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ABSTRACT - This review aims to present the different effeatsdpiced by a post-
weaning intake limitation strategy on the growiaflit. If a lower intake level leads to
a lower growth, in return an improved feed conwarsis obtained, particularly when
the rabbits are again fed freely since a compensawth occurs. This better feed
conversion originates from a better digestion assed to a longer rate of passage,
whereas the digestive physiology is slightly maaifilmorphometry of the intestinal
mucosa, fermentation pattern, symbiote). Meat gualihd carcass characteristics are
not greatly affected by restriction strategy, exaepower dressing out percentage. One
of the main interests of limiting post-weaning keaof the rabbit is to reduce the
mortality and morbidity rate due to digestive daens (particularly ERE syndrome). In
conclusion, restriction strategies are used by 85%e French rabbit breeders, because
these improve their economic balance. However, lilisefit depends of the national
market and feed prices, and should be adaptedyteptific breeding situation.
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INTRODUCTION

For the young mammal, the weaning and the post wgaperiod are particularly
important for the growth performances and feedcigfficy, including the resistance to
digestive pathologies, that are frequent eitherthar piglet, calve, or for the young
rabbit between 5 and 10 weeks of age. For instandbe rabbit, infectious digestive
disorders account for a high incidence during #teehing period (Marlieet al., 2003).
They may have a multi-factorial origin, with a commtion of one or several pathogenic
agents (bacteria, coccidia, etc.). Moreover, theopean ban on antibiotic growth
promoters in animal feeds has even complicated wieaning management. The
situation of the young rabbit was most criticahca the first outbreaks in 1997 of the
Epizootic Rabbit Enteropathy (ERE) led to high mdity and mortality rate (up to
70%). Although, preventive medication with antilest (given under veterinarian
prescription) helps to control the ERE or othervpmes digestive disease (e.g.
enteropathogenic colibacillosis "EPEC") there is wagent need to find alternative
solutions to control the disease, with a reducestl i drugs. Among some solutions,
such the improvement of hygiene, the breeding tntHhamprovement in the nutritional
and feeding strategies has been proposed, fordivaryy rabbit, in the past ten years.
For instance, new recommendations for fibre requéngs and recent reviews were
recently published that outlined the minimal neetishe growing rabbit for different
fibre fractions to reduce the risk of digestiveutstes, either from ERE or EPEC or on
specific digestive troubles (De Blasal., 1999, Gidenne, 2003; Carabadial., 2008;
Gidenneet al., 2010).
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Besides, the control of the feed intake in the ypuabbit was subjected to some past
studies to analyse the effects on the carcasstyuaiithe rabbit, or its digestive
efficiency. But since 2003, several authors dedhwie relationship between post-
weaning intake level and digestive trouble incidefar the growing rabbit, including
either studies with experimental infections (eitB&®E or EPEC), or large-scale studies
in the French network of rabbit experimental uf@&C group).

Presently, strategies of intake limitation afteraweg are now largely widespread in
French rabbit breeders (95% of the professionaledess), in parallel to the
development of new automatic feeding equipments;espositive impact have been
obtained on resistance to digestive troubles an@é@a efficiency.

Various short-term post-weaning restriction stregedave been studied in the rabbit,
according to the duration of the restriction per{@ado 5 weeks), or to the intensity of
the intake limitation (90 to 40% of the voluntantake), or to the method (quantitative
feed restriction, water restriction, limited timecass to the feeder, etc..). Thus, the
present review aims to summarise the results addaduring the past ten years, on
digestive functions, health, growth and carcassadheristics, but also on feeding
behaviour and welfare, in the growing rabbit sulbexditto different intake limitation
strategies, without changes in feed quality.

FEED INTAKE CONTROL.: various techniques for various aims

Before or after weaning, the young rabbit usuadlg b free access to the feed and water
(ad libitum, AL). Various techniques have been studied torobrthe feed (or water)
intake, for two main aims: the control of the cascand meat quality (Perrier and
Ouhayoun, 1996) and the improvement of the feediefficy to reduce the feed costs.
Two main classes of restriction techniques are useglantitative intake limitation, and
a “qualitative” restriction. For the latter, modifition of nutrient intake is reached
through a modification of the feed composition. Fexample, energy intake is
frequently reduced by using high-fibre diets fougg reproducing female. But here, we
will detail "quantitative" intake limitation withdwany change in the diet composition.

