven commercial hen farms were
euthanized and both femurs dissected (2-10 birds per farm) for a total of 37 hens near market age (average age of
113 days). The tissue was removed, and the femurs were cut into 4 sections designated distal and proximal
epiphyseal and two diaphysis. The bones were extracted with ethyl alcohol followed by anhydrous ether and ashed at
600°C and percent ash calculated. Subjected to statistical analysis were bone ash percentage, differences in farms,
asymmetry between left and right femurs, and relationship of bone ash percentage with BW. An analysis of variance
was run for each left and right femur (Statistix 10) with bone section or farm as the main factor. Tukey HSD allpairwise comparisons test and contrasts were used to detect mean differences for bone ash. Paired T-test and
correlation (Pearson) was used to assess asymmetry of left and right bone ash content. Bone ash was regressed on
BW. Bone sections differed in percentage ash (P<.00001). The differences in bone ash percent among farms was not
significant. Tukey’s HSD All-Pairwise Comparisons Test found two homogeneous groups between the two epiphyseal
(distal=43.98; proximal=43.98) and two diaphyseal (distal=61.12; proximal=59.87) sections for average left and right
bone ash percentage. The ANOVA contrasts T-statistic for bone ash comparing epiphyseal and diaphyseal regions
indicated statistical significance between the two bone regions (P<.0001). Paired T-test indicated similar ash content
between the left and right femur. Ash content was highly correlated (r=.96) meaning that there was no significant
asymmetry between left and right femurs. Regression of ash on BW was not significant, indicating that at an average
sample age of 113 days, bone ash content had plateaued. The hypothesis was supported that the epiphyseal region
sections had a statistically lower mineral density than the diaphyseal region sections. Under commercial production
systems, similar bone ash content was observed across farms and asymmetry in bone ash content of the left and right
femur was not apparent. Funding provided by USDA NIFA no. 2016-67015-24457.
KEYWORDS: Turkey, Femur, Bone mineralization, Epiphyseal, Diaphyseal.
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FINAL ID: 360P
TITLE: Initial evaluation of Pulsed Alternating Wavelength System (PAWS) on growth and physiological markers of
stress in grow-out Pekin ducks.
Abstract Body: Lighting can have profound effects on the health, production, and welfare of all poultry species, and
the duck is no exception. Like all poultry species, ducks are seasonal breeders grown in curtain sided barns, thus
require artificial light in order to maintain long daylengths to maximize growth and fertility. However, there are no
standards for lighting in commercial duck barns. Very few studies have evaluated the growth and welfare of ducks
housed under different lighting systems. However, recent studies from several labs have reported that
monochromatic light, particularly blue light, may not be appropriate for ducks, or waterfowl in general. A novel LED
technology has recently been introduced referred to as Pulsed Alternating Wavelength System (PAWS) that provides
a new approach to delivering multiple wavelengths of light to animals. The goal of this study is to determine the
effects of PAWS on growth, FCR, and welfare of grow-out Pekin ducks. Five unique spectral recipes were evaluated
with 40 ducks per light treatment: industry control (fluorescent light 18L:6D) PAWS 1 (24L), PAWS 2 (24L), PAWS 3
(18L:6D) and PAWS 4 (18L:6D). Body weight and FCR were calculated weekly on all ducks. At processing age, (day
30), we evaluated (N = 5 per treatment) heterophil:lymphocyte ratios, spleen and bursal weight, and collected brains
for biogenic amine analyses within the caudal raphe/ventral tegmental area, dorsal raphe, diencephalon, and
forebrain. All analyses were done at the level of the duck and evaluated using 2-way repeated measures ANOVA
(BW and FCR), and 2-way ANOVA for physiological data. No differences were observed in BW, FCR, or relative
spleen or bursal weights among the treatment groups. There was a decrease in HLR in PAWS treated ducks
compared to controls that approached significance (p = 0.1). No differences were observed in any PAWS treatment
for biogenic amines, thus final data were combined for description. No differences in norepinephrine or epinephrine
were observed between PAWS and controls. There was a significant increase (p < 0.05) in dopamine levels in the
VTA and forebrain in PAWS compared to controls. A non-significant (p = 0.061) increase in serotonin levels were
observed in the dorsal raphe. Thus, there were no physical or physiological signs of acute or chronic stress; the most
important outcome of this study is that the novel PAWS technology has no negative impact on production nor does
PAWS elicit any physiological signs of stress. This was a small initial trial, but these data combined with the possibility
that PAWS may impact brain biogenic amines warrants future larger studies.
KEYWORDS: serotonin, dopamine, norepinephrine, mass spec.
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FINAL ID: 361P
TITLE: Dietary ginger root extract modulates fecal concentrations of Bifidobacteria and Lactobacillus in laying hens
Abstract Body: It has been established that ginger (Zingiber officinale) contain bioactive compounds (such as
gingerols and shagoals) that impart antimicrobial properties and may therefore replace antibiotics in laying hen diets.
A 21-day experiment was conducted with 56-weeks old laying hens (48; White Leghorn) to evaluate the effect of
ginger root extract (GRE) supplementation on fecal concentrations of total bacteria, Escherichia coli (indicator of
presence of pathogenic bacteria), and immune-enhancing bacteria species (Bifidobacterium spp. and Lactobacillus
spp.). Hens were weighed and randomly allocated to four dietary treatments. Treatment 1 (CON) consisted of hens
given conventional layer corn-soybean meal (SBM)-based diet without GRE. A similar diet supplemented with GRE at
0.1% 0.3%, and 0.9% was given to hens in Treatments 2 (GRE1), 3 (GRE2), and 4 (GRE3), respectively. Each
treatment consisted of 4 replicate pens, with each pen housing 3 laying hens. On d 21 of experiment, fecal samples
were collected, serially diluted, and plated onto Brain Heart Infusion (BHI), McConkey, deMan–Rogosa–Sharpe
(MRS), and modified Bifidobacterium Iodoacetate Medium-25 (mBIM-25) agar plates for the enumeration of total
bacteria count, Escherichia. coli, Lactobacillus spp., and Bifidobacterium spp., respectively. Plates were incubated for
24 to 72 h, and colonies were counted thereafter. Results showed that hens given diets supplemented with GRE at
0.1%, 0.3%, and 0.9% level had lower fecal population of total bacteria and E. coli (P < 0.05) compared to the CON
(control) treatment. Hens in CON treatment (6.57 Log CFU / g of fecal content) had fecal Bifidobacterium spp.
10
concentration that was similar (P > 0.05) to those in GRE1, GRE2, and GRE3 treatments (6.15 to 7.28 Log CFU/g).
10
Fecal concentration of Lactobacillus was higher (P < 0.05) in GRE1 (6.60 Log CFU / g) and GRE2 (6.58 Log CFU
10
10
/ g) compared to CON hens (5.97 Log CFU / g). It was concluded that dietary GRE levels up to 0.3% reduced fecal
10
concentration of E. coli while increasing concentration of Lactobacillus spp.
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FINAL ID: 362P
TITLE: Effects of dietary L-Citrulline supplementation on the nitric oxide synthesis and mitochondrial bioenergetics in
the breast muscle of heat stressed broilers
Abstract Body: L-Citrulline, a non-protein amino acid, serves as a potent substrate for arginine recycling, and also
functions in enhancing muscle protein synthesis. The objective of this study was to determine the effects of heat
stress on the nitric oxide regeneration and muscle bioenergetics of broilers and to assess whether dietary L-Citrulline
can mediate these effects. Arbor acre broilers (288 males, 1d) were fed either basal diet (control) or basal diet
supplemented with 1% L-Citrulline (L-Cit). At 28 d, broilers were subjected to two environmental temperatures, 35 °C
for 8 h/d (HS) or 24 °C (TNZ) for 14 days in a 2 x 2 factorial design. Body temperature was regularly monitored, while
the blood and breast muscle samples were collected after 14 d HS. Core body (Tb) and rectal temperatures rose
o
immediately during HS exposure, but under TNZ condition, L-Cit suppressed Tb by ~0.5 C decline, initiating
sustained hypothermia in broilers. Plasma metabolites for glucose, blood urea nitrogen, and lactate dehydrogenase
were affected (P > 0.05) by HS and L-Cit supplementation. Bodyweight gain, average daily feed intake (ADFI) and
feed conversion ratio (FCR) were reduced by HS exposure (P > 0.05), however, L-Cit supplementation alleviated HSdepression of ADFI and FCR. Abdominal fat weight was decreased by HS, but HS and L-Cit increased (P > 0.05) the
kidney and heart weight of broilers. Nitric oxide (NO) concentration was increased during HS condition (P > 0.05),
whereas, NO synthase (NOS) activities were diminished by HS exposure, except for endothelial NOS (P > 0.05).
Dietary L-Cit increased the endothelial and inducible NOS isoforms (P > 0.05) compared to the control fed group.
Also, the mRNA expression for mitochondrial biogenic genes including PGC-1α, ANT, and COX III were
downregulated (P < 0.05) in the breast muscle during HS, whereas, L-Cit significantly induced TFAM expressions
compared to the control fed group. The mRNA expression for ATP5β was differentially affected (P < 0.05) by L-Cit
supplementation at HS and TNZ conditions. Under TNZ condition, L-Cit downregulated ATP5β expression, whereas,
under HS condition, L-Cit upregulated ATP5β expression in comparison to the control fed broilers. Therefore, this
study demonstrates the modulatory effects of L-Citrulline on body temperature, nitric oxide synthesis, and
mitochondrial bioenergetics in the breast muscle of broilers. The study also reveals the possible association between
L-Cit-induced hypothermia and muscle ATP generation during thermoneutral condition.
KEYWORDS: Citrulline, Body temperature, Mitochondrial bioenergetics, Nitric oxide, Heat stress.
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FINAL ID: 363P
TITLE: Determining amino acid digestibility of soybean meal from different South Carolina soybean varieties when fed
to broilers.
Abstract Body: At hatch, 240 Ross 308 male broilers were placed in battery cages for a 15-d study to evaluate amino
acid digestibility of soybean meal from specialty variety soybeans grown in South Carolina. There were 10 replicates
per treatment and 6 broilers per cage. Broilers were given a common corn soybean meal-based diet from d 0 to 9. On
d 9, broilers were weighed, and cages were allotted to 1 of 4 dietary treatments within location block. Soybean meal
(SBM) sources consisted of a conventionally processed control SBM (45.4% CP; CON), and soybeans sourced from
the same region, processed using solvent extraction at Texas A&M University (49.8% CP; PCON). Two additional
soybean varieties were solvent extracted at Texas A&M and resulting SBM (53.1% CP; 53SBM and 57.4% CP;
57SBM) used in this experiment. Assay diets were dextrose and SBM-based and consisted of 1 of 4 soybean meal
sources formulated to supply 20% dietary CP with titanium dioxide as an indigestible marker. On d 15, broilers were
euthanized by CO inhalation and ileal samples were collected to determine apparent ileal digestibility (AID) of amino
2
acids (AA). Data were analyzed using the GLIMMIX procedure in SAS 9.4, with pen as the experimental unit, pen
location as the blocking factor and adjusted using Tukey-Kramer multiple comparisons. Broilers fed CON and 57SBM
had increased (P < 0.003) AID of total AA (77.3 and 81.5% vs. 71.6 and 69.0%), arginine (85.2 and 88.5% vs. 80.5
and 79.6%), histidine (80.2 and 83.1% vs. 74.1 and 72.2%), lysine (79.7 and 82.2% vs. 71.4 and 69.2%), threonine
(77.4 and 80.0% vs. 69.8 and 66.2%), and tryptophan (75.7 and 82.5 vs. 73.8 and 72.6%) compared to those fed
PCON and 53SBM. The AID of isoleucine and phenylalanine increased (P < 0.001) in broilers fed 57SBM (81.6 and
83.2%) compared to CON (76.9 and 77.7%) and 53SBM (73.5 and 72.5%), where PCON (72.8 and 74.7%) was
intermediate to CON and 53SBM. Broilers fed 57SBM had increased (P < 0.001) AID of leucine (82.1%) compared to
all other sources. The AID of methionine increased (P = 0.007) in broilers fed CON (80.2%) and 57SBM (81.3%)
compared to 53SBM (70.9%), where there was no evidence for differences between those fed PCON (73.8%) and all
other sources. Broilers fed CON (74.2%) and 57SBM (79.1%) had increased (P < 0.001) digestibility of valine
compared to PCON (69.7%) and 53SBM (66.3%) with no evidence for difference between those fed CON and PCON.
In conclusion, broilers fed commercially processed soybean meal had improved AA digestibility compared to those fed
experimentally processed soybeans from a similar region. The high CP (57% CP) SBM variety had increased AA
digestibility compared to the PCON and 53SBM.
KEYWORDS: broiler performance, amino acid digestibility, soybean meal.
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FINAL ID: 364P
TITLE: Determination of standardized ileal digestibility of tryptophan in granular sources for 21-day-old broiler
chickens
Abstract Body: The objective of this study was to determine standardized ileal digestibility (SID) of Trp in granular
sources by using direct and regression methods and to compare the methods for determining the digestibility of Trp.
Three hundred seventy-two 19-day-old Ross 308 male broiler chickens (initial body weight = 506 ± 82.7 g) were
assigned to eight experimental diets with nine birds per cage for the direct method or seven birds per cage for the
regression method in a randomized complete block design with body weight as a blocking factor. Eight experimental
diets consisted of a nitrogen-free diet and two semi-purified diets for the direct method and five corn-soybean meal
(SBM)-based diets for the regression method. Two semi-purified diets were formulated to contain calcium (Ca) Trp
granular complex (Ca-Trp; 60% purity, 69.5% CP, and 1.88% Ca) or granular Trp (60% purity, and 75% CP) as a sole
source of amino acid. For the regression method, a basal diet without supplemented granular Trp were formulated,
and four experimental diets were contained two levels (3 and 6%) of supplemented granular Trp from sources at the
expense of corn and SBM. Chromic oxide was added to experimental diets as an indigestible index. No differences
were found between Ca-Trp and granular Trp for SID of Trp in the direct method (99.33 and 99.61%). There were
linear (P < 0.05) and quadratic (P < 0.05) increases in SID of Trp as both Trp sources increased, respectively. No
difference was observed for the digestibility derived from regression method between Ca-Trp and granular Trp (101.49
and 101.05%). Compared direct method to regression method, obtained digestibility from Ca-Trp were differ (P <
0.05), while the digestibility from granular Trp did not differ. In conclusion, the digestibility from the direct method or
the regression method did not differ between Trp sources. The digestibility of Ca-Trp from the direct method were
different from those obtained by the regression method, while the digestibility of granular Trp were not different.
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TITLE: Standardized ileal digestible methionine requirements of male broilers from 22 to 29 days
Abstract Body: The objective of the present study was to estimate the standardized ileal digestible (SID) methionine
(Met) requirement for male broilers (Ross 308) at the age of 22-29 days. A total of 192 birds (745 ± 50.5 g) were
allocated to six dietary treatments in a randomized complete block design with eight replicate cages per treatment.
The six experimental diets were formulated based on corn, soybean meal, and synthetic amino acids to contain
dietary SID Met equally increased from 0.40 to 0.65% with a consistent concentration of all amino acids except for
Met. Data for weight gain (g/d), feed intake (g), gain to feed ratio (g/kg), and relative feather weight (% of body weight)
from 22 to 29 d of age broilers were fitted to linear and quadratic response curves using the GLM procedure of SAS.
When SID Met increased in the experimental diet, the weight gain and feed intake increased quadratically (P<0.05).
On the other hand, the gain to feed ratio (g/kg) and relative feather weight (% of body weight) did not differ in
response to the dietary SID Met concentration. The SID Met requirements for gain and feed intake were 0.454% and
0.456% for the one-slope broken-line, 0.546% and 0.549% for the quadratic-line, 0.519% and 0.522% for 95% of the
upper asymptote of the quadratic model, respectively. In conclusion, the SID Met requirements for broilers fed cornSBM-based diets from 22 to 29 days ranged from 0.454% to 0.546% for weight gain and from 0.456% to 0.549% for
feed intake.
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FINAL ID: 366P
TITLE: Protective effect of L-Citrulline on the growth performance of cyclic heat stressed broilers via modulation of
hypothalamic GH/IGF-1 pathway proteins
Abstract Body: Heat stress is typically associated with adverse effects on the growth rate and production performance
of poultry, and an identification of feed additives to ameliorate these detrimental effects is crucial. L-Citrulline is a
nutraceutical amino acid that is widely gaining research interest for its role in arginine recycling and muscle protein
synthesis. This study was designed to investigate whether dietary supplementation with L-Citrulline could mediate the
adverse effects of heat stress on the growth performance of broilers. Arbor acre broilers (288 males, 1d) were raised
on two diets; basal diet (control) or basal diet supplemented with 1% L-Citrulline (L-Cit). After 3 wks pre-feeding, the
○
○
birds were subjected to two environments; thermoneutral at 24 C (TNZ), or heat stress at 35 C (HS) for another 3
wks, in a 2 x 2 factorial design. Weekly data was obtained for body weight and feed intake, and the blood and
th
hypothalamic tissues were collected at the 6 week of experiment. Results showed that HS significantly lowered (P >
0.05) the feed intake for both control and L-Cit fed groups except at the 4th wk of age. L-Cit supplementation reduced
nd
th
(P > 0.05) the feed intake at the 2 wk prior to HS exposure, but increased the feed intake at the 4 week of age
compared to control fed group. HS exposure decreased the body weight of broilers from the 4th to 6th week of age,
whereas L-Cit supplementation increased the body weight gain, especially under TNZ condition. HS and L-Cit
treatment influenced the hypothalamic expression of Pro-opiomelanocortin (POMC) neuropeptide (P > 0.05), but did
not affect Neuropeptide-Y and Ghrelin expression. Compared to TNZ condition, HS significantly lowered POMC
expression but this effect was alleviated with L-Cit supplementation. Analysis of the growth hormone/ insulin-like
growth factor-1 (GH/IGF-1) pathway showed that HS downregulated (P > 0.05) the hypothalamic mRNA expression of
Growth Hormone Receptor (GHR), Growth Hormone Binding Protein (GHBP), Insulin-like growth factor-1 (IGF-1), and
Insulin-like Growth Factor Binding Protein (IGFBP), but upregulated IGF-1 Receptor expression. In contrast, L-Cit
supplementation significantly (P > 0.05) upregulated GHBP, and IGFBP expression, alleviating HS-induced effects.
Therefore, this study demonstrates the protective ability of L-Citrulline supplementation on the growth performance
and body size of HS broilers, and that this effect was mediated at the transcriptional level via modulation of
hypothalamic GHBP and IGFBP in the somatotropic axis of broilers.
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TITLE: Sulphur amino acids sources affect the gene expression of glucose transporters in the jejunum of broilers
chicken
Abstract Body: Methionine is an essential amino acid for the renewal of the intestinal epithelium and synthesis of
glutathione, a major cellular antioxidant. The availability of sulfur amino acids influences the absorption of other
nutrients, affecting the growth of birds, however few studies have reported the relationship between methionine
sources supplementation and the transporters of nutrients in intestinal cells. The objective was to study the mRNA
expression of glucose transporters in the jejunum of broiler chickens whose diets were supplemented with different
sources of dietary methionine. A total of 450 male Cobb700 chickens at 8 days of age with an average BW of 180g
were used in 2x3 factorial experiment. There were two sources of methionine were DL-Methionine (DL-Met) and DL-2hydroxy-4-methylthio-butanoic acid (DL-HMTBA). The three dietary levels of total digestible sulfur amino acids
(Met+Cys) were: deficient (0.63, 0.58, and 0.52), requirement (0.88, 0.83, and 0,77%) and excess (1.13, 1.08, and
1.02%) for 8-21, 22-33 and 34-49 days, respectively. Each treatment had 5 replicates with 15 birds per replicate. At 49
days of age, 1 bird per replicate, five per treatment, was randomly selected, humanely euthanized and the jejunum
taken to total RNA extraction. mRNA expression was done on SGLT1, SGLT5, GLUT2 and GLUT5 genes with beta
actin as an internal control. The data was analyzed using the ANOVA test. Across all dietary levels, DL-HMTBA
supplementation led to upward expression of SGLT1 and SGLT2 (P<0.05) principally in the chicken group that were
fed the methionine-deficient diet compared with the other treatment groups. Regardless of methionine source, GLUT5
was downward expressed (P<0.05) in the chickens fed the methionine-excess diet compared to their counterparts.
The methionine source by level interaction showed that SGLT1 was downwardly expressed (P<0.05) in group whose
diet were supplemented with excess DL-Met compared to those on DL-Met-deficient or excess diets. However, in the
DL-HMTBA group, the SGLT1 gene was upwardly expressed (P<0.05) in the methionine-excess group compared to
the deficient group. Methionine source could affect the mRNA expression of some sugar transporters, however such
changes in gene expression principally occur in either methionine deficient or methionine-excess diet, but not in the
regular diets.
KEYWORDS: Broilers, Glucose transporters, Intestinal epithelium, Sulphur amino acids levels, Sulphur amino acids
sources.
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®
TITLE: Dietary Allzyme Spectrum improved the performance of broiler chickens fed low nutrient diet
®
Abstract Body: Allzyme Spectrum is a naturally fermented product with multiple enzyme activity including
®
carbohydrase and phytase. A study was conducted to investigate the effect of supplementing Allzyme Spectrum on
the growth performance of broiler chickens in a 42d period. Dietary treatments included: 1) corn-soy reference diet
having a nutrient level equivalent to commercial level; 2) corn-soy low nutrient diet having 90 kcal/kg less ME and
®
0.15% less Ca and available P compared to diet 1; 3) diet 2 + 0.02% Allzyme Spectrum. Eight replicate pens of 22
chickens were randomly assigned to each of the three dietary treatments. Chickens were housed in floor pens in an
environmentally controlled room with ad libitum access to feed and water. Three phase diets including starter (d 0 – 9),
grower (d10 – 21) and finisher (d22 – 42) were provided to chickens during the trial period. Chickens fed the low
nutrient diet (diet 2) had lower (P<0.01) weight gain compared to those fed diet 1&3 during each phase and the overall
period. The feed intake of chickens fed the low nutrient diet was the same as that of chickens fed diet 1&3 during
starter period, but lower (P<0.01) than those fed diet 1&3 during grower phase and overall. Chickens fed the low
nutrient diet had higher (P<0.01) feed to gain ratio compared to those fed diet 1&3 during the starter and overall
®
growing period. The results from this study indicated that the supplementation of Allzyme Spectrum in the diet
having low ME, Ca and available P increased weight gain and improved feed conversion ratio of broiler chickens.
KEYWORDS: broiler, performance, enzyme, ME, available P.
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TITLE: Comparative effects of two phytases on bone mineralization, nutrient digestibility and phytate-P degradation of
boilers
Abstract Body: A battery study was conducted to evaluate the efficacy of two phytases in improving bone
mineralization, nutrient digestibility and phytate-P degradation of broilers. At 0-8 day of age, all the birds were fed with
a corn-SBM common starter diet containing 0.70% total Ca and 0.23% non-phytate P (nPP). The experimental diets
were provided to birds at 8-18 day of age, including: negative control (NC), positive control (PC), NC + a novel
phytase (NPhy) at 187.5, 375, 750, 1500 and 2000 FYT/kg, and NC + a current generation of phytase (CPhy) at 500,
1000 and 2000 FYT/kg. The two phytases were from DSM Nutritional Products Inc. The total Ca and nPP were 0.70%
and 0.23% for NC, and 0.90% and 0.43% for PC, respectively. Each diet was fed to 9 pens of 8 birds. On d 18, the
digesta from gizzard and distal half of ileum were collected from 8 birds/pen, and the right tibia was taken from 2
birds/pen. Data were analyzed by one-way ANOVA. Additionally, an exponential model was applied for the nonlinear
response of each phytase. NPhy responses at the same dosage of CPhy were interpolated from regressions, then
data were analyzed as a 2 × 3 factorial to determine the main effect of phytase source, dosage and their interaction.
Means were separated by protected Fisher’s LSD test with a value of ≤ 0.05 considered significantly different. Oneway ANOVA analysis showed NC had significantly lower tibia ash, tibia P and ileal P digestibility (P < 0.05), higher
phytate-P degradation in ileum (P < 0.05), and no difference for phytate-P content in gizzard (P > 0.05) in comparison
with PC. All the supplemental levels of NPhy and CPhy significantly increased (P < 0.05) tibia ash and P, ileal P
digestibility, phytate-P degradation in ileum and decreased (P < 0.05) phytate-P content in gizzard when compared
with NC. Broilers fed NPhy at 1500 or 2000 FYT/kg and CPhy at 2000 FYT/kg had tibia ash and tibia P comparable
with birds fed PC. The two-way ANOVA analysis showed there was a significant interaction between phytase source
and dosage for tibia ash (P = 0.05) and tibia P (P = 0.02), NPhy at 500 and 1000 FYT/kg showing similar tibia ash and
tibia P deposition with CPhy at 1000 and 2000 FYT/kg, respectively. There was no interaction between the two factors
for ileal P digestibility and phytate-P hydrolysis, while the main effect showed NPhy had a lower phytate-P content in
gizzard (P < 0.001), a higher P digestibility and phytate-P degradation in ileum (P < 0.001) than CPhy. In summary,
the novel phytase delivered superior P release compared to the current generation, in terms of bone ash, bone P and
ileal P digestibility, which was confirmed by the faster and more complete phytate-P hydrolysis across gastrointestinal
segments.
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TITLE: Sources of corn and soybean meal and carbohydrase enzymes supplementation differently affect growth
performance and nutrient digestibility in broiler chickens
Abstract Body: This study aimed to evaluate the effects of a proprietary admixture of carbohydrase enzymes on
different sources (origin) of corn and soybean meal (SBM)-based diets on growth performance and apparent ileal
digestibility (AID) of nutrients of broiler chickens. A total of 216 day-old chicks (Cobb 500) were equally distributed to
36 floor pens (9 replicates, 6 birds/pen), and the pens were allocated to 4 dietary treatments in a completely
randomized 2×2 factorial arrangement. The treatments included: 2 corn and SBM sources as the main ingredients
supplemented without (NC1 and NC2) or with enzymes (NC1+Enz and NC2+Enz). The diets were formulated in three
phases (starter, d 0-14; grower, d 15-28; finisher, d 29-42), and all diets contained phytase in the background. Feed
and water were provided ad libitum. The birds were housed in floor pens, and a standard commercial broiler rearing
environment (temperature, humidity, and light) was managed. The body weight and feed intake were recorded at the
beginning of trial and then on days 14, 28, and 42 to determine growth performance and feed conversion ratio (FCR).
At 42d of age, ileal samples were collected to determine the AID of nutrients using the marker (TiO ) method. Data
2
were subjected to multi-factorial analysis of variance and were compared among treatments using the MIXED
procedure of SAS with a pen as the experimental unit. There was no effect of treatments on body weight (BW) and
average daily gain (ADG) in the starter phase, but supplementation with enzymes increased (P <0.05) both BW and
ADG during grower and finisher phases as well as the overall study period. Also, there was an interaction (P <0.05)
between ingredient source and enzyme supplementation for BW, ADG, ADFI, and FCR in the finisher phase and ADG
and ADFI in the overall study period. Enzyme supplementation significantly reduced (P <0.05) FCR in all stages of the
study. There was a significant effect (P <0.05) of both the ingredient sources and enzymes on the AID of nutrients
(DM, GE, and CP) as well as ileal AME, ileal AMEn, and N retention at ileum level. Also, a significant interaction
between ingredient type and enzymes was found for N retention (P <0.05). In conclusion, there was no notable effect
of ingredient sources, but enzyme supplementation positively affected the growth performance parameters of broilers.
As the source of corn and SBM influenced the effect of enzymes on nutrient digestibility and there was an interaction
between ingredient source and enzyme supplementation, future work should use ingredients from different origins and
explore reasons for this in order to further optimize the economic value of carbohydrases in corn/SBM-based diets for
broilers.
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TITLE: Sources of corn and soybean meal and carbohydrase enzyme supplementation differently affect cecal volatile
fatty acid production and microbiota profile in broiler chickens
Abstract Body: The aim of this study was to evaluate the effects of carbohydrase enzymes on different sources of
corn and soybean meal (SBM)-based diets on gut health parameters of broilers. A total of 216 day-old chicks (Cobb
500) were equally distributed to 36 floor pens (6 birds/pen), and the pens were randomly allocated to 4 dietary
treatments in 2×2 factorial arrangement. The treatments included: 2 corn and SBM sources as the main ingredients
supplemented without (NC1 and NC2) or with enzymes (NC1+Enz and NC2+Enz). The diets were formulated in three
phases (starter, d 0-14; grower, d 15-28; finisher, d 29-42), and all diets contained phytase in the background. The
birds were raised under standard husbandry practices and were fed mash feed ad libitum. On d 42, cecal digesta
were collected from 9 birds from each treatment (1 bird from each pen) for volatile fatty acids (VFA) and microbiome
profiling. The VFA production was different among treatments, but the effect of either ingredient sources or enzyme
supplementation was inconsistent, primarily due to high variability among birds within treatments. Enzyme
supplementation increased (P <0.01) the production of branched-chain fatty acids in both ingredient sources, while
NC2 had a higher level (P >0.05) of total VFA among all treatments. Analysis of 16S rRNA amplicon sequences from
cecal digesta did not reveal any difference in alpha or beta diversity of microbiota among treatments (P >0.05).
However, enzyme supplementation enriched the mean proportion Anaerostipes butyraticus (a butyrate-producing
bacteria) compared with no enzyme groups (P <0.01). Relative abundance of Lactobacillus was higher in the NC+ENZ
group than others. The results suggest that carbohydrase enzyme supplementation affects the cecal VFA production
and microbial profile, but the effects may be dependent on the source of corn or SBM in the diet. Thus, ingredients
from different origins need to be tested in future studies to validate further enzymes' effects on cecal VFA production
and microbiota profile in broiler chickens.
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TITLE: Field evaluation of an exogenous protease in commercial turkey diets
Abstract Body: The objective of this study were to evaluate the inclusion of an exogenous protease in tom turkey diets
on performance and key gut pathogens, such as Avian pathogenic E. coli (APEC), within a vertically integrated
system. A paired-house model consisted of a control and test house on each farm was used, for a total 12 houses on
6 farms; all houses fed from the same feed mill. Birds were fed the same commercial diets through all phases and
placed under the integrator’s management practices for lighting and temperature. Diets were corn-soybean meal
based and were formulated to commercial dietary specifications for each phase, with the test diet formulated with an
exogenous protease (Axtra® PRO; 4000 u/kg feed) at recommended nutrient specifications. At 7, 9, 12, and 15 weeks
of age, 3 birds were randomly selected from each house and their gastrointestinal tracts (GIT) taken to quantify E. coli
and characterize the virulence genes to determine potential pathogenicity. All birds were processed at 19 weeks of
age. Houses were tracked individually for performance and GIT bacterial quantification and then pooled together for
statistical analysis. All data were analyzed via a one-way ANOVA. Means were separated by Tukey HSD using JMP
Pro 15 (SAS Institute). The inclusion of exogenous protease had no significant effect on final body weight, and ADG
(P>0.05), which was expected due to the similar nutritional composition of the diets. However, there was a significant
increase in overall total livability (P<0.05) for market toms fed the test diet with protease of 4%. This increased
livability means that for, every 100 turkeys placed, an extra 5 birds went to the processing plant at 19 weeks.
Additionally, the inclusion of an exogenous protease was found to reduce the virulence of APEC genes and support
more commensal E. coli, indicating a potential shift in nutrient flow between the turkey and its gut microbial
community. Further investigation into the role that protease plays in gut health is needed given the benefit in viability
seen in this work.
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TITLE: Performance of commercial laying hens supplemented with functional fiber associated with xylanase
Abstract Body: This study was conducted to evaluate the effects of fermentable fiber associated with a fibrolytic
enzyme (xylanase) on the performance of commercial laying hens from 33 to 49 weeks of age. A performance trial
was carried out at the Veterinary and Animal Science Faculty of UFG involving 320 Hy-Line W80 laying hens weighing
1.545 g ± 23 g, for a period of 112 days. The hens were allocated to four treatments in a completely randomized
design with ten replicates of eight birds each. Two commercial sources of xylanase with the same enzymatic activity
(160,000 BXU/g) were used, one of which consisted of a combination of xylanase and fermentable oligosaccharides.
Both products were included at the rate of 75 g/t. Phytase at 450 FTU/kg was used considering only the mineral
nutritional matrix. The experimental diet was formulated according to recommendations of the Brazilian Tables for
Swine and Poultry. Treatments were as follows: Positive Control Diet; Negative control diet (considering the nutritional
contribution of the enzyme xylanase); Negative Control Diet + Xylanase; and Negative Control Diet with Xylanase +
Fermentable Oligosaccharides. At the end of the entire period, the following performance variables were evaluated:
total feed intake (kg), feed intake (g/hen/day), egg production (% and egg/hen/day), mean egg weight (g), mean egg
mass (g/hen/day and g/hen/period) and feed conversion (kg/kg and kg/dozen eggs). Feed intake was corrected
according to mortality and egg production was recorded daily. The obtained data were subjected to ANOVA and F test
at 5% significance, using R-Project free software. There was statistical significance for feed intake and feed
conversion in kg/kg and kg/dozen eggs between the diets (P<0.05). The positive control diet provided better results for
feed intake and feed conversion (kg/kg and kg/dozen eggs) than the negative control diets and the treatment
containing xylanase and xylanase + fermentable oligosaccharides, which showed similar values. Egg production,
average egg weight and egg mass, in turn, were not affected by the nutritional treatments. It should be noted that the
birds performed similarly under the same environmental conditions and belonged to the same line, which allowed
them to maintain their egg production performance. Thus, the use of the enzyme xylanase and xylanase +
oligosaccharides is efficient in maintaining egg production indices, average egg weight and egg mass.
KEYWORDS: carboidrase, oligossaccharides, egg production, stimbiotic.
CURRENT CATEGORY: Metabolism and Nutrition, Enzymes
PRESENTER: Jose Henrique Stringhini
1
1
1
AUTHORS (FIRST NAME, LAST NAME): Deibity A. Cordeiro , Natiele F. de Oliveira , Imar C. Fernandes Filho ,
1
1
1
1
2
Lucas B. de Castro , Laura A. Duarte , Fernanda B. Toledo , Thaciane L. Amaral , Alexandre B. de Brito , Jose H.
1
Stringhini
INSTITUTIONS (ALL):
1. Zootecnia, Universidade Federal de Goias, Goiania, Goias, Brazil.
2. ABVista, Malborough / Sao Paulo, United Kingdom.

FINAL ID: 375P
TITLE: Evaluation of apparent metabolizable energy of pequi oil in broiler chickens
Abstract Body: Pequi (Caryocar brasiliense Camb.) is a fruit native to the Brazilian cerrado biome and is considered
one of the species of greatest socioeconomic relevance to the region. The present study aimed to determine the
apparent metabolizable energy (AME) of pequi oil (PO) in broiler chickens. A total of 90 male broilers (Cobb 500) was
placed in metabolism cages (0.4m height x 0.5m length x 0.60m width) at 21 days of age, distributed in a completely
randomized design, with three treatments of 6 repetitions and 5 birds/cage. The treatments included i) basal diet based on corn and soybean meal, formulated to correspond to nutrient requirements that were equal to or slightly
lower than those recommended by Rostagno et al. (2017). ii) Soybean oil - introduction of 10% SO in the basal diet.
iii) PO - introduction of 10% PO in the basal diet. All cages were equipped with a trays previously prepared and lined
with plastic for the collection of excreta. Excreta collection involved an adaptation period of 5 days of adaptation the
diets and 5 days of excreta collection (feces and urine) with control of feed intake. Unmarked excreta in the first
collection and marked excreta in the last collection were discarded (marker as 1% ferric oxide). There were two daily
collections 08:00 am and 4:30 pm and the excreta collected were packed in plastic bags, weighed and stored in the
freezer. The excreta was thawed, weighed and homogenized for removal of a sample from each experimental unit
(200-300g sample/cage). In sequence, dried in a forced ventilation oven at 55 degrees celsius for 72h, in order to
promote pre-drying and air dry matter determination. Furthermore, the samples were ground in a knife mill (16 mesh
sieve with 1mm sieves). The samples and diets were sent to the bromatology laboratory for analysis of dry matter and
crude energy. Based on the results of the analyzes, the value of AME was calculated using the formula proposed by
Matterson et al. (1965). Data were analyzed using the ANOVA procedure of SAS. In these experimental conditions,
the crude energy values for soybean oil were 9,379 kcal/kg and for pequi oil 9,112 kcal/kg. The AME of soybean oil
was 7,079 kcal / kg, and the pequi oil was 6,664 kcal/kg as fed, and these data showed no difference in the F test (P =
0.081). It is possible to verify that there was a 73% utilization of PO by broiler chickens. Pequi oil is a fruit rich in
bioactive compounds important to animal health, and the determination of AME is the first step in evaluating this
ingredient in the diet of birds. This research was financially supported by grant 2018/25363-2 from the São Paulo
Research Foundation (FAPESP).
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TITLE: Effect of Lactobacillus plantarum supplement on the growth performance, nutrient digestibility, gas emission,
excreta microbiota, and meat quality of broilers
Abstract Body: Poultry production has grown rapidly and becomes a competitive industry all over the world. The
growth of poultry production has a profound impact on the demand for nutritious feed ingredients. Probiotics are
defined as live microorganisms that are beneficial to the host. The goal of this analysis was to investigate the effects
of Lactobacillus plantarum (L. plantarum) on the growth performance, nutrient digestibility, gas emission, excreta
microbiota, and meat quality of broilers. The Animal care and use committee of Dankook University has approved the
protocol (No: DK-1-2022) of this trial and birds were treated humanely. A total of 288 Ross308, 1-day-old chicks
(mixed sex) with an initial weight of 42.61 ± 0.49g (mean ± SD) were procured from Cherry-Buro hatchery and
randomly allocated to one of two treatments with 8 replicated cages (18 chicks/cage). For a period of 35 days, control
treatment chicks were fed a commercial corn-soybean meal-based (CON) diet, whereas, TRT-1 chicks fed CON with
0.10% L. plantarum supplement. L. plantarum supplement was commercially obtained from Micro-solution. Co Ltd.
(South Korea). It contains 1.2 × 109 colony-forming units (CFU kg−1) of L. plantarum. All data were analyzed as a
completely randomized block design using the GLM procedure of SAS (version 9.2). Cages were considered as
experimental units and significant differences were identified using T-test. Variability in the data was expressed as the
standard error of means and P < 0.05 was considered as statistically significant. The dietary inclusion of 0.10% L.
plantarum supplementation has a trend to significantly increase the body weight gain on days 7, 21, and the overall
(p=0.079, 0.011, and 0.037 respectively) trial period compared to the CON diet. In addition, 0.10% L. plantarum
supplementation has significantly decreased H S (p=0.046) concentration. Also, it has significantly increased the
2
lactobacillus population ((p=0.041) and reduced the E. coli count (p=0.054) compared to the CON diet. However,
throughout the trial, there were no significant differences observed on nutrient digestibility of dry matter, nitrogen, and
gross energy, as well as meat quality traits in broilers, fed a 0.10% L. plantarum diet. In summary, L. plantarum
probiotic strain has increased the body weight, lactobacillus population, reduced E. coli counts, and H S concentration
2
in broilers. Thus, we suggest 0.10% of L. plantarum diet could serve as a better alternative feed additive to enhance
poultry production.
KEYWORDS: lactobacillus plantarum, growth performance, excreta microbiota, broiler.
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FINAL ID: 377P
®
TITLE: The impact of dietary supplementation of NuPro in the starter diets on the 21 day growth performance of
broiler chickens
Abstract Body: Healthy chicks and early nutrition are key factors for birds to reach their genetic potential. Nucleotides
are semi-essential nutrients in early life development and during times of stress. Nucleotides can be synthesized or
recycled through the de novo or salvage pathways, respectively. During the first weeks of life these in vivo
®
mechanisms may not provide an adequate supply of nucleotides for an organism. NuPro is a yeast extract that
contains 40% crude protein, 8% amino acids, glutamic acid, inositol, and 5-7% nucleotides and may serve as a
®
potential source of dietary nucleotides. The addition of NuPro to the starter diet may support growth performance by
®
increasing nucleotide availability. The objective of this study was to determine the effect of supplementing NuPro in
the starter period (d1–9) on the growth performance of broiler chickens for 21d. One-day old male Cobb by-product
breeder chicks were randomly assigned to either one of two dietary treatments, a corn-soy control diet (CON), or a
®
corn-soy diet supplemented with 2% NuPro . Both diets had the same nutrient level and chicks were fed respective
dietary treatments for 9d, after which all birds were fed the same corn-soy control diet. Eight replicate pens of 24
chicks per pen were randomly assigned to each of the dietary treatments. Chickens were housed in floor pens in an
environmentally controlled room with ad libitum access to feed and water. Data were subjected to Analysis of Variance
(ANOVA) to identify treatment effects, with least square differences (LSD) used to determine mean differences.
®
Chicks fed NuPro in the starter diet had higher (P<0.01) weight gain (150 vs. 138 g/bird) and a lower (P<0.01) feed
®
to gain ratio (1.24 vs. 1.33) compared to CON. After 21d, birds fed NuPro had significantly higher weight gain (762
vs. 715 g/bird) and feed intake (1078g vs. 1027g) compared to CON. Based on the results from this study, dietary
®
supplementation of NuPro in the starter diet positively impacted 21d growth performance of broiler chickens.
KEYWORDS: Broiler chicken, Performance, Nucleotide, Starter Diet.
