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Abstract - The caecum is the largest compartment of the rabbit digestiva tract (40% of digestiva mass). lt plays a key 
role in the ~igestive physiology as the major site offibre degradation and fermentation. Disorders in caecal microbial activity 
(CMA) are supposed to be at the origin of the digestiva troubles observad in the growing rabbit fed low fibrelhigh starch 
diets. First, the main traits of caecal digestiva physiology and recent advances are presentad. Ontogenic factors and then 
nutritional factors affecting CMA are reviewed. Finally, caeco-colic digestiva disturbances arising from inadequate nutrient 
supply are described, including the relatad hypothesis explaining the occurrence of enteritis. 

INTRODUCTION 

The caecum of the rabbit can only partially be compared with that of other monogastric animals, such as the pig, 
the horse or the rat, as it has several specific structural characteristics including a secreting appendix and a spiral 
fold. In addition, the caecotrophy practice leads to a diumal rhythm of caecal filling and emptying. Consequently, 
the knowledge of caecal physiology obtained from other monogastric animals can not be easily transferred to 
knowledge of the rabbit caecum. In addition, rabbit caecal physiology exhibits specific problems of digestive 
pathology related to nutrition. At present, one ofthe main objectives for research on rabbit caecal metabolism is to 
understand and influence the microbial activity that is supposed to play an important role in the occurrence of 
digestive disturbances originating from an inadequate nutritional balance. On the other hand, the caecum 
participates in the digestion of the nutrient and is the major site of fibre degradation and fermentation. For 
instance, in adult rabbits, VFA absorption could represent 30% of the basal metabolism (PARKER. 1976; 
MARTY and VERNAY, 1984). Consequently, mid-term research might focus on the improvement ofthe caecal 
digestive process for a better utilisation ofthe nutrients. Research already performed on other monogastric animals 
would then be of interest. 

Our review will be 1imited to the frrst objective cited previously. In evidence, the caecal microbial activity (CMA) 
plays a key role in the nutrition and health ofthe rabbit. A change in the diet could modify the nature ofthe digesta 
to be fermented in the caecum, and consequently could modify the microflora and its activity. Thus, nutritional 
factors affecting CMA will be examined thereafter. However, ontogenic factors will also be considered, because 
digestive problems occur mainly in the growing rabbit and more particularly around the weaning period. It is thus 
of importance to describe how the CMA is developing and interacting with nutritional factors from around three 
weeks of age (beginning of the feed intake) to the end of the growth period. 

First of all, a brief review of sorne traits of caecal digestive physio1ogy and of recent advances will be presented. 

1) Some characteristics of caeco-colic digestive physiology and related studying methods 

The caecum (Figure 1) is the largest digestive compartment of the rabbit (40% of the digestive tract). 
Proportionally the rabbit caecum is 5 to 6 times larger than that of the horse. lts volume changes according to a 
diumal rhythm under the control ofcaecotrophy. Low caecal content (<20%) has been observed before or during 
caecotrophy, as measured by the marker dilution method (LENG and HÓRNICKE, 1976) or by the slaughter 
technique (FRAGA et al., 1984; GIDENNE and LEBAS, 1984). 
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Figure 1 : Diagram ofthe ileo-caeco-colic segment 
ofthe rabbit digestive tract (12 wk old). 
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Caecal motility should not be considered 
alone, because the ileo-caecal region, the 
caecum and the proximal colon form a 
functional unit. It must be remembered that 
outside the caecotrophy period, the motor 
processes of this unit allow amounts of 
large (over 300 mm) size particles (mainly 
fibre material) to pass through the hind-gut 
(Figure 2), while retaining only the fine 
particles for bacteria! degradation in the 
caecum (BJÓRNHAG, 1981; JILGE, 
1980). During caecotrophy, the caecal 
digesta pass through the gut without great 
changes ( except water and mineral 
exchange) and are incorporated in soft 
faeces. The function ofthe ileo-caeco-colic 
region was reviewed by LAPLACE (1978) 
and more recently results of the effects of 
caecotrophy were obtained by EHRLEIN 
et al. (1983). However, to have a 
comprehensive view of caecal transit, 
studies of function should be coupled with 
studies of digesta passage time. 
Unfortunately, this was never done in the 
same experiment, probab1y because ofthe 
difficulty to perform simultaneously 
motility (e.g. e1ectromyography) and rate 
of passage measurements ( e.g. feed 
labelling techniques). In addition, 

Figure 2 :Movement of digesta in the ileo-caeco-colic segment 
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measurement of caecal digesta rate of 
passage would require implantation of a 
cannula or catheter in the ileum and the proximal colon, which is very difficult. 
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Consequently, literature reports only ileo-rectal or caeco-rectal mean retention time, ranging between 7 and 16 h 
for particulate phase and between 16 and 42 h for liquid phase {Table 1). To overcome these methodological 
difficulties a new procedure, based on mathematical modelling of the faecal marker excretion curves ( adapted 
from ruminants), was assayed for rabbit by GIDENNE (1994b). Caecal rate ofpassage could be thus calculated 
without fitting rabbits with cannula. However the validity ofthis rnodelling technique should be confmned. 

