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Introduction EC@FCE

Many physiological features involved in residual feed intake (RFI):

e gut microbiota
 digestive and absorptive processes
* nitrogen recycling

* lipid metabolism —
Effect of digestive & gut barrier function?

* heat increment of feeding -
* oxidative energy metabolism =
e physical activity
e thermoregulation e

* more information for duodenum
e less data available for jejunum

* In most studies, RFl was derived from one contemporary population of chickens
* Information about the contribution of the rearing environment on RFI-related
variation in gut function is scarce
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Hypothesis ECEIFCE

Chickens of equal RFI should show analogous differences in the
intestinal size, structure and functioning when raised at different
experimental sites under controlled conditions.

Objective

To investigate the differences in
nutrient digestion
gastrointestinal size
jejunal permeability
related gene expression
in chickens of diverging RFI raised at two locations.
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Screening on feed efficiency in chickens ECE)FCE

P Faeces, gut'\

digesta,
intestinal
W tissue
Y/ Chickens \§
7 divergent
A for RFI

AFBI

Common Y

genetic

Vetmeduni /£

¥/ Common
\ protocols

/ Common

diets

2 different locations (Vetmeduni & AFBI)

3 batches with 52/64 (3 and @) Cobb 500FF broiler
chickens each

Starter, grower and finisher maize-soybean meal diets

Final selection of chickens on d 36 (Vetmeduni) / 38 (AFBI)
using residual feed intake (RFI)

Collection of feces for digestibility: d 34 to 36
Collection of intestinal tissue, liver, pancreas: d 37 to 42

L

= 19 low / 18 medium / 18 high RFI males
= 15 low / 20 medium / 17 high RFI females




Lab analyses - gut function EC(oFCE

Feces

- Acid insoluble ash as digestibility marker

- Protein retention

- Apparent total tract digestibility of real protein
- Protein excretion (total, real, uric acid)

Length + weight
Histo-morphology v v v
Ussing Chamber experiment

Mucosal disaccharidases activity

N \ I < I

Candidate gene expression

Statistical analysis

- ANOVA using PROC MIXED (SAS)

- Fixed effects: RFI, location and RFI x location (if applicable)
- least-squares means + pooled SEM

- Significance: P £0.05; trends: 0.05 < P <0.10.
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Residual feed intake, feed intake and growth of chickens ECEIFCE
of diverging feed efficiency

300

200 H

100 -

-100 H

-200 H

-300

RFI
FE, P <0.001
RFI = residual feed intake
Females Males o
. . Low RFI = good feed efficiency
1 X High RFI = poor feed efficiency
T !
abp<0.05
®Low RFI ®Medium RFl m®High RFI Pvalle
Parameter LowRFI MediumRFI HighRFI SEM RFlrank
Females
Total feed intake (g) 3415b 3483P 37552 81.7 0.015
Total body weightgain(g) 2205 2140 2149 520 0.671
Males
Total feed intake (g) 3756¢ 3914b 4252a 63.5 <0.001
Total body weightgain(g) 2524 2487 2529 57.7 0.850

Location effect on total body weight gain: Vetmeduni /N, AFBI \/; P < 0.001




Protein retention and total tract digestibility of real

&

protein (vetmeduni)
RFI P-values

Parameter Low Medium High SEM RFI
Protein retention (% of intake) :

Females 57.7 52.2 52.7 1.83

Males 61.7 57.4 52.7 2.70
Apparent total tract di ihility of redl protein (P6fof intake)

Females 68.2 64.1 63.9 1.45 0.086

Males 70.7 67.6 63.4 2.25 0.090

Location effect protein retention: Vetmeduni ¥/, AFBI N; P < 0.05

Protein excretion (g/d)
Females 13.6 16.4 16.7 1.03 0.079
Males 14.0 15.9 18.6 1.31 0.064
Real protein excretion (g/d)
Females 11.4 13.7 14.2 0.86 0.065
Males 12.0 13.5 16.2 1.20 0.061
Uric-acid excretion (g/d)
Females 0.35 0.43 0.40 0.05 0.563
Males 0.38 0.40 0.32 0.05 0.543
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Histo-morphological results (Vetmeduni) ECeoFCE
Females
Small intestine
Morphology |:> Low RFI: Villi ¥ and crypts ¥
2000
&
3
%ﬂ 180
S ** P <0.05
< € 150 | ** -
= <120 e e
= o 90
©
= 60
Duodenum Jejunum leum 5‘ 30
W LowRFI ® MediumRFl M High RFI 0

