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Abstract

The role of gut barrier against pathogens and its interaction with dietary factors in weaned rabbits affected with
digestive disorders, especially epizootic rabbit enteropathy is reviewed. This interaction was studied identifying nutritive
factors that influence gut barrier function of mucosa. It was examined the morphology, and enzyme activity of mucosa
and the gut associated immune system. Besides, it was characterized the substrate that reaches the caecum and its
capacity to favour pathogen bacteria growth, by reviewing the effect of diet on ileal digestibility of nutrients, transit
time and microbiota population. The nutritional factors which affect health of early weaned rabbits are level and type
of both fibre and protein. The optimal dietary level of insoluble fibre to minimise mortality is 30-32%. Furthermore,
a moderate inclusion of soluble fibre (12%) improves mucosa integrity and decreases mortality and the frequency of
detection of Clostridium perfringens and Campylobacter spp in the caecum. The reduction of ileal nitrogen flow had
a positive effect on pups viability and frequency of detection of C. perfringens. Furthermore, dietary supplementation
with 1% of glutamine reduced fattening mortality, the frequency of detection of C. perfringens, and Helicobacter spp,
and diminished the counts of Eimeria spp at the jejunum. In conclusion, a correct diet formulation may help to limit
the epizootic rabbit enteropathy incidence in weaned rabbits.

Additional key words: fibre, gut barrier function, protein, weaning, young rabbits.

Resumen

Revision. Nuevas tendencias en alimentacion de conejos. Efecto de l1a nutricion sobre la salud intestinal

En este trabajo se revisa el papel de la barrera intestinal frente a patdgenos y su interaccion con factores de la die-
ta en gazapos destetados afectados por enteropatia epizootica. Para ello, se identificaron los factores nutritivos que
influyen en la funcionalidad de la barrera intestinal de la mucosa digestiva (morfologia, actividad enzimatica y acti-
vidad del sistema inmune asociado a la mucosa). Ademas, se ha caracterizado el sustrato alimenticio que alcanza el
ciego y su capacidad para favorecer el crecimiento de bacterias patdgenas, revisando el efecto de la dieta sobre la di-
gestibilidad ileal de nutrientes, el transito digestivo y el tipo de flora intestinal. Los factores nutricionales involucra-
dos incluyen nivel y tipo de fibra y proteina. El contenido 6ptimo de fibra insoluble en el pienso para minimizar la
mortalidad es un 30-32%. Ademas, una inclusién moderada de fibra soluble (12%) mejor6 la integridad de la muco-
say redujo la mortalidad y la frecuencia de deteccidon de Clostridium perfringens y de Campylobacter spp en el cie-
go. Un descenso del flujo ileal de nitrogeno tuvo también un efecto positivo sobre la viabilidad de los gazapos y la
frecuencia de deteccion de C. perfringens. La suplementacion del pienso con un 1% de glutamina redujo la mortali-
dad en cebo y la frecuencia de deteccidon de C. perfringens y Helicobacter spp, y disminuy6 los conteos de Eimeria
spp en el yeyuno. En conclusion, una formulacion adecuada de los piensos puede ayudar a limitar la incidencia de en-
teropatia epizodtica en conejos jovenes.

Palabras clave adicionales: conejos jovenes, destete, fibra, funcionalidad de la barrera intestinal, proteina.
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Introduction'

Infectious diseases of the digestive system currently
account for 70% of all rabbit diseases. That percentage
has always been quite high, but in recent years it has
increased further due to epizootic rabbit enteropathy
(ERE), which can cause up to 60% mortality, increase
morbidity and delay the end of the fattening period by
one to two weeks. Antibiotics have been widely used
to control mortality but the corresponding veterinary
treatments have increased by 2.5 fold, reducing the
benefit margin for many farms. Apart from ERE, several
other digestive diseases remain, mostly caused by
different strains of Escherichia coli.