Table 1 : Digesta mean retention time (MRT) in the rabbit caeco-colic segment 

Animal (LW; nb) 

Adult 
(5.1kg; n=2) 
Adult (1.3kg; n=2) 
Grower {l.lkg; n=S) 
Grower (l.Skg; n=10) 
Adult (3kg; n=3) 
Adult (3kg; n=7) 
Adult (3.3kg; n=4) 
Grower (1.2kg; n=27) 
Adult (4kg; n=4) 
Adult (4kg; n=4) 

MRT of particulate phase (hours) 
ileo-rectal caeco-rectal caecal 

9.6 
12.1 
16.5 

16,6 

12.0 

10.8 
7.8 
9.6 
7.1 

11.1 

14.1 

MRT ofliquid phase (hours) 

Animal ileo-rectal caeco-recta1 caecal 

Adult 16.4 
Grower (l.lkg; n=S) 42.4 

Grower (l.Skg; n=10) 30.7 

Method 

Cr203 infusion + NI 

Mordanced Cr.+ NI 

Mordanced Cr. + NI 
141Ce +NI 
141Ce +NI 

Mordanced Cr. +NI 
169yt, +NI 

141Ce +NI 
141Ce + modelling 
16'Yb + modelling 

141Ce +NI 

Method 

C14 -PEG+NI 
51Cr- EDTA +NI 
51Cr- EDTA +NI 

Re[erences 

LENG et al.,1977. 
UDEN et al, 1982. 
UDEN et al, 1982. 
BELLIER, 1994 
GIDENNE & JEHL, 1996 
GIDENNE & RUCKEBUSCH, 1989 

GIDENNE et al., 1991 
GIDENNE & PEREz, 1993 
GIDENNE & PEREZ, 1994 
GIDENNE, 1994 b 

GIDENNE, 1994 b 

Re[erences 

LENG et al.,1977. 
BELLIER, 1994 
GIDENNE & JEHL, 1996 

NI: calculation ofthe MRT by numerical integration ofthe quantitiy ofmarker excreted in faeces (method ofreference). 

The caecal flora present two main characteristics: a slow implantation (almost no flora till3 d old), anda relatively 
simple composition (mainly grarn negative non sporulated bacilli, bacteroides) (GOUET and FONTY 1973). 
However, various caecal bacteria! activities have been found: cellulolytic, pectinolytic or xylanolytic 
(BOULAHROUF et al., 1991); ureolytic (SALSES et al., 1976; HILL, 1983; CROCIANI et al. 1984; 
FORSYTHE and PARKER, 1985b); proteolytic {EMALDI et al., 1979); and amylolytic (PADILHA et al. 1995). 
The metabolic activity of the flora leads to the production of volatile fatty acids (VF A) and a.mmonia (NH3) 

respectively after fermentation ofsimple sugars and amino acids (Figure 3). The caecal VFA profile is specific to 
the rabbit, with a predominance ofacetate (C2 = 60 to 80 mmoV100mol) followed by butyrate (C4 = 8 to 20) and 
then by propionate (C3 = 3 to 10). Moreover, ADJIRI et al. (1992) showed in vitro (using a semi-continuous flow 
fermentar) that this VFA pattern was specific to the caecal flora and not to the composition of the substrate 
fermented. The fermentative activity of the bacteria varies according to a diumal rhythm, including a low 
concentration of VF A ( <25%) during the caecotrophy period compared to high VF A level found during the hard 
faeces excretion phase (GIDENNE, 1986). More recently, these results were confmned in vivo, but diurnal 
changes of the fermentation pattem di:ffered between 6 wk old and adult rabbits (BELLIER et al., 1995}, thus 
suggesting that results obtained on the adult could not be extrapolated to the young rabbit. This diurnal pattem of . 
the caecal fermentative activity coincides with a similar rhythm ofVF A absorption and metabolisation (VERNA Y 
et al., 1984; VERNAY, 1986; VERNAY, 1989). The caeco-colic metabolism ofwater and electrolytes is likewise 
under caecotrophy control, as described by HÓRNICKE (1984). 