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FINAL ID: 378P
TITLE: Evaluation of a postbiotic as an intervention for mitigating necrotic enteritis in experimentally infected broilers
Abstract Body: Necrotic enteritis is a multifactorial disease characterized typically by an over-growth of Clostridium
perfringens and is estimated to have an annual cost to the poultry industry of 6 billion USD worldwide. Although
traditionally managed using antibiotics, consumer preferences and regulatory pressures to reduce their use has
increased the need to develop interventions to mitigate effects of necrotic enteritis in poultry production. Postbiotics,
non-viable preparations of probiotic microorganisms containing microbial metabolites and other cellular material, may
be potentially important alternatives to antibiotics in managing necrotic enteritis because of their beneficial health
effects. In this study, we conducted two replicate trials to evaluate the effects of the administration of a postbiotic
preparation of a probiotic Lactic Acid Bacterium to broiler chickens in an experimental co-infection model of necrotic
enteritis. Broilers were fed untreated feed or feed supplemented with either BMD or postbiotic, and necrotic enteritis
was induced experimentally using co-infection with Eimeria maxima and C. perfingens. Uninfected broilers fed
untreated feed served as an additional control. Growth performance was evaluated through 28 d post-hatch and gross
intestinal lesions were evaluated at 21 d post-hatch. Data from two replicate trials were analyzed using ANOVA and
blocked by trial. No significant treatment × trial interactions were observed. Administration of BMD and postbiotic
increased BW at 21 d (P = 0.037) and 28 d (P = 0.025) to levels similar to the uninfected broilers and improved FCR
over 0 to 21 d (P<0.001) and 0 to 28 d (P<0.001) when compared to the infected control (P<0.001). Additionally,
administration of BMD and postbiotic reduced necrotic enteritis-related mortality (P<0.001) and severity of gross
lesions (P<0.001) when compared to the infected control and to levels similar to the uninfected broilers. These data
suggest administration of a postbiotic preparation from a probiotic Lactic Acid Bacterium may be used to mitigate
effects of necrotic enteritis in broiler chickens.
KEYWORDS: postbiotic, necrotic enteritis, broilers.
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FINAL ID: 379P
TITLE: The effect of various levels of a dacitic (rhyolitic) tuff breccia on growth performance of broilers mildly
challenged with Eimeria spp.
Abstract Body: The aim was to investigate the effect of a dacitic tuff breccia (DTB) on broilers challenged with a mild
Eimeria spp. infection. A total of 600 one-d-old Cobb 500 male chicks (44.81g; SD ± 0.26g) were randomly assigned
2
to a complete block design of 5 treatments, 10 replicates of 12 birds for 26d. Birds were housed in cages (0.09 m
/bird) with ad libitum water and feed. Treatments consisted of unchallenged (UC) and challenged (CC) controls (0%
DTB), and three challenged groups with 0.125, 0.25, or 0.5% DTB. At d14, CC and DTB birds were orally gavaged
with a pool of sporulated oocysts (12,500 E. maxima, 12,500 E. tenella, and 62,500 E. acervulina) and UC received
water (1 mL). Corn-soybean meal-based diets were divided into starter (0-14d) and grower (14-26d). At 14, 20, and
26d, average daily gain (ADG), average daily feed intake (ADFI), and gain:feed ratio (GF) were calculated. At d19,
intestinal permeability (1 bird/cage) was measured by Fluorescein Isothiocyanate-dextran (FITCd, 2.2 mg/bird). At
d20, intestinal lesion score (4 birds/cage) was assessed. Performance and permeability data were analyzed using
GLIMMIX procedure and Tukey`s test and lesion score using npar1way procedure and DSCF test in SAS (SAS
Institute, Cary, NC; v9.4) with significance at P<0.05. From 0-14d (pre-challenge), no differences were seen in ADG
and ADFI (P>0.203). GF was higher in 0.125 (4.47%), 0.25 (3.35%), and 0.5% of DTB (2.89%) than controls (CC and
UC) (P<0.001). From 14-20d (challenge phase), ADG and ADFI were the highest in UC (112.12 and 32.47%, UC vs.
CC, P<0.001), showing the challenge effectiveness, without differences amongst DTB groups. GF was higher in UC
than the other groups (0.686, P<0.001), followed by 0.125% DTB (0.439), 0.25% DTB (0.438), 0.5% DTB (0.429), and
CC (0.428). From 20-26d (recovery phase), ADG (P=0.05) and ADFI (P<0.001) were 14.49 and 18.09% higher in UC
vs. CC, respectively. Although not significant, 0.125% DTB had the highest GF amongst all treatments during this
phase (3.03% and 7.75% over CC and UC, respectively, P=0.189). Overall (0-26d), ADG and ADFI of UC birds were
34.28 and 21.82% higher, respectively, than CC (P<0.001). GF was the highest in UC (12.38% UC vs.CC), and birds
fed 0.125 and 0.25% DTB were more efficient than CC (0.644 and 0.639 vs. 0.622, respectively) (P<0.001). Intestinal
permeability was lower, thus better, in UC birds than the challenged groups, and 0.125% DTB was better than 0.5%
(P<0.001). No differences in lesion scores were observed amongst challenged groups (P>0.242). The mild Eimeria
spp. infection negatively impacted growth performance, while DTB at 0.125 and 0.25% showed potential in improving
GF pre-challenge and during challenge and recovery phases.
KEYWORDS: Dacitic tuff breccia, Coccidiosis, Broiler chickens.
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FINAL ID: 380P
TITLE: Effects of dietary vitamin C, vitamin E, and betaine on productive performance, egg quality, and stress marker
of laying hens raised under heat stress conditions
Abstract Body: The objective of the present experiment was to investigate the effects of dietary vitamin C (VC),
vitamin E (VE), and betaine (BT) on productive performance, egg quality, and stress marker of laying hens raised
under heat stress conditions. A total of two hundred eighty 47-wk-old Hy-Line Brown laying hens were allotted to 1 of
4 dietary treatments with 7 replicates in a completely randomized design. Each replicate had 10 hens. All nutrients
and energy in the control diet were formulated to meet or exceed the requirement estimates for Hy-Line Brown laying
hens. Three additional diets were prepared by adding 250 mg/kg VC, 500 mg/kg VE, or 3,000 mg/kg BT to the control
diet. The experimental diets and water were provided to hens on an ad libitum basis for 8 wk. Average daily room
temperature and relative humidity were 30.7±1.41°C and 72.5±11.61%, respectively. According to heat stress index
calculated from the ambient temperature and relative humidity for laying hens, the heat stress index was
approximately 82, indicating that hens were raised under heat stress conditions in this experiment. Productive
performance including BW gain, egg production rate, feed intake, feed conversion ratio, egg mass, and broken egg
production rate was recorded during 8 wk of experiments. Egg quality was assessed using randomly-collected
samples of 10 eggs per replicate with 5 eggs per day during the last 2 days of the experiment. Blood samples were
collected by selecting one hen per replicate at the end of the experiment. The heterophil to lymphocyte ratio (H:L ratio)
in the blood was calculated as a stress marker. The data were analyzed by one-way ANOVA in completely
randomized design using the PROC MIXED procedure in SAS. The replicate was used as the experimental unit for all
measurements. Significance for statistical tests was considered at P < 0.05. Results indicated that hens fed diets
containing 500 mg/kg VE had a less (P < 0.05) egg production rate than other dietary treatments. However, there
were no differences in other productive performance among dietary treatments. For egg quality, hens fed diets
containing 3,000 mg/kg BT had a less (P < 0.05) eggshell thickness than those fed the diets containing 250 mg/kg VC
or 500 mg/kg VE. However, other egg quality including eggshell strength, Haugh unit, egg yolk color, and eggshell
color was not affected by dietary treatments. Hens fed diets containing 3,000 mg/kg BT had a less (P < 0.05) H:L ratio
than those fed diets containing 500 mg/kg VE. In conclusion, dietary supplementation of vitamin C, vitamin E, and
betaine has no beneficial effects on productive performance, egg quality, and stress marker of laying hens raised
under the current heat stress conditions.
KEYWORDS: Betaine, Heat stress, Laying hen, Vitamin C, Vitamin E.
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FINAL ID: 381P
TITLE: Effects of organic acids and essential oils on growth performance, serum biochemistry, antioxidant enzyme
activities, intestinal morphology, and digestive enzyme activities in broiler chickens
Abstract Body: This study was conducted to investigate the effects of organic acids (OA) and essential oils (EO) on
growth performance, serum biochemistry, antioxidant enzyme activities, intestinal morphology, and digestive enzyme
activities as antibiotic alternatives in broiler chickens. A total of 600 one-day-old broiler chicks were randomly allotted
to 5 treatments: 1) positive control (PC): a corn-soybean meal diet containing 500 mg/kg bacitracin methylene
disalicylate-50 (BMD-50) 2) negative control (NC): PC without BMD-50 3) OA: NC + 2 kg/ton OA 4) EO: NC + 300
g/ton EO 5) OAEO: NC + 2 kg/ton OA + 300 g/ton EO. Each treatment had 6 replicates with 20 birds per pen. This
experiment lasted 42 days including 3 feeding stages of starter (D 0 to 14), grower (D 15 to 28) and finisher (D 29 to
42). Growth performance were recorded on D 14, 28 and 42. On D 35, serum and liver samples were collected for
analyzing serum chemistry and activities of antioxidant enzymes [(glutathione peroxidase (GPx) and superoxide
dismutase (SOD)), respectively. Intestine samples (duodenum, jejunum, and ileum) were also collected for intestinal
morphology [villus height (VH), crypt depth (CD), and VH:CD] and jejunal brush boarder enzyme activities (leucin
aminopeptidase) assays. One way ANOVA followed by Duncan’s tests was performed. In the starter phase, the PC,
EO and OAEO groups had significantly lower feed conversion ratio (FCR) compared to the NC group, and the OA
group had similar FCR with the PC group (P > 0.05). In the grower phase, birds fed PC had significantly higher body
weight (BW) compared to the birds fed NC, and birds fed EO had similar BW compared to birds fed PC (P > 0.05).
While final BW of birds fed OA was similar compared to birds fed PC (P > 0.05), FCR of the OA group in the finisher
phase was lower than the PC group (P < 0.05). No significant differences were observed among treatments in the
activities of leucine aminopeptidase, GPx and SOD (P > 0.05). Whereas the OA and EO group had increased ileal CD
compared to the OAEO group, the OA group had significantly higher VH:CD compared to the EO group. The blood
total protein level was significantly higher in the PC group, and the blood globulin and potassium levels of the PC and
OA groups were significantly higher than the EO group. Thus, supplemental OA could be an effective antibiotic
alternative in broilers as birds fed OA had comparable growth performance and gut health with birds fed an antibiotic.
KEYWORDS: Organic acids, essential oils, broilers, broiler chickens, antibiotic alternatives.
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FINAL ID: 382P
TITLE: Comparison of alternative feed additives to antibiotics to prevent subclinical necrotic enteritis in broilers
Abstract Body: Necrotic enteritis (NE), caused by Clostridium perfringens infection, is one of the most common
enteric diseases, causing a major economic impact on the poultry sector worldwide. Nutritional factors, particularly
feeding high quantity of cereals containing non-starch polysaccharides (wheat and barley) enhance disease by
increasing digesta viscosity, mucus production and bacterial growth. Animal proteins, particularly fish meal, enhance
C. perfringens proliferation and toxin production. Although antibiotic growth promoters (AGP) effectively controlled NE
in the past, recent trends in reducing AGP use led to an increase in disease outbreaks in broiler flocks. Current
approaches to controlling this disease focus on addressing predisposing factors, rather than trying to eradicate the
bacteria. The objective of the current study was to investigate the effect of AGP alternatives on broiler performance,
gut health and prevention of subclinical NE. A total of 336 one-day-old Ross 308 male broilers were distributed in a
completely randomized design with 7 treatments and 4 replicates of 12 birds each. The treatments consisted of: 1)
Negative control (NC; corn-soybean meal-based diet, without feed additive), 2) Positive control (PC; diet containing
wheat and fish-meal to induce NE, without feed additive), 3) Antibiotic (PC diet + 0.1 g/kg zinc bacitracin), 4) Probiotic
®
(PC diet + 0.4 g/kg Bioplus 2B ), 5) Prebiotic (PC diet + 1 g/kg XPC™), 6) Phytobiotic (PC diet + 0.2 g/kg OXPlant™)
and 7) Organic acid (PC diet + 2 g/kg B.I.O.Acid Ultra). Chickens were fed their respective experimental diets from 1
to 42 d of age. Growth performance traits were measured in this period. On days 29 and 41, two birds from each
replicate were slaughtered to collect cecal contents for bacterial enumeration and to assess the organ weight. Data
were analyzed using GLM procedure of SAS, followed by Tukey’s HSD test when effects were P < 0.05. Results
demonstrated that administration of antibiotic or their alternatives to PC diet did not affect feed intake, average daily
gain, feed conversion ratio and organs weight. Subclinical sign of NE was detected in broilers at 41 days of age when
cecal bacterial count evaluated. However, broilers fed probiotics, prebiotics or organic acid in the diet had lower count
of C. perfringens than PC group, there was no significant difference compared with NC. The results indicated that the
administration of phytobiotic compared to antibiotic not only reduced the count of C. perfringens and Coliforms, but
also increased the count of lactobacilli. Therefore, phytobiotic can be a suitable alternative to antibiotic in improving
broilers intestinal health and reducing susceptibility to subclinical NE.
KEYWORDS: Broiler, Necrotic enteritis, Phytogenic, Prebiotic, Probiotic.
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FINAL ID: 383P
TITLE: Effects of supplementation of a blend of encapsulated organic acids in drinking water on performance,
intestinal microflora and morphology of broilers
Abstract Body: Microencapsulation is a process of building a functional barrier between the core and wall material to
avoid chemical and physical reactions and to maintain the biological, functional, and physicochemical properties of
core materials. The objective of the current study was to study the effects of adding encapsulated and nonencapsulated organic acids (OA) in drinking water on growth performance, ileal microflora and histology were
investigated in broilers. A total of 360 day-old Ross 308 male broiler chicks were divided into 6 treatments, 4
replicates, and 15 chicks per replicate in a completely randomized design. Experimental treatments were included:
negative control (without OA, in drinking water); positive control (200 mL of a commercial OA, acidifier 4+); 500 and
1000 mL non-encapsulated blend of OA, 500 and 1000 g encapsulated blend of OA in 1000 L drinking water. The
blend of OA was composed of butyric, propionic and acetic acids. Performance parameters were determined by week.
At day 42, two broilers were randomly slaughtered from each replication, to measure the intestinal microflora, ileum
contents were collected to count Escherichia coli, Lactobacillus and coliforms and the ileum section was dissected for
morphometry. Villi height and width, crypts depth, thickness of lamina propria and tonica muscularis layer were
measured microscopically, then the villus height:crypt depth ratio and villi surface area was then calculated. All data
were analyzed using GLM procedure of SAS statistical software. Broilers received encapsulated blend of OA in
drinking water had higher (P<0.05) body weight, average daily gain, and European production efficiency factor and
lower (P<0.05) feed conversion ratio compared with negative control in whole experimental period, while OA content
in the water had no effect on consumption of feed and drinking water. Inclusion of 500 g encapsulated or 1000 mL
non-encapsulated blend of OA resulted in lower count of E. coli compared with the negative control (P<0.05). The
count of E. coli was decreased linearly (P<0.05) in ileum of broilers received graded levels of non-encapsulated blend
of OA. Broilers received 500 g of encapsulated OA had lower the count of E. coli than other treatments. Broilers
received different levels of encapsulated blend of OA had smaller illeum villi width (P<0.05). Adding 1000 mL of nonencapsulated OA in drinking water increased ileal crypt depth of broilers (P<0.05). It can concluded that the
supplementation of encapsulated OA improved growth performance of broilers more than non-encapsulated OA.
Addition of 500 g of the encapsulated blend of OA is caused benefit in growth performance, intestinal microflora and
morphology of broilers.
KEYWORDS: Broiler, Organic acid, Microencapsulation, Growth performance, Intestinal microflora.
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FINAL ID: 384P
TITLE: BoreOX®, a proprietary blend of botanical extracts designed to optimize the vitamin E feed supplementation in
broilers nutrition.
Abstract Body: Feed supplementation with vitamin E increases antioxidant capacity, essential to cope with higher
cellular oxidative stress that may happen with fast-growth broiler line. Instead of increasing vitamin E levels too much,
complementary antioxidant agents are more and more integrated in animal feed programs to optimize antioxidant
nutrition cost and/or capacities. Naturally, botanicals with high polyphenol content gained interest this last decade and
were widely investigated as new antioxidant chain links able to spare and/or strengthen Vitamin E inclusion. However,
these new promising pure or crude polyphenol extracts were very often ranged under in vitro conditions which are still
far from representing both intestinal and cellular media. Therefore, this study designed on broilers aims to determine
any predefined in vitro vitamin E substitution factor of a proprietary and novel blend of high content polyphenol
extracts (BoreOX®, Probiotech International). A total of 360 Ross 308 male broiler chickens were allocated to three
dietary treatments: basal diet with 50 ppm total vitamin E (E50); basal diet with high levels of vitamin E, 130 ppm total
vitamin E (E130); basal diet (E50) +100 ppm BoreOX® (BoreOX). The same 3-phase diets were offered ad libitum to
12 replicates of 10 birds from 0 to 34 days of age. No antibiotics nor anticoccidials were used. Body weights (BW) and
feed intakes were recorded on day 9, 20 and 34 and reported per period, as mortality rates. Data were analyzed by a
mixed model including treatment as fixed effect and barn section as random effect. The plasmatic oxygen radical
absorbance capacity (ORAC) was analyzed from 24 birds per treatment at d20. Mortality rates did not differ
significantly between treatments. E130 reduced BW at d9 (216 vs 203 g, P=0.0040), but improved feed conversion
ratio (FCR) during the grower period (9-20d) (1.39 vs 1.49, P=0.0053), compared to E50. BoreOX increased average
daily gain from d9-20 (56.3 vs 53.4, P=0.0263), compared to E50, and was similar to E130 for all the growth
performance monitored parameters as: d20 BW, 828 vs 801 g; d34 BW, 2.37 vs 2.33 kg; grower FCR, 1.40 vs 1.41;
finisher FCR, 1.49 vs 1.49; and d9-34 FCR, 1.46 vs 1.46, for BoreOX and E130 respectively. Both E130 and BoreOX
increased plasmatic ORAC at d20 (4.49 and 4.40 vs 3.87 mM Trolox equivalent, P=0.0120 and P=0.0320,
respectively), compared to E50. Overall, BoreOX showed the same growth performance and the same plasmatic
oxidative capacity as E130. Therefore, the last data in vivo determine that 100 ppm of this tested blend of polyphenol
extracts could be used to substitute 80 ppm of vitamin E in broiler feed.
KEYWORDS: Antioxidant, vitamin E, tocopherol, polyphenol extracts, broilers.
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FINAL ID: 385P
TITLE: Effect of probiotic additives on growth performance of broilers
Abstract Body: Research on the use of feeding probiotics to broilers has yielded a wide variety of results, which can
be due to differences in production, bacterial strains included, dosage, and delivery method. In this study, effects of
several probiotics or synbiotics currently under development (Biorun, Iran) were compared with commercially available
probiotics [Bactocell (PB) and Gallipro (PG)] for their ability to influence broiler growth performance and intestinal
characteristics. The experiment was a completely randomized design with 8 treatments, each containing 6 replicate
pens with 12 chicks/pen. Experimental diets were fed from day (D) one until D42 and included: (1) Control diet with no
additives; (2) Probiotic Hyprotect (PHT; 0.35 g/kg); (3) Probiotic Hyprozyme (PHZ; 0.4 g/kg); (4) Synbiotic Hyprotect
D+ (SPHT; 2g/10 birds); (5) Synbiotic Hyprosyme D+ (SPHZ; 2g/10 birds); (6) Probiotic Hyprolife (PHL; 0.5 g/kg); (7)
PB (0.1g/kg); and (8) PG (0.2g/kg). At the end of each diet phase (D10, 24, and 42), pen weight and feed
consumption were determined and average daily gain (ADG), average daily feed intake (ADFI), and mortalitycorrected FCR were calculated. At D42, one bird from each replicate pen was randomly selected and after
euthanasia, 1g of contents was removed from the ileo-cecal junction for counting live colonies of Lactobacilli, Bacillus,
and select pathogens present in farm samples (Enterobacteriaceae, coliforms, Escherichia coli, Salmonella). Samples
-4
-6
were serially diluted to 10 to 10 , and 100 µL of each dilution were plated on MRS media for Lactobacilli, TSA agar
for Bacillus, VRBD agar for Enterobacteriaceae, sulfite iron agar for Clostridium, and VRB agar for coliforms. Plates
2
were incubated at 37°C for 3 days. A fragment (0.5 cm ) was collected from the center of the ileum for histology. Data
were analyzed with the general linear model in SAS, and means of experimental groups were compared using the
Tukey method at a 5% probability level (P≤0.05). Dietary treatment significantly affected ADFI, ADG, and FCR
(P≤0.05). Dietary PHZ and SPHZ reduced FI and FCR compared to the control group (P≤0.05). Higher weight gain
was seen in the SPHZ treatment compared to the PG and PB groups (P≤0.05). The Lactobacilli count in the ileal
contents of birds that received PHZ and SPHZ was significantly higher and counts of coliforms, Clostridium, and
Enterobacteriaceae were significantly lower than in other treatments (P ≤0.05). Crypt depth in SPHZ-fed birds was
higher than in the birds fed the other diets (P ≤0.05). In conclusion, broilers fed PHZ and SPHZ had a similar
performance to commercial probiotics (e.g., PB), and these could be used in poultry production without a decrease
growth efficiency.
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FINAL ID: 386P
TITLE: Effects of a specific blend of oleoresins of spices as a complementary intestinal aid for conventional raised
broilers
Abstract Body: The inclusion of plant secondary metabolites as alternative feed additives (AFA) in poultry industry is
based on their antioxidant, anti-inflammatory, and immunomodulant functional properties. The objective of this study
was to evaluate the combined effect of a phenylpropanoid and vanilloid rich oleoresins of spices (ratio 3:1; +OS;
Probiotech Inc.) with a conventional antibiotic growth promoter (AGP; avilamycin) program on broilers performance.
One-day old Ross 308 broilers (n= 1344) were randomly assigned to one of two treatments distributed in 16 pens of
42 broilers each: 1) AGP (Surmax® 150 g/MT – 10% avilamycin) provided during grower (d12 - 19) and finisher 1 (d20
- 29) most critical phases and 2) +OS added through the full cycle at 35 g/MT Animals received 4 feeding phases. At
d4, a coccidia challenge was completed with 15X Coccivac®-B52 (Merck) dose sprayed on feed. Data collection was
performed at day 11, 19, 29 and 34. The data was analyzed using a mixed model including the fixed effect of
treatment. Comparisons of means were performed with the Tukey test. Zootechnical parameters such as ADG, ADFI,
FCR and BW were not affected by treatments during starter and grower phases. In phase 3 (finisher 1), ADG tended
to increase when animals received +OS (107.21 vs 104.81 g/d; P=0.07) compared with AGP. At d34, birds fed +OS
tended to have higher final BW (2.27 vs 2.23 kg; P=0.08) compared with AGP. Overall animal performance showed
the same tendency for higher ADG with +OS (64.6 vs 64.0 g/d; P=0.06). The apparent ileal digestibility of crude
protein tended to increase in +OS treatment (78.1 vs 76.8%; P=0.08). However, plasma uric acid, total protein, and
albumin were not affected by treatments. Regarding the caecal short-chain fatty acid concentrations, only butyrate
tended to be decreased in +OS (8.92 vs 11.33%; P=0.07). At d22, 16 birds per treatment were necropsied and the
probability to have a lesion score of E. Maxima was reduced in broilers fed +OS compared with AGP (25 vs 68%;
P=0.02). Litter moisture determined at day 11, 19 and 32 was no affected by treatments. The +OS treatment
increased foot pad dermatitis score at d21 (0.156 vs 0.057 P=0.03), while no difference was observed at d32. The
utilisation of oleoresins of spices as an AFA tended to improve broiler growth performance in a conventional and
sanitary-challenged environment, conditions that may mimic those of commercial farms. However, it remains to be
established whether increased antioxidant status and reduced systemic inflammation are part of the mechanisms of
action of this spice oleoresin blend.
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FINAL ID: 387P
TITLE: Bone development of broilers fed chondroitin sulfate and manganese
Abstract Body: Glycosaminoglycans and manganese are important elements in bone formation processes and their
participation in diets can assist the structural development of genetically improved broilers that are susceptible to
musculoskeletal diseases. We aimed to evaluate the effect of diet chondroitin sulfate (CS) and manganese (Mn)
supplementation for broilers to determine how these elements affect their bone development. A total of 1152 Cobb
male chicks were 47 days housed and distributed in a completely randomized design, in a 4x3 factorial arrangement:
four doses of CS (0.00, 0.06, 0.12, and 0.18%) and three doses of Mn (0, 40, and 80 mg/kg), totaling 12 treatments of
eight replicates with 12 birds each. In the slaughter process, the legs of a bird per experimental unit were collected
and the tibiotarsus (TT) was removed to determine the area, mineral density, and bone strength by radiography.
Furthermore, analyses of the mineral profile, morphological attributes, and histology of the cartilage were performed.
The results were submitted to the analysis of variance and the means were compared by Tukey test at 5% probability.
The presence of CS and Mn in the diets supplied to broilers did not influence bone mineral content and density,
phosphorus and manganese levels in TT, absolute weight, and diaphysis perimeter of TT, nor did they affect the
number of chondrocytes in the cartilage. When evaluating the morphological traits of the TT, an effect of the CS levels
was observed (P<0.05). The 0.18% CS diet decreased the density of organic mass and the perimeter of the proximal
and distal epiphysis of the broilers’ TT when compared to the results of the broilers receiving the diets of 0.12% CS
and 0.06% CS. There was a difference in the TT areas and lengths (P<0.05), being the greatest results achieved by
broilers fed diets of 0.12% CS compared to birds on diets without CS. Regarding the levels of Mn, TT of birds fed diets
of 40 mg/kg Mn showed larger areas and increased the percentage of calcium in the bones (P<0.05) when compared
to the other levels of Mn. It was found that broilers fed diets of 0 mg/kg Mn and their combinations with 0.0% CS and
0.06% CS showed greater percentages of ash than broilers fed diets of 0 mg/kg Mn and the other levels of CS. For
bone strength, the effect was at the 0.12% CS level (P<0.05), with the greatest breaking force being seen in TT birds
fed with 0.12% SC and without Mn compared to the resistance of TT from birds fed with 0.12% CS and 80 mg/kg Mn.
Therefore, supplementation of 0.12% CS, as well as the inclusion of 40 mg/kg Mn in the broilers’ diet can be an
alternative to improve the TT quality mainly in the morphological attributes, calcium content, and resistance to
breaking.
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FINAL ID: 388P
TITLE: Effect of dietary supplementation with Bacillus amyloliquefaciens and tributyrin on performance and egg
quality in second-cycle Bovans White hens
Abstract Body: This 8-weeks study was conducted in second-cycle Bovans White laying hens to investigate the effect
of dietary supplementation with Bacillus amyloliquefaciens CECT 5940 (Ba) and tributyrin (TB) on performance and
egg quality variables. A total of 100 hens aged 131 weeks were placed individually in conventional cages. Two diets
based on corn and soybean meal were randomly assigned to twenty groups of five cages each: 1) Control, diet with
-1
16% crude protein and 2750 kcal ME kg , and 2) Ba+TB, control diet supplemented (per kg of feed) with 0.50 g of Ba
9
(2 x 10 CFU/g), plus 0.25 g of TB. Feed and water were provided ad libitum. The Ba and TB were products
manufactured by commercial companies [Evonik Operations (Germany), and Perstorp Waspik (The Netherlands),
respectively]. Egg production (EGGP, %) and feed conversion ratio (FCR, g/g) were recorded daily. Additionally, 240
eggs were collected from each treatment during the last eight experimental days (24 eggs per replicate) to determine
in each egg: Haugh units (HU) and proportions (%) of albumen, yolk and egg-shell. Data were analyzed under a
completely randomized design with the GLM procedure of SAS. Means were separated with Tukey test (α=0.05). No
differences (P>0.05) were observed between treatments in terms of EGGP (85.88±0.02 vs 84.35±0.02), FCR
(2.16±0.05 vs 2.12±0.05), proportion of yolk (29.35±0.33 vs 30.14±0.31) and proportion of egg-shell (9.98±0.18 vs
10.33±0.17). In contrast, Ba+TB hens produced eggs with higher (P<0.05) HU (75.21±0.84) and lower (P<0.05)
proportion of albumen (59.52±0.34) comparing to Control birds (71.25±0.87 and 60.66±0.36, respectively). In
conclusion, dietary supplementation with Bacillus amyloliquefaciens CECT 5940 and tributyrin induces the production
of eggs with higher values of Haugh units in second-cycle Bovans White hens.
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FINAL ID: 389P
TITLE: Meat Quality in Broiler Chickens Fed Pequi Oil (Caryocar brasiliense camb.)
Abstract Body: This study was conducted to evaluate the potential effect of pequi oil (PO) on the parameters of pH,
cooking loss (%), drip loss (%), shear force (Newtons), lightness (L*), redness(a*) and yellowness(b*) at breast meat
quality. A total of 1.440 one-day-old male broilers (Cobb500) were distributed in a completely randomized design into
2
48 floor pens (2 m each). The dietary treatments were formulated to correspond to nutrient requirements that were
equal to or slightly lower than those recommended by Rostagno et al. (2017). The treatments consisted of: 1) basal
diet + Avilamycin at 0.05 g/kg diet and no PO (AGP- antimicrobial growth promoter); 2) basal diet without antibiotic
and PO (control, CON); 3) CON + 1.5 g/kg PO (1.5 PO); 4) CON + 3.0 g/kg PO (3.0 PO); 5) CON + 4.5 g/kg PO (4.5
PO); 6) CON + 6.0 g/kg PO (6.0 PO). Each treatment had 8 replicates with 30 birds per pen. At the end of the feeding
trial (42 D of age), meat quality of the right and left pectoralis major was evaluated from 2 birds per pen. The pH was
determined directly in the center of the right-side breast muscle at 24 h post-mortem (HI8314, HANNA). Meat color
(L*, a*, and b*) was measured using a colorimeter (Minolta CR-400). The drip loss (left-side breast) was determined
as described by Christensen (2003), and cooking loss determined as described by Honikel (1998). Then, shear force
was measured perpendicular to the axis of muscle fibers in five replicates for each sample using a TA-CT3 texture
analyzer. Data were analyzed using the PROC GLM procedure of the SAS software (version 9.2) Dunnett’s range test
was performed to compare the AGP treatment with the other treatments. Linear and quadratic effects of dietary PO
inclusion levels were studied using polynomial contrasts, excluding the AGP treatment. Statistical significance was
determined at P<0.05. In these experimental conditions, those parameters were similar to those of the broilers fed the
AGP diet (P>0.05 by Dunnett’s test). The PO levels did not influence (P>0.05) pH 24 h postmortem, L*, or b*.
Increasing PO level decreased a*, cooking loss, and shear force quadratically (P<0.05). Nonetheless, the values
observed in this study are within the acceptable range for meat characteristics, thus meeting current market
requirements. This result is promising since residual limits to the use of AGPs in animal products, and their impact on
public healthand on the ecosystem have already been discussed. Therefore, investigations for new natural products
such as PO are fundamental and necessary in poultry production. Acknowledgments: FAPESP by grant 2018/25363-2
and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior – Brazil (CAPES) finance Code 001 for finacing
this study.
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FINAL ID: 390P
TITLE: Effects of diets formulated with a bio-emulsifier based on lysophospholipids on performance, energy utilization
and nutrient digestibility of broiler chickens
Abstract Body: An experiment was conducted to evaluate the effects of a lysophospholipid-based bio-emulsifier (LPL)
on performance, energy utilization and ileal digestibility of dry matter (DM), fat and crude protein (CP) of broiler
chickens at 21 d. These effects were assessed both in a standard diet formulation and in reformulated diets
considering LPL matrix contribution, which was also compared to ME reductions and degummed soybean oil (DSO) or
acidulated soybean oil (ASO) as oil sources. A total of 392 Cobb 500 male chicks were allocated in battery cages
using a completely randomized design with 8 treatments and 7 replicates of 7 birds each from d 0 to 21 posthatch.
Treatments consisted of 6 DSO-based diets: positive control (PC1); PC1 formulated with 500 g/ton LPL (PC1+LPL on
top); PC1 formulated with 60 kcal LPL matrix (PC1+LPL60); PC1 formulated with 100 kcal LPL matrix (PC1+LPL100);
and two negative controls, NC-60 and NC-100 with reductions of 60 and 100 kcal/kg ME, respectively. Two other diets
were formulated with ASO: positive control 2 (PC2) and PC2 formulated with 60 kcal LPL matrix (PC2+LPL60). Bird
performance was weekly evaluated from d 0 to 21. From 19 to 20 d, partial excreta were collected to determine AME
and apparent total metabolizability of DM and CP. At the end of the experiment, ileal digesta was collected to
determine ileal digestibility of DM, CP, and fat as well as ileal digestible energy (IDE). Data were subjected to one-way
analysis of variance using the GLM procedure of SAS and when significant means were compared by Tukey test (P <
0.05). Orthogonal contrasts were also conducted. There were no effects between soybean oil sources (DSO and
ASO) in any parameter (P > 0.05). Birds fed the diet with LPL added on top presented higher AME and total tract
metabolizability of energy and DM as well as ileal digestibility of DM and CP compared to broilers fed NC-60 or NC100 diets (P < 0.05). Effects of ME reductions and LPL utilization were observed, where broilers fed diets with 60 or
100 kcal/kg ME reductions presented lower (P < 0.05) IDE and energy retention than broilers fed PC1 + LPL60 or PC1
+ LPL100. Contrasts revealed that LPL, on top or with matrix, improved (P < 0.05) IDE, ileal digestibility of DM, fat and
CP as well as FCR from d 0 to 21 compared to the PC1. In conclusion, a lysophospholipid-based bio-emulsifier
improved performance, energy utilization and nutrient digestibility of broilers fed standard or reformulated cornsoybean meal diets.
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FINAL ID: 391P
TITLE: Standardized Natural Citrus Extract (SNCE) dietary supplementation recover zootechnical performances
losses due to the reduction of protein and energy levels in broiler chicken’s feed.
Abstract Body: Introduction: In recent month, the price for main raw material that constitute poultry feed are constantly
increasing. As example in France, the French Technical Institute for poultry, rabbit and aquaculture (ITAVI) have
recorded a 24,2 % increase of poultry feed from January 2020 to January 2021.In order to cope with these increases,
the nutritionist must formulate their feed as accurately as possible with the risk of creating deficiencies and seeing the
zootechnical performances drop. Energy and protein are among the most expensive items in a feed formula. They are
also the ones that directly impact the performances of the animals. Citrus extract supplementation has demonstrated
its positive effect under standard formula conditions on ADG and FCR. The purpose of this study was to assess if feed
supplementation with SNCE on a degraded ration in terms of energy and digestible amino acids could help recovers
performances loss due to this feed degradation.
Experimental design: The study was performed in the Bangkok Animal Research Center (BARC) in Thailand. 216
broilers chickens (Arbor Acres) were divided into 3 groups. Each group contained 6 replicates of 12 birds:
PC group: Standard diet without supplementation;
NC group: Low-cost diet without supplementation;
NC-SNCE group: Low-cost diet supplemented with 250 ppm of SNCE.
The low-cost diet contained 7% less energy and 5% less digestible amino acids than the standard diet. Birds were
reared until day 42 and zootechnical performances were recorded at day 1 and day 42.
Statistical analysis: Statistical analysis was performed by one-way ANOVA test using R Studio software. Statistical
significance was considered at p <0.05.
Results: Regarding the bodyweight, as expected, birds from NC group had lower final weight (3405 g) than birds from
PC group (3488 g). We also observed significant differences between birds from NC group verse those received NCSNCE (NC: 3405 g Vs NC-SNCE: 3519 g, p = 0,0431). Interestingly, no statistical difference was observed between
birds receiving standard diet (PC group) compared to birds fed with NC-SNCE diet (3519 g, p>0,05). No statistical
differences were also observed between the feed consumption and mortality rate of the 3 groups. However, SNCE
supplementation allow to improve the FCR by 5,04 % in groups fed with low-cost diet with no statistical difference
(NC: 1,527 Vs NC-SNCE: 1,45).
Conclusion: According to these data, SNCE supplementation allow to recover birds’ performances losses due to
energy and amino-acids levels reduction. The observed effects are probably linked to a better feed assimilation when
SNCE is added. SNCE could be a solution to reduce feed cost while maintaining acceptable performance in broiler
chickens.
KEYWORDS: Citrus extract, Low-cost diet, zootechnical performances recovery, broiler chickens, experimental
study.
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FINAL ID: 392P
TITLE: Effects of methyl sulfonyl methane and sodium sulfate on laying performance, egg quality, and antioxidant
capacity for laying hens
Abstract Body: A feeding trial was conducted to investigate the effect of methyl sulfonyl methane (MSM) and sodium
sulfate (SS) as a dietary source of sulfur on laying performance, egg quality, corticosterone level in egg yolk, gut
morphology, ileal volatile fatty acids, and antioxidant capacity in laying hens. A total of 144 laying hens of Lohmann
brown-lite, aged 73 weeks, were randomly allotted to one of three experimental diets for 12 weeks as follows: basal
diet (CON); basal diet + 0.2% MSM (MSM); basal diet + 0.3% SS (SS). Each treatment had 8 replicates with 6 hens
per replicate. Data were analyzed by ANOVA using the PROC GLM followed by Duncan’s multiple range test in SAS.
FCR was low (P < 0.05) in MSM-enriched diet-fed laying hens at 12 weeks. Dietary treatments did not affect the
percentages of dirty and cracked eggs at any ages. Dietary sulfur did not affect egg quality except for Haugh unit at 4
weeks which was lowered (P < 0.05) in the SS group. Elevated villus height:crypt depth ratio was observed (P < 0.05)
in the SS group compared with the CON group. Dietary sulfur did not affect the percentages of SCFAs in the ileum.
However, total antioxidant capacity in liver was increased (P < 0.05) in laying hens fed diets rich in MSM or SS. In
addition, both MSM and SS groups had low concentration of malondialdehyde in serum compared with the CON
group (P < 0.05). Similarly, malondialdehyde contents in egg yolks were lowest in the MSM group (P < 0.05). In
conclusion, dietary MSM can lower feed conversion ratio and improve the antioxidant capacity of aged laying hens.
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FINAL ID: 393P
TITLE: Production of omega-3 enriched meat through feeding with dietary soluble flaxseed oil for broiler chickens
Abstract Body: This study was carried out to investigate the effect of dietary soluble flaxseed oil (SFO), as a source of
omega-3 polyunsaturated fatty acids, on growth performance, fatty acid contents of edible meats and internal organs,
malondialdehyde concentration of edible meats and liver, and serum characteristics in broilers. Dietary SFO, as an
omega-3-rich food/feed supplement for humans and animals, was manufactured from flaxseed via solubilized process.
It was expected that dietary SFO has effect on growth performance, fatty acid contents, malondialdehyde
concentration of tissue, and serum characteristics in broiler chickens. A total of 210 day-old unsexed broiler chicks
(Ross 308) were randomly allocated into two dietary treatments: no-added control diet and diet containing SFO of 0.5
% for 35 days. Each treatment had 7 replicated with 15 chicks per replicate. Data were analyzed by t-test procedure of
SAS. The significance level was pre-set at P < 0.05. Dietary SFO did not affect growth performance including body
weight, body weight gain, feed intake, and feed conversion ratio in broiler chickens during all experiment periods. A
significant increase (P < 0.05) in docosahexaenoic acid and total omega-3 fatty acids, but not α-linolenic acid and
eicosapentaenoic acid, was deposited in thigh and breast meats on day 35 following the SFO feeding. In addition,
dietary SFO significantly increased contents of docosahexaenoic acid in liver (P < 0.05). On 35 days, dietary SFO
increased (P < 0.05) malondialdehyde concentration in liver. However, dietary SFO did not affect concentration of
malondialdehyde in breast and thigh meat. SFO group increased (P < 0.05) concentrations of high-density lipoprotein
cholesterol in serum samples compared with control group on 21 days. In conclusion, the present study suggests that
dietary SFO improves contents of docosahexaenoic acid and total omega-3 fatty acids in thigh and breast meat and
resulted in positive effects on high-density lipoprotein cholesterol of serum in broiler chickens.
KEYWORDS: soluble flaxseed oil, omega-3 polyunsaturated fatty acid, broiler chickens, growth performance, serum
characteristic.
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FINAL ID: 394P
TITLE: Effect of dietary bacteriophage on Clostridium perfringens in broilers
Abstract Body: Necrotic enteritis (NE) caused by the gram-positive bacterium Clostridium perfringens has emerged as
important disease associated with major economic losses in poultry industry worldwide. The objectives of this study
were to evaluate antibacterial effect of the bacteriophage, either in coated or freeze dried powdered, against C.
perfringens challenged broiler chickens. Broiler chickens (n=320) were randomly assigned to 32 pens (n=10
broilers/pen) and subjected to one of 4 treatment groups: 1) unchallenged group (NEG); 2) challenged group (POS);
3) challenged group fed diets added with powdered bacteriophage (POP); 4) challenged group fed diets added with
coated bacteriophage (COP). On days 21, 22 and 23, all chicks except for the non-challenged control group were
8
orally inoculated twice a day with 2 mL of either saline or C. perfringens (1.0 x 10 cfu/mL). Data were analyzed by
one-way ANOVA using the PROC GLM (version 9.4; SAS Institute Inc., Cary, NC). No NE-associated intestinal
lesions were noted in the challenged groups. Villus height to crypt depth ratio was higher (P < 0.05) in all
bacteriophage-treated, challenged groups compared with POS. C. perfringens counts in the cecum were significantly
decreased (P < 0.05) in the bacteriophage-fed chickens compared with POS. Serum IgA levels were highest (P =
0.046) in COP. Collectively, our results suggest that both forms of bacteriophage are effective in inhibiting cecal C.
perfringens counts. Further studies are warranted to evaluate the effect of dietary coated bacteriophage on gut health
in experimental NE broiler model.
KEYWORDS: Clostridium perfringens, bacteriophage, broiler chickens, gut health, necrotic enteritis.