The European ban on the use of antimicrobials to
prevent digestive diseases and the narrow range of
molecules allowed as treatment in rabbit farming have
stimulated the search for alternative solutions. Among
those, nutritional management has become a priority,
especially given the importance of digestive diseases.
Nonetheless, according to data from commercial farms,
the mortality by ERE in rabbits consuming the same
feed, can range from 0 to 70%, depending on factors
such as season, farm, and type of medical treatment.
These results suggest that non-dietary factors are also
required to begin the process.

The main cause of enteric disease is the presence of
the pathogen. However, factors such as intestinal sapro-
phyte microbiota and the animal’s own defence mecha-
nisms will tend to impede or reduce the growth of pa-
thogens and the development of the disease. This explains
why some animals survive controlled infections caused
by pathogenic strains, even though they present symptoms
(morbidity). Defence mechanisms are not unique to
rabbits. Indeed, the role of feed has been studied in other
species (e.g., pig and chicken) and also in humans, to
develop strategies that favour the so-called «competitive
exclusion» between bacteria and the development of
mechanisms for «intestinal borders».

The mechanisms by which a non-pathogenic species
predominates over a pathogenic one (competitive
exclusion) are complex. According to Hampson et al.
(2001), there are several routes by which that compe-
tition can be produced, including differences in growth
on a specific substrate, efficiency of mucosa colonization,

and production of inhibitory substances of pathogen
development (short chain fatty acids, deconjugated bile
salts and bactericides).

The role of nutrition in this field can be focused on
controlling substrates that favour the growth of micro-
biota, on promoting competitive exclusion mechanisms
or on direct inhibition of pathogen growth. For that it
is necessary: a) understand the flow of nutrients in the
areas with the greatest microbial population (at the end
of the small intestine and caecum), b) characterize the
saprophyte or beneficial microbiota and the pathogen,
¢) characterize the mechanisms of competitive exclusion
among pathogenic and non-pathogenic populations.

The objective of this paper is to review the role of
nutrition in rabbits, exploring and discussing its different
effects on the digestive health.

Intestinal barrier

Once the pathogen is implanted, the intestinal barrier
plays a fundamental role in the development of the
pathogenic mechanisms of bacteria, impeding the colo-
nization of mucosa and the transport of bacteria and
toxins. This action involves several mechanisms which
are developed in a cascade and turned on when required.

The barrier effect begins in the intestinal lumen via
mechanisms of acidification and protection of the
epithelium by a layer of mucosa secreted by the Goblet
cells. That mucosa protects the epithelium from me-
chanical, chemical and enzymatic damage and from
bacterial adhesion. Once that protection is lost, and
bacteria and toxins are in contact with the epithelium,
the immune system kicks in, first in an unspecific
manner and then by developing tolerance mechanisms.
In addition, it has been found that maintenance of the
structure and functionality of the intestinal mucosa
does not allow colonization by pathogenic bacteria and
assures the function of the digestive tract, such as
digestion, absorption, secretion and metabolism of
nutrients. This explains why enteric diseases are more
frequent in younger animals (immature mucosa) and
during the post-weaning period, since there can be
structural damage at the level of the intestinal mucosa.

Nutritional strategies have been directed towards
avoiding structural damage of the mucosa and favouring

' Abbreviations used: AA (amino acid), ANF (anti-nutritional factors), CP (crude protein), ERE (epizootic rabbit enteropathy),
GALT (gut associated lymphoid tissue), Ig (immunoglobulin), IL2 (interleukin 2), LP (lamina propria), MHCI (class I immuno-
histocompatibility complex), NDF (neutral detergent fiber), NS (not significant), SEM (standard error of the mean), Th (coope-

rating T lymphocytes), TLR (toll-like receptors).
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repair mechanisms by supplying the necessary nutrients.
Adequate characteristics of the mucosal barrier not
only improve the immune system, but also the digestive
and absorptive efficiency, decreasing the flow of nu-
trients to the caecum that can favour growth of pathogens.
Those strategies are not easy to develop since there are
many interactions among the factors involved, but, as
our knowledge increases, it appears that they are a
useful way to control digestive diseases.