On the other hand, studies on caecal fermentative activity are usually restricted to arnmonia and VF A 
measurements, and alrnost no results are available on gas production (hydrogen, methane) associated with 
fermentation. For instance, using an in vitro approach (batch incubation technique of caecal contents}, PIATTONI 
et al. (1996) evaluates that methanogenic activity was around zero until weaning, and only begins to rise after 36 d 
ofage. 
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Figure 3 : Caecal metabolism orthe main nutrients 
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At present, more knowledge is needed to assess the variations of CMA according to age or nutrient intake. But the 
techniques used for bacteria} enumeration are time consuming and offer relatively low precision. On the other 
hand, the measurement of the fermentation end-products levels is more of a qualitative indicator of CMA than a 
quantitative one and is insuffi.cient to give an appreciation of the relationship between the flora and the nutritional 
status ofthe animal (BELLIER, 1994). Thus, sorne recent studies have dealt with new approaches for evaluating 
CMA. For instance, the measurement of the A TP caecal level as an indicator of the energetic metabolism of the 
bacteria, validated in pigs (BACH KNUDSEN et al., 1991), showed too-high inter-individual variability to be of 
interest for studies in the rabbit (BELLffiR and GIDENNE, 1996). The evaluation of the microbial biomass using 
DAP A ( diaminopimelic acid) as an internal marker of bacteria was initially developed for ruminants. While recent 
application of this method in the rabbit indicated a good relationship between biomass formed and fibre intake 
(JEHL and GIDENNE, 1996), further studies are required to confirm the validity ofthis approach. Another way to 
assess the floral activity in response to variations of the substrate consists of measuring the enzymatic activity of 
the bacteria. The evaluation ofthe bacterial cellulolytic activity in the caecum was fll'S1: performed by COOLS and 
JEUNIAUX (1961). More complete caecal enzymatic profiles were then reported, including enzyme activities 
specific to bacteria (urease, cellulase) and other non-specific aotivities from the host and/or from bacteria 
(amylase,lipase, proteinase, dehydrogenase) (CROCIANI et al. 1986; MAKKAR and SINGH, 1987). Compared 
to the rumen, caecal fibro1ytic activity was lower, while amylolytic and proteolytic activities were logically higher 
because of the contribution of the host. JEHL et al. (1995) also indicated that attempts to fractionate the caecal 
flora into liquid- and solid- associated bacteria, as done for rumen flora, are not justified, due to the high 
homogeneity of the caecal content. Recently, MAROUNEK et al. (1995) described more precisely the caecal 
fibrolytic activities, and mentioned high pectinolytic activities followed by xylanasic and then by cellulasic ones 
(Figure 4). This hierarchy corresponds to that of cell wall constituent's digestibility in the rabbit (pectins 
> hemicelluloses > cellulose) and corresponds also to the fermentability level of the fibre fraction as demonstrated 
in vivo by BENSON and PARKER (1980) for the rabbit caecum (ftgUre 5). It must also be pointed out that these 
fibrolytic enzymes are also found in soft faeces, and pectinolytic activities were found at a relatively high level in 
the stomach ofrabbits (MAROUNEK et al., 1995), while xylanasic and cellulasic activities were .negligible. This 
recycling of pectinolytic enzymes causes us to inquire about the ability of pectinolytic enzymes to be active during 
their passage through the stomach and small intestine. This recycling could exp1ain (at least in part) that positive 
ileal digestibility was found for uronic acids (from 20 to 38%) GIDENNE (1992). However, further investigations 
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into fibre digestion in the pre-ileal tract (stomach, small intestine) are necessary to elucidate this phenomenon 
which is specific to the rabbit (unique in mammals). 

The CMA can also be addressed through its contribution to the supply of nutrient via the ingestion of soft faeces. 
PIATIONI et al. (1995) evaluates that around 50% of the caecal nitrogen was of bacteria! origin, using a new 
indicator based on RNA/crude protein ratio. The nitrogen produced by the flora and recycled in soft faeces was 
evaluated recently using a method based on the measurements ofthe purine/bacterial nitrogen ratio (GARCIA et 
al., 1995) or on the measurements of DAPA levels (JEHL and GIDENNE, 1996), in isolated caecal bacteria! 
preparation. According to this technique, the bacteria! contribution to the total nitrogen intake ranged between 
12 and24%. 

Figure 4 : Activity of bacteria! fibrolytic enzymes in the caecom, according to the age ofthe rabbit 
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1) Ontogenic facton afJecting caecal microbial activity 

The growth of the caecum (wall and content) is relatively slow from birth until 1 O d of age (ALUS and 
EDWARDS, 1977). But from 15 d to 40 d rapid growth produced a 10 times weight increase (0.5 to 5% ofthe 
live~weight) (Figure 6), in parallel to the increase of the dry feed intake, while the growth rates of stomach and 
small intestine appeared linear from O to 30 d of age. 

The implantation ofthe cellulo1ytic flora begins only when the intake offeed starts (around 3 wk old) and reaches 
104 to 107 bact./g between 7 and 9 weeks old, while at 15 d of age the amylolytic and total anaerobic flora is 
a1ready installed (respectively 1010 and 1011 bact./g fresh caeéal content, figure 7) (PADILHA et al., 1995). The 
ag~ependant variations ofthe caecal flora were more fully analysed by FONTY (1974) and PADILHA (1995). 
Relationships between microflora and caecal fennentation were recently addressed by PADILHA et al. (1995). 
From 15 to 30 d ofage, the VFA level increased from 8 to 35 mmol/L, the C3:C4 ratio reversed and the ammonia 
level decreased sharply (~SO%) at weaning. This was associated with the development ofthe cellulolytic flora. 

Figure 6 : Relative development of the caecum (wall and content) according to the age of the rabbit 
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Data from: LEBAS andLAPLACE, 1972; CANDAU eta/., 1978; PADILHAeta/.,1995. 

The VFA level would also be dependant on the physiological status ofthe animal. For instance, PADILHA (1995) 
reported VFA levels for SPF (specified pathogen free) rabbits that are 50% lower than those registered on 
conventional rabbits (50 to 80 mM, Figure 6) by PIATTONI et al. (1995). PADILHA (1995) also indicated higher 
counts of cellulolytic bacteria (104 and 105 bact./g fresh caecal content at 2 wk of age) in rabbits reared in "farm 
conditions" (without concentrated feeds etc.) associated with a higher level of VFA compared to that of SPF 
rabbits. 

