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* Intensive selection has reduced the genetic variation in modern broilers and improved their

growth performance.

* Flock weight uniformity: Percent individuals within a specific range of BW, measures in
coefficient of variation (CV). CV is inversely proportional to flock weight uniformity.

* Broiler flocks with £ 8-10% CV are considered uniform.
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Introduction

* In commercial settings, broiler chickens have different growth rates
within a flock under uniform rearing conditions.
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« Gastrointestinal tract is more proliferating
organ in early life.

Gizzard

- Early development of gastrointestinal tract is
important for optimal growth and development.

Crop
* Helps in meeting nutritional and lleum
immunological demands in early life.
 Boosts immune function and disease Proventriculus
: L
resistance. Iver
« Reduces early mortality and health issues. Duodenum Caecum

Jejunum

Based on https://doi.org/10.3390/ani11102795 Created with BioRender.com

This project has received funding from the European Union’s Horizon 2020 research and NAMES Lab
innovation programme under the Marie Sklodowska-Curie grant agreement No 955374.

Nutrition & Animal
Microbiota EcoSystems




Introduction -

T g—
| §

* Gut microbiota residing in the digestive tract, contribute to digestion, nutrient monoguthealth

absorption, metabolism, and immune regulation

* Intestinal microbiota produces high-energy metabolites (short-chain fatty acids) that
benefit the host
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* Characterization of gastrointestinal related factors contributing to body weight
variation in broiler chicken flocks.

* Development of supplementary interventions to improve enteric microbial
colonization in lo-performing broiler chicks to improve intestinal health and
function.

* Development of dietary strategies to improve early life performance and health in
low-performing broiler chicks and to reduce flock body weight variations.
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Optimal gut function in monogastric livestock

Study 1: Identification of gastrointestinal related factors affecting
body weight variability in broiler flocks
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Trial design
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* Ross 308 male broilers
* Floor pens, 21 birds/pen
* 14 replicate pen/BW
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1. Growth performance
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Average Daily Feed Intake (ADFI)
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Feed conversion ratio (FCR)
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3. Caecal Microbiota diversities
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3. Predicted functionality — PICRUST2 -
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4. lleal gene expression
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4. lleal gene expression — Partial least

square regression e v
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« Broiler chickens within a flock shows divergence growth rates despite uniform
rearing conditions.

« Differential gene expression was observed, mainly related to nutrient transport,
absorption and oxidation, and intestinal barrier function.

 Feed intake seemed to be controlled by gut hormones, which led to differences in
weight gain.

« Variations in the caecal microbiota composition and functionality were
observed starting from 7 days, coinciding with the divergence of performance.
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Optimal gut function in monogastric livestock

Study 2: Effects of in ovo sodium butyrate (SB) injection on
growth performance, intestinal health and gut microbiota of
chickens with varying hatch weight (HW)
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Rationale for choosing sodium butyrate e
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Butyrate, a major SCFA produced by bacterial fermentation of undigested
carbohydrate in the gut.

* |t acts as energy source for enterocytes, improve gut barrier function.
* It enhance mucin production, which might modulate gut microbiota.

« |t has been shown to increase digestive and absorptive functions of the
intestine.

* |t modulates immune function, improves intestinal health by reducing the
intestinal inflammatory response. 0O

AN,

Butyrate

Based on https://doi.org/10.1016/].psj.2024.104108
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Phenotype of
chickens

To examine the effect of in-ovo SB injection on growth performance,

intestinal development and gut microbiota of chickens with different
hatch weight (HW)
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Trial design |
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SB effects on embryonic development e
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Body weight
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2. Average daily gain e
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Average Daily Gain (1-42 day)
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Sodium butyrate dose

abc: TukeyHSD, P<0.05
Control: 0% SB, SB1: 0.1% SB, SB3: 0.3% SB, SB5: 0.5% SB

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under the Marie Sklodowska-Curie grant agreement No 955374.
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2. Feed intake and Feed conversion ratio - g
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Average Daily Feed Intake (1-42 day)