Intestinal mucosa and intestinal
microbiota

The interaction of mucosa with intestinal microbiota
seems to play a key role both in the development of
defence mechanisms as well as pathogenicity (coloni-
zation and translocation of bacteria and toxins). The
main pathogens of the gastrointestinal tract need to be
in contact with the mucosa to develop properly. Many
studies have shown that virulent strains of E. coli need
to adhere to the mucosa to be pathogenic. Other patho-
genic bacteria in the gastrointestinal tract of the rabbit
include the genera Clostridium, which tend not to adhere
but produce toxins instead (C. spiroforme, C. perfringens,
C. difficile, C. sporogenes, etc). The death of the animal
due to epizootic rabbit enteropathy is produced by a toxin
(still unclassified) or a strain of C. perfringens that damages
the liver and kidney (Pérez de Rozas et al., 2005).
Nonetheless, for these toxins to arrive to the host
organs they have to pass through the mucosal layer.
The adhesion of C. perfringens toxins to the membrane,
as well as the initial damage that it causes, seem to be
necessary for translocation to occur (McClane, 2001).

Similarly, saprophyte bacteria in humans and mono-
gastric animals are involved in the competitive exclusion
(Bacteroides, Lactobacilli, Salmonella), and seem to
have approximation mechanisms to the mucosa and
recognition (Toll-like receptors, TLR) that allows to
modulate the immune response towards its tolerance
in the gastrointestinal tract (Kelly et al., 2005).

The mucosal layer

For contact with the mucosa, the first intestinal barriers
in the lumen must first be passed. As mentioned pre-
viously, the epithelium of the mucosa is protected by
a mucosal layer. The mucins are glycoconjugates made
up of a protein core joined with sugar chains of variable
length. The end chains of the sugars can be sulphated

or sialylated, giving rise to acid mucins that are more
resistant to microbial degradation than neutral mucins
(that do not have those terminations; Van Dijk et al.,
2002). Mantle and Thakore (1988) purified the small
intestine and colon mucins of rabbit. Colon mucins are
less acidic and less resistant to proteolysis. The amount
and composition of these mucins is dependent on
bacterial colonisation, but little is known about the
quantitative and qualitative balance compatible with
an improvement in intestinal health. At the beginning
of infection, and as a protection mechanism, there is
an increase in the production of mucin and a change
in its composition, from neutral to acidic.

Controlled infection with Yersinia enterocolitica in
rabbits increases the production of mucins, especially
in the terminal end of the ileum and the proximal colon
where this intestinal disease is more severe (Mantle et
al., 1989). Nonetheless, variation in the composition
and degradation of these mucins can alter the bacterial
adhesion to the mucosa (Mantle and Husar, 1994).
Hezcko et al. (2000) observed an increase in the pro-
duction of mucus in the first moment of infection with
E. coli 0103, suggesting that the mucosal layer is
fundamental for bacterial proliferation and adhesion
to the mucosa and thus, for its pathogenic effects to be
shown.

Saprophyte bacteria also have the ability to regulate
the synthesis, composition and use of mucins, but the
mechanisms are less studied than in the case of pathogens.
Bacteroides, a significant genus in humans and rabbits,
seems to have mucinolytic properties (Hill, 1986;
Marounek et al., 2000; Sirotek et al., 2003). In humans,
B. thetaiotaomicron also has mucinolytic capacity. This
would allow to saprophyte bacteria a better contact
with the mucosa, explaining the immunosuppressive
effect of these bacteria (Kelly et al., 2005). Pérez de
Rozas et al. (2005) also showed that bacteria from the
genera Bacteroides can act as a probiotic in the case
of ERE.

In the intestinal lumen, a biological film of IgA is
also formed, produced by the immune system of the
mucosa. Besides, specific cells in the crypts produce
antimicrobial peptides (Paneth cells; Kelly et al., 2005).
The IgA film allows the survival of saprophyte bacteria
and limits the growth of pathogens. Antimicrobial
peptides limit the growth of both, pathogens and
saprophyte bacteria. In humans, the density of cells
producing these peptides decreases from the proximal
intestine until the colon, which can explain the greater
microbial density in the ileum and the large intestine.
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Competitive exclusion made by B. thetaiotaomicron
can be related with the induction of a specific peptide
against pathogenic bacteria.