The implantation of the cellulolytic flora seems to be achieved at five weeks of age (Figure 7), while the VF A 
level continues to increase. Enumeration of the bacteria may thus not reflect their metabolic activity. The 
fennentation level may also depend on the activity of the different strains of fibrolytic bacteria that seem to have 
different establishments with age. Por instance, MAROUNEK et al. (1995) reported that activity_ of cellulolytic 
bacteria} enzymes remained low between 4 wk and 3 months of age (figure 4), while xylanolytic and pectinolytic 
activities increased sharply. It would thus be of interest to develop an approach based on the measurement of the 
bacteria! enzymatic activity ( especially fibrolytic) and of the fermentation pattern, to analyse more precisely the 
establishment ofthe CMA in the growing rabbit. 
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Figure 7 : Kinetics of establishment of the caecal flora and of volatile fatty acids (VF A) 
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In order to separate the effect of age from that of nutrient intake, PADILHA et al. (1996) have extended the 
milking period (as sole source offeed) until 6 weeks old. Caecal pH then remains ata high level (6.9), and volatile 
fatty acids concentration did not increase whereas the arnmonia increased from 1 O to 17 mM/L. In addition, the 
cellulolytic flora did not implant, whereas the establishment of the coli flora was unaffected. This underlined the 
impact of the nutritional factors on CMA, and also suggested that there was no relationship between Escherichia 
coli flora development and VF A or pH level, contra.Jy to in vitro results obtained by PROHASZKA (1980). 

The effects of nutritional factors on CMA have been generally studied in fmishing growing rabbits {part 3), 
without assessing possible interactions with age. However, changes in the development of caecal fermentative 
activity according to the supply of dietary fibre have been noticed by CANDAU et al. (1978) and BELLIER 
(1994), and results indicate that changes in CMA took place before 7 weeks of age. This is in agreement with 
previous considerations indicating that the greatest changes in fibrolytic activity take place between 3 and 7 weeks 
of age (Figure 7). 

3) Nutritional factors affecting caeeal microbial activity 

Nutritional factors could act at least at two levels: supplying appropriate quantity and quality of nutrients to the 
flora, and ensuring a correct caecal motility and digesta tnmsit. Obviously, CMA depends closely upon the nutrient 
supply, as only a few hours of starvation leads to a sharp decrease in caecal VF A level and to a reversed C3 :C4 
ratio {VERNAY and RAYNAUD 1975, PROHASZKA and SZEMERIDI, 1984; GIDENNE and BELLIER, 
1992). 

Studies conceming the dietary effect on caecal digestive physiology are often restricted to measuring the fibre 
digestibility with sometimes a description of the fermentation pattem and/or fibre rate-of-passage measurements. 
For example, a correct assessment of the ileal flow of nutrients, which is of first importance in evaluating the 
dietary effect on caecal metabolism, remains very diffi.cult and time-consuming, and is rarely performed. Thus it 
should be kept in mind that the results listed in the following review present an important lack of precision in 
obtaining a comprehensive view ofthe impact ofnutritional factors. Effects ofnutritional factors upon CMA will 
be presented for major nutrients, as almost no studies concem the interaction between nutrients. 
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3.1) Flbre and sttuc1t 
Many experiments aimed to evaluate the e:ffect of fibre/starch level on caecal metabolism. because it is 
acknowledged that a fibre deficiency greatly a:ffects the caeca1 metabolism and tb.e health ofthe rabbit (see part 4). 
However, few studies have been able to separate strictly the effect of dietary fibre content from that of the effect of 
the type of cell wall constituents. This could be attributed to the use of complex dietary models associated witb. a 
too-global analysis of fibre (often restricted to "crude fibre"). Moreover, tb.e dietary starch level is generally 
inversely correlated to tb.e fibre level, but in sorne experiments the starch level has not been completely controlled, 
tb.us inducing confounding effects with fibre. 
We will first deal with effects on caecal digestion of a change in the fibre/starch ratio that induces variations in 
fibre intake (part 3 .1.1 ), secondly with effects attributed to 1;he type of cell wall constituents (3 .1.2) and then with 
e:ffects of variations in the starch intake (3 .1.3 ). Effects of fibre and starch intake on rabbit digestion have also 
been reviewed recently (GIDENNE, 1996). 

3.1.1) Effect ofthefibre/starch ratio 
A lower dietary fibre level, without major changes in tb.e proportions of the cell wall constituents 

(hemicelluloses or lignins etc.), did not greatly affect the weight of the caecal content but altered its composition. 
The level offibre in the caecum decreased (CARABmO et al., 1988), as did crude protein level, while the starch 
concentration remains low (around 1.5%, FRAGA et al., 1984). Most ofthe authors report no significant changes 
in the concentration ofthe fermentation end-products (ammonia, VFA) and caecal pH (Figure 8), in response toa 
decrease in fibre intake (HOOVER and HEITMANN, 1972; CHAMPE and MAURICE, 1983; CARABAJ'íO et 
al., 1988; STRUCKLEC, 1990; GARCIA et al., 1995; BELLIER and GIDENNE, 1996). However, the VF A molar 
proportion is a:ffected by the fibre level. For instance, the proportion of butyrate generally rose significantly when 
the fibre/starch ratio decreased. Fibre digestibility is not greatly affected by the level of fibre, while the quantity of 
fibre degraded decreased ( combination of a lower feed intake and of a lower dietary fibre level). In fact, we can 
suppose that the quantity of fibre entering the caecum is not a limiting factor for the fermentation processes, 
probably because the digesta retention time in the caecum is relatively short allowing the degradation of mainly the 
easily digestible libre fiactions such as pectins or hemicelluloses (Figure 5). Moreover, tb.e retention time in the 
caecum increased proportionally to the reduction of the fibre intake (GIDENNE, 1994b), and could then 
compensate for an eventual limitation of the quantity of fibre entering the caecum. However, for very low fibre 
level (ADF lower than 10%) sorne increase in the efficiency of fibre degradation was noticed (DE BLAS et al., 
1986; BELLIER and GIDENNE, 1996) and may be attributed toa prolonged fibre retention in the caeco-colic 
segment. Besides, the level of fibre seemed to not influence the energetic supply from caecal fermentation 
(GIDENNE, 1994a), however these results were obtained for adult rabbits fed semi-purified diets and must be 
confumed. 

