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1. Context
Digestive health in the growing rabbit

* Digestive troubles after weaning = 10 - 15% mortality
=> preventive antibiotherapy

* Digestive health / troubles = 7?7
diarrhoea, caecal impaction, mucus +
+ intake troubles, weak growth, behaviour troubles (caecotrophy ...)
Origins:
« infectious : coccidiosis, colibacillosis, REE
« non-infectious risk factors:
* stress, environnement (ventilation, heating),
* unbalanced feeds

impact of nutrition on rabbit digestive health => YES

The rabbit is herbivorous : unsufficient fibres intake =>

higher RISK of digestive trouble after weaning

Main nutrients in a feed for a growing rabbit

Fibres intake =
100% 51g/day
O Fibres +119/d
80% 39% from soft faeces
[0 L7 S 5% 0 Sugars+oligo
15% ] Starch
40% —3%— []Fats
17% [ Proteins

20% 10% []Ashes

0% 11% [] water

b

Total = 100%




Previous studies :
relationship among crude fibre and "mortality by diarrhoea"

Results : requirements in CRUDE FIBRE ??

very variable / unprecise ..... 6to14%!
Niehaus 1968 : 6-14%
Morand Fehr 1970 : 12-17%
Heckmann & Menner 1970 : 8-9%
Martina 1974 : 6-84%
Lebas 1975, 1984 : 13-14%
Colin 1976 : 12 %
NRC 1977 : 10-12%
Lang 1981: 12-14 %
Maertens 1992 : > 14,5%

How to improve the precision of these requirements ?
Other criteria to be studied ?

2. Recalls on fibres : origin, structure, methods

Standard plant cell wallS

Plant cell wall layers:
Middie lamella——
Primary wall

Secondary wall —




A

Cytoplasm

inside the plant cell = starch, lipids, proteins, oligonucleotides, sugars, ...

Secondary walls

hemicelluloseS
cellulose

Primary wall

pectins

Middle lamella

Schematic "3D" representation of the primary cell wall

A complex structure

Cellulose
Microfibrils

Plant Cell Wall Middle
Structure Lamella
Pectin— [~ Frima
Wall
Cross-Linking
Glycan —  Plasma
—_}Membrane




Total
Fibres

’

Simple CLASSIFICATION OF DIETARY FIBRES

Polyphenolic .. \
P Lignins
compounds
Cellulose Water
/" Insoluble
p, " Hemicelluloses Cell Wall
\‘ on Starch
Polysaccharides
=NSP Pectic Substances )
Water-soluble Fibres Water
Pectines : arabinans, arabinogalactans
Hemicelluloses: arabinoxylans, soluble
\_ Beta-glucans (DP>60) Cell Wall

OF DIETARY FIBRES IN ANIMAL FEEDS

MAIN GRAVIMETRIC METHODS FOR DETERMINATION

* Crude fibre: method from the Weende agronomy unit.

NDSF

A Van Soest (sequential)
gzlrlfuf;t (1963-1991) Henneberg et Stohmann Classes of

(1989) (1864)" Polymers

ADL Lignins
ADF

wicw Crude

Water
InsCoIL.:lbIe NDF Fibre Cellulose

e
Wall
Hemicelluloses
Pectines

(water insoluble)

(Hall et al., 1997)

water soluble
Fibres

E NDSF : sum of pectines (water-solubles & insolubles) + B-glucanes + fructanes + oligosaccharides [DP>15]




Importance of the different fibres fractions
in diet for growing rabbit

Interest of “Van-Soest” criteria:
allow to assess the quality of fibre
"routine" method

Not accounted

( - =~ ADL with Van-Soest meth.
_A

= ADF ~ ~

T A

ND

n

\

‘ % in diet (as fed) ‘

Fibres composition of some raw materials

100% +
O Pectines w-ins.
80% c
© \
— M) N . 1 1
o | F® - =+ DOHemicel.'VS
o (] \ g o
£ < =
. |8 |3 k1
R \ O Cellulose 'VS'
< \
20% -+
L @ Lignins ADL

0% —




3. Fibres : effects on rabbit digestion

3.1 Microbial activity in the caecum

VFA concentrations : interaction Age and dietary fibre level

Diets : Control l Fibres deficient

80- @ ADF 20% O ADF 12%

75
70+
65
60
55+
50+
45+
40-

VFA, mmol/L

6 weeks old 10 weeks old

Fibrolytic activity of caecal bacteria
according to dietary fibre level
600 —-
Diets
£ 500 -
E [ Control ADF 20% P<0.01
o 400 [] Fibres deficient ADF 12%
o
2 300
7
3 200
o
£
< 100
0 1 1
Cellulase Xylanase Pectinase
(Gidenne et al., 2000)