The gut associated lymphoid tissue
(GALT)

Once the luminal barriers are overcome, bacteria are
then attached to the intestinal mucosa by membrane
receptors. These receptors trigger a signal to the local
immune system responsible for the protection from
pathogens and the regulation of the inflammatory
response. The immune system is particularly complicated
since not only is in charge of defending from infectious
agents, but also it should be able to differentiate antigens
from the diet and the intestinal saprophyte flora and to
develop an effective tolerance mechanism against them
to avoid the development of allergies to certain feeds
and inflammations. Tolerance is a preferable response
to defence mechanism for the animal survival.

The lymphoid tissue of the intestine is distributed
in two different ways:

— In an organised manner: in lymphoid follicles,
distributed in the so called Peyer’s patches, the vermiform
appendix and sacculus rotundus.

— In diffused form: both in the lamina propria
(lymphocytes of the lamina propria) as well as in between
the epithelial cells of the intestinal mucosa (intra-
epithelial lymphocytes).

The organized lymphoid tissue contains many
follicles, where part of the cells of the intestinal immune
system is made and where the immune response begins.
The antigens are transported to those follicles by spe-
cialised cells called M cells, and are presented to the
lymphocytes in the germinal centres of the lymphoid
follicles by the M cells and by other specialised cells
called dendritic cells. After maturation and proliferation
of the specialised lymphocytes for a specific antigen,
they migrate mainly towards the intestinal mucosa (in
the lamina propria and intra-epithelium) to develop
immunocompetence against subsequent contacts with
antigens.

The lamina propria (LP) is where more antibodies
are produced (immunoglobulins) for the whole mucosa.
In humans, close to 80% of the B lymphotcytes (cells
used to synthesize immunoglobulins) are present in the
LP. The most common immunoglobulin in the intestine
is IgA, where its main role is to maintain the integrity
of the mucosa against possible infections and toxic

agents. Another important immunoglobulin that is
important in the intestine is IgE, which tends to be
made in during allergic reactions.

The intraepithelial lymphocytes are the first line of
defence from mucosal infections and tend to have
cytotoxic and regulatory activity. The T cytotoxic lym-
phocytes play an important role in the defence from
viral and toxic agents and in recovery after infections
that are common in intestinal mucosa.

After recognition of the antigens, the macrophages
and dendritic cells process them and present the antigenic
proteins to the cooperating T lymphocytes (Th) or
CD4+. The Th lymphocytes modulate the response by
segregating cytokines (soluble proteins) that will
activate the humoral response (Th2 complex) or a cellular
type response (Thl complex). The humoral response
activates the B lymphocytes, which will secrete the
immunoglobulins (IgA, IgM, IgG) against the specific
antigens and will lead to a tolerance response. The cell
response is mediated by the Th1 cytokine complex and
will lead to the activation (IL2: Interleukin 2) of the T
cytotoxic lymphocytes or CD8+ and to the death of cells
that contain the antigen. In addition, the cytotoxic lym-
phocytes can also be activated by the mucosal cells
(enterocytes) via the class I immuno-histocompatibility
complex (MHCI). This response is possible when there
is damage to the mucosa and it facilitates the pe-
netration of bacteria, virus or toxins.

The equilibrium between the tolerance (Th2) and
the cytotoxic response (Th1) of the immune system is
not completely understood, but it seems that the sapro-
phyte bacteria, especially some genera, can mediate
towards the activation of the Th2 response (Kelly et
al., 2005).

The development of the immune
system

According to Knight and Crane (1994), the develop-
ment of the immune system in the rabbit, and especially
of the B cells, can be divided into three stages. The
first stage, foetal and neonatal, consists in a lympho-
poiesis that will create the neonatal lymphocyte repertory
and will be carried out in the liver and the medulla,
mostly. The second phase consists in the creation of a
primary repertory of antibodies between weeks 3 and
8 of life by the proliferation and diversification of the
GALT lymphocytes. The last stage corresponds to the
formation of a second repertory of antibodies in adults,
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which will be mainly centred on the proliferation of B
cells in the secondary lymph organs.