150 FCR (1-42 day)
[0 HHW 2.5 a
T T I T 1 T ] LHW | a a 0 HHW
] L I 1] [L I T ab 2 T il - 0 LHW
_ T b ‘
5100 2 ch
2 22,0 —
™ HW: P= NS o = ¢ HW: P= NS
2 SB: P=0.031 5 = SB: P=0.004
507 Interaction: P= NS LW 45 Interaction: P= 0.034
- ol L S e
.&’\ %Q’\ 9@'5 %@6 .¢°\ %Q" "oéb 606 ,¢°\ (OQ’\ %Q;b 6@6 .¢°\ %@" é’“’ 663
N o & &
(¢} ¢ o (&)
Sodium butyrate dose Sodium butyrate dose

abc: TukeyHSD, P<0.05
Control: 0% SB, SB1: 0.1% SB, SB3: 0.3% SB, SB5: 0.5% SB

This project has received funding from the European Union’s Horizon 2020 research and NAMES Lab
innovation programme under the Marie Sklodowska-Curie grant agreement No 955374.
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3. lleal gene expression on day 14 e w
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Genes HHW LHW P-value

Control SB1 SB3 SB5 Control SB1 SB3 SB5 HW x SB
CLDN1 1.00¢ 2.4(032b 2.562° 2.61ab 0.694 2.493b 3.312 1.24¢ 0.016
TJP1 1.00°b 2.062P 1.692P 2.038@b 1.902b 2.032b 2.562 1.563P 0.028
MUCG6 1.00 3.05 3.09 3.61 2.15 3.29 3.58 4.76 0.633
IL-10 1.00¢ 2.3842b 2.443b 2.523ab 2.51ab 2.532b 3.012 2.10¢b 0.048
IL-1B 1.00 1.55 1.95 0.99 1.71 2.07 1.78 1.19 0.658
IL-12P40 1.00 1.72 1.56 1.51 2.06 1.91 1.46 1.30 0.205

abcd: TukeyHSD, P<0.05

CLDN1: claudin1, TJP1, tight junction protein1, MUC6: mucin 6
IL-10: interleukin 10, IL1B: interleukin 1-beta, IL-12P40: interleukin 12 subunit 40

This project has received funding from the European Union’s Horizon 2020 research and I\'}IutAriIt\i(I:EEAI;:':I
innovation programme under the Marie Sklodowska-Curie grant agreement No 955374. Microbiota EcoSystems




3. lleal gene expression on day 42 W g
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HHW LHW P-value
Control| SB1 SB3 SB5 |Control| SB1 SB3 SB5 HW x SB

CLDN1 1.002®  0.60bc  0.30¢ 0.52°¢  1.012 1.272 0.52¢b¢ 0.23°¢ 0.002

Genes

TJP1 1.00 0.77 0.64 0.46 1.60 1.12 0.79 0.32 0.180
MUCG6 1.002®  0.41° 0.40° 0.36°  1.032>  0.51b 1.422 0.14¢ 0.024
IL-10 1.00 0.46 1.18 0.53 0.86 0.93 0.41 0.58 0.207
IL-1B 1.00 1.03 0.57 0.93 0.70 1.0 0.58 0.28 0.227
IL-12P40 1.00 0.55 0.96 1.01 0.92 1.27 0.80 0.48 0.109

abc: TukeyHSD, P<0.05

CLDN1: claudin1, TJP1, tight junction protein1, MUC6: mucin 6
IL-10: interleukin 10, IL1B: interleukin 1-beta, IL-12P40: interleukin 12 subunit 40

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under the Marie Sklodowska-Curie grant agreement No 955374.
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4. Caecal microbiota alpha diversity -

Day 14
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4. Caecal microbiota beta diversity -
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B Day 42

A Day 14

PERMANOVA
P (HW) = 0.112, P (SB) = 0.001, P (HW x SB) = 0.028

PERMANOVA
P (HW) = 0.136, P (SB) = 0.001, P (HW x SB) = 0.001
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4. Differential abundance of bacterial genera \

A Day 14 B Day 42
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Conclusion W g
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« Hatch-weight is an important factor influencing subsequent growth performance.

- Effects of SB were dose-dependent, with 0.3% significantly enhancing growth, gut
barrier function and anti-inflammatory gene expression, and beneficial caecal
microbiota.

* In ovo SB injection enhances growth in both HW categories, with strong effects in
LHW at 0.3% inclusion.

« The findings offer targeted intervention for improving the growth performance of LHW
chicks, leading to more uniform flocks and better production efficiency.

NAMES Lab
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Selection of coarse corn and oat hulls? e w
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« Chickens may have a requirement for dietary physical structure to enhance
gut development and health.