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FINAL ID: 395P
TITLE: Effect of different dietary levels of fenugreek seeds powder on the growth performance of broiler chickens
Abstract Body: This study was conducted to examine the effect of fenugreek seed powder (FSP) as a phytogenic
feed additive on the growth performance in broiler chickens. In total, 160 one-day-old Ross 708 straight-run (unsexed)
broilers were randomly divided into four dietary treatment groups with four replicate pens per treatment group (10
birds per pen). The treatments were a control group without FSP or 2.5, 5, and 10 g/kg of FSP in the diets. The basal
diet was formulated for starter and finisher periods as per the nutrient recommendations of NRC, 1994. All birds were
provided with feed and water for ad libitum consumption for 35 days. Bodyweight was found significantly highest in the
control group at day 21 (P = 0.001) and day 35 (P = 0.015) as compared with the FSP treatments showing linear
decreasing effect, but it was not different than the 5 g/kg FSP group at day 35 (BWs were 2187 g, 1960 g, 2067 g, and
1955 g, respectively for the four groups). The body weight was not different among the FSP treatment groups at day
35. Bodyweight gain was also found significantly highest in the control group during the starter phase (day 0 to 21) (P
< 0.001) and the overall phase (day 0 to 35) (P = 0.014) showing a linear decreasing effect, but it was not affected
during the finisher phase (day 21 to 35). Feed intake was higher (P = 0.031) in the control group only during the starter
phase compared to other groups showing linear effects. Similarly, the feed conversion ratio was found significantly
improved in the control group only during the starter phase (P = 0.047) showing linear effects but was not different
during finisher and overall phases compared to other treatments. In conclusion, based on the results, the inclusion of
FSP up to 10 g/kg diet decreases the overall performance of the straight-run broilers. A confirmation of the trial using
male birds is currently being evaluated.
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FINAL ID: 396P
TITLE: Mycotoxins binder alleviates aflatoxin B1 toxic effects on the growth performance, immunological function and
intestinal health of broilers
Abstract Body: Aflatoxin B1 (AFB1) is the most toxigenic subgroup of aflatoxins (AF), secondary metabolites of
Aspergillusspecies, which impairs performance, productivity and health of animals. Mycotoxin binders are supposed to
be an effective treatment of controlling the toxicity of mycotoxins. This experiment was conducted to evaluate whether
a commercial mycotoxins-binder, TOXO™, could effectively alleviate the negative effects of AFB1 on performance,
immunological function and intestinal health of chickens. A total of 240 one-day-old Arbor Acres broiler chickens were
randomly assigned to 4 treatments using a 2×2 factorial randomized design with 2 mycotoxins binder supplemented
levels (0 and 2.0kg/t) and 2 AFB1 challenged levels (0 and 200μg/kg) in basal diets. Each treatment contains 6
replicates with 10 birds per replicate from 0 to 42 d of age. All analyses were performed by the GLM procedure SPSS
16.0 software (SPSS Inc., Chicago, IL) as a 2 × 2 factorial arrangement (2 levels of AFB1 challenge and 2 levels of
TOXO supplementation). The data were analyzed by two-way analysis of variance with AFB1 and TOXO as the fixed
factors. The results showed that AFB1 challenge impaired growth performance by significantly decreasing BWG in
day1-21 (P<0.001) and 1-42 (P<0.05), decreasing FI in day1-21 (P<0.05), increasing FCR in d1-21 (P<0.001) and 142 (P<0.05). Compared to the unchallenged groups, AFB1-challenged broilers showed decreased serum IgA
(P<0.05), serum antibody titers to Newcastle disease(P<0.05), sIgA contents of jejunal mucosa at day 21 (P<0.05).
On the other hand, AFB1 challenge significantly increased the gene expression of pro-inflammatory factors in spleen
at day 21 and liver at day 42 (P<0.05), and significantly decreased claudin-1 gene expression at day 42 and increased
claudin-2 gene at day 21 in jejunum of broiler chickens (P<0.05) compared to basal diet group. The supplementation
of a mycotoxins-binder increased serum antibody titers to Newcastle disease at day 35, serum ALB at day 42 and
GLO at d21, serum IgG and IgM at d21, serum antibody titers to Newcastle disease, and the gene expression of
claudin-1 in jejunum at day 21 (P<0.05), and significantly decreased the gene expression of IL-6 in spleen at day 21
and IL-1β in liver at day 42, CYP3A4 gene expression in liver at day 21 of broiler chickens (P<0.05) compared with the
non-supplemented birds, regardless of AFB1 challenged or not. Conclusively, 200μg/kg mycotoxins-binder can relieve
the toxic effects of AFB1 on broilers by relieving immunosuppression induced by AFB1, inhibiting the activity of
CYP3A4, and improving intestinal health of broiler chickens.
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FINAL ID: 397P
TITLE: Effect of dietary folic acid and energy density on immune response, gut morphology, and oxidative status in
blood and breast muscle of broiler chickens.
Abstract Body: Folic acid (FA) is an essential vitamin for many metabolic functions including immune response
modulation and antioxidation and can help with the functioning of the gastrointestinal tract. Therefore, the objective of
the current study was to determine the effect of increasing levels of FA on blood biochemical parameters,
immunoglobulin concentrations, jejunal morphology, immune organ weights, and indicators of oxidative stress in blood
and breast muscle of broiler chickens fed normal or high energy density diets. Birds were randomly sorted into eight
dietary treatments, consisting of eight replicate pens per treatment. Each pen consisted of 25 chicks. The experiment
was designed as a 2 x 4 factorial design consisting of two levels of energy: 1) Normal (NE) and 2) High energy density
(HE) and four levels (2.2, 5, 10, and 15 ppm) of supplemental FA. The energy contents in the NE diets were 3,000,
3,100, and 3,200 Kcal/kg for starter, grower, and finisher phases, respectively, while the HE diets were formulated to
have 100 kcal/kg more energy than the NE diets. On d 36, 8 birds/treatment were euthanized, and plasma samples
and jejunum tissues were collected for blood biochemistry and histological measurements, respectively. On d 42, 8
birds/treatment were euthanized, and plasma and breast muscle samples were collected for the determination of
superoxide dismutase (SOD) and malondialdehyde (MDA) and serum samples were collected for immunoglobulins
(IgG and IgM) determination. Data were analyzed by SAS 16 GLM procedure. There was no effect of FA or energy
density on SOD, MDA, IgG, and IgM. Birds fed HE diets had increased (P<0.05) plasma concentrations of calcium
and albumin but reduced (P<0.005) weights of ceca and bursa, compared to those fed NE diets. There was a
significant interaction (P=0.0016) between FA and energy density on the bursa weight. Dietary supplementation with 5
and 10ppm FA significantly increased (P<0.05) birds heart weight compared to other treatments. Dietary
supplementation of 10ppm FA significantly increased (P<0.005) plasma bile acid concentration. Further analysis on
jejunal morphology showed significant FA and energy density interactions for villus height (VH; P=0.0226), width (VW;
P<0.0001) and crypt depth (CD; P=0.0332). Among the NE group, birds fed 5-15ppm FA had reduced (P<.0001) VW
compared to those fed the basal diet. However, among the HE group, 15ppm FA supplementation resulted in an
increased VH (P=0.0317) and crypt depth (P=0.0002), compared to the basal diet. In conclusion, feeding chickens
with 2.2ppmFA inclusion level in a standard energy diet and increasing FA inclusions in a HE density diet could be
more beneficial for their intestinal health
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CURRENT CATEGORY: Metabolism and Nutrition, Feed Additives
PRESENTER: FISAYO AKINYEMI
1
1
AUTHORS (FIRST NAME, LAST NAME): FISAYO AKINYEMI , Deborah I. Adewole
INSTITUTIONS (ALL):
1. Animal Science and Aquaculture , Dalhousie University, Valley, NS, Canada.

FINAL ID: 398P
TITLE: Influence of dietary inclusion of probiotic on egg quality and well-being during the late laying period in brown
hens
Abstract Body: A study was conducted to investigate the inclusion of probiotic in the diet of brown laying hens at the
end of the production cycle on welfare and egg quality. The experiment was conducted in an experimental poultry
house, California-type cages with 288 brown laying hens of 71 weeks of age. Birds were assigned to 3 treatments with
12 replicates (8 birds/each) in a completely randomized design during 63 days (3 production cycles of 21 days). The
treatments were: Control; 200 - test diet with 200g/ton of probiotic; 400 - test diet with 400 g/ton of probiotic. The
control diet was a corn-soybean with antibiotic as a growth promoter formulated to meet the nutrient requirements of
9
laying hens according to the Brazilian tables and the test diet (antibiotic-free) was supplemented with 1.6x10 cfu/g of
9
Bacillus subtilis and 1.6x10 cfu/g of Bacillus licheniformis. At the last 3 days of each production cycle, 36 eggs per
treatment were collected to evaluate egg specific gravity, breaking force (TA.XTPlus Texture Analyzer using a 75 mm
diameter punch probe, 1 mm/s speed range), percentage of shell, albumen, and yolk, shell thickness, percentage of
egg quality problems in the uterus and shell pigmentation failures. Regarding welfare, birds were evaluated by injuring
signs caused by other birds, as well as feather-plucking behaviour, fighting, and fear (hiding under other birds). Data
were analyzed by One-way ANOVA and Tukey test (p<0.05). Brown laying hens supplemented with probiotic
displayed desirable and calmer behaviour compared to the control group, leading to a reduction in disruptive disorders
and cracked egg problems. It evidences a better well-being of these birds as well as improvement in the oviduct
quality, by the reduction of dirty eggs and shell pigmentation failures. Furthermore, egg shell quality of the birds in the
test groups has also been improved for specific gravity, strength and shell thickness compared to the control, which
can be attributed to better intestinal health, which is a decisive factor for egg quality. No difference was observed
between probiotic dosage used. Thus, the supplementation of probiotic additive seems to be a great alternative for
brown hens during late laying period, improving welfare and egg quality.
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FINAL ID: 399P
TITLE: “ESTIMATION OF THE OPTIMAL METABOLIZABLE ENERGY AND FEED INTAKE THAT MAXIMIZES EGG
MASS AND ECONOMIC MARGIN OF COMMERCIAL LAYING HENS”
Abstract Body: Objective: Feed represents around 70% of the cost of egg production and energy is the main
component of the cost of feed, so assessing and defining the optimal feed intake and energy contributes to improving
the productive and economic response in the egg production. An experimental study was carried out with the objective
of estimating the optimal consumption of metabolizable energy (ME) and feed that maximizes the egg mass and
economic margin of commercial laying hens.
Materials and methods: 240 laying hens of the 55-week-old Lohmann Brown genetic line of uniform weight and size
were used. The laying hens were distributed in the study area, following the protocol of a Randomized Block Design
(DBA). 5 amounts of feed consumption (g/hen/day) and 5 ME consumptions (Kcal/hen/day) were established as
treatments: T-1 (105.84g and 296.36 Kcal), T-2 (111.72g and 312.82 Kcal), T-3 (117.60g and 329.29 Kcal), T-4
(123.48g and 345.75 Kcal) and T-5 (110.00g and 299.75 Kcal). The hens consumed the treatment diets for a period of
12 weeks. The measurements were taken from 2 weeks from the start of the study and from there every week until the
end of the period.Each of the treatments had three repetitions as blocks, giving a total of 15 experimental units. The
variables of egg production, weight and egg mass, feed conversion rate, energy efficiency, Haugh unit of the egg,
margin and economic compensation were evaluated.
Statistical analysis: Data were subjected to analyze using one-way ANOVA of general linear model procedure of SAS
v 9.1. Differences were considered statistically significant when P≤0.05. The separation of means was done through
the Turkey test.
Results: Egg production was significantly higher (P = 0.0130) for T-5 with 95.08% compared to T-1 with 91.21%. Egg
weight was significantly higher (P = 0.0032) for T-4 with 64.58g compared to T-1 with 62.45g. Egg mass was
significantly higher (P = 0.0027) for T-4 with 61.99g compared to T-1 with 56.97g. Feed conversion was significantly
improved (P = 0.0033) in T-5 with 1.847 compared to T-4 with 1.992. Energy efficiency was significantly better (P =
0.0009) for T-5 with 5035 Kcal / Kg compared to T-4 with 5578 Kcal / Kg. The Haugh unit was not affected. The
economic compensation was higher for the T-5 at 6.76% compared to the T-1.
Conclusions: It is concluded that a feed consumption of 123.48g and 345.75 Kcal of ME per hen/day maximizes the
egg mass response and a feed consumption of 110g and 299.75 Kcal of ME per hen/day maximizes the economic
margin and economic compensation in laying hens.
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FINAL ID: 400P
TITLE: EFFECTS OF INCLUDING A PORCINE INTESTINAL MUCOSA HYDROLYSATE ON FIRST-WEEK
PERFORMANCE AND PROFITABILITY IN BROILER CHICKENS
Abstract Body: The first week of life of broiler chickens is a key phase that demands highly digestible nutrients to
enhance their development, immunity, intestinal health, and body growth. Given that animal protein sources have a
better amino acid profile and include higher levels of available amino acids than those of vegetable origin, and that
soybeans contain several anti-nutritional factors, our hypothesis was that replacing the latter by the former could
enhance the nutritional value of diets for chicken, especially in early stages. Therefore, the objective of the study was
to evaluate the effects on performance and profitability of partially replacing vegetable protein sources by a porcine
intestinal mucosa hydrolysate (PIMH) in the diet of broiler chickens. A total of 750 1-day-old male Cobb 500 chickens
were randomly distributed into three study groups and received different diets including 0 (Control), 2.5 or 5% PIMH
(Palbio 50, Bioiberica SAU, Spain) as replacement for vegetable protein sources from 0 to 7 days of age. Ten
repetitions were used per study group resulting in 30 pens in floor rearing (25 chicken/pen). Diets were isoprotein and
isocaloric and originally formulated based on corn/soy as main protein sources. Body weight (BW), uniformity (U), feed
intake (FI), feed conversion ratio (FCR), protein and energy efficiency ratio (PER, EER), gizzard pH (GpH) and
profitability were evaluated. Data were analyzed by ANOVA using the GLM procedure of SAS v 9.1. Differences were
considered statistically significant when P≤0.05. The separation of means was done through the Turkey test. After 7
days, chicken fed with the diet including 5% PIMH reached a significantly higher BW compared to Control (216.94g vs
200.15g; P=0.0005). Significantly reduced FI (P=0.0003) and FCR (P=0.0001) were observed with 2.5 and 5% PIMH,
compared to Control. PER was significantly improved with 5%, and EER and PER were significantly higher with 2.5%
and 5% PIMH, compared to Control. A favorable statistical tendency (P=0.0754) was found in the reduction of GpH
with PIMH. The maximum profitability was obtained with 5% PIMH (3.54% increase). In conclusion, this study showed
significant beneficial effects of partially replacing vegetable protein sources by PIMH in chicken broilers during the
starter phase. More specifically, 5% PIMH allowed a 5.29% reduction of soybean meal without having a negative
impact, and led to better performance and profitability. This approach should therefore help optimizing the cost of
feed, especially given the current trend of rising prices of soy, and could also allow a dilution of the anti-nutritional
factors present in soybean meal.
KEYWORDS: broiler, performance, starter phase, diet, animal protein.
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FINAL ID: 401P
TITLE: Energy values of tilapia byproduct meal for broiler chickens determined using the regression method
Abstract Body: Fish byproduct meal has been included in poultry feed formulations as a good quality protein source.
Different fish species can be used to obtain fish meal, resulting in variable nutrient composition of fish meal. As Nile
tilapia production is increasing in some countries, using the processing waste from this fish industry is sustainable and
provides an ingredient for poultry diets. In the current study, the ileal digestibility energy (IDE), apparent metabolizable
energy (ME), and nitrogen-corrected ME (ME ) of tilapia byproduct meal was determined using the regression
n
method. A total of 189 slow feathering Cobb 500 male broilers were fed 3 experimental diets with 9 replicate cages of
7 birds each, in a completely randomized design. Broilers were fed a corn-soybean meal reference diet (RD) and 2
test diets (TD) from d 14 to 21 post-hatch. The TD consisted of tilapia byproduct meal that partly replaced the energy
sources in the reference diet at 75 or 150 g/kg, such that equal rations were maintained for all energy-containing
ingredients across all experimental diets. Excreta samples were collected twice daily from d 19 to 21, and ileal digesta
were collected on d 21. Apparent ileal digestibility of dry matter (DM), nitrogen (N), and amino acids as well total tract
metabolizability coefficients of DM, N, and energy were calculated. Data were analyzed using the GLM procedure of
SAS. Regressions of the test ingredient-associated IDE, ME, or ME intake in kilocalories against kilograms of test
n
ingredient intake for cage of birds was conducted using linear regression following SAS statements. The addition of
tilapia byproduct meal to the RD linearly decreased (P < 0.05) ileal and total tract coefficients of DM and IDE, ME, and
ME. No effects (P > 0.05) were observed on energy and N digestibility. The addition of increasing levels of tilapia
byproduct meal to the RD also decreased linearly (P < 0.05) the ileal digestibility of all indispensable and dispensable
amino acids (P < 0.001). The IDE, ME, ME values of tilapia byproduct meal for broilers were 2,983, 3,413, and 2,852
n
kcal/kg of DM, respectively. In conclusion, the current study showed that broilers can utilize a considerable amount of
energy and amino acids from tilapia byproduct meal.
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FINAL ID: 402P
TITLE: Effect of beak trimming at hatch and the inclusion of oat hulls in the diet on growth performance of brown-egg
pullets from 0 to 5 weeks of age
Abstract Body: The effect of infrared beak trimming (BT) at hatch and the inclusion of oat hulls (OH) in the diet on
growth performance of brown-egg pullets was studied from 0 to 5 wk of age. The experimental design was completely
randomized with 4 treatments arranged as a 2 × 2 factorial with 2 beak treatments (intact beak vs. beak trimming at
hatch) and the inclusion or not of 3% OH in the diet as main effects. Each treatment was replicated 20 times and the
experimental unit was a cage with 10 pullets. The control diet was based on corn and soybean meal and contained
2,960 Kcal AMEn/Kg, 19% CP, and 0.98% digestible Lys. Feed intake, BW gain, BW uniformity, and feed conversion
ratio were determined by week and cumulatively. Also, energy intake and energy efficiency (Kcal AMEn/g BW gain)
were measured at the same ages. Data were analysed as a completely randomized design using the MIXED
procedure of SAS, with BT and OH inclusion as main effects and their interaction. When significant differences were
detected, the Tukey test was used to separate treatment means. From 0 to 5 wk of age, no interactions between beak
trimming and the inclusion of OH in the diet were detected for any of the variables studied and therefore, only main
effects are presented. From 0 to 5 wk of age, beak-trimmed pullets had higher mortality than non-treated pullets (P <
0.05) with most of the difference observed during the first week of life. Moreover, no mortality occurred for the last 3
wk of the experiment. Non-treated pullets ate more feed, had higher energy intake and BW gain, and had poor energy
conversion ratio than beak-trimmed pullets (P < 0.01). BW uniformity was better for the intact beak pullets than for the
beak-trimmed pullets (P < 0.01). On the other hand, OH inclusion increased feed intake and impaired feed conversion
ratio (P < 0.05). Several interactions between beak trimming and pullet age on performance traits were detected. From
0 to 4 wk of age, non-trimmed pullets grew faster and had better BW uniform than beak-trimmed pullets. However, for
the last week of the experiment, opposite results for BW gain were observed. Also, no difference for BW uniformity
between pullets was detected for the last week of the experiment. In summary, beak trimming at hatch reduced pullet
growth from 0 to 5 wk of age. The inclusion of 3% OH in the diet increased feed intake but did not affect BW gain or
energy conversion ratio of the pullets.
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FINAL ID: 403P
TITLE: Influence of the origin of the beans on the chemical composition, particle size distribution, and color of
soybean meal
Abstract Body: We studied the influence of the origin of the soybean on the chemical composition, protein quality,
particle size distribution (PS), and color of commercial soybean meals (SBM). A total of 50 SBM samples from
Argentina (ARG; n=10), Brazil (BRA; n=10), USA (n=15), and South Africa (SA; n=15) were used. Samples from SA
were collected from crushing plants in the country of origin whereas for the other 3 origins the samples were obtained
in crushing plants different European locations or at the arrival of the vessels to European ports. The samples were
analyzed for main components (proximal analyses, sucrose, oligosaccharides, CF, NDF, and mineral content), protein
quality indicators [urease activity (UA), KOH solubility (KOH), protein dispersibility index (PDI), and trypsin inhibitor
activity (TIA)], PS distribution [geometric mean diameter ± standard deviation (GMD ± GSD)], and color [L*
(luminosity), a* (redness), b* (yellowness)] using Minolta camera. Data were analyzed by the GLM procedure of SAS,
with origin of the SBM as main effect. In addition, Pearson correlation (r) analyses were conducted to determine the
relation between chemical values and color of the SBM using the CORR procedure of SAS. On 88% DM basis, no
differences in CP content were detected among SBM origin. The BRA meals had more NDF, raffinose, and Fe but
less sucrose and stachyose than the SA meals, with the ARG and USA meals being intermediate (P<0.001). PDI and
KOH values were higher for the USA meals than for the South American meals, with the SA meals being intermediate
(P<0.01). TIA tended to be higher for the SA and USA meals than for the South American meals (P=0.06). Particle
size uniformity was better for the SA and USA meals than for the South American meals (P<0.05). Also, the BRA
meals had lower L* and higher a* values than the SA meals, with ARG and USA meals being intermediate (P<0.001).
Independently of SBM origin, the greatest correlations were observed between Fe content and L* (r = -0.527; P<0.01)
and the a* (r = 0.293; P<0.05) values of the meals. Also, UA, PDI, KOH, and TIA were negatively correlated with the
a* Minolta value (r = -0.429, -0.353, -0.482 and -0.766, respectively; P<0.01). The higher a* values of the BRA meals,
might reflect the high acidity of the soil and the greater Fe content of the beans produced in this area. The correlation
between a* and the PDI value may reflect that extra heat was applied to the BRA beans at the farm to dry the seeds.
In summary, chemical composition, protein quality, PS distribution, and color varied widely among commercial SBM
according to bean origin
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FINAL ID: 404P
TITLE: Influence of soybean origin on growth performance of broilers fed a semisynthetic diet with soybean meal as
the unique source of amino acids from 18 to 21 days of age
Abstract Body: An experiment was conducted to study the effect of soybean origin on the AMEn content of
commercial soybean meals (SBM). In total, 23 samples from Argentina (ARG; n = 8), Brazil (BRA; n = 8), and USA (n
= 7) were collected from different European locations by specialized quality control personnel and analyzed for main
components [CP, ether extract, crude fiber, neutral detergent fiber, sucrose, oligosaccharides, and ash content] and
protein quality indicators [trypsin inhibitor activity (TIA), KOH solubility (KOH), and protein dispersibility index (PDI)].
The data were analyzed as a completely randomized design using the GLM procedure of SAS with the country of
origin of the soybeans as main effect. On 88% DM bases, the SBM from BRA had more CP and less sucrose and
stachyose than the SBM from USA and ARG (P < 0.05). The PDI, KOH, and TIA values were higher for the USA
meals than for the South American meals (P < 0.05). In addition, a total of 522 one-day old birds were allotted in
groups of 8 to 69 battery cages and fed a commercial crumble diet based on corn-wheat and SBM from 1 to 17 d of
age. Then, 23 experimental diets that consisted in the mixing of 53% of a N-free diet (43.9% dextrose, 3.50% soybean
oil, 3.60% vitamins and minerals, and 2% cellulose) and 47% of each of the 23 SBM samples studied. From 18 to 21 d
of age, 3 replicates chosen at random were fed one of each of 23 experimental diets. Feed intake, BW gain, and feed
conversion ratio were determined by replicate. Data on growth performance were analyzed as a completely
randomized design with country of origin of the beans as main effect using the MIXED procedure of SAS. Soybean
sample within each origin was used as a nested effect for the analysis. At the star of the experiment (18 d of age) BW
of the birds were similar for all treatments (806, 816, and 796 g for ARG, BRA, and USA meals, respectively). From 18
to 21 d of the test, feed intake was not affected by diet. Birds fed the USA meals grew faster and had better FCR than
birds fed the BRA and ARG meals (P < 0.01). In summary, the origin of the beans affected the chemical composition
and protein quality indicators of the resulting SBM. Compared to ARG and BRA meals, the use of USA meals as the
unique source of amino acids of the diet increased BW gain and improved FCR of the birds from 18 to 21 d of age.
Feed mill managers and nutritionists should take into consideration the origin of the beans when evaluating the
nutritional value of commercial SBM
KEYWORDS: broiler, growth performance, protein quality indicators, soybean origin.
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FINAL ID: 405P
TITLE: Metabolizable Energy Values and Metabolizability Coefficients of Soybean Meal from Different Origins for
Broilers
Abstract Body: Soybean meal is one of the main ingredients used in poultry feeding. Despite being a source of
protein and energy for diets, it is rich in oligosaccharides and non-starch polysaccharides, compounds that are poorly
digested by broilers. In view of this, the present experiment was conducted to evaluate the apparent metabolizable
energy (AME) and nitrogen-corrected AME (AMEn) values and the metabolizability coefficients of dry matter (DMMC)
and nitrogen (NMC) of four commercial soybean meals. The experiment was laid out in a completely randomized
design with five treatments and five replicates of eight Cobb 500® male chicks each. Treatments were as follows:
basal diet (BD); BD + 40% soybean meal A; BD + 40% soybean meal B; BD + 40% soybean meal C; and BD + 40%
soybean meal D. To evaluate the ingredients, the total excreta collection method was performed in the period from 14
to 21 days of age, in which the energy and metabolizability values were determined. The analyzed variables were
subjected to analysis of variance and compared by Tukey’s test (5%). There was a significant difference for urease
activity and protein dispersibility, whose calculated values were 0.05ab, 0.03a, 0.07b and 0.03a (urease activity) and
37.86a, 33.41a, 26.87b and 33.67a (protein dispersibility) in soybean meals A, B, C and D, respectively. However,
there was no difference in KOH solubility, whose mean values were 83.31, 83.87, 79.93 and 87.84 for soybean meals
A, B, C and D, respectively. No significant differences occurred for the calculated values of AME (kcal/kg), which
averaged 3276.98, 3245.77, 3061.88 and 3118.66 in soybean meals A, B, C and D, respectively. For AMEn (kcal/kg),
in turn, significant differences were detected, with calculated values of 2553.67a, 2453.02a, 2057.22b and 2175.30ab
in soybean meals A, B, C and D, respectively. In terms of metabolizability coefficients, there were no differences for
DMMC (61.12, 64.67, 65.40 and 64.26%) or NMC (52.31, 58.23, 57.57 and 54.71%) in soybean meals A, B, C and D,
respectively. In conclusion, differences in quality between soybean meals can influence nutrient metabolizability and
energy utilization by broilers.
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FINAL ID: 406P
TITLE: Influence of the particle size of the limestone and level of supplemented fat of the diet on the productive
performance and egg quality of laying hens from 64 to 67 weeks of age
Abstract Body: The influence of limestone particle size and level of supplemented fat of the diet on preference
behavior, hen performance, and egg quality traits were studied in brown egg-laying hens from 64 to 67 weeks of age.
The diets in mash form were based on wheat and soybean meal and contained 2750 kcal AME/Kg and 16.2% CP and
4.0% Ca. The experimental design was completely randomized with 6 diets arranged as a 3 x 2 factorial with particle
size of the limestone (coarse, 2-4 mm; fine, <0.6 mm; and an equal mixture of both sizes) and level of supplemented
fat (1.48 vs 3.80%) as main effects. The oil used was soapstocks from the refining soy oil industry. Each treatment
was replicated 12 times and the experimental unit was the cage with an individual hen. Egg production, and egg
weight were recorded daily and feed intake (FI) weekly. In addition, egg quality was recorded in all eggs produced.
Hen preference was estimated in 8 consecutive days by comparing the geometric mean diameter (GMD) ± geometric
standard deviation (GSD) of the feed offered at 6.00 am and the feed remaining in the feeder 2 h to 16 h (depending
on the day, with 2 h interval between days) after the feed was offered. The first day of the experiment feed samples
(300 g) were offered at 6.00 am (immediately after the lights went on) and 2 h later (8.00 am) a sample of the residual
was collected. The second day, a new sample of the original feed was offered at 6:00 am and a sample of the residual
was collected at 10:00 am. A similar process was followed for the subsequent days. In fact, for the last day, samples
of the residual feeds per each replicate were collected a 10:00 pm (16 h interval). Data were analyzed by MIXED
procedure of SAS. Hen performance and egg quality traits were not affected by dietary treatment. The GMD of the
residual feeds was smaller for hens fed fine limestone than for hens fed coarse limestone, with hens fed the 50:50
mixture being intermediate (P<0.001). An increase in the level of fat from 1.48 to 3.8%, increased the GMD and
decreased the GSD of the original diets. Also, an increase in the level of fat reduced (P<0.001) the percentage of fine
particles (<630µm) of the residuals compared with the original feed. Hen preference for ingesting the coarse particles
of the feed was greater from 10:00 to 12:00 and from 16:00 to 20:00 than for the other intervals. Hens fed fine
limestone and 1.48% of supplemented fat had higher (P<0.001) percentage of fine particles than the rest of the hens
at 22:00.It was observed that hens had a preference for coarse particles. An increase of the level of fat in the diet
reduces fine particles percentage, increasing their intake by hens.
KEYWORDS: fat level, geometric mean diameter, laying hens, limestone particle size, preference behavior.
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FINAL ID: 407P
TITLE: Short-term Effect of the Energy Restriction on the Phosphorus Metabolism in Broiler Chickens
Abstract Body: The phosphorus represents a small fraction of the diet that could affect the bird performance under
deficiency conditions. However, it is not known the interaction mechanism of P with energy. This study aimed to
evaluate the short-term effect of the deficiency of available phosphorus on energy utilization. Sixty broiler chickens
with ten old-day, with similar body weight (0.387±0.02), were randomly distributed into four dietary treatments. The
treatments consist of a factorial arrangement of metabolizable energy (3100 and 2600 kcal ME/kg) and available
phosphorus (0.35 and 0.20% avP). Eight birds per experimental unit were allocated in metabolic cages and fed the
experimental diets up to 20-old-day. At the end of the experimental period, the body weight (BW) was recorded.
Sequentially, the birds were divided into two groups per treatment. In one group, blood samples were collected and
stored in an Eppendorf tube to analyze ionized Ca, Mg, and P. The other group, birds were de-feathered and stored to
further body gross energy analyses. The data were analyzed by ANOVA two-way (2ME*2avP) using Minitab v.20
statistical software. The final body weight was affected (P<0.001) by the ME level, 0.953 and 0.845 kg/bird for 3100
and 2600 kcal ME/kg, respectively. An interaction between ME*avP (P=0.015) was observed on body weight gain,
where the treatment 3100 ME+0.20 avP was higher than 2600 ME+0.20 avP. Also, the gross energy content on the
body showed an effect (P=0.022) of the ME but no interaction with avP (P=0.247). For the mineral blood
concentration, no interaction was observed for any parameters. Also, ME and avP no affected the iCa and Mg. The
avP level had a significant effect (P<0.001) on the P blood plasma concentration. In conclusion, ME and avP
reductions affect body weight gain, even though they didn't affect the blood parameters and energy deposition.
KEYWORDS: Available phosphorus, Growing chicks, Energy Metabolism.
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FINAL ID: 408P
TITLE: Effect of sesame meal as an alternative to soybean meal and its impact on performance, carcass traits, meat
quality, and intestinal morphology of broiler chickens
Abstract Body: Lack of adequate food resources for poultry farming is the most important problem in the development
of this industry in most parts of the world. Sesame meal is a protein-rich byproduct of oil extraction from sesame
seeds and can contain 34-36% protein. Sesame meal also contains adequate amounts of essential amino acids,
especially arginine, leucine, and methionine, and is enriched in unsaturated fatty acids such as linoleic acid, oleic acid,
and saturated fatty acids. Effects of different levels of sesame meal as an alternative to soybean meal on growth
performance, carcass traits, meat quality, and intestinal morphology of broilers were determined. The experimental
diets were based on corn-soybean and treatments contained levels of 0, 25, 50, 75, and 100% of soybean meal
replaced with sesame meal. In total, 300 1d-old as-hatched Ross 308 broilers were housed in 25 pens, with 5
replicate pens/diet and 12 birds/pen. Feed intake (FI), body weight gain (BWG), and feed conversion ratio (FCR) were
measured at the end of each diet phase (days 10, 24, and 42). At the termination of the experiment, ten birds from
each replicate (2 birds/pen) were euthanized and subjected to carcass analysis and evaluation of villus height and
width, crypt depth, villi height:crypt depth ratio, and goblet cell count in the ileum. Carcass yield, meat cut yield, and
meat quality according to water-holding capacity (WHC) and breast level malondialdehyde (MDA) were determined.
Data were analyzed using the general linear model procedure of SAS. With up to 50% replacement of soybean meal
with sesame meal, no significant differences in FI, BWG, and FCR were observed as compared to the control
treatment with 100% soybean meal. (p>0.05). With 75% and 100% replacement of soybean meal with sesame meal,
FI and BWG decreased and FCR increased significantly (p<0.05). Carcass efficiency and relative weight was not
significantly decreased with sesame meal substitution (P>0.05). With an increasing percentage of soybean meal
replaced with sesame meal, WHC increased and MDA decreased significantly (p<0.05). Substitution with 50%
sesame meal resulted in the highest villi length and width as compared to other dietary groups (p<0.05), while
replacement with 100% sesame meal had the lowest villi length and width and crypt depth (p<0.05). These data
demonstrate that all levels of sesame meal increased meat quality and that up to 50% substitution with sesame meal
can be used without significant negative growth effects compared to soybean meal; therefore, sesame meal can be
introduced as a suitable alternative for broiler diets.
KEYWORDS: broiler, carcass yields, muscle malondialdehyde, sesame meal, water-holding capacity.
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FINAL ID: 409P
TITLE: Evaluation of different particle size analysis methodologies for finely to coarsely ground corn
Abstract Body: In animal feed manufacturing, grinding is one of the most expensive cost centers. There are, however,
numerous benefits to grinding feed ingredients to a predetermined particle size, including improved feed mixability,
increased surface area for digestive enzymatic activity, higher pellet quality, and reduced feed segregation. The
objective of this study was to assess 3 methodologies for particle size analysis as measured by the geometric mean
diameter. A 2-pair roller mill (Roskamp Champion Series 900-12) was used to mill corn at 3 different settings: 4-1.75,
4-3, 4-3.6 (top-bottom roller pair). For each roller mill setting, 4 methodologies were used to analyze corn particle size;
only corn, corn + sieving aid (0.5 g silicon dioxide), corn + agitators (rubber balls and/or bristle sieve cleaners), or corn
+ both (sieving aid and agitators). A total of 10 replicate samples (40 samples per setting) were analyzed using the
ANSI/ASAE S319.4 “Method of determining and expressing fineness of feed materials by sieving” standard using 13
sieves and a Ro-Tap shaker (model RX-30 W.S. Tyler’s Ro-Tap, Mentor, OH). Data were analyzed using the GLM
procedure of JMP and means separated by Tukey’s HSD with statistical significance considered at P ≤ 0.05. Corn
particle size ranged from 764 to 832, 1378 to 1432, and 2005 to 2076 µm from settings 4-1.75, 4-3, and 4-3.6,
respectively. At the finest roller mill setting (4-1.75), including both (sieving aid and agitators) resulted in the lower (P <
0.05) corn particle size compared to only corn and corn + agitators. At roller mill settings 4-3 and 4-3.6, the inclusion
of either sieving aid, agitators, or both did not influence (P > 0.05) the particle size. Inclusion of sieving aid, agitators,
or both to the 13-sieve method appeared to influence particle size results only on finely ground corn and as corn
particle size increased, less influence of sieving aid and agitators were observed. Therefore, analyzing corn particle
size without sieving aid and agitators is accurate when using coarser particles in animal feed. However, the
combination of both sieving aid and agitators can provide a more precise corn particle size analysis of finer particles.
KEYWORDS: feed, particle size, corn, roller mill.
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FINAL ID: 410P
TITLE: Productive performance of Mexican Creole chickens, 13-20 weeks of age, fed diets with different
concentrations of metabolizable energy and crude protein
Abstract Body: The Mexican Creole chickens (MXCC) provide meat to the population of rural areas of the country,
they are an unexplored genetic resource and their nutritional requirements are unknown. The objective of this study
was to evaluate the productive performance and carcass yield (CY) of the MXCC, from 13 to 20 weeks of age, fed
with diets with different concentrations of metabolizable energy (ME, kcal) and crude protein (CP, %). One hundred
and ninety-two unsexed chickens were housed in individual cages and were randomly distributed in four experimental
diets (48 birds per diet) with a constant ME/CP ratio of 150. ME/CP: 3000/20, 2850/19, 2700/18 and 2550/17.
Cumulative productive performance from 13 to 20 weeks of age was estimated in terms of feed intake (FI, g), body
weight gain (BWG, g) and feed conversion (FC, g/g). At 20 weeks of age, 16 chickens were randomly selected per
treatment and sacrificed to determine the CY (%) and breast yield (BY, %). Data were analyzed as a randomized
block design with repeated measures using the GLIMMIX procedure of SAS. Starting weight was included as a
covariate. The means were compared with the LSD method at a significance level of 5%. A higher FI (p<0.05) was
observed in the diet 2550/17 (6086 ± 155 g), compared to the other treatments: 2700/18 (5745 ± 155 g), 2850/19
(5401 ± 155 g) and 3000/20 (5263 ± 155 g). The FC was lower (p<0.05) in the treatments 3000/20 (7.31 ± 0.26) and
2850/19 (7.38 ± 0.26) compared to the diets 2700/18 (8.07 ± 0.26) and 2550/17 (8.21 ± 0.26). No differences were
observed (p≥0.05) in BWG, body weight at 20 weeks of age (BW20), CY, and BY (global means: 746 ± 24 g, 1923 ±
30 g, 65.58 ± 1.2 %, and 24.16 ± 0.98 %, respectively). In conclusion, the results suggest that any evaluated ME/CP
relationship leads to an equivalent response in terms of BWG, BW20, CY and BY; however, FC is better in diets with a
higher concentration of ME and CP, so in practice the cost of the diet must be considered.
KEYWORDS: Mexican Creole chickens, Metabolizable Energy, Crude Protein, Productive Performance, Carcass
yield.
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FINAL ID: 411P
TITLE: DETERMINATION OF NITROGEN CORRECTED TRUE METABOLIZABLE ENERGY CONTENT OF FEED
INGREDIENTS FOR POULTRY DIETS BY NEAR INFRARED REFLECTANCE SPECTROSCOPY
Abstract Body: Near infrared reflectance spectroscopy (NIRS) is a rapid method of analysis that enables a multipurpose analyzer to be calibrated to predict the nutritional component values of feed ingredients by analyzing their
reflectance properties in the near infrared spectrum. The goal of the current research was to create a NIRS calibration
curve that accurately predicting the nitrogen corrected true metabolizable energy (TME ) value for individual feed
N
ingredients. Adult Single Comb White Leghorn roosters were used to determine the TME values of feed ingredients.
N
Roosters (8 to 10 per feed ingredient tested) were fasted for 24 hours prior to being precision fed a fixed amount of
each feed ingredient. Excreta was then collected for the following 42 hours from the fed roosters and from a group of
unfed roosters, which served as controls to account for endogenous losses. Gross energy and total nitrogen content
of the feed ingredients and dried collected excreta were determined to calculate TME values for each tested feed
N
ingredient. A wide range of determined TME values (658 – 5,588 Kcal/kg), and sample variety, from ingredients
N
commonly used in an industry setting like corn, meat and bone meal, and soybean meal, to experimental/alternative
ingredients such as black soldier fly larva meal, Jatropha meal, and ground cassava leaves, were obtained. A full near
infrared spectral analysis was completed on a ground sample of each feed ingredient using a Bruker MPA: FT-NIR
Spectrometer equipped with OPUS Version 7.5 software. A calibration was made for TME using 49 feed ingredient
N
2
samples which resulted in a prediction equation with a correlation coefficient (R ) of 0.97. This prediction equation
2
was then validated with 316 different feed ingredient samples, and the R between the NIRS and rooster bioassay
TME values was 0.92, but only 60% of the predicted values were within plus or minus 5% of their actual bioassay
N
determined value. In contrast, subsequent calibration curves based on individual ingredient type, such as corn or
bakery meal, resulted in validations in which 100 and 93% of samples, respectively, were within plus or minus 5% of
their bioassay determined value. The results indicate that NIRS has the capability of accurately predict the TME
N
values of poultry feed ingredients, which would reduce the need for expensive and time consuming rooster bioassays
for determining TME values on feed ingredients, and enable poultry nutritionists to formulate more precise diets
N
based on TME values of the ingredients actually delivered to the feed mill.
N
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FINAL ID: 412P
TITLE: Evaluation of combinations of a butyric acid-based product and cranberry pomace extract on the growth
performance of mixed-sex broiler chickens
Abstract Body: Feed ingredients with bioactive components that influence gut microbiota have been the subject of
developing strategies for maintaining growth performance and health of broiler chickens in the absence of dietary
antibiotics. It has been established that an increase of butyric acid in the digestive tract of broiler chickens can
change the profile of gut microbiota and provide a protective effect against debilitating intestinal disease. In this study
a second dietary ingredient based on extracts from cranberry pomace (CranPo) was combined with a butyric acidbased product (Proformix 650) in effort to enhance bird performance and gut health. The trial was designed as a oneway analysis with supplement as the main effect (no supplement, antibiotic (BMD), Proformix (0.6 kg/tonne starter
diet, 0.4 kg/ton grower and finisher diet), Proformix + 0.5% CranPo, Proformix + 1% CranPo, Proformix + 1.5%
CranPo). A total of 1104 day old mixed sexed chicks were placed in 48 floor pens. Feed consumption and weight gain
were measured from 0-14, 15-24 and 25-35 days of age. Data was analysed by Proc Mixed procedure of SAS. There
was an interaction (P<0.05) between dietary treatment and age of the birds on bird body weight. At 14-d of age, birds
fed the non-supplemented diet weighed less (342 g/bird) (P<0.05) than birds fed the antibiotic (388 g/bird). At 24-d of
age, birds fed the non-supplemented diet weighed less (893 g/bird) (P<0.05) than birds fed the diets containing the
antibiotic (1040 g/bird), butyric acid alone (988 g/bird) and Proformix + 0.5% CranPo. At 35-d of age, birds fed the
following diets, the non-supplemented diet, the Proformix + 1% CranPo and Proformix + 1.5% CranPo (1908, 1981
and 1963 g/bird, respectively) weighed less (P<0.05) than birds fed the antibiotic (2155 g/bird). There was an
interaction (P<0.05) between dietary treatment and age of the birds on feed consumption of the birds. During the
starter period, feed consumption was not affected (P>0.05) by dietary treatment. For the grower period, birds fed the
non-supplemented diet consumed less feed (83.4 g/bird/day) (P<0.05) than birds fed antibiotic (96.4 g/bird/day) and
Proformix + 0.5% CranPo (90.4 g/bird/day). Feed conversion was not affected (P>0.05) by dietary treatment for the
duration of the trial. Percent mortality was very low for the trial (2.3%) and was not affected (P>0.05) by dietary
treatment. Results from this study indicated there was no synergistic improvement from combining a butyric acid
product and a cranberry pomace extract for broiler growth performance.