The repertory that is created in the foetus depends
on genetic factors and placental transfer during gestation.
Nonetheless, it appears that the primary repertory
development depends on intestinal microbiota. Several
authors have found an abnormal development of the
GALT and a reduction in the number of lymphocytes
in animals rose free of bacteria (Stepankova and Kovaru,
1978; Tlaskalova and Stepankova, 1980). This lack of
development has also been observed in pigs. Rothkéotter
et al. (1994) found, in germ free pigs, that the maturity
of the immune system at 45-d was similar to that of
normal 5-d old pigs, concluding that the stimulation
of bacterial flora, as well as the presence of food antigens,
is necessary for a normal development of the GALT.
A number of reviews, both in rabbit (Knight and
Winstead, 1997; Lanning et al., 2000) and in humans
(Kelly et al., 2005), indicate that the presence of sapro-
phyte flora and, possibly of some specific genera, can
be crucial for the development of the primary repertoire.

In rabbits, the flora begins to develop during the
lactation stage, but the fermentative area only begins
to grow after feed consumption. According to Lebas
and Laplace (1972) the weight of the caecal contents
(relative to the live weight of the animal) increases
twofold between the 3™ and the 5™ week of life, and
remains that high until the 7" week. Dasso et al. (2000)
reported that the follicular area in the vermiform
appendix increased between the 3™ and the 6™ week
of life, and maintained the same relative importance
until the adult stage. The proliferative area of the follicles
also reaches a maximum at six weeks. Similar results
have been obtained in our department for the vermiform
appendix and the Peyer’s patches. The change due to
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Figure 1. Evolution with age of the proportion of lymphocytes

over the total cells in the lamina propria (LP) and the jejunum
in lactating young rabbits (Campin et al., 2003).

the development of the immune system affects the
centres of proliferation of the lymphocytes, as well as
their profile in the LP, and thus, the capacity and
diversity of their response. As shown in Figures 1 and
2 the proportion of total lymphocytes and the proportion
of B cells increased in rabbits between 19 and 26 d of
age (Campin et al., 2003). Different immune indicators
suggest that the immune system in the kit, around the
time of weaning, is more sensitive to pathogens than in
adult animals.

Consequences of weaning

A study on the development of the follicular tissue
of the vermiform appendix and the Peyer’s patches
(Campin et al., 2003) in rabbits 32 d old has not shown
an effect of weaning (at 25 d) on the number of follicles.
However, weaned rabbits presented larger follicular
area in the vermiform appendix and an increase in lym-
phocytes number without changes in their profile at
the level of the LP (Table 1). Nonetheless, the weaned
animals had a larger proportion of undifferentiated T
cells that responded to the double marking CD4+/CD8+.
These results suggest that weaning can accelerate the
maturation of the immune system but, as indicated
above, symptoms of immaturity are still present.

In this context of immune immaturity, weaning pro-
motes substantial changes that can modify the capacity
of response against pathogens. Weaning implies a
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Figure 2. Evolution with age of the proportion of T and B
lymphocytes over the total of lymphocytes in the lamina pro-
pria of the jejunum in lactating kits (Campin et al., 2003).
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Table 1. Effect of weaning (25 d of age) on the lymphoid organs and the lymphocytes of the lamina propria of kits at 32 d

of age
. Weaned Weaned

Lactating Soya diet Sunflower diet SEM P
Vermiform appendix
Follicles number 323 34.4 33.4 1.16 NS
Follicular area (mm?) 3.01° 3.982 3.922 0.33 0.05
Peyer’s patches
Follicles number 7.32 7.46 6.86 0.43 NS
Follicular area (mm?) 3.62 3.91 3.41 0.31 NS
Lamina propria
Lymphocytes (% total) 0.44° 0.94% 1.18* 0.13 0.05
Lymphocytes CD8+ (%) 21.5 24.7 28.5 4.2 NS
Lymphocytes CD4+ (%) 19.9 14.0 18.9 2.85 NS
Lymphocytes CD8+/CD4+ 46D 13.0* 12.17 1.82 0.05

Source: Campin et al. (2003), Gutiérrez et al. (2003).

stressful situation for the animal due to separation from
the mother, and in many cases, differences in housing
and social group. In addition, there is a transition from
milk to solid feed that decreases the intake of milk
immunoglobulins and several bactericide nutrients, as
peptides or short-chain fatty acids (Skrivanova et al.,
2005). As aresult, suckling rabbits excrete less pathogen
coli bacilli (Gallois et al., 2005b) and contain less
C. perfringens in the caecum (Romero et al., 2007)
than weaned animals of the same age. Accordingly,
milk intake seems to confer a transitory protection against
several important pathogens.