Figure 8 : Effeet of lowering the dietary fibre/starch ratio on several caecal digestive criteria 
in the growing hea1thy nbbit 
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3.1.2) Effect of the type of cell wall constituents. 
The effect of the type of fibre on caecal metabolism was addressed either by using various sources (purified or 

not) of cell-wall (e.g. pectins from apple, beet pulp etc.), or by using complex diets (numerous raw materials) in 
arder to obtain a variation for one cell-wall constituent (i.e. lignins) without changes for others (cellulose, pectins 
etc.). The lignin fraction of the plant cell wall is theoretically non digestible by bacteria, although faecal 
digestibility of lignins appeared frequently positive (20 to 50%) in rabbits. The inhibitory effect of lignins on 
ruminal fermentations is well acknowledged. For rabbits, studies on the effect of lignins have often used agro­
industrial by-products (grape marc, etc.) which are not well defmed from a chemical point of view (associations 
with tannin and cutins). Thus, contrasting results were reported indicating either lower caecal VFA and ammonia 
levels (MOTIA FERREIRA, 1990; ClllOU et al., 1994) or no majar impairment of the fermentation pattern 
(GIDENNE, 1986; FALCAO E CUNHA, 1988; PEREZ DE AYALA, 1989). An increase ofthe dietary lignin 
levelleads to a lower fibre digestibility and to a shorter retention time (PEREZ DE A Y ALA, 1989; GIDENNE and 
PEREZ, 1994) and appeared efficient in reducing the mortality rate in the growing rabbit (PEREZ et al., 1994). 
The effects of purified lignins on the histology of the caecal wall seemed similar to those obtained with pectins or 
lucerne, while inclusion of purified cellulose in the diet would reduce the depth of the crypt in the caecum 
(CillOU et al., 1994). 

Although few studies concerned the effect of dietary cellulose content (analysed by difference between ADF and 
ADL residue) on rabbit digestion, the effect of cellulose incorporation on fibre digestion and caecal rate of passage 
seemed lower than those observed for lignins (FALCAO E CUNHA, 1988; GIDENNE and PEREZ, 1996). 
Nevertheless, cellulose appeared as efficient as lignins in reducing the mortality rate during fattening (PEREZ et 
al., 1996). 

The effects of more easily digestible fibres (hemicelluloses or pectins) such as beet or citrus pulp were more 
extensively studied. Compared to less digestible fibre source (i.e. lucerne) the incorporation of beet pulp induced 
higher caecal content and was associated with higher VFA levels and lower pH (CANDAU et al., 1978; 
BELLIER, 1994). The rate of passage in the total digestive tract (FRAGA et al., 1991) or between caecum and 
rectum (BELLIER, 1994) was not affected, while the efficiency ofthe fibre degradation was improved. A supply 
of digestible fibre could thus stimulate the CMA and favour its establishment in the growing rabbit. This 
assumption is supported by the results ofCANDAU et al. (1978) who reported an earlier stabilisation (at 5 wk of 
age) of the caecal fermentation for rabbits fed a diet based on beet pulp compared to a lucerne-based diet (at 
7 wk). Interactions between the establishment ofthe caecal fermentation pattern and dietary fibre supply were also 
reported by BELLIER (1994). 

3.1.3) Effect of starch intake 
Starch not completely hydrolysed in the small intestine is then quickly fermented by the caecal flora (Figure 5). 

The proportion of starch degraded by the flora is emphasised in the weanling rabbit, because the pancreatic 
amylase is not well established befare 6 wk of age. BLAS et a/.(1994) reported, in 6 wk old rabbits, that when the 
dietary starch level increased (16 to 25%), the ileal starch content doubled while the caecallevel of starch could 
reach 6%. Thus, dietary starch could play a substantial role, in interaction with fibre, to control digestion in the 
caeco-colic segment of the tract. For instance, GIDENNE and PEREZ (1993) indicated, in restricted-fed adult 
rabbits, that an increased ileal flow of starch (without change in fibre intake) was associated with a higher fibre 
degradation and with a longer retention time. An interaction between starch and fibre could also be noticed in the 
study ofMOTIA FERREIRA (1990) who registered significant changes in caecal VFA level with incorpomtion 
ofbeet pulp, contrary to the litemture (part 3). This could be explained by a parallel increase ofthe dietary starch 
and beet pulp level (without feed intake variation) which thus may impair the CMA. 