Microbial activity and biomass production
according to dietary fibre quality

Diets
-ADF =20%
- Diet S : + 15% starch
- Diet DF : + 15% pectines + hemicell. 13349
Dw/d
85
68 7.3 g mM
o £
VFA a VFA S
£ m
=]
[
S Diets D.F

Stimulation of the microbial activity with "digestible fibres"

3.2 Microbial community

cellulolytic bacteria
according to the dietary fibre level

O Low fibre 12% ADF

Log N/
9129V 9 igh fibre 19% ADF
g
Cultivation method
61 _ Adult rabbit
51
alt
31
o}t
1H
Ol |
Caecum Colon Faeces

Boulahrouf et al.,1991

Higher abundance of the celluloytic bacteria with high fibre diet




Caecal microbiota
according to the dietary fibre level

Bacteria "total"

Fibre Deficient
9%ADF

100

8 o5 NS
2 00
<
= 85
o 80
X 75
70
Bacteroides
_5 80
N
5 60
(]
o]
« 40
s
oc 20
R

0

% RNAr total

%RNAr bactérien

20
15

10

35
30
25
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15
10

Molecular microbiology :
16S RNA probes

adult rabbits

Archaea

Fibrolytic bacteria*

Bennegadi et al., 2003

Progress in caecal microbial ecosystem analysis

Fibre Deficient
9%ADF

PC2 (24.-1%)

Molecular microbiology :
16S RNA sequencing

fingerprint "SSCP"
+ PCA analysis

One point = one sample=1 rabbit

Michelland et al., 2011




Further progress in caecal microbiota characterisation

Molecular microbiology :
16S RNA high throughput
sequencing
Phylogenetic affiliation
+ improved statistical analysis

MR N O 0O O OO 10 W
1111 EE

Prevotellaceae Age

I 1 Anagroplasmataceae mi4
Marinilabiaceae 0.40 m35
Clostridiaceae |
Family_XI_Incertae_Sedis | W49
S&nerglstaceae W30

0.12

Comamonadaceae
A?tm?mycetales Group
Streptococcaceae WFFab
Prolixibacter
Bacillaceae =0'025 LI
Voraxellaceae s NF
Pseudomonadaceae BFM
Gracilibacteraceae 0.0016
Oxalobacteraceae
EryS| elotrichaceae
Family_XIII_Incertae_Sedis 0

Alcaligenaceae
Enterobacteriaceae
BSV13

Campylobacteraceae
Lachnospiraceae
Ruminococcaceae

Bacteroidaceae
Coriobacteriales
Desulfowbnonaceae
I rphyromonadaceae
nm Hlkenellaceae

3.2 Effect of fibre on digestion

Class of dietary fibres Mean, % Range
Lignins (ADL) -10 +15 -13 to +50
poorly
Cellulose (ADF —ADL) [ digestiblefibres 45 _4g 5 t0 40
Hemicelluloses (NDF — ADF) . . 25-35 10 to 60
digestible
Pectins (fotal uronic acids) fibres 70-76 30to 85
Soluble fibre (TDF-NDF} Rapidly fermentable 74,99 77
fibres
Digestion of other nutrients
Starch 90 - 100% Conclusion
fibres => reduction of diet digestibility
Proteins 70-75
Lipids 70 - 80

10



4, Fibres and digestive health of the growing rabbit

For a pure nutritionist , any reduction of fibre
level will induce a reduction of nutritional costs

Thus: the BEST FIBRE LEVEL Should be THE LOWEST.... ?

BUT "breeders"and "pathologists" have observed :

low dietary fibres levels are associated with a
higher risk of digestive troubles and mortality, after weaning

Thus, 2 questions::

1 - How to estimate the sanitary risk for digestive troubles ?

2 - Which type of fibre to reduce the risk, and at which level ?