These results explain the significant increase in
viability of weanling rabbits observed in several studies
when weaning age was delayed (Feugier et al., 2006;
Sanchez, 2006; Romero et al., 2007). The effect was
higher and more significant when the comparison was
made with weaning at very early age (as 23-d) or when
sanitary conditions of the farm were poor. However,
more studies are needed to confirm this trend, as con-
tradictory results have been reported (Garrido et al.,
2000). Early weaning also leads to a lower postweaning
weight gain in comparison to suckling rabbits of the
same age, although these differences are compensated
during the whole fattening period (Méndez et al., 1986).

An insufficient feed intake after weaning can also
imply that animal requirements for growth or intestinal
development and immunitary capacity are not met.
Furthermore, consumption of fibre and other nutrients
can result in an impairment of villi morphology. These
changes in the mucosal structure and also in its functional

capacity can facilitate the translocation of bacteria.
Accordingly, dietary changes around weaning can
impair the characteristics of the intestinal barrier in
rabbits. In 25-d-weaned rabbits, Gutiérrez ef al. (2002)
observed intestinal atrophy, accompanied by reduction
in the activity of the enzymes bound to the intestinal
mucosa, in comparison with unweaned rabbits of the
same age (35-d). However, in other studies (Gallois et
al.,2005a; Gomez-Conde et al., 2007), the use of starter
diets containing noticeable amounts of soluble fibre
did not impair or even improved villi length in weaned
compared with suckling rabbits.

Substitution of solid feed for milk in young animals
also leads to a decrease of nutrient digestibility and
then to a higher flow of undigested substrate at the distal
ileum. Depending on the type of diet, the microbiota
can be then altered with variable effects whatever the
pathogenic or the saprophytic flora is favoured. As
opposed to what happens in the small intestine, the
development of the caecum and large intestine seems
to be improved by weaning (Gutiérrez et al., 2002;
Xiccato et al., 2003; Gallois et al., 2005a), so that
bacterial colonization might favour the development
and diversification of the immune system.

Effect of diet on the intestinal

barrier and gut health

According to previously discussed, it is apparent
that the mechanisms for survival to infection are quite
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complex. This is especially important in the case of the
ERE, where the pathogenic flora involved has not been
completely identified up to now. In this context, the
best criteria to characterize the effects of diet on the
mucosal barrier in other species (Van Dijk et al., 2002;
Montagne et al., 2007) were mucosal morphology, the
activity of mucosal enzymes (as an indicator of the
functionality and maturity complementary to previous
information) and the study of the lymphocyte profile
of the LP (as an indicator of the immune response). In
the case of microbiota, the use of molecular techniques
has the advantage of identifying the species that cannot
be cultured (70% of total).

Regarding nutrition, the existing information is scarce
and contradictory (de Blas et al., 1999a). Design of
starter feeds should take into account both minimizing
the weaning stress (by providing starter diets containing
highly digestible nutrients, richer in fat and protein,
and lower in fibre content than traditional commercial
fattening feeds) and the limited capacity for hydrolysis
of several components at early ages (especially for
fat and starch). Dietary factors most related with the
appearance of digestive diseases were the level and
type of fibre (de Blas et al., 1999b; Gidenne, 2000)
and the level and type of protein (Carabafio et al., 2006).

Fibre

The beneficial role of fibre in preventing digestive
diseases is mostly based on the control of intestinal
microbiota through its effects on the digestive transit,
and its availability as substrate for bacterial growth.
Using common sources of fibre (alfalfa, straw and
wheat bran) in weanling rabbits diets, Gutiérrez ef al.
(2002) and Feugier ef al. (2006) showed that a re-
duction in fibre content from 36-38 to 30-32% NDF
reduced mortality and enhanced performance and feed
efficiency, in association with an improvement of
mucosal structure (Alvarez et al., 2007).