A "quantitative" restriction can be applied accaglito two methods: the time for
access to the feeder or the quantity of feed Histeid can be reduced (Feugier, 2002;
Szendroéet al., 2000). In addition, this can be applied for eliént time periods (e.g.
feed restriction applied directly after weaning aatlibitum in the fattening period or
vice-versa). For instance, in some periods of tleelyction cycle, namely, during the
growing period.

First studies dealing with feed restriction obsdraeposteriori the level of intake, by
limiting the access to the water (Lebas and Delav&875), when rabbits are fed a dry
feed, such pelleted feeds. Since, a daily distiobubf a ration is time consuming when
automatic feedings are not available, and becauosefded consumption is directly
correlated with the water consumption (Gidenne bkeldas, 2005), hydric restriction
has been studied (and used by some French rabpiteeently to evaluate the impact
on digestive health. For instance, the feed inta&as reduced by 18% when the access
to water was reduced to 2 hours, (Boeddl., 2004), by 22% for 1h30min water access
(Verdelhanet al., 2004) and by 23% for 1 hour access to waterd@ai al., 2005).
But, such a severe hydric restriction is questitsah terms of animal welfare,
particularly for hot climatic conditions (Foubeittal., 2007; Ben Rayanet al., 2008),
and the results obtained seems less precise cothparfeed restriction in terms of
performances and health.
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Another easy way to restrict the intake is a titng@teéd access to the feeder, within a
day, or among a week. For the latter, it is possiblreach a 80% intake by distributing
the feed 5 days a week (no feed during the week @mibas and Laplace, 1982). The
same intake level (80% of AL) is obtained with &@ir access to the feeder (Szendrd
et al., 1988; Jeromet al., 1998). But, the distribution procedure seemgive different
effects on the digestive organs development: fangde, the liver weight was higher in
rabbits submitted to an intermittent restriction days out 7) compared to those
continuously restricted with a ration given dailg. addition, for the same restriction
level (70% intake) the digestive tract developmery according to the technique used:
the full digestive tract at 67 d of age was 12%viexa(compared to AL) when the feed
was given 5 days a week, and 28% heavier when giggy (Lebas and Laplace, 1982).
As reported by Jeromat al. (1998), giving the feed only during the day (8t6Q.8:00)
reduced the feed intake by 20% (221151 g/d for AL), while a feed access during the
night only reduced the intake by 10% and growtlobly 5% {/s. 12% for day feeding).
Feed conversion was improved only for the day-feg@2.67vs. 2.93 for AL).

Besides, since the feeding behaviour of the growattpit corresponds to numerous
meals (30 to 40 per day, Prud'heral., 1975), it is not possible to limit the intake of
the growing rabbit only by reducing the acceshtopellets, e.g. by reducing the width
of the feeder.

In fact, to reach a correct control of the postneg intake, the more precise
techniques is to give every day a defined quardftyelleted feed, either manually
(such as in experiments) or using automatic fee@iggipments (now widespread in
French rabbit farms). However, this quantity colokdgiven in one time, or fractionated
in several meals. Recent studies showed that g&ingtion in 2 meals or even in 13
meals (to simulate the natural feeding behavioud) ribt modify the health status,
digestion, growth or feed conversion (Gidemhal., 2009b,c; Martignort al., 2009).
Thus, the favourable effect of an intake limitationginates from the feed quantity
itself and not from the feed distribution technique

Furthermore, along the fattening period variousrieggn programs are possible: linear
or not, step by step, continuous or alternate iotisin periods, etc. The restriction
program are thus adapted to the objectives of dnmdrs: health status improvement,
feed costs reduction, reducing the pellets intakdavour the forage consumption
(Yakubuet al., 2007), etc.

IMPACT OF A POST-WEANING FEED RESTRICTION ON GROWTH , FEED
CONVERSION, ORGAN DEVELOPMENT AND CARCASS TRAITS

Weight gain and feed conversion according to the take level

Obviously, an intake reduction leads to a growtuotion, during the period of intake
restriction (Table 1). For instance, according lie tesults of Gidennet al. (2009)
obtained in 2002 on a multi-site study (6 sites ahdut 2000 rabbits per treatment), a
linear reduction of the feed quantity offered te ttabbit, from weaning (35 d) and
during three weeks, led to a proportional linealurtion of the growth: i.e. when the
intake was reduced by 20% of AL (i.e. intake le€1% of "AL" ad libitum) the weight
gain was proportionally reduced by 20%. Howeves #pparently "logic" proportional
rule seems not to be generalised for the growibgitasince growth reduction obtained
in several studies vary substantially, accordingseveral factors, such the feed
composition or the health status, etc.
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Table 1 — Post weaning quantitati?eeduction of the feed intake and growth of the
rabbit.