4.1 Question 1 : estimating the sanitary risk
for digestive troubles, after weaning

Criteria to assess the sanitary status

Classical criterion = Mortality |:> Yes/No criterion

Example:
fibre deficiency and digestive health
(Bennegadi et al., 2001)
Mortality (N= 80 rabbits)
weaning-slaughter
(30-70d old)

11



New criterion to refine the estimation
of the health status of a group of rabbits

MORBIDITY =

* low growth (DWG +/- 2 S.D.), ponctual loss of weight
* transitory diarrhoea

« intake troubles

Importance of the frequency of the measure
e.g. : daily measure for Bennegadi et al. (2001).

Measure of the health status | Example:

fibre deficiency and digestive
\ health

(Bennegadi et al., 2000)

mortality

................... + Health risk
index, HRi

morbidity
=53%

-

IMPORTANT
necessary to measure those criteria on large groups of animal

10% mortality =? 1dead/10, very different from 100 deads/1000

NEED : large experimental design,
e.g. network of experimental units (french network GEC: 6 units)




4.2 Fibres and digestive health of the growing rabbit

Question : only one fibre criterion for mortality prediction ?
Poorly digested fibres "ADF" and mortality from digestive troubles = ? —————=

a5 Meta analysis
. (Spain, France, etc.)
Mortality 40 12 studies, 46 diets
after weaning without antibiotics
% . OGidenne etal., 2004b O Gidenne et al., 2004a
35 < © Debray et al., 2002 ABennegadi et al., 2001
o \\ X Gidenne et al., 2000 OPerezetal.,, 1996
* XPerezetal., 1994 +Perezetal, 1994
30 ™ OBlas et al., 1994 OCarraro et al., 2007
. ATazzoli 2012 exp 1 X Tazzoli 2012 exp 1
 De Blas et al., 1981 @ Maitre et al., 1990
25 p o < | corretation=?
N N
= . Ol 4
Conclusions TS \
. - o © \ a
ADF alone is NOT sufficient to 3

predict digestive health

= % L2 = =
Requirement : \eﬂo A*““Ef:,:' o ¢
14% to 22% ADF in diets ?? ke Ay

AN . 4
Question : effects of fibres quality ~ < “~.__XT.~

8 13 18 23 28
dietary ADF concentration, % as fed

Effects of lignins on rabbit digestive health ??
70 7 Health Risk - -
index, 6 studies, 19 diets
afterweaning ¢ without antibiotics
60 + %
OGidenne et al., 2001
<o XBennegadi et al., 2001
X OGidenne et al., 2000
50 ©Gidenne et al., 2004a
o AGidenne et al,, 2004b
@ Debray +al 2002
40
°
O
30 XA
V\ a
20 Y=1.49X>-19.8X + 85.4 "T'A
R*=0.77 8
10 T T T T T T T T T T T T T T \
0 1 2 3 4 5 6 7 8
Dietary ADL concentration, % as fed
Requirement: minimum 5% ADL
Beware : ADL is not true lignin ...

(overestimation in some cases (tannins-> grape marg, ...)




Role of other fibre fractions ?

Digestion
~
- [ Lignins | IEI | poorly digestible fibres
L \oF | Cellulose \
or 1520% J
\
. | Hemicelloses  2540%

Water-insoluble Pectins * M
WIP

40-70 %
Not analysed y
with
Van-Soest -
method Water'soé‘.‘;!ﬁfnbe'ff' pectins, 70-00% | | Highly digestible, or
a-galactosides. rapidly fermentable fibres

Importance of digestible fibres "DgF"
Meta analysis

50 N 6 studies, 31 diets
45 <> s Q 5 without antibiotics
40 T Mortality, TSI s
1. . O Tseel O OGidenne et al., 2013
35 after weanlng = A Trocino et al., 2010
- % O Soler et al., 2004
30 AXiccato et al., 2011
25 A AXiccato et al., 2011
ATazzoli et al., 2009
20 OPerez et al., 2000
15
10
5
0 T T T T T T T T 1
10 30

dietary DgF concentration, % as fed
(for isoADF diets within a study)

Mortality rate is globally reduced with addition of
digestible fibres (DgF, in iso-ADF diets)




70

50

40

30

20

10

0

60 -

Health risk and respective supply in : digestible fibres
and lignocellulose (ratio"DgF/ADF”).