KEYWORDS: Broiler, Growth performance, Cranberry, Butyric acid.
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FINAL ID: 413P
TITLE: Growth Performance and the Tibia Bone Ash of Broilers Fed Various Inclusion Levels of a Black Soldier Fly
Larvae Meal.
Abstract Body: Insects are receiving great attention as a potential source of protein and or other functional
compounds for poultry. The objective of this study was to evaluate the dose response of commercial black soldier fly
(Hermetia illucens) larvae meal (BSFLM) on growth performance and tibia ash in broiler chickens fed a corn and
soybean meal diet. A 35-day trial was conducted using 480 d old male Ross x Ross 708 chicks placed in metabolic
cages (10 chicks per cage) and allocated to six experimental diets (n=6). The diets were: a corn-soybean meal (CSBM) based diet with bacitracin methylene disalicylate (BMD) to mimic industry practices, C-SBM without BMD, and
C-SBM with replacement of the SBM by BSFLM at an inclusion level of 12.5% (25-32% SBM), 25% (20-26% SBM),
50% (10-13% SBM), and 75% (0% SBM). All diets were prepared in mash form and delivered in a three phase
program: starter (d 0-14), grower (d 14-28) and finisher (d 28-35). Body weight (BW), feed intake and mortality were
monitored at each phase for calculation of BW gain and feed conversion ratio (FCR) while tibias were collected on d35. A one-way ANOVA with treatments as fixed effects was run to evaluate the four inclusion levels of BSFLM on
growth performance and tibia of broilers, and compare with birds raised with BMD (RwithAb) and without BMD
(RwithoutAb). Statistical significance was set at a P-value ≤ 0.05. The 12.5% BSFLM and 25% BSFLM had a
comparable effect with the RwithAb on d-14 BW of the birds (P <0.0001). A similar effect was noted for the BW gain at
d-14 (P <0.0001). FCR was lower (P = 0.0161) in the RwithAb but the 12.5% BSFLM had a better feed efficiency than
the RwithoutAb. There was no difference between treatments for the tibia dry matter and the percentage of tibia
weight (P = 0.5875). Similarly, there was no significant difference between 12.5% BSFLM and the RwithAb for the tibia
ash and percentage weight (P = 0.1412). In conclusion, this study demonstrated that feed supplementation with
BSFLM at 12.5%, could induce beneficial effects on performance comparable to those of bacitracin during the starter
period. Future work investigating lower inclusion rates are warranted as higher BSFLM levels beyond 12.5% appears
to have negative effects on bird growth performance.
KEYWORDS: Hermetia illucens, Black Soldier Fly, Bacitracin, Soybean meal, Broilers.
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FINAL ID: 414P
TITLE: Effect of corn particle size on bulk density, angle of repose, and pellet quality.
Abstract Body: In broiler diets, particle size of corn can influence pellet quality, bulk density as well as ingredient and
feed flowability. The objective of this study was to evaluate the effect of corn particle size on pellet quality, bulk
density, and angle of repose, which is used as an indicator to assess flowability. Corn was ground using a 2-pair roller
mill to obtain 3 corn particle sizes (832, 1432 and 2250 mm). Diets were steam conditioned at 77°C with a retention
time of 45 s and pelleted through a 4.0 pellet die using a pellet mill. Pellets were cooled with ambient air using a
counter-flow pellet cooler. Pellet durability index (PDI) was measured using the tumbling box (ASABE method S269.5)
modified with the addition of 5 hex-nuts and the Holmen NHP 100 (TekPro Ltd, Norfolk, UK) for 60 seconds with and
without sieving the sample after removing it from the test chamber. Bulk density was determined using a quart test
weight cup that met Grain Inspection, Packers and Stockyards Administration (GIPSA) specifications. Sample was
dropped into the bulk density cup, excess sample removed, and the weight recorded. Angle of repose was measured
using a 30.48 cm high x 30.48 cm long x 2.54 cm wide transparent box and a funnel with an opening of 3.18 cm used
to transfer samples to the box. Data were statistically evaluated using the GLM procedure of JMP and means were
separated by Tukey’s HSD with a statistical significance considered at P<0.05. Corn ground to 832 mm resulted in
3
lower (P<0.05; 626.16 kg/m ) loose bulk density compared to corn ground to 1432 and 2250 mm (686.55 and 676.94
3
kg/m ). Corn ground to 832 mm had higher (P<0.05) angle of repose compared to corn ground to 2250 mm (31.25 vs.
29.78°). Diets containing corn with an average particle size of 832 mm resulted in higher (P<0.05; 83.42%) PDI
compared to diets containing corn ground 1432 and 2250 µm (80.27 and 79.56%) when PDI was analyzed with the
tumbling box. The results of Holmen NHP 100 tester showed that in samples without sieving, the particle size of corn
did not influence PDI likely because corn particles larger than 1.58 mm remained on top of the testing chamber and
were counted as whole pellets. However, in sieved samples, diets containing corn with 832 µm resulted in higher
(P<0.05; 46.31%) PDI compared to diets containing corn ground to 1432 and 2250 µm (39.68 and 36.18%). Reducing
corn particle size improved PDI, but reduced its bulk density and flowability.
KEYWORDS: particle size, flowability, angle of repose, bulk density, pellet durability index.
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FINAL ID: 415P
TITLE: Assessing dietary corn particle size influences on broilers grown from 1 to 21 days of age
Abstract Body: In poultry feeding, corn grinding is a significant feed milling cost. As such, the particle size of corn
included in broiler diets has been widely discussed. This research evaluated the influence of varying corn particle size
(CPS) included in a broiler starter diet on body weight (BW), feed consumption (FC), feed conversion (FCR), and
organ parameters. Three CPS treatments [832, 1432, and 2036 μm CPS], with 6 replicates per treatment, were fed to
288 male Cobb 700 broilers (96 birds/treatment) during a 21-d battery cage grow out. Body weight and FC data were
collected at 7-d intervals. On d 21, 6 birds/cage were euthanized to assess crop, proventriculus, gizzard, and ceca
weights. Data were analyzed as a completely randomized design using the GLM procedure of SAS. Means were
separated using Tukey’s HSD and significance level was assessed as P≤0.05. Overall, there were no significant
treatment effects for BW at d 7 (P=0.918), 14 (P=0.670), and 21 (P=0.722) or d 0 to 7 (P=0.185), 0 to 14 (P=0.155),
and 0 to 21 (P=0.463) FC. There were treatment effects for FCR between d 0 to 7 (P=0.019), with birds on the 2036
μm CPS treatment having an elevated FCR (0.86 g:g) compared to birds on the 832 μm (0.82 g:g) treatment.
Treatment differences only approached significance for d 0 to 14 (P=0.055) and d 0 to 21 (P=0.052) FCR, with the
highest FCR for both periods associated with the largest CPS. There were no treatment effects for crop, gizzard, or
ceca data (absolute weight and g/kg of BW, P>0.05). Proventriculus absolute weights approached significance among
treatments (P=0.064), with the largest proventriculus weight reported in birds consuming the smallest CPS. This
tendency did not translate to relative (g/kg of BW) proventriculus weights (P=0.206). Based on these results, varying
CPS in broiler diets during the early phase of the grow out showed little influence on performance or organ weights.
There is some indication that increasing CPS can negatively affect early FCR and smaller CPS may be associated
with an enlarged proventriculus.
KEYWORDS: broiler, corn particle size.
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FINAL ID: 416P
TITLE: Conditioning temperature directly affects pellet quality
Abstract Body: During pelleting small feed particles are agglomerated into larger particles, which helps to improve
bird uniformity, nutrient digestibility and broiler performance. Pellet quality is the capacity of pellets to resist
disintegration and abrasion during handling and transportation. Although there are several factors that influence pellet
quality; the objective of this study was to evaluate the effect of 3 conditioning temperatures (75, 80, and 85°C) on
pellet quality. A corn-soybean meal-based diet with 3.42% soybean oil addition was mixed in a twin shaft mixer and
then steam conditioned and pelleted using a constant production rate of 636 kg/h using a 4.0 mm pellet die. Pellet
samples were collected and immediately cooled. Pellet durability index (PDI) was analyzed using the tumbler method
(ASABE method S269.5) modified with the addition of 5 hex-nuts to simulate pellet breakage during handling and
transportation and with the Holmen NHP 100 (TekPro Ltd, Norfolk, UK) for 60 seconds. Data were statistically
evaluated using the GLM procedure of JMP and means were separated by Tukey HSD with statistical significance
considered at P≤0.05. Increasing conditioning temperature improved (P<0.05) PDI when measured with both
methodologies. Diets conditioned to 85°C had higher (P≤0.05; 87.14%) PDI than diets conditioned to 75 and 80°C
(82.33 and 84.02%) when PDI was analyzed using the modified ASABE method S269.5. In addition, diets conditioned
at 75°C resulted in lower (P≤0.05; 32.37%) PDI than diets conditioned to 80 and 85°C (48.75 and 64.41%) when PDI
was analyzed with the Holmen NHP 100 for 60 seconds. The results of this study confirmed that increasing
conditioning temperature improves pellet quality of corn-SBM diets when other factors such as production rate and
mixer fat addition remained constant.
KEYWORDS: conditioning temperature, Holmen, tumbler, pellet durability.
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FINAL ID: 418P
TITLE: Effects of maternal fish oil on adipose development in the broiler chick embryo.
Abstract Body: Broilers waste feed by converting it to excess adipose tissue. We previously demonstrated that fat
accretion in broilers can be reduced by supplementing the broiler hen diet with fish oil (HFO), a source of the long
chain omega-3 polyunsaturated fatty acids (LC n-3 PUFA) eicosapentaenoic acid (EPA, 20:5 n-3) and
docosahexaenoic acid (DHA, 22:6 n-3). Our objective here was to characterize the effects of HFO on adipose
development in broiler embryos. Broiler-breeder (Cobb 500) hens were fed diets containing 3% fat from FO or
soybean oil (SO, n-6 PUFA control) for four weeks. Fertilized eggs were incubated to ages E12, E14, E16, E18, and
E20. Yolk and fat pads (parafemoral) were snap-frozen for fatty acid profiles and RNA (fat pads). At E16, adipose
tissue was also used to isolate preadipocytes for primary culture and assay of adipogenic potential ex vivo. Adipose
differentiation was quantified by staining cells with a lipid-sensitive dye (Oil Red O) after inducing differentiation.
Additionally, lipid and DNA content were visualized with AdipoRed (Lonza, PT-7009) and NucBlue (ThermoFisher,
R37605) staining, respectively, and relative fluorescence intensity of lipid content was normalized to DNA. Targeted
RNAseq was used to profile expression of a panel of 504 genes that broadly query adipose development,
differentiation, and metabolism. Diet effects were evaluated using Student’s t-test (p < 0.05). Quantitation of fatty acid
profiles (by GC-MS) revealed that HFO significantly enriched yolk and adipose in EPA and DHA and their metabolites
at all ages. Preadipocytes isolated from HFO and induced to differentiate in vitro accumulated significantly less lipid (p
< 0.01) than HSO controls, consistent with inhibition of adipogenesis by FO. In addition, HFO preadipocytes exhibited
a significant increase in mitochondrial activity, suggesting enhanced oxidative metabolism. Only modest effects of diet
on gene expression were observed at E14, when adipose tissue begins to appear in the embryo. By E16 and E20,
however, 68 and 71 genes, respectively, were differentially expressed between HFO and HSO (FDR p < 0.05), many
of which differed at both ages. These genes included key regulators of adipogenesis, metabolism, and stem cell
commitment. Several genes that were affected by HFO in embryonic adipose tissue were also differentially expressed
after hatch in our previous studies, suggesting that HFO in the embryo induces sustained molecular effects in adipose
tissue. In conclusion, these data further support the potential to stably modify adipose accretion in broilers through
dietary developmental programming. Additional measures to characterize the mechanisms of programming by
maternal fatty acids are underway.
KEYWORDS: adipose, developmental programming, omega-3, broiler, embryo.
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FINAL ID: 419P
TITLE: Body weight and uniformity, organ development and jejunal histomorphology in broiler breeder pullets fed n -3
fatty acids enriched diets from hatch through to 22 weeks of age
Abstract Body: Enrichment of dietary long chain polyunsaturated n-3 fatty acids (n-3 FA) may be beneficial to broiler
breeders (BB) during rearing. So, the effects of feeding sources of docosahexaenoic acid (DHA) and α-linolenic acid
(ALA) from hatch through to 22 weeks of age (woa) on growth, organ weight and jejunal histomorphology were
investigated. A total of 588-day old Ross x Ross 708 BB were reared on one of three diets: 1) control (CON), corn-soy
bean meal diet, 2) CON + 1 % microalgae (DMA, Aurantichytrium limacinum), source of DHA and 3) CON + 2.50% coextruded full fat flaxseed and pulse mixture (FFF, 1:1 wt/wt), source of ALA. Diets DMA and FFF had similar total n-3
and n-6: n-3 ratio. Diets were allocated to floor pens (28 birds/pen) to give 9 or 6 replicates per diet for CON or DMA
and FFF, respectively and fed according to breeder curve in three phases: starter (0-4 woa), grower (5-19 woa) and
pre-breeder (20-22 woa). Individual body weight (BW) was taken weekly, and six birds/pen necropsied at 5 and 12
woa for gastrointestinal, spleen, bursa, and liver weight and samples for jejunal histomorphology. Treatments were
fixed effects and all analysis were run using a one way ANOVA, where results were significant at P < 0.05. There was
no (P>0.05) interaction between phase and diet or diet effect on growth and organ weight. With exception of 5 woa,
pullets fed DMA showed (P<0.001) lower BW CV than pullets fed control between 2 and 7 woa. However, pullets fed
DMA had higher BW CV at 20 woa than birds fed either control or FFF. At 5 woa, birds fed DMA had taller (P≤0.01)
villi and deeper crypt than birds fed either CON or FFF but VH or CD were similar (P>0.05) between CON and FFF
pullets. At 12 woa, birds fed FFF had taller VH than birds fed CON diet but similar (P>0.05) to birds fed DMA. Different
responses to sources of omega-3 FA may implicate other components, however, the BW uniformity and intestinal
histomorphology responses suggested benefits of feeding omega-3 FA during rearing.
KEYWORDS: broiler breeder, pullet development, histomorphology, n-3 PUFA.
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FINAL ID: 420P
TITLE: The mechanism on cadmium-induced autophagy in follicular granulosa cells of laying hens and ameliorative
property with selenized yeast
Abstract Body: Abstract: High residues of cadmium (Cd) in eggs affect egg safety and endanger the health of laying
hens. The objective of this trial was to investigate the mechanism of cadmium-induced autophagy in follicular
granulosa cells of laying hens and the ameliorative effect of selenized yeast (Se). A total of 64 Lohmann pink-shelled
hens (63-wk-old) were randomly divided into 4 treatments with 8 replicates of 2 hens each. The treatments were as
follows: control group (CON): corn-soybean meal basal diet; Se group: the basal diet supplemented with 0.4 mg/kg Se
from selenized yeast; Cd group: basal diet supplemented with 25 mg/kg of Cd from cadmium chloride (CdCl ); Se +
2
Cd group: Cd group supplemented with 0.4 mg/kg of Se from selenized yeast. Laying hens were given feed and water
ad libitum. The experimental period was 8 weeks. Data were analyzed using the PROC MIXED procedure of SAS
(version 9.4, SAS Inst. Inc., Cary, NC, USA). Values of P < 0.05 were considered statistically significant. Dietary Cd
exposure significantly reduced (P < 0.05) hen-day egg production, average egg weight, average daily feed intake
(ADFI), feed conversion ratio, ovarian relative weight, and the counts of ovarian hierarchical (F5-F1) follicles
compared to the CON. Cd significantly increased reactive oxygen species (ROS) and malondialdehyde (MDA) in
follicles and serum (P < 0.05) and significantly reduced the activity of superoxide dismutase (SOD), glutathione Stransferase (GST), glutathione peroxidase (GPX), and the concentration of glutathione (GSH) in follicles and serum (P
< 0.05). In addition, Cd significantly reduced the concentrations of estradiol (E2) and progesterone (P4) in the follicles
and serum (P < 0.05). Meanwhile, autophagic vacuoles were observed in the Cd group using a transmission electron
microscope (TEM). The Cd up-regulated the mRNA expression of autophagy-related genes Beclin1, Dynein, ATG5,
LC3-I, LC3-II, and down-regulated the expression of mTOR (P < 0.05) in follicles. Moreover, the Cd up-regulated the
mRNA expression of apoptosis-related genes caspase-3, caspase-8, caspase-9, and Bax, and down-regulated the
expression of Bcl-2 in follicles (P < 0.05). Se addition of 0.4 mg/kg showed significant ameliorative function in laying
performance, oxidative stress, hormone, and the expression of autophagy and apoptosis-related genes (P < 0.05). In
conclusion, our data suggested that dietary cadmium induces autophagy in follicular granule cells of laying hens via
oxidative stress. Excessive autophagy was likely to cause apoptosis and lead to decreased egg production in laying
hens, and selenium has an apparent antagonistic effect on cadmium.
KEYWORDS: Heavy metal , Laying hens, Follicles, Oxidative stress, Autophagy.
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TITLE: Assessing the in vitro effect of wild-type lytic bacteriophages on Salmonella Minnesota field strains
Abstract Body: Salmonella Minnesota has been commonly detected in Brazilian broiler’s farms. Today, the interest in
the use of lytic bacteriophages is growing as an alternative to conventional feed additives to reduce colonization of
broilers by non-typhoidal Salmonella at pre-harvest. This study aimed to determine the in vitro effect of three wild-type
lytic phages (BRM 13312, BRM 13313 and BRM 13314) against S. Minnesota. In total, 32 S. Minnesota field strains
isolated from drag swabs from commercial broiler houses in southern and midwestern Brazil were analyzed. First,
these strains were characterized by antimicrobial susceptibility test against 11 antimicrobials using the disk diffusion
method and XbaI-pulsed-field gel electrophoresis (PFGE) analysis. Next, the ability of phages to lyse S. Minnesota
strains was individually analyzed using the spot lysis assay in triplicate. Bacterial strains were cultured at 37 °C for 18
h to obtain exponentially grown cultures. After dispensing 200 μL of each strain in 6 mL of nutrient broth-MgSO
4
containing 0.65% agarose, suspensions were mixed thoroughly and distributed onto nutrient agar containing 10 mM
MgSO to obtain overlay cultures. Ten μL of each phage was dispensed over the solidified agarose layer to give a
4
multiplicity of infection of 1,000 phage particles to each bacterial cell. Salmonella Typhimurium ATCC 14028 and SM
buffer were used as positive and negative controls, respectively. Plates were incubated at 37 °C for 18-24 h. Fisher
exact test was used to compare the lytic effect of each phage on S. Minnesota strains. Overall, S. Minnesota strains
showed a high diversity as revealed by 28 XbaI-PFGE patterns. One strain (3.1%) was fully susceptible to the tested
antimicrobials. The remaining isolates showed resistance to amoxicillin with clavulanic acid (AMC); ceftiofur (CEF),
streptomycin (STR), tetracycline (TET), and trimethoprim with sulfamethoxazole (TS), distributed in the following
patterns: TET (34.4%), TET-TS (18.7%), TET-STR (15.6%), TET-CEF (9.4%), TET-STR-TS (9.4%), TET-CEF-STR
(6.2%), and TET-AMC-CEF (3.1%). There was a difference in the effect of phages, as BRM 13314 produced clear
lytic plaques in 28 (87.5%) S. Minnesota strains (p ≤ 0.05). All tested strains were insensitive to the other phages.
Phage-based products containing different bacteriophages intend to overcome bacterial resistance and lyse a wide
variety of strains. Therefore, a cocktail replacing phages BRM 13312 and BRM 13313 would has a broader efficacy
against Brazilian S. Minnesota field strains.
KEYWORDS: Salmonella, phage therapy, poultry, food safety.
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FINAL ID: 422P
TITLE: Use of a Bacteriophage in Feed to Control Salmonella enteritidis in Broilers in a Contaminated Feed Model
Abstract Body:
Controlling Salmonella enteritidis (S.E.) in chickens is a priority for broiler producers since S.E. is often one of the top
five serovars causing human illness. There can be multiple sources of S.E. for a broiler flock from the parent hen,
rodents, flies, beetles and even their feed. Lytic bacteriophages have been shown to be effective in killing bacteria
such as Clostridium or Salmonella when administered to the birds by spray or oral gavage. However, because
bacteriophage are heat labile, they have not normally been used to reduce S.E. by application in the feed. The CTCBio bacteriophage is heat stable and can be added to feed that is pelleted. This study had 3 treatment groups: T1-not
treated, T2-1000 gm/metric ton bacteriophage, T3-1500 gm/metric ton bacteriophage in heat treated crumble feed.
Three replicates of each treatment had 30 birds/replicate pen. The amount of feed for seven days (fed on days 8 to
7
4
14) was inoculated with meat and bone meal (MBM) contaminated at 10 CFU/g S.E. in the inocula MBM for a 10
CFU/g S.E. in the final feed. A chromium marker was also used to insure uniform distribution of the S.E. MBM. Cloaca
swabs were taken from 10 birds per pen on days 14 and 21. On day 28 twenty-five birds ceca were cultured and ten
birds spleen/liver were sampled. S.E. prevalence and enumeration were performed with tetrathionate, then XLT-4 (25
µg/ml nalidixic acid) with enumeration by micro most probable number (MPN) method of Berghaus, 2013. All statistical
testing assumed a two-sided alternative hypothesis, P < 0.05 was considered significant. There was a numerical S.E.
reduction in prevalence and number in the 14 and 21 day cloaca swabs. The estimated mean (SEM) S.E. log
b 10
MPN/cloaca swab based on a Tobit regression model were significantly reduced with 1000 gm/ton at -1.21 , the 1500
ab
a
gm/ton at -1.01 and the control at -0.32 . There was no significant reduction in liver/spleen S.E. prevalence. There
a
a
was a significant reduction in 28 day ceca S.E. prevalence with 1000 gm/ton at 53.3% , 1500 gm/ton at 57.3% , and
b
control at 80.0% . Salmonella MPN in ceca based on Tobit censored regression had both treatments with significantly
lower log MPN/g than the control. This study demonstrated that in feed bacteriophage treatment can be an effective
10
means of reducing S.E. colonization of broilers ceca from feed that has been contaminated with Salmonella enteritidis.
KEYWORDS: Salmonella enteritidis in feed, bacteriophage control.
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FINAL ID: 423P
TITLE: Effect of Bacillus subtilis and Bacillus licheniformis probiotic supplementation on performance and
Campylobacter jejuni load in broilers challenged with C.jejuni
Abstract Body: Campylobacter jejuni is a food borne pathogen of poultry and controlling C. jejuni loads in poultry can
be expected to decrease the poultry related C. jejuni outbreaks in humans. Bacillus subtilis and Bacillus licheniformis
are potential probiotics in poultry production. The overall objective of this research was to determine the effects of B.
subtilis and B. licheniformis probiotic supplementation on performance and cecal C. jejuni load in broilers challenged
with C. jejuni. A total of 450 one-day-old broiler chicks were randomly distributed to five experimental groups. 1)
Control; 2) C. jejuni infection; 3) 10 mg B. subtilis + 100 mg B. licheniformis /Kg feed + C. jejuni infection; 4) 5 mg B.
subtilis + 50 mg B. licheniformis /Kg feed + C. jejuni infection; 5) 1 mg B. subtilis+10 mg B. licheniformis /Kg feed + C.
jejuni infection. Each treatment was replicated in 6 pens with 15 chicks per pen. At 14 days of age, birds in treatment
8
group 2-5 were challenged with 1 x 10 of C. jejuni via oral gavage. Chicken BW gain when fed diets supplemented
with 10 mg B. subtilis + 100 mg B. licheniformis /Kg feed was not different than the unchallenged or challenged control
birds at d 42 but had lower (P < 0.05) 0-21d and 0-28 d feed consumption and better feed-to-gain from d 0-21, 0-28,
and 0-42 d than those in the unsupplemented C. jejuni infected group. Chickens challenged with C. jejuni had higher
levels of cecal C. jejuni compared to the chickens in the control group. Chickens fed diets supplemented with 10 mg B.
subtilis + 100 mg B. licheniformis /Kg feed and challenged with C. jejuni had approximately lower (P < 0.05) cecal C.
jejuni loads than that in the challenged control group at 21, 28, 35, and 42 d of age. Chickens challenged with C. jejuni
had higher levels of anti-C. jejuni specific IgA in the bile at all time points studied. There were no significant effects (P
> 0.05) on serum anti-C. jejuni IgG amounts, jejunal villi height or crypt depth or villi height: crypt depth ratio between
the birds in the treatment groups at any of the time points studied. It can be concluded that supplementing 10 mg B.
subtilis + 100 mg B. licheniformis /Kg feed can improve production performances and decrease C. jejuni loads in
poultry.
KEYWORDS: Probiotics supplementation, Bacillus, campylobacter, chickens, immunological response.
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TITLE: Evaluation of the antimicrobial effect of essential oils associated with organic acids against serovars of
Salmonella and Escherichia coli APEC
Abstract Body: The use of growth promoting antibiotics to control pathogens and as performance enhancers is an
established practice in the poultry industry. However, this use has been linked to the selection and development of
bacterial strains resistant to antimicrobials, a fact that has unique health implications. Thus, alternatives are sought to
the use of these while maintaining quality and productivity gains. In this context, the objective was to evaluate the
antimicrobial potential of essential oils associated with organic acids already available on the market. Were evaluated
by a method in silico (molecular docking) the potential of essential oils of oregano (Thymus capitatus), clove (Eugenia
caryophyllata), rosemary (Rosmarinus officinalis) and propionic, lactic and formic acids to inhibit synthesizing protein
peptideoglycan, D-glutamate ligase (PDB ID: 1E0D) and catalysts for DNA supercoiling, DNA gyrase B (PDB ID:
4PRV). As a control, the affinity of the antibiotic Ciprofloxacin against these was evaluated. The Checkerboard was
also carried out to assess the synergy between formic acid and clove essential oil against isolates of Salmonella
Typhimurium (ATCC 14028), Salmonella Enteretidis (ATCC 13076), Salmonella Gallinarum (Avian typhus) and
Escherichia coli APEC (Cellulite). The results obtained in the in silico evaluation showed that among the six
compounds evaluated, the lowest values of energy binding to the protein D-glutamate ligase were obtained for clove
essential oil (-10.1697) and formic acid (-30.332 ), these energies, lower than those observed for Ciprofloxacin
(12.0001). For DNA gyrase B, clove essential oil demonstrated greater affinity, with a binding energy of -94.4544,
similar to that obtained for Ciprofloxacin (-98.6632). In the checkerboard, considering the compounds that obtained
greater affinity in relation to the evaluated structures, the synergy between formic acid and clove essential oil was
tested. A synergistic effect was observed against Salmonella Typhimurium (ΣFIC 0.37), Salmonella Enteritidis (ΣFIC
0.07) and Escherichia coli APEC (ΣFIC 0.265), demonstrating that the effect of the associated compounds is superior
to the individual effect. For Salmonella Gallinarum (ΣFIC 0.515) the result of the association was additive, where the
final effect is equal to the sum of the isolated effects, in which the concentration of the compounds necessary for the
bactericidal effect was decreased. The results demonstrate that the tested products have antimicrobial properties, with
potential to act in fundamental structures for the survival of microorganisms and the association of
these allows bactericidal effect in reduced concentrations when compared to the use of the compounds alone.
KEYWORDS: growth promoters , molecular docking, checkerboard, essencial oils, organic acids.
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TITLE: Prediction of deoxynivalenol in wheat bran samples using Near Infrared reflectance spectroscopy (NIRS)
Abstract Body: Mycotoxins are secondary metabolites derived from several filamentous fungi, mainly those belonging
to Aspergillus, Fusarium and Penicillium genera. Fusarium species produce deoxynivalenol (DON), a toxic substance
that causes damage when animals are fed contaminated diet. DON is often found in wheat and its by-products, such
as wheat bran, which is commonly included in poultry diets. Therefore, this material must be monitored for the
presence and levels of mycotoxins. The demand for fast and reliable methodologies for mycotoxicological analysis
has made optical methods, such as Near Infrared reflectance spectroscopy (NIRS), a very promising tool. Thus, this
study developed a tool for predicting DON in wheat bran samples using NIRS technology. Three hundred samples
were split into two datasets: a calibration group, including 254 samples, and an external validation group, formed by
46 samples. The samples were received and promptly analyzed at the Laboratory of Mycotoxicological Analyses
(LAMIC), Santa Maria (Brazil), by Liquid Chromatography Coupled to Tandem Mass Spectrometry (LC-MS/MS;
reference method) in 2019 and 2020. Another fraction was used for optical data collection in order to build the spectra
®
library. The spectra were obtained in a Foss XDS Rapid Content Analyzer. The data were extracted and converted
into a JCAMP file. The final spectral data were exported to conduct the chemometric analyses using the Unscrambler
-1
v.9.7 software (CAMO, Norway). DON levels varied from 200 to 3,140 μg.kg ; mean value and standard deviation
-1
were 568 and 421.8 μg.kg , respectively. Partial least squares was the regression method applied in the models,
using cross-validation. The calibration results for DON were: correlation coefficient, 0.94; coefficient of determination,
0.89; root mean square error of prediction, 178; and residual prediction deviation, 2.40. Values of the external
validation dataset were compared with the levels obtained via LC-MS/MS and the Mann-Whitney test was applied; no
statistical difference was found between the groups (p: 0.706), thus indicating a good ability to predict DON in wheat
bran.
KEYWORDS: Deoxynivalenol, wheat bran, prediction, chemometric analyses, NIRS technology.
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TITLE: Phytochemicals as an alternative to conventional chemicals for controlling Campylobacter jejuni in poultry
Abstract Body: Campylobacter, a leading cause of foodborne illness in humans, is associated with the consumption
and/or handling of poultry and poultry products. Current strategies employed to reduce Campylobacter in live chickens
provide inconsistent results indicating the need for an alternative approach. This study investigated the efficacy of
phytochemicals namely, turmeric, curcumin, allyl sulfide, garlic, and ginger oil to reduce Campylobacter in poultry and
delineated the underlying mechanism. A total of four experiments were conducted on the thigh skin of the chicken.
6
Samples were inoculated with 50 μL (~10 CFU/sample) of Campylobacter jejuni strain S-8 and allowed to adhere for
30 min. Skin samples were dipped into their respective pre-chilled treatment solutions (0, 0.25, 0.5%) at 4° C for an
hour to represent chilling tank treatment followed by plating to enumerate C. jejuni (n=3 samples/treatment/trial). Both
phytochemical-treated and untreated cells were stained with LIVE/Dead BacLight™ bacterial viability stain and
observed under the fluorescent microscope. The counts were logarithmically transformed, and data were analyzed by
GraphPad version Prism 9. We found that the counts of C. jenuni were significantly reduced by 1.0-1.5 Log
CFU/sample with garlic or ginger oil at a concentration of 0.25% and 0.5%. These compounds were as effective as
220 ppm of peracetic acid (industry controls). The viability test revealed that the cells treated with all phytochemical
treatments had compromised cell membranes indicating this as a mechanism that phytochemicals use to damage/kill
C. jejuni. Moreover, the selected phytochemicals (except allyl sulfide) reduced the adhesion of C. jejuni to chicken
embryo ATCC CRL-1590 cells (p<0.05). In addition, the bioluminescence assay revealed that all the phytochemicals
reduced quorum sensing of C. jejuni (p<0.05). These studies strongly support that the use of aforementioned
phytochemicals in the post-harvest poultry would reduce C. jejuni in poultry meat and further reduce the incidence of
human C. jejuni infection. Funded in part by USDA-NIFA-OREI-2017-51300-26815.
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TITLE: Accelerated shelf-life testing in frozen chicken wings
Abstract Body: The shelf life and physicochemical properties of meat products depend on the tissue composition and
on the morphology of skeletal muscle fibers. This study evaluated the effects of different freezing temperatures
storage over time on attributes related to the texture of chicken wings (red muscle fibers). To estimate the shelf life of
frozen chicken wings, the proposed method was to determine the shelf lives at four of the higher sub freezing storage
temperatures. The analysis consisted of exposing the frozen wings to thermal stress over a determined period,
periodically evaluating its physical stability through pH value, water holding capacity (WHC), color and shear force
tests. The experiment was completely randomized and 5 batches of frozen wings (20kg/each) were maintained at
different storage temperatures (-22°C "control test", -18°C, -12°C, -06°C) for 12 weeks. Data were subjected to a oneway analysis of variance (ANOVA) and the significance of the difference between means at 5% was determined by
Tukey's HSD test using SPSS software. Chicken wings in all studied freezing conditions over 12 weeks showed no
alterations on water-holding capacity; shear force or pH value, thus probably maintaining meat moisture and
consequently, tenderness and flavor. However, the color analysis showed statistical difference between freezing
storage -18°C and -12°C in the luminosity angle (64,09 VS. 60,93, p<0.05) and yellow intensity (16,27 VS. 18,71,
p<0.05), suggesting that this temperature variation may influence the quality of the product. The integrity of most
physicochemical parameters related to the retention of intracellular water in the muscle tissue showed a stability of the
chicken wings in the storage temperatures and proved the applicability of the methodological proposal in evaluating
chicken red muscle fiber. In conclusion, the frozen chicken wings can be stored in -18°C without compromising their
physicochemical quality.
KEYWORDS: accelerated test, freezing temperatures, meat quality, shelf-life, skeletal muscle fibers.
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FINAL ID: 428P
TITLE: Leveraging a Large Scale GI Microbiome Dataset for Necrotic Enteritis Outbreak Prediction
Abstract Body: Advances in next generation sequencing technology have allowed for a better understanding of broiler
microbiome changes and their association with gastrointestinal (GI) diseases. These broiler GI microbiome shifts can
be leveraged to gain valuable insights on bird performance, health, and advise preventative measures. Here, we
present an analysis focusing on necrotic enteritis (NE) using a large-scale broiler database consisting of thousands of
gut microbiome samples from across the country. Small intestinal content was sampled from over 2,000 birds, both
healthy and unhealthy in the context of NE, across 10 sites in the United States between October 2018 and April
2021. Metadata was also collected pertaining to bird age, performance, and overall health. Small intestinal microbiota
was characterized based on the V1-V3 region of the 16S rRNA gene. Taxonomic analysis of the microbiome revealed
that a healthy broiler small intestine had high levels of Lactobacillus (73.50% +/- 27.30%) plus two other Lactic Acid
Bacteria (LABs, 4.90% Enterococcus and 4.38% Streptococcus) as well as low levels of other Firmicutes
(Tepidimicrobium, Pseudobacteroides, Terrisporobacter, Clostridium_XlVb, Corynebacterium, Romboutsia,
Escherichia, all < 3.00%). Multivariate coordination analysis (PCoA) revealed that sampling site had the strongest
effect on intestinal microbiome composition (P < 0.01). While core microbiome composition was consistent at the
genus level between sites, variations at the species level were observed. A random forest classifier built on 80% of the
sample catalogue managed to classify samples as representing an unhealthy bird with >90% accuracy and 60-70%
precision. Case studies leveraging producer data suggest that sampling the GI microbiome of birds at 14-21 days of
age was predictive of future NE breakouts using this model. While still in an early phase, these findings demonstrate
promise in leveraging the microbiome as an indicator of bird health, paving the way for future diagnostic tools to
predict pathogen outbreaks and provide actionable insights.
KEYWORDS: Microbiome, 16S Sequencing, Necrotic Enteritis, Machine Learning.
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FINAL ID: 429P
TITLE: Antimicrobial efficacy of a plant-derived compound, carvacrol, against Salmonella Enteritidis on organic
chicken carcasses
Abstract Body: Poultry carcasses contaminated with Salmonella are a significant contributor of foodborne outbreaks
in the United States. With multiple concerns over the use of some synthetic antimicrobials in processing, plant-based
antimicrobials have surfaced to be a potentially viable option for industry sustainability. We previously reported that
carvacrol (CR), a plant-derived phenolic compound, resulted in the highest reduction of Salmonella Enteritidis (SE) on
chicken wings at chilling conditions, among several other compounds tested. This study validated the antimicrobial
effect of CR against SE attachment on organic chicken carcasses under chilling conditions. Organic chicken
carcasses were inoculated with a cocktail of four SE serovars [higher inoculum study (10^8 CFU/carcass) or lower
o
inoculum study (10^6 CFU/carcass)] and immersed in the treatment solutions for 30 min at 4 C. The treatments
included in the higher inoculum study were negative control (NC; non-inoculated carcasses immersed in water without
any treatments), positive control (PC; carcasses inoculated with SE and immersed in water without any treatments),
chlorine (CL; 200ppm), peracetic acid (PAA; 200ppm) and carvacrol [CR; 1% (v/v]. Similar treatments, except CL,
o
were used in the lower inoculum study. After 30 min immersion in treatment solutions, the samples were stored at 4
C. Surviving SE on the carcasses were determined on days 0 and 3 for the higher inoculum study and days 0 and 7
for the lower inoculum study. At least 6 full carcasses were included in each treatment group per time point in both
studies and data were analyzed using one-way ANOVA. In the higher inoculum study, PAA and CR treatments
resulted in 1.9 and 5.4 log CFU/ml reductions of SE, respectively, on the carcasses on day 0 compared to PC (P <
10
0.05). However, CL yielded no significant reduction of SE (P > 0.05). In contrast, on day 3, CR resulted in a log
reduction of SE whereas PAA maintained 1.2 log CFU/ml SE reduction (P < 0.05). In the lower inoculum study,
10
consistent SE reductions were obtained with CR and PAA on days 0 and 7. The PAA resulted in 4.5 and 4.9 log
10
CFU/ml reductions of SE on meat on days 0 and 7, respectively (P < 0.05). Similarly, CR yielded 5.0 and 4.6 log
10
CFU/ml reductions, respectively, on these days. Additionally, PAA and CR treatments resulted in 5.0 and 3.0 log
10
CFU/ml reductions of SE in treatment water on higher inoculum and lower inoculum studies, respectively (P < 0.05).
Results of the study indicated that PAA and CR treatments are effective in controlling SE contamination on organic
chicken carcass [Funded through USDA-NIFA-OREI-2017-51300-26815].
KEYWORDS: Salmonella Enteritidis, Carvacrol, Peracetic acid, Organic , Chilling.
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FINAL ID: 430P
TITLE: Comparison of microbial populations from day-of-hatch chick digestive tracts and chick papers
Abstract Body: A preliminary study was conducted to compare microbial presence in day-of-hatch chick digestive
tracts to that found on chick papers lining hatchery baskets. Fifteen baskets each containing 100 chicks were
assigned as sample groups from which two chicks per basket were randomly selected. Following euthanasia, a
portion of digestive tracts from crop to colon were aseptically removed from each chick and pooled by sample group.
Samples were diluted in phosphate buffered saline (PBS) with ten-fold dilutions enriched in tetrathionate broth (TTB)
at 38°C for 48 hours. Non-enriched dilutions were enumerated on plate count agar (PCA), MacConkey agar (Mac), mEnterococcus agar (Ent), xylose-lysine-tergitol 4 agar (XLT4), and Pseudomonas agar (Psu). Chick papers
2
corresponding to digestive tract samples were collected following chick removal. A 4 cm section from the center of
each paper was aseptically removed and diluted into 4 mL PBS. As with the digestive tract samples, enrichment in
TTB was carried out for chick papers and each sample was enumerated on PCA, Mac, Ent, XLT4, Psu, and potato
dextrose agar (PDA). PDA plates were incubated at 22°C for 72 hours, all other plates and enrichments were
incubated for 24 hours at 38°C. Data were normalized through a log transformation and analyzed using Welch’s two
10
sample t-test. Statistical significance was determined at a 95% confidence level. Counts found on PCA, Mac, and Ent
were significantly different (P<0.05) showing more bacterial growth in digestive tracts than on chick papers. Colony
7
6
7
counts for digestive tracts on PCA, Mac, and Ent averaged 3.33 x 10 , 3.69 x 10 , and 1.02 x 10 CFU/g respectively.
6
4
5
Colony counts for chick papers on PCA, Mac, Ent and PDA averaged 1.68 x 10 , 8.95 x 10 , 9.01 x 10 , and 1.94 x
5
2
10 CFU/cm respectively. No growth of Pseudomonas or Salmonella was detected from direct plating or plating TTB
enriched samples on Psu or XLT4. These preliminary results provide insight for the expected levels of microbiological
populations within day-of-hatch chick digestive tracts compared to corresponding chick papers. This baseline can aide
in identifying possible points of microbial transmission through fecal shedding between chicks before placement within
broiler houses.
KEYWORDS: Fecal Shedding, Hatchery, Microbiological Enumeration, Pseudomonas, Salmonella.
CURRENT CATEGORY: Microbiology and Food Safety
PRESENTER: John B Adkins
1
1
1
1
AUTHORS (FIRST NAME, LAST NAME): John B. Adkins , James Krehling , Kaicie S. Chasteen , Cesar Escobar ,
2
3
1
Luis R. Munoz , Aidan A. Talorico , Kenneth Macklin
INSTITUTIONS (ALL):
1. Poultry Science, Auburn University, Auburn, AL, United States.
2. Poultry Science, Auburn University, Auburn, AL, United States.
3. Poultry Science, Auburn University, Auburn, AL, United States.

FINAL ID: 431P
TITLE: Identification of the Intestinal Microbes Linked to the Growth Rate in Broilers
Abstract Body: Intestinal microbiota is critically important for animal health and productivity. However, the influence of
the intestinal microbiota on animal growth remains elusive. This current study was aimed at identifying the bacteria
that are associated with the growth of broilers in a commercial production setting. Ten Cobb-500 broilers with
extremely high body weight (BW), 10 chickens with medium BW, and 10 chickens with extremely low BW were
randomly selected for each sex from a house of approximately 10,000 chickens on day 42. Cecal contents of 60
animals were subjected to DNA isolation and 16S rRNA gene sequencing.