Duodenum Jejunum lleum



Mucosal enzyme activities in jejunum of chickens

. C(eoFCE
of diverging RFI
RFI P-values
EEnzyme Location: Low Medium High SEM RFI | Location [RFI x location
Maltase (U/g protein) ;
Females 1 2240 2033 2448 163.8 NS <0.001 0.09
) 1227 1527 12482 174 1
Males 1 1989 3208 2755 290.5 NS <0.001 0.04
2 1687 1397 1573 285.5 :
Sucrase (U/g protein) :
Females 1 123 188 231 194 NS <0.001 0.07
2 213 168 135 20.6
Males 1 209 252 254 31.7 NS 0.008 NS
2 172 161 169 31.1

Location 1 = Vetmeduni Vienna

Location 2 = AFBI



Ussing Chamber results (vetmeduni)
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Distal jejunum |:>

Linear, P=0.035
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Tissue conductance
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Linear, P=0.001
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ECeoFCE

lon flux
Paracellular permeability

FITC = fluorescein isothiocyanate,
low molecular weight marker

Mucosal-to-serosal flux of FITC

0.1
Males

©
=

u high RFI

nmol/cm2 x h
o o
o o

0.0

Males

W high RFI

Low RFI :
6 | P=0.030 permeability
2 -
.08 -
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O -

Females Males

W low RFI  ® medium RFI W high RFI



Candidate gene expression in jejunal mucosa of chickens of _ &

low & high RFI ECEIFCE

Mid jejunum

Candidate genes:
Tight-junction-proteins:

OCLN = occludin
Z01 = zona occludens 1 No effect of RFI group on tight-
CLDN1 = claudin 1 junction protein expression
. RFI, P <0.001
CLDN5 = claudin 5 L 24 Location, P = 0.044
S 20
= Males
SCFA transporter: s 1
MCT1 = monocarboxylate transporter 1| >9;; 208
§ 0.4
Innate immune response: g o e
IL1B = interleukin 1B mLow RFl B High RFI
TNFA = tumor necrosis factor-a
TLR2 = Toll-like receptor 2
TLR4 = Toll-like receptor 4
IAP = intestinal alkaline phosphatase

12



Candidate gene expression in jejunal mucosa of chickens of _ &

low & high RFI

Mid jejunum

Candidate genes:
Tight-junction-proteins:

OCLN - occludin
201 = zona occludens 1
CLDN1 - claudin 1
CLDN5 = claudin 5

SCFA transporter:

MCT1 = monocarboxylate transporte ‘

Innate immune response:
IL1B = interleukin 1B
TNFA = tumor necrosis factor-a

TLR2 = Toll-like receptor 2
TLR4 Toll-like receptor 4
IAP intestinal alkaline phosphatase

RFI x location interactions indicate that effect was
more pronounced at L2 (AFBI) than at L1 (Vetmeduni)

ECeoFCE

IL1B

I
RFI, P=0.048

Relative expression (fold
n

— RFIx location, P = 0.071

Location, P = 0.034

RFI, P =0.698
Location, P = 0.019
RFI x location, P = 0.074

Females

Males

W Low RFI  m High RFI

TLR4

24|ative expression (fold

elative expression (fold

RFI, P =0.017

Location, P=0.430
RFlx location, P= 0.074

Males

RFI, P =0.209
Location, P=0.316

RFIx location, P= 0.070
[remoies |
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Summary - Gut function of chickens of diverging RFI EC@E9FCE

Low versus high RFI

Protein retention
Liver weight
Villi and crypts in small intestine
Mucosal disaccharidase activity in mid jejunum
Mucosal permeability in distal jejunum
Relative gene expression

Tight-junction proteins

MCT1

Innate immune response

Females Males

b 1T

N2 N2

N% No effect

No effect No effect

) No effect

No effect No effect

No effect N

IL1B, IAP 1 IL1B M, TLR4 N
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Conclusion ECEIFCE

RFI-related effects on intestinal structure & function were
affected by

... sex (expected)

... environment

Low RFI was associated with

... differences in jejunal structure and function

... reduced energy and nutrient needs for maintenance
... enhanced paracellular nutrient flow