Intake ;7 e;(;nl(i:gi('zl?m \g;\z/:\?rllg,lhtmder \g;\z/:lei}r;ghtafter Whole :/rYslger ?)tf Weight,

levef  period restriction restriction We.'ght restriction, e_nd of Reference
(R), o/d (AL), g/d gain g trial, g

100 38.1a 2028a Lebas and

70 R:35-56d  25.2b 1768b kgg?ce'

100  R:35%56d  49.6a 42.0a 458a  2175a 3059a .

70 AL: 28.2b 54.6b 41.6b 1729 2877b Egegger'

50 56-77d 15.3¢ 62.4c 39.0c  1460c 2772b

100  R:28%49d  42.2a 415a  1583a 2443a  Jérome et

80 AL: 63-70d  38.3b 37.4b  1505b 2268h &, 1998

100  R:34*58d  47.8a 38.3a 43.7a  1907a 2519a

80 AL: 41.3b 42.5b 41.80  1772b 2451 Z(.),Isz%toset

60 56-70d 32.3c 47.7c 38.7c  1573c 2337¢c

100  R:32*53d 5l.4a 38.6a 46.2a  1908a 2438a Foubert et

70 AL:53-67d  36.9b 46.5b 40.3b  1585b 2218b al., 2008a

100  R:42-77d 38.5a 2115a Bergaoui

85 34.6b 1995b g  al,

70 29.4c 1740c 2008

100 R 40.7a 46.1a 435a  1799a 2468a

80 35*-54d 32.3b 51.1b 40.8b  1624b 2373bc Gidennest

70 AL: 28.4¢ 54.6C 40.0b  1540c 2340c al., 2009a

60 54-70d 23.0d 58.4d 38.2c  1431d 2279d

100  R:35%63d  46.4a 39.9a 45.1a  2319a 2612a Gidennest

75 AL: 63-70d  38.9b 47.6b 40.6b  2112b 2454 al., 2009b

100  R:35%63d  45.7a 49.2a 46.4a  2352a 2724a Gidenneet

80 AL: 63-70d  37.8b 73.9b 44.80  2100b 2650b al., 2009¢

100  R:28*53d  53.4a 1349a Z‘aftigr‘?”

75 40.5b 1118b 2010a -

£: the limitation of intake is obtained by a daihanual distribution of a defined quantity of pedlet
$: in percent of the voluntary intake (100%gtlibitum); R= restriction period; AL =ad libitum period
*. age at weaning; a-c: significant difference betw AL and R, within the same study.

As showed in the figure 1, the growth reductiongisbally lower than the intake
reduction, during the post-weaning restriction perifor a 20% intake reduction, the
growth reduction is meanly of 15.6%. For examptetha end of the restriction period
the live-weight is reduced by 7 to 10% for resioictlevels of 15 to 25% (Table 1,
Boisot et al., 2003; Bergaouet al., 2008; Gidennet al., 2009a, b). Additionally, the
impact of an intake limitation on weight gain isngeally more severe at the beginning
of the restriction period (often just after weaninigan after (Martignoret al., 2010a;
Gidenneet al., 2009c). Moreover, the growth reduction seeme higher for a high
digestible energy concentration in the feed (Dupeand Guyonvarch, 2009; Gidenne
et al., 2009c).

Another interesting point is that the intra-cageialality is not affected by the
restriction strategy (Tudela and Lebas, 2005). Tlhtushows that, in the same cage,
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heavy rabbits did not over-eat compared to lightee (because of the feeding
behaviour with numerous meals). This confirms thatgrowing rabbit adapts very well
to intake limitation strategies (see also sectwliowing paragraph “Impact of a post-
weaning feed restriction on feeding behaviour, arelfand digestive health”).