In arder to separate the effect of starch from that of fibre, the caecal fermentative activity and daily bacteria! 
biomass production were recently compared in growing rabbits (JEHL and GIDENNE, 1996) fed a diet rich in 
starch "S" (starch = 26.6 glkg DM) ora diet rich in digestible fibre "DF" (hemicellulose + pectin = 27.1 glkg DM), 
but containing a similar ADF content (20.5 glkg DM) adequate according to the current recommendations. Caecal 
VF A concentrations, measured in vivo in healthy rabbits fed DF diet were higher (Figure 9) associated with a 
higher total bacteria! biomass production (excreted in hard and soft faeces). However the biomass recycled in soft 
faeces (13% of the feed intake) was not affected by the dietas was also found by GARCIA et al. (1995) using 
rabbits fed lucerne hays, with hays varying in NDF content. 
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Figure 9 : Caecal VF A level and bacterial biomass production, in tle growing rabbit fed diets having a bigh·starcb 
of bigh-digesti~le libre level, but with llimilar ADF content 
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The flow of crude protein entering the caecum, composed of undigested dietary and endogenous protein ( cell 
desquamation, enzymes secretions etc.), was evaluated in adult rabbit {fed a diet containing a purified protein 
source) to one third ofthe NDF ileal flow in adult (GIDENNE, 1992). However, the flow of crude protein could 
vary according to the dietary fibre sources (MERINO and CARABAÑO, 1992). Proteins are then fermented by the 
caecal flora and converted to ammonia that represents the main ni1rogen source for the microbial protein synthesis 
(figure 3). The caecal ammonia 1evel range is generally between 4 and 18 mM/L, although sorne authors have 
reported ammonia levels reaching 25 to 30 mMJL (GIDENNE, 1986; MORISSE et al., 1985). However, other 
metabolic pathways contribute to the supply of ammonia to the caecum. About 25% of the caecal ammonia pool 
originates from the catabolism of blood urea absorbed by the caecal wall (FORSYTHE and PARKER, 1985a) and 
then converted to ammonia by ureolytic flora (EMALDI et al., 1979; CROCIANI et al., 1984; FORSYTHE and 
PARKER, 1985b). In addition, sorne urea (15% of the urea degradation rate) was provided through the ileal 
digesta. As judged from rumen levels, CARABAÑO et al. (1988) estimated that caecal ammonia level is nota 
limiting factor for the microbial protein synthesis. It could be of interest to replace dietary protein by non .. proteic 
nitro gen sources. But numerous studies have demonstrated that urea supply is useless, because 90% of the urea is 
hydrolysed and absorbed before reaching the caecum (CANDAU et al., 1980). Urea is only efficiently utilised if 
directly infused into the caecum (SALSES et al., 1977). However, MAKKAR et al. (1990) reported that the 
enzymatic cellulolytic activity should be higher for a diet supplemented with urea, and ROBINSON (1986) 
showed that urea in feed should be partially utilised by the growing rabbit for amino acid synthesis. More recently, 
CROCIANI et al. ( 1991) pointed out that biuret could be efficiently utilised by the growing rabbit, and showed the 
presence in the caecum of an aerobic facultative biureolytic flora. 

Very few studies were performed to assess CMA according to the dietary supply ofprotein. FRAGA et al. (1984) 
indicated that increasing the dietary crude protein level from 12.8 to 16% (without major change in ADF level) led 
to a similar rise in caecal nitrogen concentration and to an increase (5.82 to 6.48) of the caecal pH. An ex.cess of 
dietary protein could also favour the proliferation of Clostridia in the adult rabbit and could also slightly. increase 
the prevalence of E. coli (CORTEZ et al., 1992). 

Unsaturated fat escaping digestion in the small intestine ofthe monogastric is subjected to hydrogeJ;lRtion (increase 
ofthe degree of saturation) by the caec<HX>lic flora (Figure 3). However, as the fat level is generally low in rabbit 
feed (1 to 4%), fat hydrogenation by the caecal flora may be presumed to be of relatively low importance. 
Information is lacking about the effect of dietary fat addition on CMA. Only two studies mentioned that the 
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addition ofvegetable fat, in contrast to animal fat, tended to improve the crude fibre digestibility, and particularly 
for low energy feeds (SANTOMA et al., 1987; FEKETE et al., 1989). 

3.3) Feed additives 

y · "feed additives" aiming to rnodify the cornposition of the caecal content :md/o~ the CM:'- have been 
anous . . l d nzymes buffers acidifiers, and hve rnicro-orgamsms. 

experimented with, including cherntca cornpoun s, e ' . rd~r to irn air roliferation of detrimental flora. 
At frrst, studies aimed to control the pH ofthe caecal content, m b~· d wiJ a!etate but acidification was not 
A relatively slight acidification of the caecaSlEconte~t 7;;9 o) l~~ugh lactulose 'seerned to reduce enteritis. 
significant with lactate or lactulose (MORIS et a ., ' a . . 

Evidence that ~owerint caec~l P~ co.~d ::v:~:~~t~1t~~~;~:~~ n~l~:~~:~~~des ( e.g. frorn in vitro bacterial 

~=:~~~==::Ses;~e:: co:~unds are undigested in the srnal~ intestine, but they are rapidly ferme~ted !y 
caecal flora, and rnay thus rnodify the CMA and consequently ~ay 1rnprove ~e growth perfo~anc? an or e 
health status of the animal. However, the effect of oligosacchandes on rabb1t caecal fermentatlon IS not clear. 
Increased levels of caecal VFA were obtained with galacto-oligosaccharides .<PEETERS .e.t al., 1992) and fructo­
oligosaccharides (FOS) (MORISSE et al., 1990), whereas in other stud1es the add1t1on of FOS or gluco-­
oligosaccharides (GOS) did not affect caecal fermentation (LUICK et al., 1992; LEBAS 1993; GIDENNE, 1995). 
Conceming the rabbit's health status, GIDENNE (1995) ~as regist~red a signifi:~t negative effect of GOS 
supplementation. The effect of oligosaccharides on rabb1t .rnortah~ and rnor~1d1ty has. not bee~ reported 
previously, although sorne protective effect ofFOS was recorded for amrnals expenmentally infected wtth entero-­
pathogenic E. Coli (PEETERS et al., 1992; MORISSE et al., 1993). 