Jejunal relative gene MICT1, IL1B, TNFA & IAP expression
suggested ...
... impact of local intestinal microbiota

intestinal functions contributing to RFIl gain in current chicken

: Similar RFI and feed intake, BUT location-specific differences in
populations

15
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Determination of feed efficiency ECEoFCE

Selection of high and low feed efficient animals - based on Residual Feed Intake

7

Residual Feed Intake (RFI) = difference between observed and predicted feed intake,

with lower RFI values indicating greater energy efficiency

Predicted feeg intake

’

Other measures of feed efficiency
Feed conversion ratio
Residual body weight gain
Residual feed intake and body weight gain

This project has received funding from the European Union's Seventh
Framewaork Programme for research, technological development and
demaonstration under grant agreement No. 311794

Feed intake

Weight gain
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ltem

Starter
day 1-10 of life

Grower
day 11-21 of life

Finisher
day 22-42 of life _E

Ingredient, g/kg (as-fed basis)
Corn

Soybean meal

Soybean oll

Limestone flour

Salt

Dicalcium phosphate
Vitamin-Mineral-Premix

Analyzed composition (g/kg DM)
DM

ME (MJ/kg), calculated
Crude protein

Crude fat

Crude fiber

Crude ash

Starch

Sugar

Ca

P

612
331

17.5
11.0
2.0

16.1
11.0

926
13.7
243
50
31
69
462
40
11.9
8.2

660
282
20.6
9.8
2.0
15.0
11.0

923
14.3
223
52
27
62
506
46
10.7
7.2

679
260
27.7
7.0
2.3
13.4
10.0

914
14.6
216
99
28
95
514
49
8.9
6.9



Gut sampling

sites

A. mesentericao cran

Jejunum: mucosal scrapings for

gene expression &

Starting distal to Ussing Chambe J—
sample, scrape 20-30 cm towards e b

Meckel-Diverticulum

Aorta

Jejunum

Aa. jejunales

{

Diverticulum
vitellinum

(Meckel-Divertikel)

Jejunum: WP4 tissue
piece next (distal) to
Meckel-Diverticulum:
two 1 x 1 cm pieces
(size of a fingernail)

Jejunum: tissue pieces

\ 1 samples: 15cm

Jejunum: tissue for
Ussing Chamber exp:
distal to Morphology

Codcum sin

for morphology &
immuno-
histochemistry:
To be taken next
(distal) to WP4 sample:
four 1 cm tube pieces

demonstratig

H ‘proximal to morphology =~

A. coelioca

Caeca: mucosal scrapings
for gene expression:
scrape caeca (start 1-2 cm

&
ECeoFCE

lleum: WP4 tissue piece
between morphology and
gene expression samples: two
1x 1 cm pieces (size of a
fingernail)
‘Caeca: WP4 tissue piece

lleum & Caeca: tissue pieces for

. morphology & immunohisto-
chemistry:

lleum: to be taken approx. 17 cm
proximal to ileo-caecal sphincter,
| four1 cm fube pieces:
‘Caeca: tips of blind ends, four 1 x

'samples;two 1 x1 cm pieces Pl 1cm pieces

end of caeca

afterileo-caecal
sphincter). except blind

Lien

Gaster _
Pars glandularis

Duodenum: mucosal scrapings for

gene expression:

Starting distal to sampling for

N WP4,
2 jejunum

scrape 10-15 cm towards

Duodenum: tissue pieces
for morphology &
immunohistochemistry:
To be taken at the middle
of the Flexura duodeni;
four 1 cm tube pieces

DUSTeTIom

Pars descendens

(size of a fingernail)

lleum: mucosal
scrapings for gene
expression: To start 2
cm proximal to the
ileo-caecal sphincter,
scrape.15cm
upstream

Duodenum: WP4
tissue piece next to
morphology sample;
two 1x1cm pieces
(size of a fingernail)




Visceral organ size in chickens of diverging RFI

Pancreas and gastrointestinal tract: little RFl-related differences
mostly affected by location

Location effect: P < 0.01

0.019

30 - Females 30 - Males RFI, P =
= *P < 0.10 s
[aa]
® 25 - ] 225 - ;
< 2
20 <
- 0
£ 20 - o 20 -
— =2
-
15 - 15 A
1+2 1 2 1+2 1
B Low RFI ® Medium RFI W High RFI M Low RFI  ® Medium RFI

Location 1 = Vetmeduni Vienna
Location 2 = AFBI

2

W High RFI

&
ECeoFCE

2

1