Otherwise, a minimal content of insoluble fibre is
also required to reduce diarrhoea incidence. Several
studies (Nicodemus et al., 2004; Gidenne et al.,
2004a,b; Gidenne and Licois, 2005) have shown a
significant increase of mortality in fattening rabbits when
NDF levels were decreased below 30-32%. Insoluble
fibre might be necessary to decrease mean retention
time of digesta in the gut, dilute dietary and ileal starch
and protein content and reduce total microbial growth
(Garcia et al., 1995, 2000; De Blas et al., 1999b).

According to Marounek ef al. (1995) and Lavrencic
(2007), the caecal microbiota of 28-d old rabbits is
limited with respect to adult animals and it is specialized
in the fermentation of soluble fibrous carbohydrates
(such as fructans, galactans, B-glucans and pectic
substances; Hall ef al., 1997). Consequently, the type
of dietary fibre could be important to promote the
growth of beneficial microbiota in order to improve
the competitive exclusion. In addition, the type of fibre
can also affect the mucosal structure and the intestinal
barrier. Dietary inclusion of soluble fibre favours the
growth of intestinal villi and the activity of the entero-
cytes, while the inclusion of lignified fibre produces
structural atrophy, lower activity of intestinal cells and
proliferation of C. perfringens (Chiou et al., 1994;
Garcia-Ruiz et al., 1997; Margiienda et al., unpublished
data).

Recent results obtained with starter diets (Gomez-
Conde et al., 2007) indicate that the level of soluble
fibre can play a role in reducing the caecal population
of C. perfringens and opportunistic pathogens, such as
Campylobacter. These effects were concomitant to a
decrease of the incidence of diarrhoea mortality (Table 2).
The inclusion of moderate levels of soluble fibre (a
mixture of 15% beet pulp and 5% apple pulp) with
respect to diets based on highly insoluble fibre (15%
oat hulls) also improved the structure of the mucosa,
its functionality, and the immune response. From these
and other results (Fabre ef al., 2006; Margiienda et al.,
2006) it can be concluded that besides an optimal NDF
content of 30-32%, the addition of 11-12% of soluble
fibre to the diet can be recommended in order to reduce
ERE incidence.

Protein

Protein and amino acid (AA) requirements are rela-
tively high in young rabbits, not only for tissue accretion
but also because of the high needs for intestinal growth
(Lebas and Laplace, 1972; Trocino et al., 2000), and
maintenance of the intestinal mucosa. Weaning can
also change the needs for total protein and AAs. Due
to the relatively slower daily gain after weaning, the
higher weight of gut maintenance on total requirements
can increase significantly the relative needs for some
essential and non-essential AAs with respect to later
stages of growth. In addition, the defence mechanisms
of the intestinal barrier can have specific needs for
AAs. Thus, threonine is a major component of mucin
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Table 2. Effect of the type of fibre in isofibrous diets (30% NDF) on the integrity and activity of the intestinal barrier, pa-
thogenic flora and mortality in early (25 d) weaned rabbits at 35 d of age

Beet and apple

Alfalfa Oat hulls P

pulps
Intestinal barrier (Jejunum)
Villi length, pm 721° 567° 492¢ 0.05
Crypts depth, pm 89v 1152 1132 0.05
Sucrase activity (U mg') 8,500° 7,100° 5,400¢ 0.05
Lamina propria
Lymphocytes CD4+ (%) 35 33 26 NS
Lymphocytes CD8+ (%) 21° 27° 310 0.05
Frequency of detection of pathogens
at the caecal contents
C. perfringens 5.7° 2.87° 17.6 0.05
Campylobacter spp. 19.4 21.2 37.8 0.07
Fattening mortality (%) 5.3° 8.5% 14.4¢ 0.05

Source: Gémez-Conde et al. (2007).

proteins, whereas glutamate is the main AA used by
enterocytes as energy source and plays an essential role
in the repairing mechanisms of mucosa tissue (Le
Floc’h and Séve, 2000; Reeds et al., 2000). Recent
work (Chamorro et al.,2007a,b) indicates that dietary
supplementation with 1% of glutamine reduced the
mortality caused by ERE, modified ileal microbiota
(with a decrease of the frequency of detection of several
pathogens as C. perfringens and Helicobacter spp),
and diminished the presence of Eimeria spp at the
jejunum.