Attempts to reduce the caecal ammonia level with glycocomponents extracted frorn the yucca plant failed, 
although a reduction of mortality rate was registered (CHMITELIN, 1992). Similarly, addition of probiotics (yeast 
or lactobacilli) seemed to not greatly modify the caecal fermentation as rneasured in vivo by KERMAUNER et al. 
(1994) or in vitro by ADERIBIGBE and CHEEKE (1993), nevertheless sorne improvernent in growth performance 
and mortality were mentioned (HOLLISTER et al., 1990). 

4) Caeco-colic digestive disturbances resulting from inadeguate nutrient supply 

Diarrhoea and caecal impaction are the two rnain symptorns associated with digestive disturbances of the caeco­
colic segment. However, no evidence of a relationship between caecal impaction and nutritional factors has yet 
been provided, and thus we will not develop this point. In contrast, severa} studies have reported an increase in 
occurrence of digestive disturbances when the fibre/starch ratio in the diet is too low (HECKMANN and 
MEHNER, 1970; FRANCK and COULMIN 1978; BLAS et al., 1994; PEREZ et al., 1994). The antagonism 
between feed efficiency ( often improved through a reduction of the fibre/starch ratio) and the health status of the 
animal constitutes one of the main problerns encountered in the nutrition of the growing rabbit. The composition 
of the caecal content as well as caecal function and CMA are deeply affected in case of enteritis (Figure 1 0), but 
no studies have gathered results on these different aspects of the caecal physiology to obtain a comprehensive view 
of the caeco-colic dysfunction. Motility of the caecum was stimulated whereas that of ileum and jejunum were 
inhibited in experimentally induced diarrhoea with coccidia (FIORAMONTI et al., 1981). On the other hand, 
HODGSON (1974) observed, in rabbits fed a low fibre diet, an increased rnotility of the proximal colon that 
appeared contracted and thickened, and a higher retention of digesta in the total tract. This probably reflects a 
higher antiperistaltic activity of the proximal colon induced by the high proportion of fine particles in a low fibre 
diet. Consequently, the caecal retention time increased, as described previously (part 3.1.1). It is thus difficult to 
postulate that rabbit diarrhoea is characterised by an hypornotility of the caeco-colic segment. In parallel, the 
caecal fermentative activity is disturbed (Figure 11 ). For a 6 wk old rabbit, the caecal VF A concentration falls to 
under 50 mMIL, and particularly the butyrate (leading to a C3/C4 quotient in the range between 1.5 and up to 8), 
andan increase of the ammonia and pH (+0.5) could also be observed (CHMITELIN et al., 1992; BELLIER, 
1994; JEHL and GIDENNE 1996). In addition, BELLIER and GIDENNE (1996) noticed that the variability ofthe 
caecal fermentation profile was increased for a low fibre diet. The caeco-colic flora could also be affected in 
cornposition, but results are not consistent showing sometimes a decrease or an increase in E. coli and/or 
Clostridia (MORISSE et al., 1979; MORISSE, 1982; MORISSE et al., 1985; CORTEZ et al., 1992). 
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Figure 10: Caecal changes occuring in case of digestive troubles (diarrhea) in the growing rabbit 
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Figure 11 : In-vivo<1> eaecal fermentation pattern of healthy and siek(2) growing rabbits 
(means of 80 and ll rabbits respeetively for healthy and siek anfmals) 
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It could be assumed that nutritional factors, such as the fibrelstarch ratio, act as permissive agents that increase the 
frequency of digestive disturbances. For example, a diet containing less 1han 3% of crude :libre did not induce 
diarrhoea in controlled experimental conditions (COLIN et al., 1976; LICOIS et al., 1980). Nevertheless, if some 
other unfavourable factors (pa1hogenic agents, stress, breeding conditions etc.) are also present, digestive troubles 
may occur. Further studies are thus necessary to analyse the function of the ileo-caec<HX>lic segment and the 
related CMA for rabbits having dimhoea caused by an inadequate nutrient supply. But this remains difficult 
because no experimental model is presently available to reproduce such digestive troubles in the growing rabbit. 
However, several hypotheses have been drawn to explain how the dietary supply of starch and fibre affects the 
caecal digestive physiology, but none was completely validated by experimental results. 