 Awell-developed gizzard and GIT have been shown to improve nutrient
digestibility and growth performance of chickens

Gizzard-stimulatory effect

Longer digesta retention
time

Coarse corn (CC)

+

Oat hulls (OH)

1 digestion and utilization
of nutrients

Modulate gut microbiota

Kheravii et al., 2017; Li et al., 2016; Downs et al., 2023
This project has received funding from the European Union’s Horizon 2020 research and NAMES Lab
innovation programme under the Marie Sklodowska-Curie grant agreement No 955374.
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Goal of the study e e
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« To determine the effects of coarse corn and oat hulls and their combination on growth
performance, GIT development and microbiota of underperforming chickens.

» To evaluate whether low-weight broiler chickens, under these dietary treatment, can
catch up with their high bodyweight counterparts.

NAMES Lab
Nutrition & Animal
Microbiota EcoSystems

This project has received funding from the European Union’s Horizon 2020 research and
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Trial design -

T y—
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Ross 308 male chicks (n = 1400)

=3

* Day 1-7: | Pre starter diet

High weight (n = 132)

For each group
e Replicate pens (n=6)
e Chicks (n=22) in each pen
e Iso-caloric and iso-nitrogenous diets

Low weight (n=528)

: Normal weight
1(n = 740, excluded)
']

|

LBW+OH (n=132) | LBW+CC (n=132)| | LBWC (n= 132) HBWC (n= 132)

7% Coarse
corn diet

Control diet Control diet

This project has received funding from the European Union’s Horizon 2020 research and Created with BioRender.com
innovation programme under the Marie Sklodowska-Curie grant agreement No 955374.
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Experimental timeline

e
Distribution Curve | t h
3
....... f
p y
4 n =12 chicks per group / timepoint #
x , o ¢
Days post-hatching
Day 1 Day 7 Day 14 Day 16 Day 21 Day 38

& ﬁ —- & - ﬁ Body weight and feed
‘ u intake
* J*- i * i :¢/: ‘ Gut tissue and caecal

digesta samples
Pre-starter, GROWT, GROW2, ﬂ

d1-7 d8-16 d17-38

This project has received funding from the European Union’s Horizon 2020 research and Created with BioRender.com
innovation programme under the Marie Sklodowska-Curie grant agreement No 955374.
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Body weight e v
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Day 7 Day 16 Day 38
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This project has received funding from the European Union’s Horizon 2020 research and
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Average daily gain e v
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Average daily gain (8-38 days)
One-Way ANOVA P=0.032
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Feed intake and feed conversion ratio e v
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Average daily feed intake (8-38 days)
One-Way ANOVA P=0.005

Feed conversion ratio (8-38 days)
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Gizzard development
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Day 38
1.2 One-Way ANOVA P= 0.047
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Conclusion thus far e v
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» Coarse corn, oat hulls, and their combinations positively impact GIT development
and enhance the Gizzard size in LBW chickens.

» The LBW groups on experimental diets showed numerically better performance
parameters compared to LBWC group, paralleling the performance levels of HBWC

group.

< Programme

Wednesday 4 September 2024 - Afternoon, 14:00

Session 98. Nutrition in health and welfare in monogastric animals

Room: Sarda - Palazzo Affari Below ground Floor
Chair: Trocino / Khiaosa-ard
Session Type: Theme session

14:45 Boosting underperforming broilers: feed structure strategies for better gut development and health, and microbiota
M. Z. Akram, E. A. Sureda, N. Everaert

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under the Marie Sklodowska-Curie grant agreement No 955374.
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Take home message W g
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» Gut Microbiota and transcriptomic related factors cause divergence in growth rates
of broilers within a flock.

» In ovo sodium butyrate administration differentially affects broiler chickens with
different hatch-weights.

» Optimal dose of 0.3% sodium butyrate significantly affects low hatch-weight chickens,
suggesting a targeted strategy to reduce bodyweight variation among chickens in a
flock.

» Coarse corn and oat hulls aided in improving gut development and growth
performance of low-weight broilers, paralleling to performance of high-weight broilers —
suggest a potential dietary strategy for improving flock uniformity.

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under the Marie Sklodowska-Curie grant agreement No 955374.
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THANK YOU

Do you have any questions?
Nadia Everaert

nadia.everaert@kuleuven.be

monoguthealth

NAMES Lab Optimal gut function in monogastric livestock
Nutrition & Animal
Microbiota EcoSystems
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