Weaning not only implies a change in the level but
also in the main sources of protein in the feed. Easily
hydrolysable milk proteins are replaced primarily with
less digestible plant proteins, as animal proteins are
mostly banned from animal feeds. The level and source
of plant protein included in starter diets also have an
influence on intestinal disorders, as a decrease of
dietary protein content or an increase in ileal protein
digestibility (sunflower meal vs soybean meal or potato
protein concentrate) reduced the flow of protein towards
the fermentative area and decreased the mortality due
to ERE incidence (Gutiérrez et al., 2003; Garcia-Ruiz
et al.,2006; Chamorro et al., 2007c; see Fig. 3). Other
studies have indicated that an increase of the nitrogen
flow reaching the terminal ileum incremented the
populations of Clostridia spp. (Haffar et al., 1988),
E. coli (Cortez et al., 1992), C. perfringens (Chamorro
et al., 2007c; Table 3) and total anaerobic bacteria
(Garcia-Palomares et al., 2006). Nonetheless, on the

contrary to what happens in piglets, no changes were
observed in the mucosal structure or in the profile of
lymphocytes of the LP (Tables 1 and 3).

In this context it is relevant the information obtained
in recent studies (Garcia-Ruiz et al., 2005; Llorente et
al., 2006, 2007), made to characterise the ileal diges-
tibility of protein and AAs of some common ingredients
of rabbit diets. These data are useful not only for deter-
mining the AAs supply, but also for estimating the
amount of protein that remains available for microbial
growth in the caecum.

The addition of hydrolysable tannins has also led to
a decrease of mortality during fattening in an ERE en-
vironment (Maertens and Struklec, 2006). This result
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Figure 3. The effect of ileal CP flow, in the two-weeks after we-
aning period, on average mortality in the whole fattening pe-
riod according to several experiments.
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Table 3. Effect of the level of protein in isofibrous diets (30% NDF) on the integrity and activity of the intestinal barrier,

pathogenic flora and mortality in early (25 d) weaned rabbits

18.6% CP 16.1% CP SEM P
Villi height, um 632 606 48 NS
Crypts depth, um 134 134 43 NS
Ileal CP flow, g d! 6.0 5.0 0.25 0.05
Frequency of detection (%)
of C. perfringens at the ileal contents 47.2 18.0 — 0.05
Fattening mortality (%) 21.2 11.0 — 0.05

CP: crude protein. Source: Chamorro et al. (2007c¢).

is explained by the formation of non degradable com-
plexes of tannins with dietary protein (which would
reduce protein substrate for microbial growth) and/or
by the inhibition of microbial proteolysis.

Endogenous nitrogen (digestive enzymes, muco-
proteins, desquamated cells, urea) is other relevant
source of protein for the gut microorganisms, which
can account in rabbits for about 40-60% of the total
ileal protein flow (Garcia-Ruiz et al., 2004; Llorente
et al., unpublished data). This contribution is widely
variable and influenced primarily by dry matter intake
and secondarily by diet composition, as level of fibre
or anti-nutritional factors (ANF), frequently present
in legumes, might damage the intestinal mucosa and
increase the flow of nitrogen towards the caecum. Thus,
the replacement of low ANF protein sources as sunflower
or meat meal with soy protein in weanling rabbits
impairs the mucosal integrity (Gutiérrez et al., 2000)
and increases fattening mortality (Scheele and Bolder,
1987; Gutiérrez et al., 2003).

According to the above results, feeding strategies
should be developed with the aim of minimizing the
use of undigested protein for microbial growth, keeping
a sufficient supply of essential AAs to ensure a high
animal performance.
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