During the restriction period, the feed convergiBg) is generally slightly reduced (5
to 10%) or similar for R compared to AL rabbitsdiie 1), with a relatively large
variations according to studies. In fact, the inmpafcan intake reduction on the FC is
apparently dependant of the diet composition. Rstaince, for a high DE concentration
Gidenneet al. (2009c) did not find any effect of the restriction FC, while for a
standard DE content it was reduced by 10% (Table 2)

After restriction, when animals are again fadi libitum, a compensatory growth was
always found, and the intensity of this compensagpowth is related to the intensity of
the restriction (Table 1). For a 40% restrictioa theight gain could 20 to 30% over the
weight gain of control (always fed AL), and coushch very high value, such as almost
74 g/d (Table 3; Gidennet al., 2009c). The remarkable ability of the young iahir a
compensatory growth after a restriction period alasady outlined almost 30 years ago
(Lebas and Laplace, 1982; Ledin, 1984) and morentic using various restriction
techniques (Table 2 and Tumoeiaal., 2002; Maticset al., 2008). Nevertheless, even
after two weeks of a free intake, the slaughtemghieof restricted rabbits remains 5 to
10% lower than control.

But, the most interesting point is that the intakdR rabbits remains generally lower or
similar to control. Accordingly, the feed conversiaas then highly improved for R
animals reaching a reduction of 40% to 50% for ad380% restriction (Table 2). This
FC improvement was observed whatever the diet cempo. After a restriction
period, contrary to what was expected, no overketaas observed, that is ‘ahe
origin® of the better FC. Possibly, the rabbits cannotreate even after a hard
restriction, because its stomacal volume cannoteblarged quickly, and is more
adapted to numerous meals (Gidenne and Lebas,.2006)
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c Y =1,178X- 0,079 - 10.0% ]
S 40,0% +-- R?=081 ------ - c .
o e o ]
S 1 * .- @ 50% ;- --mmmmmmmmmmm e
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.% 20.0% 1 . ,‘ § 0,0%; . T ——— t —*
=] onr--—-—--% - ] R -
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Feed intake reduction Feed intake reduction

Data from table 1, for a usual restriction range of 0 to 40%

Figure 1 — Growth and feed conversion reductions accordinthé intake reduction,
during the post-weaning restriction phase of tlewyng rabbit.

Therefore over the whole fattening period (R+ALipd), and depending of the intake
limitation strategy chosen, the final live weightrestricted rabbits is obviously lower
compared to control (Table 1). But after returnittg a free feeding the growth
impairment is lower than expected since a compengarowth occur without an over
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consumption. Thus, the overall feed conversionesegally improved by 10 to 20%
after the application of a post-weaning strategy irdbke restriction (Table 2).
Consequently, when an intake limitation strateggpplied, the margin on the feed cost
is generally improved by 2 to 10% (Duperray and @warch, 2009). Nevertheless, in
one recent study performed on spanish rabbit bngesijstem (Romeret al., 2010), a
sharp impairment of the growth and feed conversias found after a 2 weeks
restriction (35-49d, about 80% of AL), that quesad about the economic pertinence
of such a strategy in these conditions.

Table 2 — Post weaning quantitativeeduction of the feed intake and feed conversion
of the rabbit.

Restriction // ad Feed Feed
Intake libitum period Feed . conversion,
levef conversion (R) conversion whole period Reference
(AL)
(R+AL)

100 R: 3.75a Lebas and
70 35-56d 4.11b Laplace, 1982
100 R: 35*-56d 3.74a
70 AL: 3.66ab Perrier, 1998
50 56-77d 3.56b
100 R: 28*-49d 2.19a 2.93a Jéromal .,
80 AL: 63-70d 1.96b 2.73b 1998
100 R: 34*-58d 2.36a 4.37a 3.13a _
80 AL: 2.26ab 3.21b 2.70b Bo'sz%tgga'-*
60 56-70d 2.18b 2.85¢ 2.57b
100 R: 32*-53d 2.19 4.04a 2.75a Foubertet al.,
70 AL: 53-67d 2.17 2.89b 2.49b 2008a
100 R: 42-77d 3.93a Bergaouiet al
85 3.71ab 2008 "
70 3.61b
100 R: 2.49 2.93a 2.69a
80 35*-54d 2.49 2.43b 2.54b Gidenneet al.,
70 AL: 2.43 2.32bc 2.46bc 2009a
60 54-70d 2.48 2.02c 2.38¢
100 R: 35*-63d 2.99a 4.84a 3.31a Gidenneet al.,
75 AL: 63-70d 2.65b 4.53b 3.04b 2009b
100 R: 35*-63d 2.83a 3.15a 2.85a Gidenneet al.,
80 AL: 63-70d 2.66b 2.30b 2.55b 2009c
100 R: 28*-53d 2.19 Martignaoet al.,
75 2.10 2010a