Our results showed that there were no significant differences in alpha-diversity of the microbiota among different
groups, but differences were observed in beta-diversity based on unweighted UniFrac. LEfSe analysis identified a
number of differentially enriched bacterial features among different groups. Spearman correlation analysis further
revealed a number of bacteria to be significantly correlated with BW (P < 0.05). Many short-chain fatty acid (SCFA)producing bacteria were positively associated with BW, but in a sex-specific manner. For example, an Anaerotignum
member and a Faecalibacillus member were positively correlated with BW in males, while three Alistipes members
and a Butyricimonas showed a positive correlation in females.
In conclusion, our study identified a set of potential bacterial biomarkers for growth efficiency in broiler chickens.
These gut bacteria could be targeted for manipulation to improve the growth rate and production efficiency in
chickens.
KEYWORDS: Intestinal Microbes, Body weight, Broiler chickens.
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FINAL ID: 432P
TITLE: Prevalence of virulence and antimicrobial resistance genes in suspected APEC isolates collected from
different extra-intestinal tissue of layer hen
Abstract Body: Avian pathogenic Escherichia coli (APEC) is an extra-intestinal E. coli that causes colibacillosis in
chickens. Widespread use of antibiotics has been implemented in the poultry industry to improve growth performance
and to minimize the economic impact of bacterial diseases, which has resulted in a high prevalence of antimicrobial
resistance (AMR) genes among APEC isolates. With the recent trend toward antibiotic-free rearing system, alternative
preventive strategies have been mandated against this disease. A better understanding of the genotypes of E. coli
and its contribution to the localization of E. coli in different extra-intestinal tissues is crucial to formulate such effective
alternative strategies. Therefore, this study was conducted to evaluate the prevalence of 5 virulent genes (iroN, ompT,
hlyF, iss, and iutA) and 18 antimicrobial resistance genes (blaTEM, tetB, silP, aac3V1, silE, terX, pcoD, aadA, qacEΔ,
intl1, sul1, merA, aph31A, terY3, and terD) in suspected APEC isolates. A total of 30 E. coli isolates were collected
from the extra-intestinal tissues (liver, heart, and spleen) of layer hens in peak production. The samples were
incubated in lactose broth for 16 hours, followed by incubation in MacConkey agar for 12 hours to isolate E. coli. Then
the bacterial DNA was extracted using ThermoFisher GeneJet DNA extraction kit according to the manufacturer's
instruction. The prevalence of the ybbw gene was evaluated in the extracted DNA samples to confirm those isolates
are indeed E. coli. A pentaplex PCR was conducted to evaluate the prevalence of 5 virulent genes in the samples.
AMR genes were evaluated individually to determine their prevalence. One-way ANOVA was performed to determine
the influence of tissue type (liver, heart and spleen) on the prevalence of virulence and AMR genes. The result
showed virulence genes like, iroN, ompT and hlyF had 66.67% prevalence among the isolates whereas, iss and iutA
had 53.33 and 60% prevalence, respectively. The samples showed a wide range of prevalence of AMR genes, where
qacEΔ and terD genes had the highest prevalence (93.33%), followed by aac3V1 and terY3 gene (83.33%). Genes
responsible for the resistance against silver (SilP and SilE) had the lowest prevalence (13.33 and 20%), implying most
of those isolates could be sensitive to silver. Among other antimicrobials, tetracycline (tetB 23.33%) and beta-lactam
(blaTEM 40%) could also be effective against these isolates. There was no influence of tissue type upon the
prevalence of virulence and AMR genes (P>0.05). Based on these data, we conclude that the predilection site of
extra-intestinal E. coli in layer hens is not affected by the five virulence-associated genes tested in this study.
KEYWORDS: Antimicrobial resistance genes, APEC, Layer hen, Prevalence, Virulence gene.
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FINAL ID: 433P
TITLE: Effect of prebiotics and essential oil combination on Salmonella Enteritidis in-vitro
Abstract Body: With the ban on antibiotics as feed additives, several feed ingredients have been studied to lessen
several foodborne pathogens, including Salmonella enterica subsp. enterica Enteritidis (SE). In the current study, we
evaluated the efficacy of a combination product to control the growth of a Nalidixic acid resistant Salmonella Enteritidis
NAR
(SE
) in the presence of a commensal poultry gut bacteria Lactobacillus reuteri (LR) in an in-vitro experiment. The
combination product consisted of chicory root prebiotic, yeast extract, lactic acid, and essential oils. The experiment
was conducted as a completely randomized design with a 2×4 factorial arrangement of treatments with two levels of
LR (yes or no) and four selected concentrations of combination product 0.00%, 0.05%, 0.1%, and 0.2% (w/v).
NAR
NAR
Treatments were as follows: T1- control, SE
+ LR; T2 to T4- SE
+ LR + increasing concentration of product;
NAR
NAR
NAR
T5 control-SE
alone; T6 to T8- SE
+ increasing concentration of product. SE
was cultured twice, once in
Tryptic Soy Agar (TSA) at 37°C for 24h, and then in Xylose-Lysin-Tergitol 4 (XLT4) with 200 ppm of nalidixic acid at
37°C for 24h. LR was cultured in de Man, Rogosa, and Sharpe (MRS) agar anaerobically at 37°C for 48h. One single
NAR
colony of SE
and LR was picked from XLT4 and MRS agar and inoculated in Tryptic Soy Broth and MRS,
NAR
respectively, at 37°C for 20h. 1 ml of the monoculture of SE
and LR were added to 8 mL nutrient broth with or
without the product and incubated at 37°C aerobically. Bacterial counts were recorded at 0, 2, 4, 6, and 8 h by the
spread plate technique in XLT4 aerobically and MRS anaerobically, plates were then incubated at 37°C for 48 h. Data
were log-transformed and subjected to ANOVA using the MIXED procedure of SAS (V9.4). Product concentration
NAR
NAR
interacted with time (P=0.0428) with respect to SE
concentration. Approximately a 0.5 log reduction in SE
concentration was observed with 0.05% and 0.20 % (w/v) of the product at 4, 6, and 8h. Similarly, the inclusion of LR
NAR
interacted with time (P=0.0016) where a log reduction of 0.3, 0.2, 0.5, and 0.3 of SE
was observed at 2, 4, 6, and
8 h, respectively. There was a trend towards significance (P=0.059) in product concentration and inclusion of LR. The
NAR
combination of LR and test product (0.05% to 0.20 %) reduced SE
concentration more than either alone. Product
concentration interacted with time (P=0.014) with respect to LR concentration. Approximately a 0.5 log increase in LR
was observed after 8 h in 0.10% and 0.05% as compared to no product. Follow-up in-vivo experiments are needed to
validate the efficacy of the combination product in poultry against SE.
KEYWORDS: Prebiotic, Essential oils, Probiotic, Salmonella.
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FINAL ID: 434P
TITLE: Effect of pimenta essential oil against multidrug-resistant Salmonella Agona and Salmonella Saintpaul in nonprocessed turkey breast meat and ground turkey
Abstract Body: Salmonella Agona (SA) and Salmonella Saintpaul (SP) are included among the emerging drugresistant Salmonella in turkey production. Rapid solutions to control these emerging pathogens are needed. In this
study, pimenta essential oil (PEO) was tested as a processing antibacterial against SA and SP in experiments
representative of different stages of turkey processing. In the first experiment, the minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) of PEO against SA and SP were determined, separately.
Separate culture tubes containing 10 mL of tryptic soy broth were added with different concentrations of PEO (0%,
0.005%, 0.01%, 0.05%, 0.1%, 0.25% and 0.5%) and inoculated with ~4.5 log CFU of SA or SP/mL. The tubes were
10
o
incubated at 37 C for 24 h before dilution and plating. In the second experiment, the efficacy of PEO in chilling water
o
(4 C) was tested against SA and SP attached on to fresh skinless turkey breast meat, independently and as a cocktail
inoculated at 3 to 3.5 log CFU/g. Treatments were 0% PEO or PAA, 2% PEO, 2.5% PEO, 500 ppm (0.05%)
10
peracetic acid (PAA), and combinations of 2% PEO and 0.05% PAA, and 2.5% PEO and 0.05% PAA. After providing
o
20 min attachment time for Salmonella, meat samples were separately dipped in treatment water kept at 4 C for 30
min, followed by dilution and plating. In the third experiment, PEO was tested against a cocktail of SA and SP in
ground turkey meat. Ground turkey meat samples were inoculated with mixture of SA and SP (~3 log CFU/g) and
10
o
added with PEO (0% PEO or PAA, 0.25% PEO, 0.5% PEO, 2% PEO, and 2.5% PEO). Samples were stored at 4 C
and Salmonella recovery was done at 0, 1, 3, 5 and 7 days. Experiments followed a completely randomized design
and repeated six times (n=6). Statistical analysis was done using PROC-MIXED procedure of SAS. The MIC and MBC
of PEO against SA and SP were 0.01% and 0.25% respectively. In the dip experiment, all treatments resulted in a
reduction of 3-3.5 log CFU/mL Salmonella in chilling water compared to PC (P ≤ 0.05) irrespective of independent
10
or combined inoculations of SA and SP. Treatments, 2% PEO, 2.5% PEO, PAA (500ppm), 2% PEO + PAA (500ppm),
and 2.5% PEO + PAA (500ppm) resulted in a reduction of 1.03, 1.09, 0.85, 1.02, and 1.45 log CFU/g on turkey
10
meat, respectively (P ≤ 0.05). In ground turkey, PEO at or above 2% resulted in 2 log CFU/g of the Salmonella
10
cocktail by day 1. PEO at 2.5% resulted in enrichment negative samples by 1 min, indicative of rapid killing effect of
the compound (P ≤ 0.05). Results indicate that PEO could be a plant-based processing antibacterial against SA and
SP in turkey processing (MDA RARF #81824).
KEYWORDS: Salmonella Agona, Salmonella Saintpaul, Pimenta essential oil, Peracetic acid, Post-harvest
intervention.
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FINAL ID: 435P
TITLE: Seminal characteristics of Mexican Creole roosters in winter and spring
Abstract Body: The reproductive potential of roosters is determined by the quality of their semen, which is influenced
by genetic and environmental factors. The objective of this study was evaluate the seminal characteristics of Mexican
Creole roosters (Gallus gallus domesticus), in winter (W) and spring (S) seasons. Sixteen 58 week-old roosters were
used. Semen was collected every seven days for 22 weeks (Wk) (9 Wk in winter and 13 Wk in spring, using the dorsoabdominal massage technique. Birds were kept in individual cages (60 cm x 60 cm x 60 cm), inside a poultry house
with natural ventilation, adjusted by side curtains. The lighting program was 16 h light during the evaluation period.
-1
-1
The roosters were fed with a diet contaning 17% CP and 2800 kcal of EM kg . Feed intake was 120 g of feed bird
-1
day and water was provided ad libitum. The variables evaluated were: semen volume (SEVOL, mL), sperm
9
-1
concentration (SCE, x10 sperm mL ) and mass motility (MOTM, from category (C) 0 to 5). The category C0: No
swirl-nil or sporadic oscillation of individual sperm; C1: No swirl-generalized oscillation of individual sperm only; C2:
Very slow distinct swirl; C3: Slow distinct swirl; C4: Moderately fast distinct swirl; C5: Fast distinct swirl. The variables:
SEVOL and SCE were analyzed using the GLIMMIX procedure of SAS, with repeated measurements over time and a
LSD mean test with a significance level α = 0.05. A mixed generalized linear model was used for the MOTM variable,
with an ordinal multinomial response. The results indicated that the SEVOL showed a difference (p <0.05) between
seasons (W: 0.27 mL vs. S: 0.33 mL), while in the SCE no difference was observed (p> 0.05) between seasons (W:
9
-1
9
-1
2.44 x10 sperm mL vs. S: 2.87 x10 sperm mL ). It was observed that MOTM with C5 had a higher probability of
being observed in winter and spring (W: 32.32% vs. S: 44.74%). The category with the lowest percentage of
probability of being observed was C1 (W: 4.66% vs. S: 2.80%). In conclusion, in spring, the Mexican Creole roosters
showed better performance in terms of volume of semen, sperm concentration and mass motility.
KEYWORDS: Gallus gallus domesticus, season, semen volume, sperm concentration, mass motility.
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FINAL ID: 436P
TITLE: Effect of heat stress on ileal microbiota in modern broilers and their ancestor Jungle Fowl
Abstract Body: Heat stress (HS) has negative effects on poultry welfare, health and productivity resulting in economic
losses. Broiler chickens are particularly susceptible to HS due to their high metabolic rate, rapid growth and lack of
sweat glandes. The commensal intestinal bacterial populations have important physiological role in the host and could
ameliorate the negative effect of stress on the host. The aim of this study was to examine the changes in microbiota in
two different broiler lines (Giant Jungle Fowl (JF), and Modern Random Bred (L2015) during HS. Day-old broiler
chicks from each population were raised under thermoneutral (TN) conditions until d 28. On d 28 birds were subjected
to TN (24°C) or chronic cyclic HS ( 8 h/d, 36°C) condition till d 56. On d 56, six birds per treatment (n=6) were
euthanized, and luminal (L) and mucosal (M) bacterial populations were collected from ileum (IL) for DNA isolation
using PowerSoil kit (Qiagen). Libraries were constructed using Nextera XT (Illumina) kits following Illumina protocol
with V3-V4 16S rRNA primers and sequenced using 600 bp v3 kit on MiSeq (Illumina). DNA sequences were
analyzed using QIIME2 platform and SILVA 132 database for alpha and beta diversity, and taxonomic composition,
respectively. Differences in bacterial relative abundance were analyzed using LEfSe. In order to predict the function of
microbiota, data analysis was performed through the PICRUSt pipeline and illustrated with STAMP software.
The effect of HS on taxonomic composition of IL was greater in JF compared to L2015. In contrast, the effect of
temperature on microbial function was more pronounced in L2015 compared to JF. JF birds were characterized by
higher (P<0.05) abundance of Bacteroides, Faecalibacterium and Phascolarctobacterium and lower (P<0.05)
abundance of Lactobacillus genera in comparison to L2015. In IL-L, the abundance of many bacterial genera including
Faecalibacterium and Sellimonas was higher (P<0.05) in JF in comparison to L2015. Differences in bacterial function
among lines were decreased as a result of HS. There were 64 and 25 pathways at KEGG level 3 with distinctive
enrichment between L2015 and JF in TN and HS condition, respectively. These data indicate that the effect of HS on
taxonomy and predicted functions of microbiota was genetic and tissue dependent with highest impact on modern
broiler lines and IL-M.
KEYWORDS: Broiler chicken, Heat Stress, Genetic Line, Microbiota.
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FINAL ID: 437P
TITLE: Comparison of seminal characteristics of breeding Creole roosters of Mexico
Abstract Body: In reproduction, natural breeding and artificial insemination are effective techniques and used in the
propagation of animals for their conservation and genetics improvement, the seminal characteristics are important for
the reproductive performance, this information is limited in Creole roosters (Gallus gallus domesticus) of Mexico. The
objective of this study was to compare the seminal characteristics in Creole roosters from different groups of parents.
A total of 140 Creole roosters of 88 weeks of age were evaluated, divided into groups of 7 birds of full siblings, each
group was considered a treatment (T). A semen sample was collected for each bird by the dorso-abdominal massage
technique for the evaluation of fresh semen. The birds were housed in individual cages (60 cm x 60 cm x 60 cm)
within a poultry house with a light regime of 16 h and with natural ventilation adjusted by side curtains. The roosters
-1
-1
were fed a 17% CP diet and 2800 kcal ME kg . Feed consumption was 120 g per animal and water was provided
ad libitum. The variables analyzed were: semen volume (SEVOL), sperm concentration (SCE), percentage of live
sperm (PLS) and abnormal sperm (PAS). The data were analyzed by an ANOVA with the GLM procedure of SAS. In
the SEVOL variable, T20 (0.200 mL) was only different (P<0.05) from T1 (0.54 mL), T9 (0.72 mL), T13 (0.55 mL), T14
(0.45 mL), T16 (0.47 mL), T17 (0.44 mL) and T18 (0.41 mL) respectively, other comparisons were not different. In the
SCE no differences were observed (P>0.05) between treatments, registering concentration values between 2.18 x 109
-1
-1
sperm mL and 2.91 x 109 sperm mL . With respect to PLS T8 (83%) was different (P<0.05) to T4 (97%) and T16
(92%). Differences were observed in PAS (P<0.05) in T4 (0.30%), T5 (0.14%), T8 (0.29%), T11 (1.0%) and T15
(0.42%). In conclusion, birds from different groups of parents show variation in the characteristics of semen volume,
percentage of alive and abnormal sperm.
KEYWORDS: Gallus gallus domesticus, sperm concentration, reproductive performance, semen characteristics,
semen volume.
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FINAL ID: 438P
TITLE: The effects of Coenzyme Q10 on reproductive performance of Japanese quail under cadmium challenge
Abstract Body: Coenzyme Q10, as a highly functional antioxidant, protects cells against oxidative stress. This study
was aimed to determine the effects of Coenzyme Q10 on reproductive performance of Japanese quail under
cadmium (Cd) challenge. A total of 216 six weeks old Japanese quails (Coturnix coturnix japonica) were randomly
allocated into three experimental groups (n=24 birds per group) with three replicates each, during 8 weeks of
experimental period (6-14 weeks of age). Treatments consist of 1) Negative control (NC): feeding basal diet; 2)
Positive control (PC): feeding basal diet and cadmium (Cd) administration, and 3) CdQ10: feeding basal diet
supplemented with 900 mg CoQ10 per kg diet and Cd administration. The Cd (10 mg /Kg BW) was subcutaneously
adminstrated at weeks 5 and 6 of experiment. To tissue sampling, one day after each Cd challenge two birds were
euthanized from each replicate (n=6 per group). Birds mortality and egg production were recorded every day.
Diameter and weight of big yellow follicles, carcass, oviduct, uterus, and stroma weight were measured. Magnum and
isthmus were histopathologically evaluated. During weeks 7 and 8, hatchability and chick quality were recorded. Data
were analyzed using SAS 9.4 with the GLM and GENMOD procedures. Multiple comparisons among groups were
conducted by Tukey’s test and significant differences were declared at P<0.05. Results showed Cd administration
increased (P<0.01) mortality rate in PC group compared to the NC and CdQ10 (32% vs 0%, and 18%, respectively).
The CoQ10 feeding had no effect on carcass weight, stroma weight, hatchability, and the three largest yellow follicles
weights and their diameters compared with PC and NC (P>0.05). However, dietary supplemention of CoQ10 improved
hatchling quality in CdQ10 compared to PC group (P<0.01), but there was no difference between CdQ10 and NC
groups (P>0.05). Although egg production in NC group was higher than the CdQ10, quails in the CdQ10 group
produced more eggs compared to the PC group (78.28%, 48.72%, and 38.29% respectively). The oviduct and uterus
weight were increased by CoQ10 even more than PC and NC (P<0.01). The thickness and height of primary and
secondary folds in the isthmus and magnum were increased by COQ10 compared to PC (P<0.01). In addition, the
thickness of isthmus, magnum serosa, and isthmus tunica muscularis were increased in CdQ10 group compared to
PC (P<0.01) and NC (P>0.05). It can be concluded that COQ10 has benefical effects on some reproduction
characteristics of quail under acute oxidative stresses induced by Cd.
KEYWORDS: Coenzyme Q10, Cadmium, Histology, Quail, Reproduction.
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FINAL ID: 439P
TITLE: Variation in Pekin drake testosterone levels and pen level fertility in relation to access to females during
rearing
Abstract Body: Pekin ducks (Anas platyrhynchos) housed in commercial breeder settings are often reared in same
sex groups to facilitate separate diet provisioning. A few female ducklings (imprinting hens) may be integrated into the
male groups as a strategy for increasing the reproductive success of the flock. However, the relationship between this
management practice and the reproductive success of the ducks has not been confirmed. Thus, the objective of our
study was to assess the effects of early social experiences (physical or nonphysical access to females of the same
age) on the circulating testosterone levels of drakes and egg fertility. The study was conducted in a commercial barn
subdivided into 16 pens. The pens were organized in groups of two, with a walkway separating each group from the
next. Pekin ducklings (N=1440) were placed into alternating all-female and all-male groups (8 groups/sex; 150
females or 30 males/pen). At 12 days of age, three female ducklings were placed into each of four male pens. At
approximately 20 weeks of age (woa), adjacent male and female pens were combined creating 8 mixed-sex pens of
180 ducks each. Circulating testosterone concentrations were analyzed from blood plasma samples collected from 10
focal drakes per pen at five time points. A baseline sample was taken before the ducks reached reproductive maturity
(15 woa), and additional samples were taken at 22, 28, 34 and 45 woa. Pen-level fertility was determined based on
candling of eggs collected from 33 to 46 woa. Testosterone data were analyzed using a Linear Mixed Model in R, with
duck as a random effect in the nested model. A Mann-Whitney U test was used to analyze fertility data, averaged by
pen. Circulating testosterone levels were not impacted by rearing treatment (p = 0.232), but did vary by age (p <
0.001). Testosterone concentrations were lowest at 15 woa, peaked as the ducks became reproductively mature (at
28 or 34 woa), and declined by 45 woa. Except at 15 woa, we observed pronounced individual variation in circulating
testosterone levels (ex. 1.31 ng/ml - 16.83 ng/ml at 34 woa). Egg fertility was not impacted by rearing treatment (p =
0.142), and remained between 80-90% starting at 36 woa. The results indicate that housing male and female
ducklings in adjacent pens, without physical contact, does not impact circulating testosterone in drakes and is
sufficient for promoting good hatchability in this strain of ducks.
KEYWORDS: testosterone, fertility, Pekin duck, management, physiology.
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FINAL ID: 440P
TITLE: Adapting methods for Golgi-Cox staining from rodents to chickens to evaluate dendritic morphology in the
hippocampus
Abstract Body: There has been increased interest in understanding the development of spatial abilities of laying hens,
as more hens are housed in spatially complex systems. Most studies of spatial abilities rely on cognitive and
behavioral measures. Research on related neural mechanisms is limited, partially due to a lack of chicken-specific
protocols to visualize architectural maturation of neurons. We aimed to address this gap by adapting a rodent GolgiCox staining (GC) protocol to evaluate dendritic morphology in the chicken brain. We focused on the hippocampus, a
brain region associated with spatial abilities, learning, and memory. Our specific goal was to modify the rodent
protocol with an estimated volume of the chicken brain for determining quantities of staining solutions and refine
neuron selection criteria to consistently target hippocampal regions and neuron types. Dekalb white pullets (N=37)
were euthanized at 16 weeks of age (WOA), and the right hemispheres of their brains were removed for GC. In an
effort to observe a variety of brain development, the pullets reared in floor pens, single-tiered, or two-tiered aviaries.
Brains were stained following the GC protocol for rodents, with modifications. An estimated hemispheric volume of 2
3
cm was used to adjust solution volumes. The success of this modification was confirmed under the microscope after
brain samples were sliced and plated. Next, we set out to establish rules for consistent and accurate selection of
neurons for analysis by identifying the numbers and types of neurons (pyramidal or multipolar) stained in the three
regions of the chicken hippocampus. We captured images of the slices of hippocampus at 4X magnification, then
fused the images together in ImageJ to create an overview of the hippocampus. This procedure was repeated for
multiple tissue slices for each pullet. Fusing of images was successful for 31 pullets, representing a total of 245 slices
of hippocampus tissue. Across these tissue slices, a total of 677 stained neurons were identified as potential
candidates for imaging. Multipolar neurons constituted 90.3% of the stained neurons identified. Of the multipolar
neurons, the majority were found in the dorsolateral region (62.4%), followed by the dorsomedial region (20.8%), and
the ventral region (16.8%). Our modified GC protocol for chickens at 16 WOA specifies brain volume estimates
needed for staining neurons and recommends selection of multipolar neurons in the dorsolateral region for study
inclusion. The protocol can be used to evaluate how pullet housing systems impact neurodevelopment and to link
neural mechanisms to differences in cognitive and behavioral measures of spatial abilities.
KEYWORDS: dendritic branching, Golgi-Cox, laying hen, neurodevelopment, pullet rearing.
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FINAL ID: 441P
TITLE: The Effect of Feeding Omega-3 Fatty Acids on Secondary Sexual Characteristics of Different Strains of Layer
Breeder Roosters
Abstract Body: Polyunsaturated fatty acids (PUFA) are long chain fatty acids, with omega-3 fatty acids (n-3 PUFAs)
and omega-6 fatty acids (n-6 PUFA) being the most common variants. There have been an increasing number of
studies that have demonstrated effects of an appropriate ratio of PUFA on the fertility and testosterone levels in
various species, including roosters. Our objective was to investigate the effects of feeding an n-3 PUFA enriched diet
on secondary sexual characteristics of layer breeder roosters. Layer breeders from ISA Brown (ISA) and Shaver
White (SW) strains were allocated to 2 dietary treatments during the rearing and laying periods: a control and n-3
PUFA enriched diet (extrude full fat flaxseed and pulses mixture, LinPRO). The birds were housed in single sex pens
during rearing. At 19 weeks of age (WOA), breeding pens were allocated with 3 males (balanced systematically for
weight) and 25 hens (n= 16 pens, 48 roosters in total, 4 female pens/ strain and diet combination). At 20, 22, 24, 26
and 31 WOA, the roosters were weighed, their comb heights and lengths measured using calipers and their combs
were photographed. Comb lateral surface area, comb perimeter and comb colour were determined using ImageJ
software (NIH, USA). A generalized linear mixed model (GLIMMIX, SAS) in a factorial randomized completed blocking
design with a repeated measure was used to assess the effects of age, diet, strain, and their interactions. There were
effects of age on body weight (BW) (F= 41.33, P<.0001), comb length (F= 52.47, P<.0001) and perimeter (F= 31.04,
P<.0001). There was also an effect of strain on BW (F= 526.16, P<.0001), comb length (F= 337.39, P<.0001), and
perimeter (F= 491.67, P<.0001) but not diet (P>.1000). Older birds and ISA roosters were heavier and older birds and
SW roosters had combs greater in length and perimeter. Comb surface area also increased with age (F=63.88,
P<.0001). Additionally, there was a diet x strain interaction (F=7.71, P=.0060), with SW having larger comb surface
areas than ISA roosters but n-3 PUFA fed SW roosters having smaller comb surface areas than the control SW
roosters. Comb height was also affected by age (F= 28.21, P<.0001) and a diet x strain interaction (F=5.05, P=
.0257), with ISA roosters having shorter combs than SW and n-3 fed SW roosters having shorter combs than the
control SW roosters. Comb colour was affected by age (F=4.72, P=.0011) and strain (F= 5.12, P=.0246), with birds at
20 weeks of age and ISA roosters having redder combs than older birds and SW roosters. The results indicate a
dietary treatment effect on comb size of roosters of the white strain only. Further analysis is on-going to determine any
effects on fertility and sexual behaviour.
KEYWORDS: Omega-3 fatty acids, Layer breeder roosters, Strain, Body weight, Secondary sexual characteristics .
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FINAL ID: 442P
TITLE: Use of pressure with ambient or heated water to clean broiler carcasses on the slaughter side of the
processing plant.
Abstract Body: The slaughter side of the processing plants is an overlooked area for controlling bacterial loads on
broiler carcasses. Reducing the bacterial and/or fecal load prior to the scald tank is hypothesized to reduce cross
contamination of carcasses. Three sites (pre-scald, post-scald and post-pick) were selected due to the required space
for a new cabinet and the available space in the processing line. The objective was to evaluate a low-volume, fluidic
nozzle with ambient water at 150 psi (Experiment 1) or heated water at 250 psi (Experiment 2) to remove bacteria
from pre-scald, post-scald or post-pick carcasses. Carcasses (n=15/replication; 3 replications/experiment) for each
experiment were obtained from a local plant and transported to the laboratory. Carcasses were hung in standard
shackles on a pilot processing line. Breast swabs (pre-moistened sponges) were collected before and after carcasses
were washed. Sponge samples were assayed for total aerobic count (TAC), Enterobacteriacea (ENT), E. coli (TEC)
and Campylobacter (Campy) counts. Paired t-tests were conducted. In Experiment 1, significant differences (p<0.05)
for TAC, ENT, TEC and Campy reduction (1.04, 0.9, 1.0 and 0.7 log cfu/mL, respectively) were observed for post10
scald carcasses. In Experiment 2, significant reductions for TAC (2.0 and 1.3 log cfu/mL) were observed on pre10
and post-scald carcasses and 0.8 log cfu/mL for TEC on post-scald carcasses. The redesigned cabinet
10
(incorporating a new design for the spray manifolds which allows more efficient washing of the carcasses) combined
with increased water pressure and temperature has the potential to reduce the bacterial load entering the evisceration
line allowing later intervention strategies to be more efficacious.
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FINAL ID: 443P
TITLE: The effects of potassium ferrate (VI) on the meat quality of chicken thigh meat.
Abstract Body: Potassium Ferrate (VI) (CAS#: 13718-66-6) is a potent oxidizing agent used primarily on water and
wastewater treatment because of its antimicrobial and coagulating properties. The use of ferrate (VI) for disinfecting
poultry carcasses and wastewater during processing is being explored. However, there is concern that potassium
ferrate (VI) may impact chicken meat quality, and studies on the effect of potassium ferrate (VI) on chicken meat
quality are limited. The objective of this study was to determine the impact of different concentrations of potassium
ferrate (VI) on the physicochemical quality of chicken thigh meat. Deionized water (positive control) and varying
concentrations of potassium ferrate (VI) were sprayed onto approximately 100 g of boneless, skinless chicken thigh
meat (N=3 per treatment), with unsprayed chicken thighs representing the negative control. A mixture of potassium
ferrate (VI) and peracetic acid (PAA) was also tested (0.075% and 0.15%, respectively). The quality parameters
assessed on the chicken thigh meat were color, pH, cooking loss, water-holding capacity (WHC), and lipid oxidation.
Data were analyzed using the generalized linear model (GLM) procedure of SAS, and the treatment means were
compared using Tukey’s multiple comparisons test (P<0.05). Ferrate had no significant effect on color and WHC. The
pH of the ferrate treatments was not significantly different; however, the 0.15% ferrate treatment had a significantly
lower pH than the negative control group. The mixture of potassium ferrate (VI) and PAA significantly lowered cooking
loss compared to the positive control group. In all, lipid oxidation was higher in cooked meat than raw meat, with the
ferrate and PAA mixture treatment showing more lipid oxidation than other treatment groups. In conclusion, ferrate
(VI) appears not to affect color and WHC but might impact pH, cooking loss, and the oxidative stability of chicken thigh
meat. Further studies will be conducted to determine the effect of higher concentrations of potassium ferrate (VI) on
meat quality and pathogen reduction on chicken breast meat.
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FINAL ID: 444P
TITLE: Study of the effect of using an acidity-regulating additive in water for scalding broiler carcasses.
Abstract Body: The requirements imposed by domestic and foreign markets, related to the integrity of foods from
animal origin, have contributed to implement quality control tools in the poultry industry in order to produce safe food.
The present study focuses on the development of a technological innovation, which suggests the use of an acidity
regulating additive in the water used in the scalding process of chicken carcasses. A total of 30 carcasses were used,
divided into 5 treatments consisting of 6 samples each. The product, Aqualine®, was developed and supplied by the
company BTA Aditivos LTDA, and was tested under the following conditions: A - Control (no use of additive), pH 6.5
and 60°C; B - Aqualine®, pH 8 and 60°C; C - Aqualine®, pH 9 and 60°C; D - Aqualine®, pH 12 and 60°C and E Aqualine®, pH 9 and 57°C. After applying the protocol, qualitative characteristics of the carcasses were measured:
general appearance of the carcass skin, appearance of the breast muscle and ease of plucking, using a three (3) point
hedonic scale. In addition, physicochemical parameters of scalding water were evaluated: total phosphorus (mg/L),
pH, total alkalinity (mg/L) and anionic surfactants concentration (mg/L). The results were statistically analyzed using
ANOVA and the means were compared amongst themselves using the Tukey test at 0.05% significance level. The
sensory characteristics of the carcasses in the Aqualine® treated groups showed better appearance and ease of
plucking when compared to the control group (p<0.05). Anionic surfactants concentrations of the treated groups were
also lower (<0.2 mg/L) when compared to the control group (0.65 mg/L), showing a tendency for better indicators in
the evaluation of physicochemical water parameters. The presence of anionic surfactants in the scalding water
promotes the formation of foam, emulsification, and suspension of particles, demonstrating that the treatments do not
generate these secondary reactions. For the phosphate parameter, no phosphate concentration increase was
observed after the Aqualine® dosage. This is an important requirement since excess condensed phosphates and
organically bound phosphates generate a buffering effect, thus hindering the action of alkalizing agents. The results
demonstrate that the water treatment with Aqualine® during the scalding process of chicken contributes to the
improvement of plucking, carcass appearance, skin/breast integrity, as well as reducing the temperature of the
scalding water, decreasing energy expenditure, and improving the quality of wastewater.
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FINAL ID: 445P
TITLE: Microwave analysis of broiler breast meat in conjunction with singularity value decomposition to categorize
myopathic fillets
Abstract Body: Objective: Investigate the application of microwaves (2-18 GHz) as a rapid and a non-contact method
to analyze woody breast myopathy in broiler breast fillets and using singular value decomposition to categorize the
data.
Experimental design: Radio-frequency spot probe antennas, launching and receiving microwaves over 2-18 GHz,
were placed one above and one below the chicken breast fillet to record the frequency dependent reflected and
transmitted power. A total of 80 breast fillets with varying levels of woody breast myopathy were scanned using the
microwave (1601 frequencies per fillet in 20 sec.). The high dimensionality of the large dataset was decomposed
using singular value decomposition and used for meat classification.
Material and methods: Freshly deboned (n=80) chicken breast fillets were collected from a local commercial poultry
processor and analyzed for woody breast (WB) by hand palpation as normal and woody breast, followed by visual
inspection for white striping (WS). Microwave spot probes were used to measure the breast fillet samples, recording
the transmitted and reflected power as a function of frequency, from 2 to 18 GHz. Samples were placed on an analytic
plate in the middle of the transmitter and receiver probes mounted on the stand. High dimensionality collected data
(amplitude and phase) was transformed into low-dimensionality using a singular value decomposition (SVD) analysis
algorithm. A genetic algorithm (this technique, is an approach to problem-solving that uses a practical method in order
to produce solutions based on the theory of natural selection) was used to find the frequency range within the 2-18
GHz measured, that optimizes classification accuracy.
Results: Microwave data analyzed using SVD analysis for a single transmitter and receiver probe showed a 100% and
78% accuracy of normal breast and woody breast respectively (mild, moderate and severe). The woody breast
detection accuracy increased to 90% when only severe woody breast was compared to normal breast meat. The
method was able to detect white striping (mild, moderate and severe) with 86% accuracy. Data collected from dual
probe receiver and transmitter showed an increase of 3% detection accuracy during SVD analysis.
Conclusion: Microwaves in conjunction with big-data analytics such as singular value decomposition can be used as a
non-contact, rapid method to detect broiler breast muscle myopathies.
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TITLE: Utilizing Big Data in Poultry Smart Farming: Opportunities and Challenges
Abstract Body: Poultry farms are gradually becoming high-tech environments which utilize technologies such as
sensors, smart poultry management systems, and artificial intelligence to increase production, improve bird welfare,
and minimize environmental footprint. These technologies generate large amounts of data by collecting a variety of
parameters from farm operations. The data collected by these tools can offer credible insight into improving farm
management, enhancing precision feeding, and early detection of infectious disease. However, governance,
protection, and analysis of this large volume of data impose many challenges. This talk will discuss the impact of
emerging digital technologies in poultry farming and opportunities they provide in terms of enhancing production and
farm management. It will also review technology and operational requirements that enhance adoption and trust in farm
technologies and also address challenges such as interoperability, data security, and sustainability.
KEYWORDS: Big Data technologies, data collection and analysis, data sharing and privacy, data platforms.
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TITLE: Identifying novel strategies to improve animal health and wellness: From concept to product
Abstract Body: Animal agriculture, under public pressure, has moved to raise animals without use of growth
promoting antibiotics, in part due to development of antibiotic resistance beyond the farm as well as perceived benefits
of raising an animal under more natural conditions. Because of these perceptions, many products sold as antibiotic
replacements have flooded the market that may improve animal efficiency and health. To move the needle in
identifying economic, innovative products that improve animal production which do not fall under an antibiotic or drug
category requires a novel approach. Using a series of statements to guide our thinking for finding novel products, our
team led by Mark Cook identified that one area of high growth potential was in animal co-products, i.e., discarded
organs and tissues, harvested during animal slaughter. While ~70% of the animal carcass is used for consumption,
~30% is rendered for low-value products. These co-products are largely derived from tissues and organs that serve
key biological functions, including brain, spleen, and gastrointestinal tract tissues. From this low-value stream of
animal co-products, we developed a number of high-value therapeutics and antibiotic replacements that address key
issues in companion and production animal health, including Cosatein (Cook Sand Protein) derived from porcine
mucosa and Cosajaba (Cook Sand Jake Barry) oil derived from the preen gland of chickens and turkeys. Cosatein
results in improved weight gain and feed efficiency in chickens and improved dermatitis in mice and dogs. Cosajaba
oil contains odd chain fatty acids that when incorporated into the diet, reduces swelling and overall joint inflammation
in murine arthritis models. Additionally, Cosajaba oil incorporation into in non-domesticated fish diets reduced mortality
and cortisol due to handling and environmental stressors. Additional, high-value products with biological properties
have yet to be discovered. The increased focus on a potentially rich stream of bio-active products from the rendering
stream may provide an avenue for antibiotic replacements that promote animal health and wellness while improving
the sustainability and profitability of raising livestock and poultry.
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FINAL ID: 448S
TITLE: Applying novel molecular biology approaches to identify new targets that promote avian health
Abstract Body: As the poultry industry works towards optimizing new housing systems, moving towards antibiotic-free
production, maintaining sustainability, and responding to other consumer pressures, it is paramount that the scientific
community identifies molecular mechanisms and uses these discoveries to develop novel ways to improve poultry
health and production. Using new molecular technology or repurposing existing technology to improve poultry health
and production reflects a major frame shift in poultry research. While understanding the impact of feedstuffs, additives,
nutrition, genetics, management, environment and performance on poultry performance, namely FCR, has historically
been the gold standard, it is now apparent that applying molecular work to traditional performance studies is the new
normal in poultry research. Recent technology including RNAscope, a molecular method that combines PCR and
immunohistochemistry, will allow researchers to simultaneously detect protein with localized mRNA expression
analysis. Other techniques such as Seahorse metabolic assay allow further inquiry into cellular preferences under
baseline and stressed conditions in a cellular monolayer. The metabolic assay allows for stressors to be applied at
both a cell and whole animal level. As reagents for cellular analysis improve, flow cytometry continues to play a key
role in immune and reproductive work, while microbiome and metatranscriptome sequencing pushes our
understanding of gut ecology and related fields forward. A second key for success is continued research collaboration
between fields to integrate findings and maximize outcomes. Using new technologies and managing collaborative
projects across scientific fields will lead to novel byproducts, feedstuffs, additives, and other dietary components that
will find success in the poultry industry.
KEYWORDS: flow cytometry, immunometabolism, microbiome, RNAscope, seahorse metabolic assay.
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FINAL ID: 449S
TITLE: Tapping into the immunological potential of the avian species: Novel strategies to improve performance
Abstract Body: A key component of maintaining poultry health and welfare to maximize sustainability and production
outcomes is understanding and leveraging the avian immune system. Diminished flock health is often a trade-off for
genetic selection of high production efficiency traits in birds. To overcome immune fragility, bird health must be
carefully managed through various measures, including vaccinations, biosecurity, and husbandry practices. With
consumer pressure for decreased use of antibiotics across the poultry industry, there is dire need for safe and
effective alternatives that exhibit health-promoting properties. Dietary manipulations through the use of feed additives
offer affordable, easy-to-administer alternatives. In the mid 1990’s, Mark Cook, Michael Pariza, and colleagues
identified and isolated microbially- and host-derived positional and geometrical isomers of the fatty acid linoleic acid
(C18:2n-6) in cooked, ground hamburger meat. Termed Conjugated Linoleic Acids (CLA), inclusion of A 50:50 mixture
of man-made derivatives of the predominant isomers, cis-9, trans-11 (c9,t11) and trans-10, cis-12 (t10,c12) in animal
feed, including poultry diets, has shown remarkable capacity as an anti-inflammatory fat. In birds, CLA can prevent
downstream inflammatory cascades in the face of immune challenge with mixed impact on FCR and growth rate.
Further, given human health implications for CLA and its high incorporation rates into animal tissues meant for human
consumption, CLA’s dietary inclusion into broiler diets, for instance, may offer unique functional food opportunities for
the poultry industry. CLA serves as one example of a compound that can reduce inflammation in poultry with unique
potential benefits from a farm-to-fork perspective. However, additional novel compounds are needed in order to
manage the avian immune system across the poultry industry. Feed additives and strategies that focus on hostmicrobe interactions to maintain gut health and mucosal immunity are of key interest. Given CLA’s initial discovery as
a microbially-derived lipid with anti-inflammatory properties as well as advances in microbiome sciences, there are
unique opportunities to mine the gut microbiota of poultry and livestock to identify compounds that can enhance bird
mucosal immunity. These compounds can then be applied directly into poultry diets as postbiotic feed additives. By
combining basic and applied poultry, immunology, and microbiology approaches, advances can be made in the
management of bird health.
KEYWORDS: Conjugated linoleic acid, anti-inflammatory, microbiome, antibiotic alternatives.