For instance, PROHASZKA (1980) put forward the antibacterial effect of caecal VFA, particularly in the case of 
E. coli infection. But numerous studies have not observed a close relationship between the concentration of caeca1 
VFA and the pH or between E. coli flora and caecal pH (MORISSB et al., 1979; MORISSE, 1982; MORISSE et 
al., 1990; BEILIBR 1994; PADILHA et al., 1996). In addition, PADILHA et al. (1995) showed that between 
29 and 49 d of age, the caeca1 pH is decreasing whereas E. coli flora remains steady. 
The favourable effect of low..digestibility fibre (lignocellulose) could correspond to a control of the digesta rate of 
passage, particularly through the caeco-colic segment (part 3.1.2.). Moreover, most ofthe results indicate that all 
the factors contributing to an in crease in retention time (lowering the :libre leve], reducing the particle size of the 
feed, feed restriction) contribute to destabilising the CMA (LAPLACE, 1978) and favour enteritis. In fact, it could 
be supposed that a low caecal tumover would lead to an insufficient supply of substrates available for the 
fibrolytic flora. 
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Besides, MORISSE et al. (1985) suggested that a high fibrellow starch diet could impair the caecal fermentation, 
because of a too-low caeca1 input of fermentable sugars. In contrast, CHEEKE and PAITON (1980) postulated 
that a carbohydrate overload in the caecum could induce digestive troubles. More specifically, caecal input of 
glucose (originating :from starch degradation) seemed to favour pathogenic species such as Clostridium spiroforme 
(BORIELLO and CARMAN, 1983). Nevertheless, the rabbit reduces its feed intake when the fibre level 
decreases, consequently the starch intake remains similar whereas the fibre intake is reduced sharply (Table 2). In 
these conditions, the ileal flow of starch between a low and a high-fibre diet should be similar, and could not be a 
primary factor of disturbances ofthe caecal function. However, in the pre-weaned rabbit we could suppose that the 
feed intake regulation is not completely established and neither is the pancreatic enzymatic activity. The 
combination of these two factors could lead to high flow of starch into the caecum which could then favour 
digestive disturbances. In addition, it can not be excluded that if the ileal starch flow increased for a similar intake 
offibre (for example ifusing low-digestible starch), it could then becotne an important factor in destabilisation of 
the caecal flora. For instance, for rabbits fed a diet containing more than 20% of crude potato starch, 
HECKMANN (1972) noticed a higher water content in the faeces, and suggested that this could be the first stage 
of diarrhoea. GIDENNE (1995) also observed a higher incidence of diarrhoea for rabbits fed a diet containing a 
gluco-oligosaccharide that provides glucose after hydrolysis by caecal bacteria. 

Table 2 : Effect of tbe ratio fibre/starch on tbe nutrient intake 

Feed 
High Fibre/ low starch 
Low fibre/ high starch 

Data from BELLIER & GIDENNE (1996) 

Feed composition (glkg DM) 
NDF Starch 
396 230 
304 342 

D. M 
145 
114 

INTAKE (g/d) 
N.D.F Starch 
57,4 33,3 
34,6 39,0 

On the other hand, JEHL and GIDENNE (1996) examined the CFA (caecal fermentative activity) of growing 
rabbits having a low or a high starch intake in substitution for digestible fibre (DF), but having a similar ADF 
intake. Animals fed the high-starchllow-DF diet showed a higher incidence of digestive disorders ( diarrhoea) 
compared to those fed low starchlhigh DF diet. Digestible fibres entering the caecum were pectins (mainly from 
beet pulp) and hemicelluloses (mainly :from wheat bran), that are fermented respectively into galacturonic acids 
and pentoses. This induced a higher CF A and biomass production (Figure 9). The better health status of these 
rabbits could be the result of a barrier effect :from the fibrolytic symbiotic caecal flora against pathogenic species. 
On the other hand, the level of glucose entering the caecum would be lower than for starchy diets, and this could 
also impair the development of pathogenic bacteria. Moreover, no changes of caeco-rectal rate of passage were 
registered for these two diets (GIDENNE and JEHL, 1996), meaning that in these conditions of a similar ADF 
intake the caecal turnover rate was not an important factor in the control of CMA. 

Thus, dietary recommendations of lignocellulose appear to be insufficient to prevent digestive disturbances in the 
growing rabbit. The starch level must be also considered, besides the ADF level, in the formulation of a feed for 
the growing rabbit. Interactions between caecal pathology and the establishment of the CMA must also be 
considered. For example, susceptibility ofthe rabbit to enteropathogenic strains of E. coli (0103) is low after 42 d 
ofage (LICOIS et al., 1992). Previous results (part 2) have shown that CMA changed greatly between 3 and 5 wk 
of age. Consequently, treatments (nutrient intake, additives etc.) aiming to control the CMA should be applied as 
soon as the feed intak:e begins (i.e. around three weeks of age ). 

CONCLUSION 

Severa} new methods were recently developed to analyse the caecal microbial activity. Now further studies are 
needed to confmn their validity, and particularly their ability to provide new criteria having a nutritional 
significance for the rabbit. 

The CMA could be affected differently by fibres according to their degradability and interactions with dietary 
starch should also be considered especially in the young rabbit. However, the effect of protein and its potential 
interactions with fibre needs to be evaluated. 

Further research on the caecal digestive physiology of the young rabbit is also necessary to defme more precisely 
the relationship between nutrients entering the caecum, activity of the flora and digestive disturbances. 
Particularly, it would be beneficia! to explore how CMA establishes under various nutritional conditions, as soon 
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as the young rabbit begins to eat dry feed. Furthermore, it would be of interest to deal with the possible 
interactions between CMA establishment in the pre-weaned rabbit and the impact of pathogenic factors. 
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Physiologie digestive de l'ensemble caecum-colon du lapin. Facteurs de variations nutritionnels 
et ontogéniques - Le caecum est le compartiment le plus volumiMux du tube digestif du lapin (40 % de la masse 
digestiva totale). 11 joue un rOle cié dans la physiologie digestiva en tant que site principal de la dégradation des fibras et de 
leur fermentation. Un déséquilibre de l'activité microbienne caecale pourrait litre a !'origine des troubles digestifs observés 
chez le lapin en croissance, nourri avec des aliments trop concentrés. Les principales caractéristiques de la physiologie 
digestiva caecale, incluant les données récentes, seront done tout d'abord présentées. Les facteurs ontogéniques puis les 
facteurs nutritionnels affectant l'activité microbienne caecale seront ertsuite analysés. Enfin, les troubles digestifs caeco­
coliques provenant d'un déséquilibre nutritionnel seront abordés ainsi que les hypothéses actuelles expliquant l'apparition 
des entérites chez le lapin en croissance. 
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