Health Risk ADF 5 INRA studies 16 diets,
index, after <15% = |:| without antibiotics
weaning . Y
%
Y = 3.67¢1:61X
T R*=0.69
O/ () 0Gidenne et al., 2004b
____________ Conclusions
HRi depends from a balance between poorly
i digested (ADF) and highly digested (DgF)

0,75 fibres

Requirement : DgF/ADF > 1.3

Lignins
+
Cellulose

4

Poorly digestible fibres
favourable for digestive health

Balance the two
"types" of fibres

5. Fibre requirements & European tables of ingredients

Pectines w-insol.

| contribute favourably to health and growth |

15



Fibres requirements to prevent digestive troubles

in the young and growing rabbit

3 key points
End of
Unit :g/kg as fed * Post weaning = fattening
(28-42d old) (42-70d old)
Lignocellulose "ADFom" * =190 =170
Lignins "ADL" * : >55 >50
DgF/ADFom <13 <13
Cellulose "ADF-ADL" * 2130 2110
Ratio Lignins/ Cellulose >0.40 >0.40
Hemicelluloses "NDF-ADF" * >120 >100

European "EGRAN" feedstuffs tables (Maertensetal, 2002)

Table 4 : Proximate fibre composition of some raw materials (90% Dg\&)'lfs;:d in rabbit feeds,

and with criteria used in fibre recommendations for the groying ratfyit.

Maize

25

g/kg on as fed basis ~ NDF ADF  ADL WIP UAi * DgF °* CF cpP
Alfalfa meal 17 418 326 73 68 50 & 16l %261 153
Wheat bran 428 128 35 50 14.' 330 =02 158
Wheat straw 750 474 80 2 20: 298 !.95 36
Sugarbeet pulp 428 21 78 250 19¢ 466 280 90
Citrus pulp 220 15y 16 120 80: 185 m3 59
Soyabean husks 588 426 21 92 60: 254 »s 122
Sunflower husks 693 567 202 100 75: 281 :68 54
Cocoa husk 390 300 140 30 20 - 120 .!83 164
Palm cake 520 Sy 90 30 10 l‘ 33 :150 185
S .
Soyabean meal 48 104 65 5 55 24 ’ 91 & 50 468
¢

Whole seeds
Soya 1] W3 8 60 25 104 56 369
Barley 175 59 9 6 3 126 46 108
100 5 - 5 92

16



6. Perspectives
further understanding of fibre effects on health?
Fibre — microbiota — immunity in the young rabbit :
Barrier role
3 v Competition for
- S Eommens}l‘ A ) ’ ’

) j = B adhesion to mucosa
P gactena' ’- LY -

v Competition for
access to nutrients

v" Production of
antimicrobial substances

DCS

In 'the young r‘abbrl'
M}:J’; * “feed” the microbiota (early during implantation)

* fibres? before weaning?
“ 4 D E | Q= Weell

;:%cmoa coitb
DCs & /- Y J

0, Q
S “eliisle” [
< " ) Thi7 ° & Plasma cells
Enterodocrine Stem Paneth

cell cell cells Peyer's Patch
Lamina Propria

€D103'CD11b’ &
bcs @

-
p e
. .
e
d N
’, énétique, Physiologis et Systémes dflevage] « Corine Bayourthe

Agronomy highschool
Sylvie Laurence
I mA Lamothe

Combes
TS7 SUENCER IMPACT
b
Rabbit research team
1
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Question 2 : how to differentiate the effect of fibres from that of starch?

Answer 1:
factorial design 2 X 2 with: 2 starch (12 vs 19%) X 2 ADF (19 vs 16%) levels (4 diets)

18
Large scale study 16 1
n=507 rab./diet q
' 14 {17 0
b % mortality
weaning -slaughter 12 /
10 | s
Effect of ADF: 7vs15% S [| |
P<0.05 6 11
4 W
Effectof starch=NS  , L1
O A

ADF19% ADF 19% ADF 16% ADF 16%
Starch 12%  Starch 19%  Starch 12%  Starch 19%

Conclusions:
No effect of starch on mortality

ADF reduces the mortality

Answer 2 :
isoADF diets but variations in starch quality : maize, wheat, barley, extruded maize

(Gidenne et al., 2005)

Diet with some 20 +T %

"risks" : ADF< 18% 18 T - O Mortality
and starch =20% 16 |
14

P=0.33=>NS
n=446 rab./diet 12
5 sites 10 4
period : weaning -slaughter 8
6 §
4 B
2 §
0 i
Wheat Barley Maize Ex.Maize
starch level at ileum (50d) % DM: 6 5b 112 2¢

Conclusion : NO correlation among ileal starch and mortality,
NO starch overlaod