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FINAL ID: 450S
TITLE: Searching the microbiome for druggable targets: Lessons from the avian gut
Abstract Body: The avian gastrointestinal microbial population in the mature bird consists of a highly diversified and
complex microbial ecosystem. A wide range of microorganisms inhabit the avian GIT with the microbial populations
differing in the crop, small intestine, and ceca, respectively. In addition to age of the bird, the environment it inhabits
can also be an influential factor with differences being detected between fully housed birds versus those raised in free
range settings. The metabolic activities in the microbial populations in each segment of the avian GIT can also vary as
a function of nutritional substrate availability and the level of oxygen present in the lumen versus the intestinal wall. As
the GIT environment becomes more anaerobic, strict anaerobic organisms such as methanogens become established
as part of the microbial community. In addition, there are several groups of GIT microorganisms which can hydrolyze
and ferment different dietary carbohydrates, lipids, and proteins. The resulting fermentation products can range from
short chain volatile fatty acids and lactate to ammonia, hydrogen, carbon dioxide, and methane. In depth
metabolomics on cecal contents has revealed several hundred metabolites many of which remain unidentified.
Historically, the avian GIT has been a source of probiotic candidates that can be introduced as direct fed microbials to
limit pathogen GIT colonization and more generally promote a healthy GIT that is beneficial to the bird. Given the
numerous metabolites detected in the avian GIT, it is quite possible that the avian GIT could also serve as a source of
compounds with a multitude of beneficial functions. This presentation will discuss the potential for harvesting
beneficial microorganisms and their metabolites and screening methods for assessing their functional properties.
KEYWORDS: Beneficial bacteria, metabolites, gastrointestinal tract, fermentation, foodborne pathogens.
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FINAL ID: 451S
TITLE: Catastrophic Circumstances and Commercial Flock Euthanasia: Meat Type Poultry
Abstract Body: Meat type poultry raised on litter floor based housing pose a challenge during a catastrophic event
that requires quick action to humanely euthanize an entire flock while maintaining high biosecurity on site. Several
factors will determine the best method of euthanasia used. If only a few birds remain alive during an event, individual
methods of euthanasia could be employed. For larger flocks, mass depopulation methods including fire fighting foam,
mixed gas injection, and (as a last resort) ventilation shut down with heating could be employed to render a quick end
with the lowest amount of workforce exposed. All commercial poultry farms should have a 3D (depopulation,
decontamination, disposal) plan to anticipate what resources would be needed for efficient process, keeping in mind
building configuration and flock size. Training on key apparatus, confirmation of death, and proper handling of
deadstock are key to effective and safe outcomes of handling a catastrophic event.
KEYWORDS: euthanasia, foam, emergency, safety, chicken.
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FINAL ID: 452S
TITLE: Catastrophic Circumstances and Commercial Flock Euthanasia: Laying hen
Abstract Body: Significant differences in management practices, bird type, and housing construction makes it difficult
to prescribe the use of a single depopulation method across all farms in the event of a foreign animal disease
outbreak. Timely and humane depopulation was identified as a critical measure to contain the outbreak. In Layer
operations depopulation methods of CO kill carts, CO injection, and fire-fighting foam can be overwhelmed or not
2
2
work prolonging suffering of infected birds. What are the humane aspects and effectiveness of ventilation shut down
plus (VSD+) for depopulating caged laying hens? By evaluating EEG, environmental parameters, behavior, and stress
physiology using 3 treatments VSD, VSD+Heat (VSDH), and VSD+CO (VSDCO) in chambers. Followed by scale up
2
tests of the systems in a room with stair-step cages. Data was analyzed with GLM with full factorial effects for CO
2
and heat were fit to each of several response variables and all pairwise comparisons used Tukey's HSD. The
transformed EEG analysis used the integral area under the curve calculated using the Trapezoid method; using a
NPARM analysis. The chamber temperature, % CO , and % RH similar at the start averaging 89 F, 0.22 % and 31.6
2
%, respectively. The VSDH temperature was higher at 107 F (P<0.0001) and VSDCO %, respectively. RH increased
2
(P<0.0004) in the VSD and VSDH to 62.5 and 66.0 %, respectively. The hen core body temperatures (CBT) ranged
from 105.1 to 106.4 F. At time of death (TOD) the CBT was highest (P<0.0001) for VSD (113.1 F) and VSDH (115.3
F). The time to reach TOD was longest in the VSD at 1.53 hrs followed by VSDH, VSDCO, and VSDHCO the lowest
at 0.15 hrs. Hen in the VSD treatment spent 82% of their time in an insensible (0-0.01mV) range while the VSDH, and
VSDCO were at 56, and 65%, respectively. In the scale up the TOD increased for all methods and was very similar for
VSDH and VSDCO.
KEYWORDS: laying hen, cages, depopulation, ventilation shutdown.
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FINAL ID: 453S
TITLE: Use of Vegetative Buffers to Mitigate Poultry Dust and Ammonia
Abstract Body: The Clean Air Act (1970), CERCLA (1980) or Superfund and EPCRA (1986) have historically been
one means to scrutinize the emissions of poultry CAFO’s. In the wake of new emissions factors (AP-42’s) coming for
poultry from the EPA in 2022, best management practices to mitigate both ammonia and particulate matter (PM)
emissions will be helpful to navigate whole farm emissions. Vegetative filters are one conservation practice to help
reduce poultry dust and ammonia emissions. The NRC Committee on Air Emissions from Animal Feeding Operations
(2003) categorized ammonia emissions as having a major global, national and regional impact for atmospheric
deposition and haze, but only a minor local affect. Emissions are a concern for land and water surface deposition.
While PM and odor are major issues for local receptors impacting human health, atmospheric haze, and quality of life,
when dispersed into a larger air-shed, dust and odor were viewed as insignificant on a global, national and regional
scale. Poultry farm vegetative buffers come in many types and sizes but are predominantly used for six conservation
practices: 1. To landscape/screen the farm and buildings from the road and neighbors, 2. Riparian buffers for water
quality 3. Biomass buffers for bedding or fuel, 4. Energy conservation with a wind break, shade bank or snow fence
buffer, 5. Shelterbelts cover for outdoor access birds, and 6. Vegetative filters for air quality (dust, ammonia, odor,
etc.). Plant species vary in their ability to tolerate poultry house dust and ammonia, and their ability to capture these
emissions. Generally, warm season grasses, shrubs and deciduous trees tolerate dust better than evergreens like
Arborvitae and others. Vegetation type and architecture also affects their ability to trap dust e.g. simple vs. compound
leaves, leaves vs. evergreen needles, and smooth vs. hairy and sticky leaves. Similarly, warm season grasses and
legumes, shrubs and deciduous trees tolerate ammonia better than evergreens, especially the genus pinus.
Leguminous shrubs and trees that fix nitrogen are especially tolerant of ammonia emissions. Strategically designed,
vegetative filters can trap and treat poultry house dust and ammonia reducing down-wind emissions. This presentation
will review the vegetative filter design process on poultry farms for dust and ammonia emissions, discuss alternative
plant species, soil analysis, site preparation, and the importance of maintenance (weed & pest control, irrigation etc.)
to ensure proper establishment. Finally financial support, cost share programs and resources for information and plant
materials will be provided.
KEYWORDS: poultry emissions, vegetative buffers, dust, particulate matter, ammonia.
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FINAL ID: 454S
TITLE: How to Communicate with Poultry Producers Concerning Disease Recognition and Control without Farm
Visits
Abstract Body: The Covid-19 Pandemic created new challenges for Extension personnel “face to face” educational
outreach efforts in that farms visits, in person seminars, short courses, meetings and other “normal” Extension
activities were either restricted or limited. This is still at least a part of the current situation, although many limitations
and restrictions have been lifted or modified. How did Extension faculty respond to these challenges? How can we as
Extension faculty respond to these outreach challenges? We did and will continue to respond in typical Extension
fashion; we will adapt, modify, create, “think outside of the box”, and view these challenges as opportunities to
develop something new. Many of the responses to the new educational outreach opportunities may become a part of
the new Extension “normal”. Various methods of communicating to producers (commercial and small flock) about
diseases and disease control without actually visiting the farm can be used. Some of these methods are types we
normally use to at least begin our planning for a farm visit; such as a phone call, text message, or email. These
methods can be intensified to gather information that we would normally gather on the farm ourselves by observations
and questioning. Use of various current available electronic video communication platforms to communicate with our
clientele are being used successfully. The use of telemedicine by means of telecommunications technology for
diagnosis, recognition, and suggestions for treatment and/or control of disease is a concept utilized with increasing
frequency in human medicine due to the risks from the pandemic; this same telemedicine concept is being used in
veterinary medicine. Other creative ways of communicating with poultry producers can also be of tremendous value.
Cameras that are now extremely small and of tremendous picture quality are owned by almost all, since phones have
cameras present. The old proverb that a picture is worth a thousand words allows novel ways to visit farms to conduct
our programs. In this presentation various successful methodologies for educational outreach will be presented.
Cooperative Extension faculty are trusted by their clientele and expectations were and remain high while in this
pandemic for us to provide accurate, research based information to producers in our states even when we cannot visit
their individual farm for face to face educational outreach
KEYWORDS: Outreach, Biosecurity, Diseases, Farm Visits, Communicate.
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FINAL ID: 455S
TITLE: Answering Small Flock Poultry Producers Questions about Lead Toxicity and How to Communicate with
Poultry Interested Clientele Throughout the World
Abstract Body: Human exposure to heavy metals, especially lead, can occur through a variety of different pathways.
These include the air, drinking water, food, contaminated soil, deteriorating paint, and dust. Many sources of heavy
metals have been eliminated in the United States. For example, the manufacturer of lead-based paint was banned in
1978 and in 1996 the EPA took final steps to phase out leaded gasoline. However, the historical environmental legacy
from these sources of heavy metals remains and can pose a health risk. Research has shown that heavy metals,
especially lead, can be transferred from contaminated soil to eggs. With the dramatic increase in backyard egg
production, concern about lead toxicity has grown. How can these concerns be addressed?
During the COVID-19 many extension personnel have moved what were local workshops online to zoom webinars.
This has opened the presentations to people from around the world. There is considerable demand for educational
programming from people in developing countries. Is this a need we as educational professionals can fill?
KEYWORDS: Webinars, Lead in eggs, Backyard flocks, International outreach.
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FINAL ID: 456S
TITLE: Informal nutrition symposium: Introduction
Abstract Body: Knowledge of gut microbiology of poultry has advanced from an ability to culture relatively few
microbial species, to attempting to understand the complex interactions between the bird and its microbiome. This
symposium will help poultry scientists to make sense of the implications of the vast amounts of information being
generated by researchers.
KEYWORDS: microbiome, nutrition, immunometabolism, kinomics, microbial endocrinology.
CURRENT CATEGORY: Informal Nutrition Symposium: Leveraging the microbiome (and the metabolome!) for
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FINAL ID: 457S
TITLE: Historical overview of the development of poultry microbiome research
Abstract Body: Poultry scientists and poultry veterinarians were early adopters of microbiome biology. In the earliest
reports, it is unclear whether feeding birds fermented products was applied for gut health or because this was a good
way to dispose of refuse. The second application of microbiome biology, in the 20th century, was culture-based in that
as cultivation methodology developed, the poultry normal flora was of great interest for its diversity of anaerobes. In
addition, understanding the bacterial community of poultry was sought in order to manage intestinal pathogens, food
safety, improve feed conversion and detect antimicrobial resistance. In this 21st century renaissance of the
microbiome, molecular characterization of complex microbial ecosystems have enabled investigations into ecological
diversity and its effects on intestinal health. These methodologies reveal the microbiomes’ effect on intestinal
metabolome, glycome, and proteome leading to greater understanding of gut development, immune and disease
status and production efficiency.
KEYWORDS: microbiome, historical.
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FINAL ID: 458S
TITLE: Immunometabolism and metabolic health: Implications for poultry production
Abstract Body: Immunometabolism is the reciprocal interaction between immunity and metabolism, which includes
immune-related metabolic alterations and the metabolic programming of the immune response. From an evolutionary
viewpoint, long-lived or low-grade inflammation incapable of pathogen elimination entails no advantages for the
survival of the host. However, its occurrence may compromise tissues and associated functions critical for metabolic
homeostasis. Within this framework, dietary interventions can affect immunometabolic processes by dictating the
fitness of the system composed by the host and its gut microbiota. During the production cycle, numerous situations
(e.g., nutritional imbalances, stress, infections) can generate failures in the functional integrity of the intestine.
Frequently, these dysfunctions lead to the loss of mutualism between the microbiota and the host (dysbiosis), which
dysregulate the microbial synthesis of biologically active molecules, enhance the entry of harmful agents into the
epithelium and systemic circulation, and trigger the activation of an inflammatory response. If not resolved quickly and
effectively, this pathophysiology can contribute to the development of diseases (enteric or metabolic) or
immunometabolic inefficiencies that compromise the productive potential and health of food-producing animals,
including poultry.
KEYWORDS: Inflammation, Metabolism, Immunity, Dysbiosis, Bile acids.
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FINAL ID: 459S
TITLE: Kinomics: Regulation of the Metabolome
Abstract Body: Kinomics is the study of kinases and their targets. Kinases are enzymes that post-translationally
phosphorylate proteins. Unlike genomics or transcriptomics, kinomics involves modifications that directly alter protein
function affecting cell or tissue phenotype. Phosphorylation is the most common post-translational modification and
nearly every function carried out by the cell is regulated to some degree by phosphorylation. Indeed, many metabolic
pathways and processes are regulated by kinase activity and phosphorylation. By studying kinase activity within these
metabolic pathways, we can determine metabolic flux changes as well as the changes elicited by metabolites that
serve as signaling molecules. Since the microbiome is a major source of metabolites, kinomics can open a window to
understand how the microbiome, and changes in the microbiome, influence the host and inform intervention
strategies.
KEYWORDS: kinome, kinase, gut, signaling, immunometabolism.
CURRENT CATEGORY: Informal Nutrition Symposium: Leveraging the microbiome (and the metabolome!) for
poultry production
PRESENTER: Ryan Arsenault
1
AUTHORS (FIRST NAME, LAST NAME): Ryan Arsenault
INSTITUTIONS (ALL):
1. Animal and Food Sciences, University of Delaware, Newark, DE, United States.

FINAL ID: 460S
TITLE: Microbial Endocrinology: How evolved intersections of microbiology and neurobiology matter to poultry health
and nutrition.
Abstract Body: The union of microbiology and neurobiology has led to a revolution in the way we view the
microbiome. The poultry intestinal tract and the gut microbiome possess many of the same genes for producing and
recognizing the exact same neurochemicals such as those involved in the stress response. This evolutionary shared
neurochemistry represents a language with which the host can communicate with the microbiota in a bi-directional
manner. Further, such shared neurochemistry with microbes is not limited to animals as the plants that are used for
feed for poultry also contain some of the very same neurochemicals. Thus, all three elements, host, microbe and
nutrition, interact. What this means for poultry health and the design of the next generation of feeds will be discussed.
KEYWORDS: Microbiome, neurochemicals, gut, infection, nutrition.
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FINAL ID: 461S
TITLE: Applying the knowledge: Where is the research leading us?
Abstract Body: As we continue to learn about the microbial communities and their activities within the gastrointestinal
tract it is becoming more clear how deeply integrated they are into host physiology. This requires a new look at what
are often considered old problems as we integrate the microbiome into new problem solving approaches and
innovations. To develop consistent and robust microbial solutions for poultry production, gaining a deeper
understanding of microbiome function vs presence, the significance of microbiome integration into inter-organ
metabolism and how microbiome specifically regulates innate and adaptive responses at mucosal surfaces are
important knowledge gaps to be filled in order to fuel actionable insights. Given the broader impact of the microbial
ecosystem on the host, a more collaborative and systems thinking approach are anticipated to yield the most fruitful
learnings.
KEYWORDS: microbiome, health, immunology.
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FINAL ID: 462S
TITLE: Strategic modulation of intestinal microbiome: A microbiologist’s perspective
Abstract Body: The gut microbiome of chickens influences their health and productivity. Modulation of the taxonomic
structure and functional capabilities of the gut microbiota can therefore be used to enhance health and productivity.
Understanding what sort of changes in microbiota are desirable and how changes can be reliably achieved remains a
significant challenge. In very broad terms, when attempting to manipulate the microbiota, there are changes that are
generally regarded as desirable; (i) maintenance or enhancement of overall microbiota complexity, (ii) increased
abundance of genera such as the lactobacilli and genera that produce short-chain fatty acids, and (iii) reduced
abundance of bacterial families, such as the Enterobacteriaceae, that are known to include common pathogens. There
are two main positive ways to manipulate microbiota composition; either by directly supplementing the microbiota with
the addition of exogenous microbes, using probiotic products, or by changes and additions to the feed and water.
There are other, potentially negative, influences on the gut microbiota, such as heat stress and breaks in biosecurity,
which should be avoided to protect the microbiota. Probiotics are widely used in the poultry industry and many
commercial products are available. There are a variety of potential mechanisms of action of probiotic strains – some of
which may result in changes to the gut microbiota. All current products are recommended to be used regularly or
continuously, indicating that their effects are short-lived. This indicates that most products probably don’t have a
lasting effect on the gut microbiota composition. Some probiotics have direct antimicrobial activity against pathogens,
such as Clostridium perfringens, whereas others may produce beneficial outcomes by directly affecting host biology,
for example by modulating the host immune system or by improving gut function in a variety of ways. Such direct
effects on the host may result in secondary impacts on the gut microbiota. Various opportunities and limitations in
probiotic identification, characterization, development, and use, will be discussed. Feed composition can have a
profound effect on microbiota composition. However, the main ingredients of a diet are usually dictated by the price
and availability of raw ingredients and so there is usually limited ability to change these. However, feed additives are
widely used and many function via direct impacts on gut microbiota. Prebiotics (various forms of complex
carbohydrates/fiber) can increase the abundance of beneficial bacteria. Other additives will be discussed that have
been shown to either increase the abundance of beneficial bacteria or decrease the abundance of pathogens.
KEYWORDS: microbiota, probiotic, prebiotic.
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FINAL ID: 463S
TITLE: Strategic Modulation of Intestinal Microbiome: An Immunologist Perspective
Abstract Body: Crosstalk between the immune system and the microbiota is an important, and understudied,
consideration in designing microbiome modulation strategies. To understand how and why the immune system should
be taking into account we must return to first principles regarding immunity and the microbiota. The role of the immune
system is to prevent pathogens from entering the host; however, the evolution of the adaptive immune system has
allowed the host exquisite control over our commensal microbiome. The host gains functional benefits from the
microbiome and the myriad signals generated by these microbes allow for tissue development and full immunological
potential. A microbiome intervention strategy must consider how this signal repertoire can be altered and what will be
the most effective means of signaling for the change in host response that is desired.
KEYWORDS: immunity, gut, inflammation, signaling.
CURRENT CATEGORY: Strategic modulation of intestinal microbiome: Different perspectives
PRESENTER: Ryan Arsenault
1
AUTHORS (FIRST NAME, LAST NAME): Ryan Arsenault
INSTITUTIONS (ALL):
1. Animal and Food Sciences, University of Delaware, Newark, DE, United States.

FINAL ID: 464S
TITLE: An allied industry research scientist perspective
Abstract Body: Gut health plays a central role in modern poultry production as the gut is an essential organ for
digestion of nutrients and defense against external invaders (pathogens, virus, parasites, toxins, etc.). The
microbiome is a key component of the gut that has been investigated thoroughly in the last decade. Recent advances
in molecular biology, new analytical methods, and big data analysis have made investigation of the microbiome easier
and cheaper. This in turn has enabled microbiome research to become a strategic field for the poultry industry. Feed
and feed additive companies are developing new nutritional solutions and concepts to maintain gut homoeostasis in
poultry by maintaining a well-balanced microbiome, a robust immune system and gut integrity. Recent research has
shown that nutrition has a major impact on the gut microbiome composition and metabolism, as well as the interaction
of the microbiome with the gut tissues and immune system. In the past, antibiotic growth promoters had the biggest
impact on gut microbiome composition, but since the development of antibiotic free production, macro-nutrient
composition of the feed ( soluble and insoluble fibre, protein quantity and quality , etc.), micro-nutrients in the feed
(minerals , vitamins) and feed additives (probiotics, prebiotics, organic acids, exogenous enzymes, etc.) are the most
relevant microbiome modulators. In this talk the effect of feed composition, ingredient quality, nutritional value of the
diet and the main feed additives on the gut microbiome will be discussed through examples from internal research and
literature.
KEYWORDS: Broiler, nutrition, Gut health, microbiome, Industry.
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TITLE: Strategic modulation of intestinal microbiome: An extension specialist perspective
Abstract Body: Conducting pertinent and timely applied research, working in collaboration with stakeholders, and
communicating the results to the poultry industry is an essential component of an Extension Specialist’s role. The
perspective of an Extension Specialist is more often on research that can create immediate impact through application
in the industry. The intestinal environment including the mucosal structure and function is influenced by many factors
including environmental management, embryonic incubation, dietary ingredients, protein level, composition, and
quality among others. The health of the intestinal tract is extremely important as nutrient digestion and assimilation for
growth occur here. Intestinal integrity is based on the system functioning properly for digestion, absorption, secretion,
and immunity. Subsequently, when disruption of this system occurs, major consequences in terms of bird health and
growth follow. Maintaining intestinal integrity is a daily challenge in today’s poultry industry, and it will likely become
even more challenging with increasing environmental considerations, changing feed ingredients, and reduced
medication usage. These increasing constraints demand Extension Specialists continually seek new opportunities or
reconsider adopted strategies for maintaining a healthy and optimally functional intestinal mucosa that can be
effectively applied in the industry.
KEYWORDS: Intestinal health, extension, applied research.
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FINAL ID: 466S
TITLE: A field nutritionist perspective
Abstract Body: As a nutritionist of a primary breeder company, I spend considerable time visiting breeder flocks. As a
result, my recent experiences are based mostly, but not exclusively, on the intestinal health that I observe in parent
stock chicks, juveniles, pullets, hens and roosters. As a nutritionist, my observations rely on the collaboration with a
field veterinarian during posting sessions, or pullet/breeder personnel with whom I visit flocks. Direct evaluation of gut
health integrity is obtained from the posting sessions, whereas indirect gut health observations are made directly in
the inside of the chicken house. For the latter, it becomes essential to focus on minor details and to employ my
senses astutely. Valuable information can be gathered by listening to a flock, observing the characteristics of fecal and
cecal droppings as well as the condition of the litter, and from those smells spotted around the house. In an age
where antibiotics are not prophylactically used in internal feeds, my perspective of intestinal health focusses in
evaluating those feed ingredients in a ration, and any potential they may have for disturbing gut harmony. In an
integration, breeder feed costs represent less than 10% of the total feed cost, but in a primary breeder operation they
are the overwhelming majority. Cost in pullet and breeder feed is not constantly scrutinized for "least cost", and rather
centers on utilizing feed ingredients that are consistent and reasonably inexpensive. The concept of maximizing
digestibility becomes secondary as most breeder feeds use diluents that result in nutrient and caloric density of lower
values than that of broiler feeds. However, sometimes less nutrient dense feedstuffs can possess properties that can
increase intestinal viscosity, motility, transit rate, malabsorption and create a scenario where dysbiosis could emerge.
In summary, I would like to think that the perspective of a field nutritionist on the concept of gut health is that of an art
based on collaborative efforts, rather than a science.
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CURRENT CATEGORY: Strategic modulation of intestinal microbiome: Different perspectives
PRESENTER: Alejandro Corzo
1
AUTHORS (FIRST NAME, LAST NAME): Alejandro Corzo
INSTITUTIONS (ALL):
1. Aviagen, Huntsville, AL, United States.

FINAL ID: 467S
TITLE: A Field Veterinarian Perspective
Abstract Body: Intestinal health is key to success in broiler production from many different perspectives and
maintaining a healthy intestinal bacterial flora is key to maintaining a healthy intestine. Birds with an imbalance of the
intestinal microflora may have a higher feed conversion, less uniform body weight and are more susceptible to
secondary bacterial infections, such as Clostridium perfringens and Salmonella sp. In the past, it was much easier to
maintain a healthy normal flora in broilers to prevent the growth of many pathogens by using low doses of antibiotics
that are highly effective against gram positive bacteria like Clostridium perfringens. In addition to poultry disease
prevention, Esco Numi, Geoff Mead and others have demonstrated that young chicks with healthy microbial flora will
have enhanced resistance to colonization of Salmonella. In this paper, we will discuss the situation that can result in
broilers having an intestinal microflora disruption and give examples of applied methods for enhancing or replacing the
flora to a healthy balance.
KEYWORDS: necrotic enteritis, intestinal flora, Salmonella, antibiotic use.
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TITLE: Gut microbe interaction with pathogens: Opportunistic antagonism.
Abstract Body: At the very least, we know that certain environmental conditions like inflammation can facilitate
disease. Over the past few years, we have begun to recognize different avenues for impacting the environment of the
microbiota and shifting the potential of the gut towards a less pathogen friendly space. In many ways, we as a field
believe that is by producing favorable, “probiotic” like shifts in the microbiota. However, there may be other
ecologically driven factors that enable improved survivability over an entire population of organisms. This talk will
concatenate some of the microbiota changes associated with pathogen exposure in both native and experimental
infections as measured by 16S Illumina MiSeq sequencing. Multiple trials will be compared and trends will be
discussed. Ultimately, evidence suggests that the dispersion of the microbial communities across a population of birds
and the ability to resist hat change may serve to be more beneficial as a whole to a flock as compared to individual
changes within the microbiota.
KEYWORDS: Microbiota, gut health, pathogens.
CURRENT CATEGORY: Antagonism Versus Synergism: Poultry Gut Microbiota Interactions and Impact on the Host
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FINAL ID: 469S
TITLE: Gut Microbial Interaction with the Host: Education and Adaptation
Abstract Body: Host-microbe interactions are key elements in poultry production that influence flock health, welfare,
and production outcomes, including FCR. Acquisition of a microbiome begins at the time of hatch. Initial microbial
colonizers are heavily influenced by both bird intrinsic, i.e., genetics, breed, and sex as well as bird extrinsic factors
including farm management strategies, i.e., feed, stress, and health interventions. Both the type and abundances of
specific microbes acquired post-hatch can serve as a barrier to competitively exclude enteric pathogens as well as
dramatically shape the host immune system, which persists throughout the life cycle of the bird. Microbial colonization
occurs in a non-stochastic, successive fashion with corresponding changes in host immune cytokines, where stability,
or maturation of the microbiota is achieved by ~3 weeks post-hatch. While inflammatory events induced by the
acquisition of microorganisms in early life are critical for education of innate and adaptive immune responses,
dysregulated inflammation can have devastating consequences for bird health, welfare, reproduction, and growth. The
acquisition of gut microbes is impacted by many factors in the production setting, however, little is known about what
results in a “healthy” microbiome, in part due to the heterogeneity across production systems. Patterns of adaptation,
competitive interactions, cooperation, and synergy between initial microorganisms in the context of mucosal immune
development is paramount to understanding poultry gut ecosystems. It is unlikely that a “one-size-fits-all” approach will
be identified to prevent breakdown of the delicate balance that drives host-microbe synergism vs. antagonism. More
than likely multi-prong approaches are needed to maintain these critical interactions over the lifespan of the bird.
Gaining more mechanistic insight into complex host-microbe crosstalk during early life events will allow for the
emergence of novel strategies that maintain appropriate host immune function in the face of a multitude of challenges
faced in the modern poultry production setting.
KEYWORDS: Microbiome, Immune function, gut health, performance, immune adaptation.
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FINAL ID: 470S
TITLE: Feed additives: Manipulating gut microbial interactions
Abstract Body: With the use of antibiotic free and no antibiotic ever (NAE) poultry production systems, there has been
an increase incidence and prevalence of dysbacteriosis and disease within poultry. As mortalities occurring from
disease can contribute between 10 to 20% of production cost in developed countries, there is need to develop
effective alternative strategies to the prophylactic use of antibiotics. Currently, numerous feed supplements are being
proposed as effective antibiotic alternatives in poultry diets, such as prebiotics, probiotics, acidic compounds,
competitive exclusion products, herbs, essential oils, and bacteriophages. These feed additives primarily work by
altering the physiological and morphological structure, inflammatory response, and the microbiota composition of the
gastrointestinal tract (GIT) both directly and indirectly. This in turn has the potential to reduce pathogenic bacteria and
parasites living withing the GIT and improving bird performance. However, each antibiotic alternative may function
differently and therefore generate a different GIT microbiota composition. Thus, there may be optimal strategies for
utilizing specific alternatives during different rearing phase and in different poultry sectors (meat versus egg
production). Therefore, this symposium aims to provide an understanding of the effects these alternative feed
supplements have on the microbiota of poultry and the effect those changes have on the prevalence of pathogens and
diseases in poultry.
KEYWORDS: feed additives, poultry, gastrointestinal tract, microbiota.
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FINAL ID: 471S
TITLE: Gut metabolic crosstalk: Microbes feeding microbes
Abstract Body: Much of the focus in understanding the poultry gastrointestinal tract (GIT) has emphasized
compositional analyses of the microbiota. Using microbiome 16S rDNA sequencing taxonomy identification and
assessment of microbial GIT population diversity have been the bioinformatic metrics commonly employed to
characterize the GIT microbial ecology. These bioinformatic metrics serve to identify members of the GIT microbial
population as well as compare different GIT populations for detectable differences. This information has considerable
utility for assessing the impact of a number of factors such as bird age, feed additives, and the presence or absence of
pathogens on the GIT microbial consortia. However, it offers only limited information on GIT microbial functionality.
Other analyses such as metabolomics are needed to delineate utilization of substrates present in the GIT for microbial
growth and fermentation into various end products such as volatile fatty acids. Not surprisingly even when minimal
GIT microbial compositional differences occur in response to a particular dietary treatment or environmental condition,
considerable differences in fermentation activity can still be detected. This can be further complicated by the fact that
end products produced by some GIT microorganisms can serve as substates for other members of the GIT microbial
community. This is referred to as metabolic cross feeding or cross talk and can involve numerous microorganisms
within the GIT microbial community including foodborne pathogens. This presentation will discuss the some of the
types of cross feeding that may occur and the implications for foodborne pathogen interaction with the GIT microbial
community.
KEYWORDS: Gastrointestinal tract, fermentation, metabolic cross talk, foodborne pathogens.
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FINAL ID: 472S
TITLE: Managing amino acid nutrition in reduced crude protein diets: A swine nutritionist’s perspective.
Abstract Body: Increased availability and cost competitiveness of synthetic amino acids (AA) has allowed swine
nutritionists to formulate diets with reduced crude protein (CP) compared to more typical formulations of the past.
Advantages of lower CP diets include less nitrogen excretion, lower diet costs, and less nitrogen substrate available
for proliferation of pathogenic bacteria leading to lower post-weaning diarrhea (PWD). Swine diets often contain feed
grade lysine, threonine, methionine, tryptophan, valine, and isoleucine. While the histidine requirement for growing
pigs has been established, feed grade histidine is not readily available at this time. Maintaining the SID Lys:CP ratio
to be at or below 6.35 helps nutritionists ensure there is enough nitrogen for endogenous non-essential AA production.
In post-weaning diets, reducing CP to approximately 18% (from a typical 21-22%) by using feed grade AAsupplemented diets allows for reduced PWD without negatively impacting growth performance. Opportunities to
reduce SID Lys in early post-wean diets and taking advantage of compensatory gain in later phases is a routine
strategy to control PWD while maintaining nursery ending weights. In finishing pigs, high levels of feed grade AA are
utilized to lower CP with data suggesting at least 12% CP needed to maintain non-essential AA production (Soto et
al., 2019). Recent AA modeling to predict growth performance (Cemin et al., 2019) has defined important
relationships between branch-chain AA as well as large-neutral AA (Trp) such that when high levels of Leu are
present in diets, increased Val, Ile, and Trp are needed to maintain growth performance. Subsequent research
(Kerkaert et al., 2021) has confirmed the accuracy of the models and illustrated that increased Val, Ile, and/or Trp
added at levels above normally accepted levels to support growth can ameliorate some of the poorer performance
observed when diets contain high levels of Leu. Similar models have been developed for lactating sows to predict
nursing litter weight gain based on branch-chain AA and large-neutral AA relationships. Swine nutritionists are
expected to continue to focus on utilizing increased levels of feed grade AA and reducing CP as a means to control
diet cost and optimize growth performance and health status of pigs.
KEYWORDS: Swine, Crude Protein, Amino Acids, Branch-Chain Amino Acids.
CURRENT CATEGORY: Amino Acids: Crude Protein Reduction Benefits on Intestinal Health, Environment and
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FINAL ID: 473S
TITLE: Understanding the branched-chain amino acid conundrum and how to use it to maximize performance
Abstract Body: Feed grade acceptability of L-Val in poultry feed formulation is increasing, and as a result, meeting
least cost precision nutrition is allowing for reduced amino acid and nitrogen excesses. Each formulation acceptance
of the next limiting amino acid in fed grade form entering the ingredient list results in diets with lower oilseeds and
increased cereals, of which is of particular interest in corn-based diets that are high in Leu. Further, diets containing LVal result in increased pressure on the nutrient minimums for Ile and Arg. Published broiler research evaluating
singular responses of Val, Ile, or Leu and combined responses of the branched-chain amino acids were assessed and
compared. Test diets from manuscripts selected were recreated. Subsequent levels and ratios of Val, Ile, and Leu
were assessed for significance on live performance and breast meat yield in a meta-analysis. Ideal protein ratios (i.e.,
Val/Lys and Leu/Lys) were good predictors of live performance and breast yield responses, as well a combined ratio
(i.e., (Val+Ile)/Leu) that resulted in good predictability. The uniqueness of the branched-chain amino acids in poultry
nutrition may necessitate their individual nutrient minimums conditioned by dietary levels of one another.
KEYWORDS: Branched-chain amino acids, Broiler, Isoleucine, Leucine, Valine.
CURRENT CATEGORY: Amino Acids: Crude Protein Reduction Benefits on Intestinal Health, Environment and
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FINAL ID: 474S
TITLE: Dietary protein level and source and gut health in broilers
Abstract Body: The traditional focus on the use of protein sources as ingredient for broilers diets has been on the
provision of essential and non-essential amino acids to birds as building stone for body protein synthesis and related
growth performance. Over the past decade, for sustainability reasons, increasing emphasis has been put on lowering
dietary protein level while maintaining growth performance by supplementing essential amino acids in free form to the
diets. Together with the genetic improvement over the years, this approach allowed to increase N-efficiency in broilers
and reduce the environmental excretion of N into the litter and the environment. Over the last years, however,
traditional and novel protein sources have also been judged from other perspectives apart from their nutritional value
e.g. in relation to specific effects on intestinal development and gut functionality. Ingredients having specific prebiotic
or antimicrobial properties are examples of such protein sources. The latter relates to the presence and activity of a
complex microbiome in the gut of broilers which contributes to the barrier function of the gut and also supports health
and functionality of the gut. Enhanced fermentation of protein in the gut increases the concentrations of e.g. ammonia
and biogenic amines in the gut which are a thread for proper functioning of the gut. This indicates that not only the
content of enzymatic digestible protein in dietary protein sources is of importance but presence of potentially
fermentable protein in the gut as well. The ratio between the both protein fractions in protein sources is also
dependent on the kinetics of protein digestion in the digestive tract, which can differ widely between sources. Protein
fermentation also contributes to wet litter problems and release of protein fermentation products. High protein diets
and diets containing a high proportion of fermentable protein can stimulate the growth of potential pathogenic species
such Clostridium perfringens, contributing to the occurrence of necrotic enteritis, still an important gut disease in
broilers. In conclusion, protein nutrition of broilers requires an integrative approach including provision of essential and
non-essential amino acids and consideration of effects on gut health and functionality by the presence of specific
functional or antinutritional constituents in protein sources.
KEYWORDS: protein source, protein level, gut health, broilers.
CURRENT CATEGORY: Amino Acids: Crude Protein Reduction Benefits on Intestinal Health, Environment and
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TITLE: Industry Perspective: Using branched-chain amino acids to improve performance
Abstract Body: In the past, the use of synthetic L-valine or L-isoleucine in commercial broiler formulas has primarily
been lacking due to the absence of a feed cost benefit. Therefore, altering digestible ratios of valine or isoleucine to
lysine was done so through protein-contributing ingredients (i.e., soybean meal or animal protein meal), albeit at the
potential detriment of various factors besides increased feed cost. In recent years, however, greater volumes of Lvaline and L-isoleucine have entered commercial formulas primarily from improved market pricing. The use of these
synthetic amino acids has given nutritionists the ability to further balance the amino acid profile, as well as approach
the interrelationships of branched-chain amino acid (valine, isoleucine and leucine) ratios and reduced protein diets.
KEYWORDS: Broiler, Valine, Isoleucine, Branched-chain.
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TITLE: Improving economic and environmental sustainability of poultry production using an innovative precision
feeding system
Abstract Body: Precision feeding in broiler production could help reducing feeding cost and nutrient excretion, thus
improving the sustainability of the poultry sector. However, in commercial farms, individual feeding is not a realistic
option due to the large number of animals. Therefore, precision feeding could be defined as “delivering the proper diet
at the right moment for the flock”, or in other words, dynamically adjusting feed composition to requirements at the
flock level. This can be achieved by blending two different diets to compose an “optimal diet” for a given day. The first
step to this approach is to assess the “most probable” body weight (BW) gain for the day to come. To do so, BW data
measured by automatic scales can be used, such devices being nowadays widely used in commercial farms. On a
given day (D-day), BW data from previous days can thus be used to fit a BW=f(age) model, from which BW gain for Dday can be estimated. The second step is to provide an estimate of the average requirements of the flock. Protein and
fat deposition associated to BW and BW gain (model inputs) can be firstly predicted with allometric equations, from
which, growth and maintenance requirements for metabolizable energy, digestible lysine, and available phosphorus
can be derived. The last step is to estimate the composition of the “optimal diet” using daily requirements and the
nutritional characteristics of two “pre-diets” A and B to be blended in different proportions each day. From a practical
point of view, the weighing and blending of the pre-diets as well as the distribution of the blend can be performed
using a weighing-mixing hopper placed between the feed silos and the feeding line. In order to improve the economic
robustness of the approach, the composition of the two pre-diets can be simultaneously optimized using a
mathematical method called “bilinear formulation”. A first proof of concept for this approach has been carried out in
experimental conditions using fast-growing broilers fed between 10 and 31 days of age. At slaughter, no statistical
difference in BW was observed between control (C) and precision-fed (PF) birds, even though a significantly higher
feed conversion ratio was found for PF birds compared to C ones (+0.029 point). However, overall feeding cost and
phosphorus excretion were found to be significantly lower by about 8% and 12% in the PF strategy. These promising
results demonstrate the potential of precision feeding for broilers, but many technical and practical issues still need to
be considered for this strategy to be deployed in commercial farms (return on investment, pellets sorting by birds,
implementation of models and decision rules in farm equipment…).
KEYWORDS: precision feeding, modeling, requirements, excretion, feeding cost.
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FINAL ID: 477S
TITLE: Using in-house robots to monitor, detect and respond to real time issues
Abstract Body: Researchers at the Georgia Tech Research Institute have developed and tested a ground-based
robotic system capable of navigating and manipulating commercial poultry house environments. This robot is an
intelligent system equipped with a suite of sensors including environmental sensors, 2D and 3D cameras, and a small
robotic arm. The robot has been programmed to interact with chickens allowing it to safely navigate the environments
without harming the chickens. This unique capability also gives the robot the ability to actively sense and characterize
bird status as it moves through the environment. This talk will discuss potential ways that such systems can monitor,
detect, and respond to several different types of issues in real-time and what perceived benefits can be achieved.
KEYWORDS: Robotics, flock management, Automation, assistant.
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TITLE: How advances in technology are making the application of artificial intelligence and machine learning to
poultry affordable, accessible and valuable
Abstract Body: This presentation will provide an overview on process technologies that involve cloud computing, IoT
devices, and advanced data analytics that enables artificial intelligence and machine learning to become affordable
and accessible in poultry production. There is a need to discuss and highlight the offering of such technologies against
the current state of the art in poultry production. Whilst ‘cool’, are such technologies really necessary? Examples
show, with promising results, how new technologies are being applied to commercial poultry production to monitor
growth rate, uniformity, and bird behaviour. The benefits of these technologies are continually evolving, but
fundamentally there is real potential to deliver 24/7 monitoring, information, and alerts that reduce labour requirements
and ultimately enable producers to better focus their available resources on maximizing flock performance. Additional
benefits include better insight on culling targets, reduced biosecurity risks, and less bird and worker stress.
KEYWORDS: Artificial Intelligence, machine learning, technologies .
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TITLE: Big data: What is it, what’s meaningful, and how do we use it to design and implement new strategies?
Abstract Body: Most producers collect production data on a routine basis. They are of course analyzing this data for
indications of problems, trends, assessment of husbandry procedures, and financial benchmarks. Within the layer
industry and most poultry segments there are key parameters that are routinely measured. These are critically
important, but what if we combine those more routine benchmarks with some less often analyzed parameters. Big
data or extremely large data sets can be analyzed using up to the minute data analytic tools and innovative flock
management software to allow you to make production management decisions with the most complete picture
possible.
KEYWORDS: Data, Layer, Production, Management.
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TITLE: Developing and Maintaining Student Interest in a Global Pandemic
Abstract Body: In 2020, classrooms across the country abruptly transitioned to emergency remote learning in
response to COVID-19. Instructors quickly searched for guidance on ways to present course material in an online
format that would still allow for course learning outcomes to be met. Perhaps the greatest challenge cited by
instructors was engaging students when face-to-face meetings were not an option. This becomes an even greater
challenge in poultry and animal science curricula that encourage hands-on learning. Most first year students are
unaware of the opportunities in the animal agricultural industries and engagement in the classroom is one way to
spark curiosity and interest in the subject matter. But how can we accomplish this in remote learning? This
presentation will focus on evidence-based remote learning strategies to develop student interest in and awareness of
the animal agricultural industries.
KEYWORDS: Curiousity, Engagement, Interest, Remote learning, Undergradaute.
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TITLE: Creating online engagement in a world of black boxes
Abstract Body: A global pandemic was declared on March 11, 2020 by the World Health Organization in response to
a novel coronavirus (COVID-19). Iowa State University (ISU), like other academic institutions, transitioned suddenly to
online instruction leading to a situation best characterized by a paraphrased quote from Neil deGrasse Tyson,
“Learning is like…you know, you have to take your medicine. And that is what it has become. And that is unfortunate”.
Many students and instructors due to COVID were unable to connect live and this altered our engagement options
and course modality. Compounding this were financial constraints, internet connectivity issues, and family care
challenges. Therefore, this abstract explores the topic of engagement that will be discussed as three themes (a)
engagement strategies, (b) engagement implementation considerations, and (c) academic community needs.
Engagement strategies: Online learning altered the ways students engaged with class materials and relationships
between peers, instructor(s) and teaching assistants. Successful engagement strategies have included shorter videos,
less voice over powerpoint lectures, and diversifying assignments such as worksheets, quizzes, or projects to
increase and support student learning. We, also, learned that peer-to-peer engagement was an important aspect in a
live classroom, which was missing online. To increase these interactions, written or video discussions in the form of
small groups or discussion boards were used to guide, educate, and facilitate conversation. Engagement
implementation considerations: While strategies for effective, impactful, and meaningful engagement depends upon
the instructor’s definition of successful student engagement, several aspects should be considered. When adding a
new strategy to a course, one should reflect on how the strategy fits within the course objectives, delivery mode,
grading, how to deal with technical issues, and lastly, time needed to design/develop and/or refine the activity for
current- and future use. Academic community needs: Within the Department of Animal Science at ISU, we recognized
that educational videos, and fee-based programs were not publicly available and became difficult or impossible to
generate during the pandemic. Database development with created resources and tools would be a great asset for
academic use and provide collaboration among institutions of higher education across the country. In conclusion,
while the global pandemic altered the way we taught animal science, instructor innovation in our department led to
unique and successful strategies to engage students.
KEYWORDS: student engagement, virtual learning , Curriculum .
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TITLE: Hands-on Learning from a Distance: Hybrid and Virtual Lab Experiences
Abstract Body: An essential aspect to education in animal sciences is the engagement of students through hands-on
activities to reinforce course content. However, the post-pandemic world limits in-person interaction and threatens to
undermine the essential laboratory instruction. As students return to in-person activities, instructors are faced with the
challenge to engage each student at their own comfort level with face-to-face interaction. This presentation will
integrate the wins and losses from the past year’s lab courses to creatively approach the next challenge: hybrid and
virtual labs.
KEYWORDS: laboratory, student engagement, hybrid learning.
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TITLE: Modeling necrotic enteritis: Applying lessons learned
Abstract Body: Necrotic enteritis (NE) is a disease that has gained increasing relevance in the poultry industry with
effects on body weight, uniformity, and livability. As scientists study prophylactic and therapeutic strategies to control
NE, modeling predisposing factors and disease induction within research settings is a critical component to consider.
As a multifactorial disease, research related to NE is filled with a variety of methods, which often leads to contradictory
results between laboratories. As a disease of the gastrointestinal tract, research models generally disrupt gut
homeostasis to create conditions favorable for overgrowth of Clostridium perfringens. Commonly, this is achieved by
varied combinations of altering diet composition and introduction of infectious agents. While some methods not
consistent with commercial production practices can lead to important information regarding pathogenesis,
development of intervention strategies should include commercial conventions while avoiding outdated or inapplicable
methods. Numerous factors need to be considered when designing experiments to test disease control strategies.
Bacterial strain selection can critically alter disease, especially with varying toxin production from isolate to isolate.
Alpha-toxin and NetB are major enzymes associated with NE and their production within the gut can result in varying
clinical signs, lesions, and changes to growth performance. Severity of disease can be adjusted in most research
models by altering the degree to which predisposing factors are applied, which is an important consideration for
experimental design. While sub-clinical NE is perhaps a larger concern to integrators than clinical disease, detecting
significant treatment effects within a sub-clinical research model can be difficult. However, in experiments that include
heavy clinical disease such as high mortality, the severity of disease may be too difficult to overcome. Finally, when
testing new tools against NE, mechanism of action should be considered as part of the experimental design,
especially in relation to prophylactic, therapeutic, and recovery stages of the disease. Each of these components can
have effects on the outcome of experiments, and scientists need to consider long term goals and industry applicability
as they study NE mitigation strategies.
KEYWORDS: necrotic enteritis, alpha-toxin, Clostridium perfringens, NetB, models.
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TITLE: Effects of the Housing environment on Necrotic Enteritis
Abstract Body: Managing necrotic enteritis has been challenging on commercial farms as the industry has moved to
antibiotic-free (ABF) production. This presentation will discuss challenges and successes of managing necrotic
enteritis on farms.
KEYWORDS: necrotic enteritis, housing environment, litter moisture.
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TITLE: The Cocci Conundrum
Abstract Body: The poultry industry has been facing multiple new challenges in bird health, animal welfare and food
safety. Many of these challenges are inter-related, for example, poor bird intestinal health can result in wet litter which
can affect foot pad quality and give Salmonella an opportunity to proliferate in wetter litter. One of the major bird
health issues that can instigate this is the protozoa Eimeria. Coccidia in broiler chickens are ubiquitous in broiler
houses around the world; so their control becomes imperative for successful broiler production. Of the Eimeria
species that infect broilers, E. maxima is the primary insult that triggers the normal flora bacteria Clostridium
perfringens to grow and produce toxins that results in necrotic enteritis. As more broiler companies market antibiotic
free chicken, there are less choices for control of coccidia. Also, the chemical anticoccidial drugs have been used for
more than 40 years, so coccidia resistance can also be an issue. This leaves us with the option of coccidia
vaccination (controlled exposure), phytogenic products with anticoccidial properties, chemical anticoccidial drugs
alone or combinations of vaccines with the chemical or phytogenic products. (bioshuttles) This paper will discuss how
Eimeria maxima and Clostridium perfringens result in necrotic enteritis and how we can successfully manage these
two pathogens so we maintain bird health, welfare and provide a safe food.
KEYWORDS: Eimeria maxima, Clostridium perfringens, necrotic enteritis.
CURRENT CATEGORY: Bridging the Gap: From Science to Application – Managing the Facets of Necrotic Enteritis
PRESENTER: Charles L Hofacre
1
2
AUTHORS (FIRST NAME, LAST NAME): Charles L. Hofacre , Greg F. Mathis
INSTITUTIONS (ALL):
1. Southern Poultry Research Group, Inc., Watkinsville, GA, United States.
2. Southern Poultry Research, Athens, GA, United States.

FINAL ID: 486S
TITLE: Managing Necrotic Enteritis in Commercial Broiler Production: What Can Nutrition Do?
Abstract Body: The success of high productivity in the poultry business depends, among other factors, on the
adequate absorption of nutrients present in the diet. For this, the intestinal epithelium of birds must present integral
morphophysiological characteristics, since it is the main site of digestion and absorption of nutrients. One of the
diseases that directly affect intestinal integrity and that causes one of the biggest economic losses for the poultry
industry is Necrotic Enteritis. It is estimated that about 40% of commercial broiler flocks have some degree of this
disease. Necrotic Enteritis is a subclinical or clinical form of infection in poultry caused by toxins released by
Clostridium perfringens, a sporulated gram-positive bacteria considered a member of the normal intestinal microbiota.
Most of the time, Clostridium perfringens is present in the cecae of birds without causing disease. However, some
factors can trigger an increase in the number of this bacteria, promoting a greater production of toxins. Among the
most common predisposing factors for the release of toxins are environmental factors, coccidiosis, mycotoxins, diets
with high levels of non-starch polysaccharides or with high protein levels, and contamination of ingredients used in the
feed. In subclinical cases, these toxins cause intestinal necrosis with hemorrhage and extensive damage to the
intestinal epithelium, leading to decreased digestion and absorption of nutrients, with reduced weight gain and
increased rate of feed conversion. In acute clinical cases, there is a significant increase of mortality, causing an even
more severe economic loss. Although in-feed antibiotics may effectively control most cases of Necrotic Enteritis,
restrictions on the use of antibiotics have changed the approach to controlling this disease. Current strategies focus
on managing predisposing factors. In this context, the role of the nutritionist should be to avoid or reduce the damage
caused by Clostridium perfringens, acting in advance on the quality of the ingredients or with different strategies in the
formulation of the diets, or even using additives available to minimize the impact caused by Necrotic Enteritis.
KEYWORDS: Necrotic Enteritis, Clostridium perfringens, Broilers, Nutrition.
CURRENT CATEGORY: Bridging the Gap: From Science to Application – Managing the Facets of Necrotic Enteritis
PRESENTER: Regis Fernando Pastorelo Meurer
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FINAL ID: 487S
TITLE: To be addeIf you have People Skills AND can Handle Data…the Poultry Industry Needs You.
Abstract Body: The data generated in the Poultry Industry is impressive. Numbers are everywhere. In the next 10
years there will be more. It all means something and much of it is related. However, much of the opportunity can go
wasted if we don’t find the people to study and analyze it. At the same time, don’t miss the opportunity to develop
your personality and your people skills. Working with others is a skill that requires practice. Jobs that need these
skills include Marketing, Food Safety and Quality, Live Operations, Plant Operations, Supply Chain Management, and
Research and Development.
KEYWORDS: Marketing, Food Safety and Quality, Operations, Supply Chain Management, Research and
Development.
CURRENT CATEGORY: Student Workshop: How to prepare for your future career
PRESENTER: Bruce Stewart-Brown
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FINAL ID: 488S
TITLE: Opportunities in the Field of Poultry Nutrition and Allied Industry
Abstract Body: The field of poultry nutrition (from live production, allied industry, academia or government) offers a
wide range of experiences and opportunities. Allied in particular interacts with every corner of the industry with work in
diet formulation, research trials, new product development and regulatory as well as emerging areas of opportunity in
sustainability through nutritional solutions. Prepare yourself through internships for exposure, industry conferences for
networking, and strong class selection tailored to the roles and experiences that most interest you.
KEYWORDS: nutrition, allied industry, research, formulation.
CURRENT CATEGORY: Student Workshop: How to prepare for your future career
PRESENTER: April Waguespack Levy
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FINAL ID: 489S
TITLE: Career Opportunities in Academia
Abstract Body: Six independent poultry science departments exist in the United States currently. Throughout the U.S.
and Canada, more than 20 additional academic departments are home to faculty members who conduct research,
offer courses, or deliver extension/outreach programs specific to the field of poultry science. Collectively, these
academic programs make significant contributions to the employment and staffing needs of the commercial poultry
industry and the allied industry. The success and viability of these programs is essential to our discipline. Abundant
opportunities exist in academia for individuals interested in pursuing careers in research, teaching, and/or extension
and outreach in poultry science.
KEYWORDS: academia, research, teaching, extension, outreach.
CURRENT CATEGORY: Student Workshop: How to prepare for your future career
PRESENTER: David J. Caldwell
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FINAL ID: 490S
TITLE: Balancing Feed Quality, Nutrition, and Hygienics
Abstract Body: The value of feeding high quality pellets to meat birds has been debated for decades. There are
integrators, managers, and nutritionists that support investment in feed manufacture equipment and time to create
pellets of high quality to optimize bird performance and others that believe that simple conveyance of feed through a
conditioner and pellet mill at a high rate is adequate to improve nutrition and bird performance. The reality may be that
due to the multitude of variables associated with feed manufacture such as conditioning temperature, conditioning
time, production rate, steam quality, etc. and the unique conditions experienced by each mill such as ingredient
quality, equipment, and ambient conditions both theories are correct. The pelleting process utilizes saturated steam to
convey heat and moisture to ground ingredients for a determined temperature and time during conditioning with
subsequent frictional heat and pressure during pellet die extrusion to ultimately form a pellet. These thermal
processes enable pellet binding reactions such as starch gelatinization and protein gelation, but can also effect heat
liable feed components such as trypsin inhibitor complexes, amino acids, vitamins, and exogenous enzymes that may
increase or decrease nutrient availability. In addition, temperature and time combinations associated with pelleting can
kill feed pathogens. A few, recent publications that highlight pelleted feed quality, nutrient availability, and hygienics
will be reviewed. These data provide insight to why a comprehensive approach should be considered when
determining feed manufacture technique to optimize bird performance.
KEYWORDS: Pellet, amino acid, digestibility, hygienics.
CURRENT CATEGORY: A comprehensive approach to maximize feed quality and meat bird potential through feed
manufacture
PRESENTER: Joseph Moritz
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FINAL ID: 491S
TITLE: Maintaining a balance between feed quality, nutrient digestibility, and production goals
Abstract Body: Improvements in genetic selection and nutrition have allowed broilers to reach market weight in
shorter time with less feed needed per gram of weight gain. Since feed is typically intended to be fed as a sole source
of nutrients, it is critical to ensure birds receive all nutrients in each bite. The feed industry has evolved over the years
from water powered mills to fully automatized feed mills. Although the principles of feed manufacturing have remained
rather constant, new technologies have become widely available. The use of variable frequency drives has become an
option to modify corn particle size by adjusting the tip speed of the hammers in hammermills. The presence of coarse
particles in the microstructure of the pellets increases reverse peristalsis, nutrient digestibility, and feed efficiency of
birds. Among feed milling processes, conditioning has been designed to efficiently increase heat and moisture
migration into the core of feed particles to improve pellet quality. However, a balance between temperature and
retention time must be attained to protect the stability of heat labile nutrients and exogenous enzymes. After
conditioning, the conditioned mash is pressed through a pellet die consisting of multiple openings, which aids in the
formation of wet bonds between particles and starch gelatinization in the surface of pellet, contributing to pellet
durability. During cooling, solid bonds are formed between feed particles and soluble components are recrystallized.
Additionally, it is important to understand the relationship between air flow and retention time to control moisture and
temperature in the finished feed. In general, it is important to maintain a balance between production and feed quality
goals, which can be accomplished via employee training and equipment maintenance. Management strategies must
be adjusted depending on each particular situation. For instance, if pellet quality is greater than 90%, but employees
have to work longer hours leaving no time for maintenance, increasing the amount of fat addition in the mixer by
0.25% or reducing die thickness by ~10%, can increase production rate. Contrary, if pellet quality is marginal, but the
feed mill is running shorter hours and continually changing feed types due to low finished feed capacity, reducing
mixer fat can improve pellet quality. Overall, changes in production rate merit modifications in cooling strategies as
well as in the evaluation of pellet quality. If production rate increases, pellet depth in the cooler could be increased to
maintain a comparable retention time for proper cooling. In summary, it is of great importance to maintain a balance
between production goals, feed quality, and poultry performance.
KEYWORDS: conditioning, pelleting, cooling, pellet quality, production goals.
CURRENT CATEGORY: A comprehensive approach to maximize feed quality and meat bird potential through feed
manufacture
PRESENTER: Wilmer Javier Pacheco
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FINAL ID: 492S
TITLE: The quest for optimal pellets, with an emphasis on nutritional value
Abstract Body: To achieve the genetic potential of modern meat-type birds, feed intake must be tightly monitored and
maximized. Currently, majority of the feed used in the production of broilers is fed in pelleted form. There are several
mechanisms that underpin the advantages of pellet feeding over mash diets, but the foremost factor is simply the
increased feed intake. Though the nature of digestibility response to pelleting is dependent on the ingredient and the
specific nutrient, recent evidence suggests that pelleting has no positive impact on the digestibility of major nutrients in
cereal-based broiler diets. Moreover, the efficiency of feeding pelleted feed to broilers in determining the actual
performance responses depends on the dietary nutrient density, and nutrient availability which, in turn, is influenced
by grain type, and processing variables such as particle size reduction and conditioning temperature. To maximize
pelleting benefits, it is critical to decide which level of nutrient density should be used and to identify manufacturing
techniques to create high quality pellets that are highly digestible. Based on available data, it is also reasonable to
assume that nutrient requirements of modern broilers and in vivo feed ingredient evaluation may depend on feed form
and that these data should be generated using pelleted diets to resemble the feeding practice in industry.
KEYWORDS: Broilers, Pelleting, Nutrient digestibility, Particle size, Conditioning temperature .
CURRENT CATEGORY: A comprehensive approach to maximize feed quality and meat bird potential through feed
manufacture
PRESENTER: M. Reza Abdollahi
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FINAL ID: 493S
TITLE: Impact of physical feed quality on meat bird performance
Abstract Body: Utilizing pelleted diets is a standard practice in the commercial meat bird industry due to associated
improvements in performance. In general, improved physical feed quality translates into improved performance.
However, it is important to note that the magnitude of this improvement may be influenced by a variety of factors such
as genetic strain, length of the desired grow out, and dietary phase. Additionally, a multitude of factors can influence
feed form, nutrient availability, as well as bird performance (e.g., production rate, ingredient particle size, conditioning
temperature, diet formulation, cooling, and pellet die specifications); thereby confounding data, making it difficult for
meat bird producers to fully realize the implications of investing in feed quality. However, this also reveals the
critical/complex role of feed form/physical feed quality in improving overall meat bird performance and processing
characteristics. Ultimately, data demonstrates that feeding improved physical feed quality (even modest
improvements) has economic importance as long as nutrition is not compromised.
KEYWORDS: meat bird performance, physical feed quality, pellet quality, feed form.
CURRENT CATEGORY: A comprehensive approach to maximize feed quality and meat bird potential through feed
manufacture
PRESENTER: Kelley G.S. Wamsley
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FINAL ID: 494S
TM
TITLE: Xiant Technologies PAWS
Illuminating the Rhythm of life
Abstract Body: Xiant Technologies (XTI) has created a highly differentiated approach to agricultural lighting for both
Plants and Animals. XTI uses light as a primary controller of biological function by targeting specific photoreceptors.
Through dosing of pulses of alternating wavelengths of light in specific patterns to target specific biphasic
TM
photoreceptors Xiant’s PAWS
can become the fundamental controller of chromophore activity. By stimulating
these latching and resetting chromophores, Xiant Technologies has been able to open a new paradigm in research
and production. This not only increases organism livability and welfare it also maximizes an organism’s growth and
production capacity by providing light only when and how the organism is capable of utilizing it.
KEYWORDS: photo receptors, chromophores, wavelengths.
CURRENT CATEGORY: Did you see that? No but the bird did!
PRESENTER: Daren Suntych
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FINAL ID: 495S
TITLE: Photoreception in the duck: Even the brain has eyes!
Abstract Body: Lighting has profound effects on the physiology and welfare of all poultry species, and the duck is no
exception. Ducks are seasonal breeders and as such require supplemental lighting to maintain fertility. We know from
past research that the eyes or pineal gland do not participate in light responsiveness for gonadal development or
recrudescence. Another set of photoreceptors exist within the diencephalon referred to a deep brain photoreceptors
(DBP). Past research has demonstrated relationships among lighting, deep brain photoreceptors, and reproductive
fitness in ducks. The purpose of this symposium talk is to first provide an overview of the DBP system in general, and
what is known for ducks specifically. Second, recent data will be discussed on the embryonic ontogeny of two of the
DBPs in relation to retinal photoreceptors, and continue with the posthatch ontogeny of these two DBPs in relation to
the onset of puberty. We will show data that suggests that one of the DBPs, melanopsin, may have a physiological
role beyond reproduction. Finally, we will present data on a novel retinal photoreceptor, cryptochrome 2, that may
have a unique role in visual perception. Although the duck will be highlighted observations can be translated to other
poultry species.
KEYWORDS: opsin 4, opsin 5, cryptochrome 2, development.
CURRENT CATEGORY: Did you see that? No but the bird did!
PRESENTER: Gregory S Fraley
1
AUTHORS (FIRST NAME, LAST NAME): Gregory S. Fraley
INSTITUTIONS (ALL):
1. Animal Sciences, Purdue University, West Lafayette, IN, United States.

FINAL ID: 496S
TITLE: Wait! Light can change the eye?
Abstract Body: Alterations to lighting programs (duration and pattern of light and dark, intensity and wavelength) can
have significant impacts on many productivity, health and welfare parameters, including growth, feed efficiency,
mortality, mobility, lesions, and physiological and behavioural rhythms. Less attention has been placed on how light
affects the eye and vision. The eye grows in a circadian pattern. Therefore, lack of diurnal patterns in
photoperiod/scotoperiod, or lack of differentiation of day/night with respect to intensity, can disrupt the normal growth
of the eye. This can result in abnormal shapes and, in some cases, the development of glaucoma. Although
wavelength does not appear to cause these changes, myopia or hyperopia and alterations on spatial vision may result
when various wavelengths are used in production systems. This presentation will focus on the recent literature
regarding ocular health and light.
KEYWORDS: Light, Vision, Ocular.
CURRENT CATEGORY: Did you see that? No but the bird did!
PRESENTER: Karen Schwean-Lardner
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FINAL ID: 497S
TITLE: How do birds see their world? Implications for poultry species
Abstract Body: Birds are visually-oriented organisms, like humans are. However, the visual systems of birds and
humans have some fundamental differences. In this presentation, I will review the main differences between bird and
human vision from a physiological point of view and how these visual perception differences may affect bird behavior,
particularly that of poultry species. Relative to humans, birds can see more colors, discriminate between colors better,
process visual information faster, and integrate visual inputs from different parts of their lateralized visual fields. The
implication is that what is visually conspicuous for a human might not be for a bird, and vice versa. Additionally, the
spectral properties of ambient light can modify the visual perception of objects by birds. Animal behaviorists and visual
ecologists have developed visual models (i.e., mathematical algorithms that mimic some mechanisms of visual
processing in the avian retina) to estimate quantitatively how different species of birds see their worlds. I will explain
the potential of applying these visual models to poultry species in terms of modifying their environment (color of
objects, light spectral property and intensity) to improve welfare and ultimately enhance production.
KEYWORDS: vision, welfare, visual perception.
CURRENT CATEGORY: Did you see that? No but the bird did!
PRESENTER: Esteban FernandezJuricic
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FINAL ID: 498S
TITLE: Water efficiency and sustainability in broiler production: A corporate perspective
Abstract Body: As one of the world’s largest food companies, Tyson Foods has the responsibility to help build a more
sustainable food system. We have set bold goals and commitments that aspire to sustainably feed our growing world.
Our number one priority is to provide safe food. We consider protein to be the “hero nutrient,” playing an essential role
in a well-balanced diet. Consumers’ interest in their overall health is driving food choices in the marketplace.
Throughout our value chain, we keep animal welfare top of mind and urge our independent farmer partners to do the
same. On the farm, company veterinarians and animal welfare specialists work closely with farmers to ensure optimal
animal husbandry, nutrition, sanitation and housing practices that support animal health and well-being. Tyson
depends on land, water, and energy to grow the ingredients, raise the animals, and run our facilities to produce our
food products. Accordingly, environmental stewardship is a core value of Tyson Foods’ business philosophy and
commitment to sustainability. We believe protecting the environment and conserving natural resources is essential for
maintaining clean air, water, and land. Water touches everything we do at Tyson Foods - from the irrigation needed to
grow the grain that feeds poultry and livestock to our processing plants where we use water to process animals, cook
prepared foods and clean our facilities. Approximately 31 billion gallons of water enter our facilities annually. Tyson
Foods is committed to bold reduction of our carbon footprint. We are working toward a “30 by 30” target to reduce
greenhouse gas (GHG) emissions 30% by 2030 against a 2016 baseline year. This target is designed to meet the
criteria of the Science Based Targets initiative (SBTi), which accepted our target in 2018, making us the first U.S.
protein company in the food and beverage sector to receive such an approval. In summary, Tyson’s purpose is to
raise the world’s expectations for the good food can do. Sustainability spans several pillars as indicated by the five
focus areas. As a leader in protein production across the world, Tyson takes our responsibility seriously.
KEYWORDS: Sustainability, water efficiency, environmental stewardship.
CURRENT CATEGORY: Improving water efficiency in broiler production: genetic, physiological-nutritional, and
engineering innovations
PRESENTER: Jamie Burr
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FINAL ID: 499S
TITLE: Water conservation and preservation of broiler production using sprinkler technology in hot environments
Abstract Body: Sustainability and water conservation are critical to a poultry industry faced with global production
challenges that include an increased demand for high-quality, affordable animal protein and greater environmental
pressures resulting from climate change, heat stress, and limits on water availability. For two summer flocks (May-July
and Aug-Oct 2020), a commercial sprinkler system used in combination with a cool cell system (SSCC) was evaluated
against a cool cell only system (CC) in two commercial broiler houses (42 x 400 ft; 13 x 122 m) at Mississippi State
University to determine effects of sprinkler technology on cooling water conservation, preservation of broiler
performance, and in-house broiler environments. Two lines of overhead sprinklers 10 ft off the N and S sidewalls
spaced evenly 20 ft (6 m) apart and 7ft (2.1 m) above the litter surface intermittently applied controlled volumes of
water droplets onto birds. Hs 1 was SSCC house during the first flock. Cooling arrangements were reversed on the
second flock, with Hs 2 being SSCC. Environmental data (temperature, humidity, and litter moisture) were collected
periodically throughout both flocks. Production data (feed conversion ratio (FCR), body weight, daily mortality, paw
quality, water consumption, cooling water usage) were calculated and recorded throughout the flocks. Data were
analyzed as a Randomized Complete Block Design using SAS 9.4. Because there was no house effect (P>0.05),
°
treatments were compared across flocks. With higher average temperatures in SSCC than in CC of 3 F (P=0.08),
average water usage by SSCC was 64% less than CC, and average humidity across flocks was lower in SSCC than
in CC (P=0.054). Litter moisture for SSCC tended to be lower but showed no difference at several time points between
and across flocks (P=0.11-0.16). There were no differences in any of the other measurements. Final body weight was
0.1 lb higher and average FCR was 0.04 lower in SSCC, neither being significant; however, rate of return was 0.155
cents per pound higher (P=0.02) on birds from SSCC. Although replication was an issue in this study, as is always the
case with whole-house treatments, results are similar to those we’ve reported previously and provide additional
evidence that sprinklers in conjunction with cool cells preserve broiler production and conserve cooling water, thereby
improving sustainability. Future research should investigate optimum flock age and house temperature to begin
sprinkler and CC cooling.
KEYWORDS: Water conservation, Sustainability, Humidity, Sprinkler, Broiler cooling.
CURRENT CATEGORY: Improving water efficiency in broiler production: genetic, physiological-nutritional, and
engineering innovations
PRESENTER: Tom Tabler
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FINAL ID: 500S
TITLE: Commonalities, differences, and control measures of common causes of enteric inflammatory insults in
commercial poultry and impacts on nutrient absorption and water conservation
Abstract Body: Moderate to severe enteric inflammation has long been known to interfere with nutrient and water
absorption (malabsorption), with severe inflammatory gut disease of poultry commonly associated with the passage of
macroscopically-obvious undigested feed (feed passage). Lesser chronic conditions of inflammatory enteric disease in
monogastric animals have been associated with vitamin and mineral absorption deficiencies as well as systemic
electrolyte imbalance and contribute to subclinical but economically important malabsorption. Even psychogenic or
physical stressors for poultry cause rapid onset of mild to moderate malabsorption associated with reduced tight gap
function within the epithelium (leaky gut). Immediate transitions to alternative feedstuffs, particularly those containing
high levels of non-starch polysaccharides (NSPs) and some mycotoxins, are frequently associated with dysbiosis
which is often more than transitory. Enteric inflammatory responses to dysbiosis and associated toxin production
produces a secretory diarrhea, as do opportunistic Gram negative pathogens which have overgrown. Notably, there
are a large number of enteric viruses for most vertebrate species which, although nearly ubiquitously present, are
seldom diagnosed. Often viruses with enteric tropism present clinically as intermittent diarrhea (flushing) and are
associated with various degrees of selective malabsorption. Importantly, a number of protozoal pathogens, including
the nearly ubiquitous Eimeria genus in poultry cause subclinical to clinical coccidiosis. Coccidiosis (and other
protozoa) are known to cause rapid and profound inflammation and inflammatory leukocyte infiltration of the enteric
lamina propria. Eimeria species can cause acute and repeated destruction of the epithelial absorptive surface and
perhaps, in aggregate, contribute to the greatest infectious cause of malabsorption for poultry species, with infections
with some species predisposing to important opportunistic pathogens such as Clostridium perfringens, the causative
agent of necrotic enteritis. Moreover, several Eimeria species and other protozoa (e.g. Eimeria tenella in chickens)
have tropism for the ceca and are capable of causing severe typhilitis, thereby interfering with water reabsorption from
retrograde transport of the dilute urine from the cloaca of poultry, causing incredible water loss (and wet litter) of
poultry. Each of the above causes of enteric inflammation, epithelial cell destruction, and leaky gut can greatly impact
feed efficiency, litter moisture, and water conservation in commercial poultry. These impacts, mechanisms of action,
and control measures will be reviewed in this seminar.
KEYWORDS: Enteric inflammation , Eimeria, Clostridium, leaky gut, water efficiency.
CURRENT CATEGORY: Improving water efficiency in broiler production: genetic, physiological-nutritional, and
engineering innovations
PRESENTER: Guillermo Tellez-Isaias
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TITLE: Divergent Selection for Water Efficiency in Commercial Broilers
Abstract Body: Freshwater scarcity is a growing global concern as urbanization and inadequate supply infrastructure
challenges general sustainability. The anticipated population growth will further strain freshwater resources to meet
both human needs and agriculture applications. We must do our part to ensure a water sustainable and food secure
future by reviewing all aspects of agriculture where water usage can be managed and made more efficient. The
challenge with water management is often tied to the inability to accurately measure and distinguish between
consumption and waste. For the current study the potential of improving water efficiency in broilers is explored. The
first strategy was to develop more efficient and accurate methodologies for measuring water consumption/inputs in
agriculture. To date, water measuring technology has lacked the necessary sophistication to assure accuracy and
repeatability of low flow water usage. After the establishment of a low flow water monitoring system, it was used to
develop water efficient and inefficient broiler lines. This was done too not only determine heritability of water efficiency
but to assess the response to selection and impact on correlated traits after several generations of selection. From a
modern random bred population, lines were divergently selected based on water conversion ratio (WCR = water
consumed/body weight gain) to create the low WCR (LWCR) and high WCR (HWCR) lines. After generation 2, the
LWCR line had an overall WCR of 3.28 while the HWCR had a WCR of 3.46. Body weights appeared to remain
similar between the lines with a slight improvement in feed conversion ratio observed in the LWCR line. Continued
selection for WCR provide further understanding in the heritability of the trait and the response to selection of growth
and efficiency related traits.
KEYWORDS: water conversion, water scarcity, broilers, divergent selection, genetics.
CURRENT CATEGORY: Improving water efficiency in broiler production: genetic, physiological-nutritional, and
engineering innovations
PRESENTER: Sara Orlowski
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TITLE: Improving phytase accumulation in Chlamydomonas reinhardtii for animal feed applications by modeling RNA
folding
Abstract Body: Single celled eukaryotic algae are being engineered to simultaneously produce high-value proteins for
animal feed to augment the commercial value of algae-based feed which are naturally high in important nutritive
pigments and unsaturated fatty acids. We are using a chloroplast genome insert to engineer accumulation of phytase
in Chlamydomonas reinhardtii, a model algae species. Because chloroplast-engineered C. reinhardtii do not reliably
accumulate foreign protein and successful yields of 5% of total soluble protein (TSP) are rare, we are working on tools
to improve gene cassette design. Using in silico RNA folding models, we compared the folding patterns of published
successful and unsuccessful transgenic cassettes and found that success is correlated with constructs that maintain
the native folding pattern of the 5’ UTR and do not generate strong base pairing with the start codon. We have
designed two new downstream boxes (DBs), or short coding regions just following the start codon, to improve the
translation of appA, a phytase from Escherichia coli that has been modified for increased heat stability and codon
optimized for expression in the chloroplast. We have successfully measured phytase expression for one of the new
cassettes and are continuing work to generate two additional strains which we will use to confirm our hypothesis about
the importance of mRNA folding for foreign protein accumulation in algal chloroplasts.
KEYWORDS: microalgae, phytase, mRNA folding .
CURRENT CATEGORY: Improving water efficiency in broiler production: genetic, physiological-nutritional, and
engineering innovations
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TITLE: Impact of diet on water use efficiency in broiler production
Abstract Body: Efficient water use at the farm and individual bird level is critical to the welfare and sustainable
production of commercial poultry. Drinking behavior and water utilization by broilers are influenced by several factors
such as diet composition and feeding program. In particular, dietary mineral balance, protein content, and
carbohydrate composition have all been demonstrated to markedly influence water consumption and/or excretion by
broilers. Subsequent effects on nutrient digestion and absorption arise from altered intestinal pH, osmolarity, and
digesta viscosity and rate of passage. Such changes to the intestinal environment can also influence litter quality and
susceptibility to enteric pathogens, both of which are key determinants of bird welfare. To this end, the relationship
between dietary nutrient composition and water use efficiency will be addressed, with emphasis placed on current
practices and emerging innovations in broiler nutrition.
KEYWORDS: nutrition, water efficiency, osmoregulation, flushing, wet litter.
CURRENT CATEGORY: Improving water efficiency in broiler production: genetic, physiological-nutritional, and
engineering innovations
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TITLE: Impacts of supplemental dietary microalgae on water intakes of broiler chickens
Abstract Body: Defatted microalgae from biofuel production contain high concentrations of protein with a good
balance of amino acids and other bioactive nutrients. Previous studies have demonstrated benefits of feeding broiler
chickens with such biomass to their growth performance, health status, and meat values. Although water is an
important nutrient and water use for animal production is becoming an increasing concern, past research has
overlooked impacts of supplemental dietary microalgae on water intake or water use efficiency of broilers. Our
laboratory fed day-old Ross chicks (total = 180) a corn-soybean meal basal diet containing 0, 2, 4, 8, or 16% of
defatted Nannochloropsis oceanica (crude protein = 38.2%, Cellana, Kailua-Kona, HI) (6 cages/group and 6
chicks/cage) for 3 wk. All birds had free access to feed and water. Water was provided in 500-mL chick waterers for
wk 1, and then in 3 L water pans for wk 2 and 3. Water intakes were recorded daily. Birds had a linear increase in
2
2
water intake in response to the increased microalgae inclusions at wk 1 (P < 0.01, R = 0.29), 2 (P < 0.0001, R =
2
2
0.82), and 3 (P < 0.0001, R = 0.91). The linear increase remained significant (P < 0.0001, R = 0.76) for the total
water intakes of birds during the 3-week period. Chicks fed the 8 and 16% microalgae diets over this period consumed
16 to 39% (P < 0.05) more water than those fed the control diet. Although the 8% microalgae diet did not depress
growth performance, the extra water usage will lead to not only higher demand for the agricultural water needs but
also a larger amount of litter. A high salt concentration (4.7% Na) in the marine green microalgae was the apparent
reason for the elevated water intakes of birds. Subsequent analysis found heavier heart and/or liver weights in those
fed 8 or 16% microalgae than the control birds, indicating an extra metabolic load. In conclusion, additional processing
is needed to remove the extra salt present in the marine microalgal biomass for the full nutritional values without
adverse metabolic and environmental impacts. (Supported by DOE/USDA Biomass Research and Development
Initiative grant 201110006-30361, DOE MAGIC grant DE-EE0007091, USDA grant 2019-69012-29905, and Cornell
University Hatch grants NYC-127302).
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FINAL ID: 505S
TITLE: Intestinal nutrition during challenge scenarios: knowledge and gaps regarding the role of amino acids
Abstract Body: Amino acids (AA) are among the most economically important nutrients in poultry diets. Indeed, the
performance and meat yield of modern broiler strains have proven to be responsive to increased dietary AA density,
driving trends toward higher AA concentrations in broiler feed formulations. Before amino acids can become available
for skeletal muscle synthesis in the periphery, they must escape first-pass intestinal metabolism. A large proportion of
AA are catabolized by intestinal enterocytes as energy substrates and are also incorporated into mucosal proteins.
This already high intestinal demand for AA is heighted under gastrointestinal stress arising from environmental or
pathogenic challenges. Concurrently, protein digestion and AA absorption are often compromised in response to
these stressors, leading to increased undigested protein in the distal small intestine and hindgut. This alone can have
consequences on the luminal environment that generally favor enteric pathogens and increase intestinal stress.
Therefore, opportunities remain for a better understanding of how the modern broiler’s robust needs for digestible AA,
including those of the intestine, can be more precisely met without over-supplying indigestible protein. Existing
knowledge and current gaps in our understanding of the dynamics of enteric AA metabolism for both healthy and
challenged broilers will be discussed.
KEYWORDS: amino acid, intestine, enteric challenge, precision nutrition, broiler.
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TITLE: Intestinal nutrition: role of vitamins and biofactors and gaps of knowledge
Abstract Body: The role of the microbiota in the health of the host is complex and multifactorial. The microbiota both
consumes nutrients in competition with the host, but also creates nutrients that can be used by the host. However, the
quantitative impact of the microbiota on nutrient supply and demand is not well understood. The costs and benefits of
the microbiota on the nutrient economy of the host will be discussed, and knowledge gaps will be identified as
potential areas for future research, with a special emphasis on vitamins and biofactors.
KEYWORDS: chicken, microbiota, vitamin, biofactors, nutrition.
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FINAL ID: 507S
TITLE: Role of Diet-Microbiota Interactions in Precision
Nutrition of the Chicken
Abstract Body: Although many host-derived factors are hardwired and difficult to modulate, the microbiome may be
more readily reshaped by dietary exposure and is increasingly recognized to potentially impact poultry physiology by
participating in digestion, the absorption of nutrients, shaping of the mucosal immune response, energy homeostasis,
and the synthesis or modulation of a plethora of potentially bioactive compounds. These activities are dependent on
the quantity and quality of the microbiota alongside its metabolic potential, which are dictated in large part by diet.
Thus, diet-induced microbiota alterations may be harnessed to induce changes in host physiology, including disease
development and progression. In this regard, the gut microbiome is malleable and renders the gut microbiome a
candidate ‘organ’ for the possibility of precision microbiomics—the use of the gut microbiome as a biomarker to predict
responsiveness to specific dietary constituents to generate precision diets and interventions for optimal poultry
performance and health.
KEYWORDS: Gut microbiome, nutritional immunity, biotics, metabolites, intestinal physiology.
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TITLE: How do broiler farmers picture broiler welfare and perceive technologies potentialities on welfare
improvements?
Abstract Body: A questionnaire regarding broiler welfare and technologies aiming at animal welfare improvements
were applied to 184 broiler farmers of Southern Brazil. The objectives of this study were two-fold: (i) to analyze the
opinions of farmers on possible broiler welfare improvements and (ii) to analyze their opinions on technology
potentialities to improve broiler welfare. The criteria and principles present in Welfare Quality® (WQ®) protocol for
broiler chickens were used to guide questions. Broiler farmers were asked to score the importance welfare has to
them and their perceptions regarding the current conditions of living of broilers for each WQ® welfare criteria. Higher
scores for importance than to perceptions indicate that criteria is passive of improvements. The opinions of farmers on
technology potentialities were evaluated by analyzing their level of agreement in a five-point Likert scale to four
statements regarding the principles of broiler welfare. Data were submitted to Mann Whitney/Kruskal Wallis tests at
5% significance and to Dunn test with p-value adjusted for Bonferroni. Spearman correlations were performed to
analyze how the opinions on broilers welfare correlates to the opinions on technology potentialities. Broiler farmers
scored higher values for the importance of the criteria within good feeding and good health principles than for their
perceptions for the same criteria (P<0.05). Regarding the good housing principle, broiler farmers attributed higher
scores for the importance of “comfort around resting” and “thermal comfort” than to their perceptions (P<0.05);
however, no difference was observed for the criterion “ease of movement” (P>0.05). No differences were observed
between importance and perception for criteria withing appropriate behavior (P>0.05). Broiler farmers scored higher
values for technology potentialities to improve good feeding and good housing when compared to good health and
appropriate behavior (P<0.05). A positive correlation between the importance attributed to broiler welfare and opinions
on technology potentialities were observed for good feeding, good housing and appropriate behavior (P<0.05). The
perception scores attributed by broiler farmers to good housing and appropriate behavior were positively correlated to
their opinions on technology potentialities to improve such principles (P<0.05). In general, broiler farmers indicated
that there would be room for welfare improvements except for the criteria within appropriate behavior and for “ease of
movement”. Farmers indicated that technologies could assist them on broiler welfare improvements, especially
regarding the good feeding and the good housing principles.
KEYWORDS: Poultry welfare, Information technology, Welfare assessment, Farmer perception, Welfare quality.
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TITLE: Identification of reliable reference genes for expression studies in digestive system tissues of laying hens
housed in cage and cage-free systems
Abstract Body: Stress and dietary factors during egg production can produce changes in gene transcription and
protein synthesis in the hen digestive system and could affect the digestion, secretion of mucin and absorption of
nutrients. The objective of the study is to identify the most stable reference genes for data normalization in gene
expression studies in proventriculus and duodenum tissues of hens housed under two egg production systems. Under
commercial conditions, approximately 60,000 Hy-Line Brown pullets were reared with the same conditions until 15
weeks of age. Later, they were transferred into two different production systems, conventional cage (CC) and cage
free (CF), on the same farm, up to 82 weeks of age. At 82 weeks, a total of three (3) hens from CC and three (3) hens
CF systems were randomly selected from different replicates and euthanized by cervical dislocation followed
immediately decapitation. Approximately 0.5 g of proventriculus and duodenum tissues were collected and
immediately stored in RNAlater® stabilization solution, and frozen at −20°C until analysis. RNA extraction was
performed using RNA-Solv® reagent and cDNA synthesis using a high throughput cDNA reverse transcription kit. βactin (actb), 18SrRNA (18s), glyceraldehyde-3-phosphate dehydrogenase (gapdh), Tyrosine 3monooxygenase/tryptophan 5-monooxygenase activation protein zeta (ywhaz) and hydroxymethylbilane synthase
(hmbs) genes were selected for this study. qPCR was performed using QuantStudio™ 3, by Fast ramp speed
program. Each sample was run in duplicate. Data analysis was conducted using four software: geNorm, NormFinder,
BestKeeper and RefFinder, for the identification of reliable reference genes. The results showed the most stable
genes in proventriculus tissues of hens in CC and CF using geNorm were: 1. ywhaz, 2. gapdh 3. hmbs. NormFinder:
1. gapdh, 2. ywhaz, 3. Actb. BestKeeper: 1. ywhaz, 2. actb, 3. 18S. RefFinder: 1. gapdh, 2. ywhaz, 3. actb. In
duodenum tissues were in geNorm: 1. gapdh, 2. hmbs, 3. ywhaz. NormFinder: 1. gapdh, 2. ywhaz, 3. hmbs.
BestKeeper: 1. ywhaz, 2. 18S, 3. Gapdh. RefFinder: 1. gapdh, 2. ywhaz, 3. 18S. In summary, gapdh, ywhaz and actb
genes were the most stable genes in proventriculus tissue, and gapdh, ywhaz and hmbs genes in duodenum tissue of
hens in CC and CF. The use of these reference genes for the normalization of gene expression data may allow
greater reliability of data analysis.
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TITLE: First genetic characterization of Infectious Bursal Disease Virus isolated from Chile
Abstract Body: Hypothesis or objective : Infectious Bursal Disease (IBD), is a highly contagious infection affecting
young chickens worldwide, caused by the Infectious Bursal Disease Virus (IBDV). IBDV is a non-enveloped virus
highly resistant to environmental conditions, resulting in high prevalent disease. In South America has been described
genogroups 1 (G-1), 3 (G-3), and 4 (G-4). The aim of the present study is to present a detailed genetic
characterization of IBDV obtained from Chilean poultry commercial flocks, it would be expected that Chilean Viruses
would have similar diversity to other countries from the region.
Experimental design (or description of the problem for a non-statistical presentation): IBDV has been isolated in Chile,
however, there is not any paper describing its genetic characteristic, nor classifying these viruses into the preestablished genogroups.
Materials and methods: Ten chickens between two and six weeks old from different commercial poultry flocks were
received at the Avian Pathology Laboratory, then the Burses of Fabricius removed. Viral extraction, cDNA production,
PCR, and PCR product purification were performed using commercial kits (Invitrogen) following the manufacturer’s
guidelines. A 604 bp amplicon was produced with U3 – L3 primers previously published by OIE. Finally, they were
sequenced at Macrogen Inc.
Consensus sequences were assembled with Bioedit v 7.2.5, and aligned using the software Mafft v.7.2. PhyML 3.0
platform was used to construct the phylogenetic tree, performing 1,000 bootstraps to support the robustness of the
nodes, considering representatives sequences from all the Genogroups. MEGA X was used to estimate evolutionary
divergence in the VP2 hypervariable region.
Results: Chilean sequences of IBDV were clustered in a unique well-defined clade within the G-1. No other genogroup
was associated with the viruses obtained in this study. Moreover, the amino acidic distance between Chilean
sequences and G-1 was calculated at 0.0492, while the distance with the others genogroups ranged between 0.0831
(G-3) and 0.1051 (G-5). Comparing amino acidic residues, only positions 223 and 279 showed differences with
ViBursaCE and D78 vaccines, which are currently used in Chile. These positions have shown to be involved with
antigenic properties in VP2 and the ability to replicate in chicken embryonic fibroblasts, respectively.
Conclusions: This is the first genetic approach to understanding the IBDV circulating in Chile. No variant strains
appear to be involved in field cases, all of the viruses belong to G-1. G-3 and G-4 which have been reported in the rest
of South America were absent in Chilean IBD cases.
KEYWORDS: Infectious Bursal Disease, Phylogeny, Genogroups, Maximum likelihood.
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TITLE: Gut health markers of the efficacy of Bacillus subtilis DSM 29784 in broiler chickens
Abstract Body: Biomarkers to evaluate gut health are difficult to determine with precise accuracy but they are
necessary to predict animal performance and to evaluate efficacy of gut health solutions. The aim of this work is to
determine the effect of the probiotic solution Bacillus subtilis DSM 29784 (Bs29784) on the most relevant gut health
biomarkers in poultry production. To that manner, we have summarized the data obtained in different in vivo models.
The first approach was to do the macroscopical scoring of the intestine. The method described in Teirlynck et al
(2011) showed negative correlation with villus length and positive correlation with T-cell infiltration in dysbacteriosis
condition. In our trial, a dietary challenge was induced by increasing NSP content. The Bacterial Enteritis Score was
2.0 for the control group and decreased to 1.0 with the supplementation of Bs29784. Then, a microscopical evaluation
of the gut gives a precise state of the epithelial integrity and inflammation. For instance, longer villi height is
associated with higher body weight. On 42 day-old broilers, Bs29784 significantly increased villi length relative to
control from 0.66 to 0.79 µm in the ileum, and from 1.25 to 1.46 µm in the cecum. Looking at the microbiota from an
ecological perspective could provide good insight as well as it is assumed to be as resilient as possible if the
population is diverse and contains more bacteria with anti-inflammatory properties (butyrate producers like
Ruminococcaceae and Lachnospiraceae) and less opportunistic pathogens like Clostridium perfringens or
Enterobacteriaceae. In a necrotic enteritis challenge model, Bs29784 group showed higher alpha-diversity than
control birds with Chao and Shannon index. We also observed higher prevalence of Ruminococcaceae with the
supplementation of Bs29784, especially for Faecalibacterium prausnitzii (+13.4%) that is known to be correlated with
villus length and CD3 area. In another trial where broilers were challenged with C. perfringens, we observed that the
prevalence of E. coli at 21 d and C. perfringens at 28 d were significantly reduced in the Bs29784 group. Finally, some
microbial metabolites can be linked to gut health. Nicotinic acid for instance activates the GPR109A receptor, which
suppresses intestinal inflammation. We demonstrated that it increases cell proliferation and wound healing in a Caco2 in vitro model. An exploratory study on 13 day-old chicks showed that Bs29784 increased the intestinal content of
nicotinic acid in ileum and jejunum, revealing a mode of action through which it can improve gut health.
This work demonstrated that these key markers can be measured to evaluate the consistent efficacy of Bs29784 in
broilers.
KEYWORDS: biomarkers, bacillus subtilis, microbiota, gut barrier, immunity.
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TITLE: Positive Impact of Gumboro control on broiler performance, uniformity and results in the slaughterhouse
Abstract Body: Introduction: Gumboro disease is one of the most important diseases for the poultry industry, infecting
the bursa and impacting the immune system and the general health of the broilers. As known, it can impact the results
in the field and the processing of the broiler's carcass in the slaughterhouse. When the subclinical form of Gumboro
disease is present due to a vaccination failure, which can be verified by looking at the flock's serology titers, the
chickens are infected by the field virus. Objective: In this context, this paper aims to assess the impact on field and
slaughterhouse performance of the subclinical Gumboro by contrasting two different scenarios of disease pressure.
Experimental Design: Farm and slaughterhouse serology and performance results from a South American broiler
producer are presented. Thirty mixed broilers flocks from 21 different farms in a total of 1,419,200 birds divided into
®
two groups vaccinated in-ovo: G1 by the reference IBD immune-complex vaccine (TRANSMUNE ) G2 by others
hatchery IBD vaccines. Blood samples were collected at slaughter time (47 days of age (DOA)). For each flock, farm
performance variables are the average of DOA, body weight (BW), feed conversion rate (FCR), average daily gain
(ADG), European production efficiency factor (EPEF), geometric mean titer (GMT), and total mortality as well the
mortality after 35 DOA. The slaughterhouse performance variables are mortality during transportation, full and partial
condemnations by airsaculitis, fecal condemnation and cachexia, and slaughter line downtime. Statistical significance
was assessed by the Mann-Whitney test, and a p-value < 0.05 was deemed significant. Results and discussion:
Contrasting G1 and G2 field results, most of the variables were significant. We highlight that all mortality variables
were favorable to G1 whilst BW, ADG, and FCR were not significant. Considering the slaughterhouse performance
variables, the significant one was the partial fecal condemnation. However, since it is known to impact slaughter line
cadence speed (to reduce the contamination risk), improving this variable leads to better economic results. Although
not achieving statistical difference, all results were favorable to G1. For instance, the total downtime in minutes G1
had 66.37 (52), mean (SD), and G2 109.18 (155), as a processing performance indicator, impacts on the product
economic feasibility and the commercial profitability. In this direction, G1 had a GMT of 4,000 (1,613), while G2 had
5,090 (1,174). Flock’s having GMT greater than 4,000 are well protected against the subclinical form and controlling
Gumboro disease leads to better field and slaughterhouse performance results.
KEYWORDS: Gumboro, subclinical, slaughterhouse, economics, performance.
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TITLE: Effect of different source of yeasts on broiler performance
Abstract Body: The present study aimed to evaluate the effects of supplementation of different sources of yeasts on
broiler performance. A total of 540 broilers Cobb 500 were allocated in cages from 1 to 42 days. Birds were distributed
according to a completely randomized design with three treatments and nine replicates of twenty birds each. The
treatments were: control treatment (T1 - without yeast); metabolic bioactive (MB) from yeast blend composed by
-1
-1
brewer yeast, baker yeast and sugar cane yeast (T2 – 1 kg t of MB) and commercial blend yeast (T3 – 1 kg t of
BY). All birds and feed remaining in the feeders were weighed by repetition, to determine the weight gain (WG), feed
intake (FI) and feed conversion ratio (FCR) at 21, 35 and 42 days. The normality and homogeneity of the data was
determined by the Kruskal Wallis and Levene’s test and for the removal of outliers, the Interquartil system (SAS
program) was used. Subsequently, data were analysed by ANOVA, and the significant differences (P<0,05) values
were compared by Tukey’s teste. There was no difference for the performance at 21 and 42 days. However, at 35
days, birds fed T2 had improved FCR than other treatments. The efficiency of MB supplementation may be associated
to several factors like source, diets, concentration and other else. This FCR improvement indicates that the
supplementation of MB from yeast is due to the one beneficial effects of yeast in improvement of the intestinal lumen
health and thereby increasing the absorption and utilization of the dietary nutrients. In the conditions evaluated, the
use of metabolic bioactive from yeast blend composed by brewer yeast, baker yeast and sugar cane yeast benefited
the feed conversion ratio of broilers at 35 days.
KEYWORDS: additives, intestinal health, poultry nutrition, prebiotics.
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TITLE: Effect of dietary balanced protein on body composition and the age at first egg of laying hens
Abstract Body: The objective was to evaluate the variation on the body composition and their effect on the early
sexual maturity of pullets fed with balanced dietary protein levels. 280 Lohman LSL pullets were used from 52 to 212
old-d. The birds were randomly assigned to one of the three treatments consisting of levels of balanced protein (BP):
control (C), reduced (C-20), and increased (C+20) in 20% of the BP above or below control group. The lysine level of
control was 0.803, 0.700, 0.742 and 0.680 for growth, development, pre-laying and laying phases, respectively. At the
start and end of each phase were collected the following data: body weight (BW), and body composition (ash, lipid,
protein, and water) by DXA scan, which was expressed relative to BW (g/100g of BW). Additionally, the egg
production (EP) was recorded daily, and it was counted from the laying of the first egg of each treatment. The average
age at first egg (AFEm) was considered to be 50% of EP. The body composition data were analyzed by ANOVA
(BP×Age), and the mean comparison was by Tukey test. The EP for each treatment was fit to the Gompertz model
modify: EP=100*EXP(-EXP(-k*(Age-t))), where 100 is the asymptotic value, k is the rate and t is the inflection point.
The AFEm was estimated from this function. It was not shown interaction for any of the evaluated variables. The body
composition varied significantly (P<0.05) along with the age. On the other hand, the BP had a significant effect on BW
(P=0.0043), the C+20 (1,175 kg) was higher than C (1,109 kg) and C-20 (1,107 kg); the opposite was shown for ash
content (P=0.0039), where C+20 (3.86) was lower than C (4.02) and C-20 (4.00). Also, the lipid content was different
(P = 0.0171) between C (11.88) and C + 20 (12.78), but not different from C-20 (12.22). The body protein was not
affected (P=0.133) by the BP levels with an average of 18g/100g. The parameters estimated for EP curve were lower
to that parameter t for C+20 (13.11±0.225), varying on around one day for C and four days for C-20; likewise, the rate
was higher for this treatment (0.168 ± 0.0075), compared with C (0.14 ± 0.0042) and C-20 (0.121 ± 0.008). Based on
that, the estimated AFEm were 16.9, 20.42 and 15.29 for C, C-20 and C+20; respectively. In conclusion, the BP
modifies the body composition of pullets on the rearing phases, and affecting the early laying of birds, and
consequently on the increasing of egg production along the productive cycle of the laying hens.
KEYWORDS: Age at first egg , Animal nutrition, Balanced protein, Body composition, Laying pullets .
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TITLE: Improving feed efficiency by boosting digestive and exogenous enzymes activity thanks to clay and algae
Abstract Body: Several types of feed additives are available to improve feed digestibility, including exogenous
enzymes which target specific nutrients that are not digested by endogenous enzymes. Recently, an innovative algoclay complex (ACC) developed by Olmix Group (France) has shown interest in increasing the activity of endogenous
digestive enzymes and feed efficiency. The present work aims at reviewing the effect of this ACC on broilers
performance depending on the use of exogenous enzymes in the diet. Three different studies were implemented in
the Poultry Research Center of the University of Viçosa (Brazil). All studies used Cobb 500 male broilers fed cornsoybean diets. Animals were placed in pens of 20 (Study 1) or 22 (Studies 2 and 3) chicks, with 10 replicates per
treatment. In each study, the treatments were control (no ACC supplementation) and test (with 0.1% ACC in all
feeding phases). The diets in the 3 studies differed by their supplementation in exogenous enzymes: no exogenous
enzymes were used in Study 1, phytase was used in all groups in Study 2 and phytase and carbohydrases (NSP
enzymes) were used in all groups in Study 3. Results of the Study 1 showed a decrease in feed conversion ratio
(FCR) when using the ACC in grower phase (day 22-35; -4%, P<0.05) and total cycle (day 0-35, -3%, P<0.05).
Growth rate tended to be higher in the test group than control in the grower phase (+4%, P<0.10) with a final weight
(at 35 days) of 2.449 kg in the test group and 2.392 kg in the control group (P=0.127). In the Study 2, the ACC
supplementation lead to a decreased FCR of 2% in the total period (day 0-42, P<0.05) with the highest effect in the
grower phase (-4%, P<0.05). The final weight (42 days) was increased by 78g in the test group compared to control
(respectively 3.337 kg vs 3.259 kg, P=0.163). In the Study 3, the FCR (day 0-42) was decreased by 3% in the test
group compared to control (P<0.05) with the highest effect in the finisher phase (-8%, P<0.05). Growth rate followed
the same trend with an increase in average daily gain (ADG) of 4% (P<0.01), resulting in a 134g higher final weight
(42 days). The highest effect was observed in the finisher phase with a 12% increase in ADG (P<0.01). All in all, these
studies highlight the capacity of the ACC to improve feed efficiency and growth of broilers independently of the use of
exogenous enzymes. The demonstration of a synergistic effect between the ACC and exogenous enzymes requires
further investigation.
KEYWORDS: Algae, Clay, Enzymes, Feed efficiency.
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TITLE: COMPARISON OF THE USE OF GLUCOSE OXIDASE AND BMD FOR THE CONTROL OF
ENTEROPATHOGENIC BACTERIA IN BROILER CHICKEN
Abstract Body: The long-term use of growth promoting antibiotics in animal feed and their negative effects such as
antimicrobial resistance and drug residues have set the tone for their replacement by non-antibiotic enzyme additives.
Glucose Oxidase-GUTFITZYME3000 (GOX) is a flavoprotein that catalyzes the oxidation of ß-D-glucose to Dglucono-Õ-lactone and hydrogen peroxide using molecular oxygen as an electron acceptor, increasing the presence
of beneficial bacteria that could help also as an important regulator to improve growth performance and intestinal
health. The present work focused on verifying the efficacy of GOX and Bacitracin Methylene Disalicylate (BMD) for the
control of coliforms and Salmonella spp. A group of 360 one-day-old male Ross 308 chickens was used. They were
randomly distributed in 3 treatments with 8 replicates per treatment and 15 chicks per replicate. The farm has a house
with a manually controlled natural environment. The pens have bell-type drinkers and hopper feeders. There were 3
production phases: initiation of 1-7 days, growth of 8-21 days and completion of 22-49 days. The preparation of the
food was carried out in accordance with the recommendations of the lineage. In the period of 1-21 days, there were
two treatments: treatment 1. food supplemented with 500 ppm of BMD, with 8 repetitions; Treatment 2. food
supplemented with 200 ppm of GOX, with 16 repetitions. In the period of 22-49 days, there were three treatments:
treatment 1. food supplemented with 500 ppm of BMD treatment 2. food supplemented with 200 ppm of GOX;
treatment 3. food supplemented with 200 ppm of GOX. On days 1, 21 and 49, excreta samples were taken from a
sample of chickens from each pen and a microbiological analysis was carried out to quantify the total count of
bacteria, total coliforms and Salmonella spp. A completely randomized design with 8 repetitions per treatment was
used. The response variables obtained were subjected to analysis of variance (SAS). Comparisons between means
were made using the least significant difference method. The counts of total bacteria, total coliforms and Salmonella
spp were statistically similar between the chickens supplemented with BMD and those that were added with GOX. The
results indicate that it is possible to substitute the growth promoting antibiotic BMD for the GOX test product.
Key words: broiler chicken, Bacitracin Methylene Disalicylate, glucose oxidase, Coliforms and Salmonella spp.
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FINAL ID: 520L
TITLE: Effects of live Saccharomyces cerevisiae dietary supplementation on performance and immunity of broiler
chickens.
Abstract Body: Probiotics, such as yeast S. cerevisiae, have been evaluated as potential feed supplement. The
objective of this study was to evaluate the effects of a high concentration live yeast (S. cerevisiae, 20 billion CFU/g,
Vistacell - AB Vista Marlborough/UK) on broiler performance, TGI development and immunity. 756 Cobb birds were
used, distributed in 2 treatments (Control – without live yeast -; and Live yeast-included at 250g/ton) with 14
repetitions of 27 birds/each. The birds were housed in a completely randomized arrangement, and the trial was carried
out in a facility of a Indian Center, during the summer period (temp.C/hum.% varying from max 41/86 to min 23/36).
Diets were corn and soybean meal based, offered as mash, with feeding regimen comprised of three feeding phases
(Sta 1-14 days - 3,050 kcal of AMEn/kg and 1.3% of dLys; Gro 15-28 days - 3,100 kcal of AMEn/kg and 1.1% of dLys;
and Fin 29-42 days - 3,150 kcal of AMEn/kg and 1.0% of dLys). Performance (body weight gain–BWG; feed intake–FI;
feed conversion ratio corrected for mortality–FCR; body weight corrected FCR–bwcFCR and EPEF) was measured
weekly, additionally, at 42 days of age the relative weight of the gizzard, cecum and intestinal tract were calculated.
On days 28 and 42, blood samples were taken for determination of the Newcastle Disease Titers (NCT). Data was
submitted to ANOVA and differences deemed significant at P≤0.05, with trends discussed when P<0.10.
Supplementation of live yeast significantly improved FI by 4g from 0 to 7 days of age (119 vs.123 g/b for Control and
Yeast Group, respectively,P=0.016). From 29 to 35d BWG was improved on birds fed diets supplemented with live
yeast by 32g (607 vs. 639 g for control and yeast, respectively,P=0.013). For the overall period (0 to 42 days of age)
live yeast supplementation tended to increase BWG by 45g (2,250 vs 2,295 g/bird for control and yeast group,
respectively;P=0.08), significantly improved FCR by 2 points (1.57 vs 1.55 g:g for control and yeast group,
respectively;P<0.01) and bwcFCR by 3 points (1.57 vs 1.55 g:g for control and yeast group, respectively;P=0.01).
These culminated with a significant increase on EPEF by 11 points (306 vs 318 for control and yeast group,
respectively;P=0.039). Exist a significant improvement in the cecum relative weight (0.42 vs 0.50% for control and
yeast group, respectively;P=0.022), which may indicate an increase in fermentation capacity. As for NCT, there was a
significant reduction in titers of blood sampled at 28d (3.4 vs 4.6 log for control and yeast group, respectively;P<0.01,).
In conclusion, live yeast supplementation improved performance and increased the relative weight of the caecum,
representing a potential probiotic for broilers.
KEYWORDS: Live yeast, Performance, Cecum relative weight, Newcastle disease titers, Fermentation.
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FINAL ID: 521L
TITLE: Uncoated-buffered sodium butyrate addition improved performance and intestinal health of broilers fed low
energy-protein diets
Abstract Body: The objective was to evaluate the effect of an uncoated-buffered sodium butyrate (SB)
supplementation on the performance, the jejunum histomorphometry and the duodenum coliform and lactic acid
bacteria populations of broilers from 0 to 40 d of age when dietary energy and amino acids concentrations were
reduced. A total of 360 1-d-old male chicks (Cobb-500) were allocated in 24 floor pens in a CRBD with 3 treatments (8
replicates/treatment). Pre-starter (0-14 d), starter (15-28 d) and grower (29-40 d) diets were used for dietary
treatments. Control diets (CTL) were formulated according to Cobb recommendations (2018). Low energy-protein
diets (LEP) were formulated to obtain a 3% reduction in ME, CP, and the main digestible amino acids (Lys, M+C, Tre).
Another set of LEP diets were formulated to include SB (LEP+SB). SB (Butylin 54, Dietaxion) was included on-top
during the whole experiment at 600 ppm. Birds and feed were weighed weekly individually and by pen, respectively,
and the mortality recorded daily. At 14 and 28 days of age, one bird per pen was randomly selected and euthanized.
The content of the last part of duodenum was used to examine microbial population (total coliforms and lactic acid
bacteria were analyzed as log cfu/g). Histomorphological examination of villus height (VH) and crypt depth (CD) of
10
each animal was the mean of 5 determinations. Parametric data were analyzed as a 2-way ANOVA and nonparametric data through the Kruskal-Wallis test. There were not significant differences in body weight, colony counts
of total coliforms and of lactic acid bacteria at any time (P > 0.05). CTL broilers had the lowest feed intake and FCR (P
< 0.05) between 0-40 days of age, but also LEP+SB broilers had a lower feed intake and FCR than LEP ones (P <
0.05). LEP+SB birds showed a lower mortality (P < 0.05) than birds with the other diets during the first two weeks, but
there were no differences at any other time (P > 0.05). Histomorphological traits VH, CD and VH/CD (VCR) were
different between treatments (P < 0.05) at any time with the exception on VH at 14 days (P > 0.05). At 14 days
LEP+SD broilers showed higher VCR and lower CD than CTL birds (P < 0.05) and at 28 days supplemented animals
obtained a higher VCR and lower CD than the un-supplemented treatments (P < 0.05). At the last age LEP+SB
broilers had a higher VH than LEP ones (P < 0.05). Dietary supplementation of broilers from 0 to 40 days with an
uncoated-buffered SB improve the development of the upper part of the GIT increasing intestinal health of the jejunum
and the feed efficiency in LEP diets. The use of SB in broilers fed LEP diets can be considered an important strategy
to feed cost savings and excretion reduction.
KEYWORDS: broiler, feed efficiency, intestinal histomorphology, sodium butyrate.
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FINAL ID: 522L
TITLE: Effects of calcium pidolate supplementation on performance, Ca-P retention, and bone development of
broilers fed low Ca-P diets
Abstract Body: The effects of calcium pidolate (PID) supplementation on growth performance, calcium (Ca) and
phosphorus (P) retention, and bone traits was studied in broilers fed low Ca-P diets from 0 to 21 d of age. The
experimental design was completely randomized with 8 diets arranged as a 4 × 2 factorial with 4 levels of total Ca and
P and the supplementation or not of 300 mg/kg of PID (PIDOLin PCa, Dietaxion SAS). Feeding periods were 0-14 and
15-21 d of age. The control diet contained 0.88% Ca and 0.63% P from 0-14 d and 0.73% Ca and 0.56% P from 15-21
d of age. The Ca and P levels of the experimental diets were 90, 85 and 80% of those of the control diets in each of
the two feeding periods. Each treatment was replicated 10 times in cages with 10 Ross 308 birds each. Average daily
gain (ADG), average daily feed intake (ADFI) and feed conversion ratio (FCR) were calculated by replicate from 0-7 d,
8-14 d, and 15-21 d of age. In addition, total tract apparent retention (TTAR) of dry matter, organic matter, Ca, and P
of the diets was determined at 14 d of age. At 21 d of age, the weight, breaking strength, and elasticity of the tibia
were determined in one bird per cage. Data were analyzed as a 2-way ANOVA and the linear (L) and quadratic (Q)
effects of the Ca and P levels of the diet on all traits were studied in the two set of PID treatments (with or without PID,
separately). There were not significant differences in body weight, ADG, or ADFI at any time (P > 0.05). From 0 to 21
d of age, PID supplementation affected (P < 0.05, for the interaction) FCR response of the birds to the levels of dietary
Ca and P. A decrease in Ca and P contents impaired FCR in birds fed the unsupplemented PID diets (L, P < 0.01; Q,
P = 0.091) but not in birds fed the supplemented diets (L, P > 0.05; Q, P > 0.05). Furthermore, the effect observed
was greater in those groups of broilers fed the lowest Ca and P levels. The TTAR of P increased (L, P < 0.01) as the
Ca and P contents of the diet decreased in broilers fed the PID diets but no effects were observed in birds fed the
unsupplemented diets (P > 0.05). Dietary treatment did not significantly affect any of tibia variables measured (P >
0.05). Numerically, however, the breaking strength and elasticity of the tibia decreased by 5.5% and 4.8%,
respectively, as the Ca and P content of the diet decreased in broilers fed the unsupplemented PID diets (L, P =
0.086) but not in broilers fed the supplemented diets. Supplementation with 300 mg PID/kg improved FCR and TTAR
of P in broilers fed diets with low total Ca and P contents. The inclusion of PID in the diet for broilers fed low Ca and P
levels could be considered an important strategy to reduce feed cost and mineral excretion.
KEYWORDS: broiler, feed efficiency, calcium pidolate, P digestibility, tibia.
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TITLE: Use of a blend of organic acid on broiler performance
Abstract Body: This study aimed to evaluate the effects of the supplementation of a blend of organic acids (OA) on
broilers performance. In total, 420 male broilers (Cobb 500) were housed in cages from 1 to 42 days of age. Birds
were distributed according to a completely randomized design with three treatments and 7 replicates of 20 birds each.
-1
-1
The treatments were: T1 - Negative Control (NC); T2 - NC + 1 kg t of OA (1 kg OA); T3 - NC + 2 kg t of OA (2 kg
OA). The blend of OA was composed by benzoic acid, fumaric acid and citric acid. All birds and feed remaining in the
feeders were weighed by repetition, to determine the weight gain (WG), feed intake (FI) and feed conversion ratio
(FCR) at 35 and 42 days. Means were compared by orthogonal contrasts. Each contrast was independently tested by
the F test at 5% probability level. The birds that received 2 kg OA had lower FI at 35 and 42 days of age. At 35 days,
the birds receiving the 1 kg O diet showed higher WG when compared to those fed 2 kg OA. And at 42 days, the birds
that received 2 kg OA had better FCR than NC group. There are several publications explaining that organic acids
have been used as an additive to improve the broiler performance significantly. Such a positive impact of dietary
acidifiers on growth performance might be due to a reduction of pH values in the feed and digestive tract, killing the
pathogenic organisms which are sensitive to low pH or selectively increasing the lactobacillus, promoting direct
antimicrobial effect. Besides that, in the literature there is evidence that the organic acids included in the isolated form
do not produce an effect on the performance, only the blend of several acids. It is possible that the action of several
acids together present synergy among themselves. In the conditions evaluated, the use of a blend of organic acids
-1
(1,0 and 2,0 kg t ) benefited the performance of the broilers at 35 and 42 days.
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FINAL ID: 524L
TITLE: Effects of a yeast metabolic bioactive compound and organic selenium on growth performance of broiler
chickens
Abstract Body: The objective of this study was to evaluate the supplementation of a yeast metabolic bioactive (MB)
and organic selenium on broilers' growth performance from 1 to 42 d old. Eight hundred male Cobb 500 broilers were
used in a randomized complete block design experiment with 5 treatments, 8 replications per treatment, and 20 birds
-1
per experimental unit (cages). The treatments were: T1 - negative control (NC – without MB); T2 - NC + 500 g t of
-1
-1
-1
-1
MB; T3 - NC + 1500 g t of MB; T4 - NC + 500 g t of MB + 100 g t of organic selenium; T5 - NC + 1500 g t of
-1
MB + 300 g t of organic selenium. The MB used is derived from brewer's yeast, baker's yeast, and sugar cane yeast
processing. Growth performance parameters weight gain (WG), feed intake (FI), and feed conversion ratio (FCR)
were evaluated at 10, 21, 35, and 42 d. ANOVA was performed and means were separated using the Tukey test (5%).
Birds fed T1 and T2 showed 3.6% higher (P<0.05) WG compared to T4 and T5 groups, while T3 was not different
(P>0.05) from the other diets on d 10. FI was 4.8% higher (P<0.05) in T3 in contrast the presented by T2, T4, and T5,
at the same time that T1 was similar (P>0.05) from them. At d 10 better and 2.3% lower (P<0.05) FCR was observed
when T2 was consumed. Birds’ performance was not (P>0.05) influenced by the evaluated treatments on d 21 and d
35. FI was 2.6% higher (P<0.05) for birds that received T3 compared to T4, and both did not differ (P>0.05) to T1, T2,
and T5 on d 42, while no effects (P>0.05) were observed in WG and FI. On day 10, the improvement noted in the
groups that received NC + 500 g t-1 of MB may be related to the early colonization of beneficial yeast having a vital
role in the establishment of a favorable microbial environment in the gut which had resulted in better utilization of feed
and better absorption of nutrients. Also, might be due to yeast having stimulating action on the digestive tract. In the
conditions evaluated, the use of MB benefited the FCR and WG of broiler chickens, while larger conclusions about
organic selenium supplementation were not possible.
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TITLE: Mineral profile of chicken meat affected by Wooden Breast myopathy stored for 12 months
Abstract Body: Wooden breast myopathy is known for giving hardness to the pectoral muscle in broilers, in addition to
the appearance of petechiae and white stripes, it also alters its chemical composition. The objective of this work was
to evaluate the effect of storage on the mineral profile of chicken affected by Wooden Breast myopathy throughout
twelve months of freezing. 360 samples were selected from male chicken breast of Cobb 500 line, slaughtered at 42
days of age, according to the degree of myopathy [severe, moderate and normal (absence of myopathy)]. Samples
were classified according to the presence of stiff and pale muscles. Part of the samples (n=60; n=20 for total samples
and for each degree of severity) were refrigerated and analyzed on the same day of collection. The remaining
samples were packaged and frozen in a freezing tunnel (-40°C), and subsequently stored at -18°C for up to twelve
months. The mineral profile analysis was performed by means of nitric-perchloric digestion and the technique of
atomic absorption spectrophotometry of mineral matter. For the analysis of the phosphorus present in the samples,
the spectrophotometric method of molybdate-vanadate was applied. A completely randomized experimental design in
a 3x5 factorial arrangement consisting of 3 degrees of myopathy and 5 storage times (0, 3, 6, 9 and 12 months) was
used. The data were analyzed by “One-Way ANOVA” procedure from Statistical Analysis System Software (SAS).
The results were submitted to analysis of variance and means compared by Tukey test with significance set at p<0.05.
It was observed that samples affected by severe myopathy had lower (p<0.05) concentrations of P (10.37), Mg (0.98)
and S (8.65), when compared to normal samples (10.72; 1.06 and 9.08 for P, Mg and S, respectively). Na was the
only mineral that increased (p<0.05) its concentration whereas the degree of myopathy increased (2.63 for severe
degree) when compared to normal samples (1,94).The storage time caused a decrease (p<0.05) in S values for those
samples affected by the myopathy (from 9.16 to 7.09), whereas the difference of its concentration in normal samples
was not affected (p>0.05). Lower (p<0.05) mineral values were also observed as the storage time increased for
concentrations of Ca (0.288), P (10.7), K (12.51) and Mg (1) at 12 months when compared to time 0 (0.488; 10.92;
13.38; 1.06; 9.12 for Ca, P, K and Mg, respectively), mainly due to the action of ice crystals on the cell membrane,
which decrease the water retention capacity of the chicken meat and favor losses of soluble material (such as
minerals). It can be concluded that storage causes a decrease in mineral concentrations on chicken meat affected by
Wooden Breast myopathy.
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TITLE: Staphylococci profile of Free-Range eggs collected in nest boxes and on the aviary bedding according to the
collection time post-laying
Abstract Body: Contaminated eggs with Staphylococcus spp., especially coagulase positive enterotoxigenic strains,
has increased the cases of foodborne diseases worldwide. However, many studies have suggested that the
assessment of coagulase negative staphylococci in fresh eggs should be equally considered, as some of these
microorganisms are also toxin producers. Furthermore, the establishment of alternative rearing systems, where birds
are cage free and the eggs have contact with the nest and aviary bedding, might increases the risk of contamination.
Thus, this study aimed to verify the prevalence of positive and negative coagulase Staphylococcus in a batch of
approximately 4500 Hisex Brown laying hens, 82 weeks old, reared in a free-range system. 50 eggs were collected,
distributed in five times (0, 3, 6, 9, 12 hours post-laying) and two laying locations (nest and aviary bedding). Each pool
of samples contained 5 eggs. Shell and internal contents were analized. Nest and bedding were also sampled. After
quantitative evaluation using the Baird-Parker agar counting method, typical colonies were selected for coagulase
test. Despite the current legislation in Brazil (IN60/2019) not to establish permitted staphylococcal parameters for fresh
eggs, our results showed absence of coagulase positive Staphylococcus in 100% (10/10) of the analyzed eggshell
samples. It was also observed that eggshells from the bedding had a higher count of coagulase negative
Staphylococcus in relation to the ones from the eggs collected in the nest. With advancing the collection time, the
4
6
count of this group of pathogens on the eggshell from the bedding increased 10 to 10 CFU/g, whereas count in nest
3
eggshells remained stable (10 CFU/g) throughout 12 hours post-posture. These findings are reflection of the high
7
8
load of coagulase negative staphylococci present in the nest and on the bed (10 and 10 , respectively), which
contaminate the outer surface of the eggs. It is known that bacterial load on the shell can affect the penetration of
bacteria inside the egg, promoting its deterioration and compromising the consumer's health. However, no
staphylococcal contamination of the internal components was found for any of the eggs exposed to the litter and nest.
Thus, we conclude that free-range eggs were negative for coagulase positive Staphylococcus and had low load of
coagulase negative Staphylococcus on their shells. However, the need to collect eggs as soon as possible after laying
is evident in order to prevent an increase in microbial load on the surface of the eggs, especially those collected on
the litter, which should receive differentiated treatment due to their high load of coagulase-negative Staphylococcus on
its shell.
KEYWORDS: egg microbiology, food safety, free range eggs, public health, Staphylococcus.
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TITLE: VISUAL ACCEPTANCE OF CHICKEN MEAT WITH DIFFERENT DEGREES OF MYOPATIES
Abstract Body: The study was carried out to evaluate the effect of different degrees of White striping and Wooden
breast myopathies on the consumer's visual acceptance of fresh chicken breast. The severity of the myopathy in the
chicken breast meat was classified into 3 groups, with 10 repetitions, namely: normal (NOR), moderate (MOD) and
severe (SEV). The breasts were randomly distributed, individually packed and refrigerated display (4°C ± 1; 1200 lux,
-1
12 h day ). The breasts were randomly removed one by one and photographed each day, for 5 days, for visual
assessment and consumer purchase intent. The photographs were produced under standardized conditions following
the methodology proposed by Passetti et al. (2017). The photographs were projected randomly and individually on a
computer. The visual analysis of the breasts was performed in an appropriate environment with semi-trained
evaluators (n = 25), who regularly consume chicken meat. The evaluators performed the analyzes of 120 photos in
total, being: 8 chicken breasts; 3 types of meat anomalies and 5 days of commercial exposure, which corresponded to
the samples in randomized order. The evaluation of the meat's color acceptability was made using the 9-point hedonic
scale without the central point. The data were submitted to unilateral ANOVA and performed with the aid of the IBM
Statistical Package for the Social Science. Then, visual attributes were evaluated considering the degree of each
myopathy and exposure time as fixed effects. Similarly, in the evaluation of consumer's acceptability, the degree of
each myopathy and exposure time were considered as fixed effects and the consumer was included as a random
effect. To analyze the number of days, regressions were performed between exposure days and acceptability scores.
The differences were evaluated by Tukey's test (P<0.05). According to our findings, visual acceptance was different
between meat types. During the period of visual assessment of breasts with the presence of myopathies, consumers
gave higher scores to NOR meats (P<0.001). The maximum exposure time in which consumers rated meats with
positive scores (above 5) was 2.4 days for NOR breasts, 1.22 for MOD breasts and 1.77 days for SEV breasts; after
this period were not accepted by consumers. In relation to exposure time, the intention to buy the breasts decreased
over the days. The results of this study showed that the presence of myopathies affects the consumer's visual
acceptance of refrigerated chicken meat. Considering that the consumer's visual acceptability has direct effects on the
purchase intention, a better understanding of the effect of myopathies is essential to assess consumer preferences at
the time of purchase.
KEYWORDS: Consumer, Chicken meat quality , visual acceptability, Wooden breast, White Stripe.
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TITLE: THE EFFECT OF CLOVE ESSENTIAL OIL AS A NATURAL PRESERVATIVE IN THE OXIDATION OF
CHICKEN HAMBURGERS
Abstract Body: We evaluated the effects of including the essential oil (OE) of clove as a possible substitute for the
synthetic butylated hydroxytoluene (BHT) additive in frozen chicken hamburgers. Analyzes of antioxidant capacity
(ABTS and TPC) and lipid oxidation were performed. The chicken breast meat was obtained in a single batch, from a
commercial poultry processing unit in the western region of Paraná state, Brazil. After slaughter, Pectoralis major (PM)
was removed from the carcasses and cooled (4°C ± 1 for 5h). After that, the breasts were packed in plastic bags and
transported to the poultry experimentation laboratory at the Federal University of Paraná – Palotina, where they were
frozen (-5°C ± 1) until the time of analysis (3 months of storage). The treatments were defined as follows: addition of
0.01% clove essential oil (CEO), 0.01% BHT (CON), and without the addition of antioxidant (STD). The BHT
concentration used in this study followed the standards established by the Ministry of Health from Brazil for meat
products (100 mg/kg of product)The breasts were thawed under refrigeration (4°C ± 1), grounded (industrial meat
grinder with 6 mm mesh. To manufacture the hamburgers, all ingredients were homogenized manually (10 min) and
the hamburgers were molded as patties of 80 g, 10 cm in diameter and 2.0 in height. The samples were individually
packed in retractable polystyrene bags permeable to oxygen and taken in a freezer (-10°C ± 1). For the analysis, the
hamburgers from each treatment (8 replicates in triplicate) were randomly removed on days 1 and 90 from the frozen
storage. The phenolic content (TPC), the antioxidant activity and the lipid oxidation of the hamburgers were analyzed
and the results were expressed as mg of gallic acid equivalent (GAE)/g hamburger. The percentage of radical
reduction (ABTS*) activity was expressed in % of reduction. To assess lipid oxidation, a sample of hamburger (5 g)
was mixed with a TCA solution and the results were expressed in mg MDA/kg of hamburger. The experimental design
was completely randomized, in triplicate and three storage times (5 days). The significance of the differences between
treatments was made by ANOVA and Tukey as a post hoc test. Our results showed that the addition of clove EO had
an antioxidant effect on frozen chicken hamburgers (P>0.05), reducing lipid oxidation processes during freezing. The
essential oil showed the highest antioxidant activity and phenolic content at the end of storage. Therefore, clove
essential oil has been a promising natural antioxidant to increase the shelf life of meat products, as well as a viable
solution to replace the synthetic antioxidant BHT and other commercial additives widely used by the food industry.
KEYWORDS: Antioxidant, butylated hydroxytoluene , Clove essential oil , lipid oxidation, meat quality.
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TITLE: THE EFFECT OF DIFFERENT DEGREES OF WOODEN BREAST AND WHITE STRIPE MYOPATHIES ON
THE QUALITY OF REFRIGERATED CHICKEN MEAT
Abstract Body: This study aims to evaluate the effect of the presence of Wooden breast and White stripe myopathies
on the quality attributes of refrigerated chicken meat. Chicken breast meat was obtained in a single batch from a
commercial unit in the western region of Parana state, Brazil. The severity degree of myopathies in chicken breasts
was performed by visual examination and palpation of the Pectoralis major (PM) muscle, into three groups: normal
(NOR), moderate (MOD) and severe (SEV). The PMs were packed one by one in a polystyrene tray wrapped with a
-1
retractable film, stored refrigerated to simulate typical Brazilian market (4±1°C, 1200 lux, 12h day ). At 1, 3 and 5
days of storage, 30 samples (10 per treatment) were randomly removed for the meat quality analysis. The breasts
were evaluated regarding their lipid oxidation (mg MDA/kg of meat), pH, cooking loss (water bath at 80°C and cooked
until the internal temperature reached 78°C), shear force (measured using a texture analyzer), and the most
microbiological analysis to coliform (coliforms at 45°C, (NMP)/g of sample). Statistical analyzes were performed using
SPSS version. The experimental design was completely randomized, with three treatments (NOR, MOD and SEV) in
triplicates and three storage times (1, 3 and 5 days). The significance of the differences between treatments and
storage times was confirmed using the Tukey test at P<0.05. The oxidation of the samples was influenced by the
degree of myopathies (P<0.004) and storage (P<0.001). Breasts with myopathies showed higher lipid oxidation
compared to normal breasts. In addition, lipid oxidation enhanced with increasing storage time (P<0.001). Breasts with
presence of myopathies (MOD and SEV) had higher pH values (P<0.004. However, during storage, the pH did not
change (P> 0.05). The presence of severe myopathy (SEV) provided greater losses during cooking. In addition,
cooking losses enhanced (P<0.001) with increasing storage time. The presence of myopathies had an effect
(P<0.001) on the shear force of breasts. NOR breasts had lower shear values compared to MOD and SEV, which did
not differ from each other. However, storage did not change the tenderness of the breasts (P>0.05). All breasts (NOR,
10
MOD and SEV) had counts below the limit (limit of 5 log CFU/g of coliforms at 45°C) on day 01 of storage, and
starting on day 03, the MOD breasts have already exceeded the limit microbiological acceptable for refrigerated
chicken meat. Our findings show that the presence of myopathies has a negative impact not only on the visual
appearance of the meat, but they can directly impact on the technological and microbiological properties of
refrigerated meat, preventing its commercialization in this form.
KEYWORDS: lipid oxidation, myopathies, meat quality, shelf life, technological properties.
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