£: the limitation of intake is obtained by a daibvanual distribution of a defined quantity of pedlet
$: in percent of the voluntary intake (100%gklibitum); R= restriction period; AL =ad libitum period
*. age at weaning; a-c: significant difference begw AL and R, within the same study.

Organ development, slaughter yield and carcass chacteristics

In parallel to a post-weaning growth reductiongatriction strategy also modifies the
body composition. According to the general rulsues allometry deposition (Cantatr
al., 1969; Dalle Zotte and Ouhayoun, 1998), the iagin leads to changes in
differential growth for the internal organs (livedjgestive tract, etc.) and tissues
(muscles, fat, etc.). According to Palsson (19%%)ly development tissues (bones,
digestive tract) should be more impaired during téstriction comparatively to late
ones (muscles and adipose tissue). Thus, the digesict development (organ weight)
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is impaired during the restriction (Schlolatal., 1978, Perrier et Ouhayoun, 1996). In
return, after a restriction period, during the cemgatory growth associated to a free
intake (AL) the growth of digestive organs is véuigh (Ledin, 1984). For instance, at
slaughter, the stomach and digestive organs (sscthe liver) are proportionally
heavier comparatively to AL animals (Lebas and hap| 1982). However, this
increased development of the digestive tract wdwdddependant of the restriction
strategy and of the weight gain (Jérosteal., 1998). Finally, the weight of the full
digestive tract (organ + digesta) is about 10% déngfiTable 3) and participates
significantly to the body compensatory growth. Bilte increased in digesta content
seems the major factor of increase of the full slige tract. Accordingly, the dressing
out (slaughter vyield) is reduced by about 2 unialf€ 3), and seemed not closely
dependant of the restriction strategy (durationlearel of intake). In addition, a
minimum length for the restriction period seemseassary, since Tumow al. (2006)
did not find any change in dressing percentageafaroderate restriction (70% of AL
for 1 or 2 weeks and a re-feeding period of 2 wgeks

Table 3 — Impact of a post weaning quantitafiveduction of the feed intake on the

slaughter yield and some carcass characteristitteafabbit.
Restriction // Full digestive Dressing P+ISH fat

Intake L )
ad libitum tract weight out, % Reference
levef period (% LW§J (% LW)
100 R: 28*-49d 17.9 58.3 Jéroraaal .,
80 AL: 63-70d 18.9 56.9 1998
100 R: 35*-60d 70.2a 1.7a Boveraet al.,
80 AL:60-81d 67.6b 1.3b 2008
100 R: 32*-53d 575 2.3a Foubertet a|_,
70 AL: 53-67d 56.6 1.6b 2008a
100 R: 42-77d 20.1a 56.4a 1.9 Bergaouiet al
85 21.1ab 55.3b 1.7 2008 "
70 23.4b 54.1c 1.3
100 R: 56.1a
80 35*-54d 54.6b Gidennest al.,
70 AL: 55.4b 2009a
60 54-70d 54.8b
100 R: 35*-63d 16.8a 56.4a 2.3a Gidenneset al.,
75 AL: 63-70d 19.8b 54.5b 1.7b 2009d

£: the limitation of intake is obtained by a daiyanual distribution of a defined quantity of pedlet
$: in percent of the voluntary intake (100%gtlibitum); R= restriction period; AL =ad libitum period
*. age at weaning; a-c: significant difference betw AL and R, within the same study.

W P+IS= perirenal + interscapular fat

a, b: significant difference between AL and R, witthe same study.

Reversely, after re-feeding freely, although thewgh increase should profit more to
tissues and organs having a late development (@itshtissues, Ouhayoun, 1998), at
slaughter the carcass fattening level remains |lowleatever the restriction strategy
used: the weight of perirenal and interscapularigaabout 0.5 unit (%) lower, and
seemed related negatively to the intake level @&)| Besides, Gondret al. (2000)
showed that changes in the nutritional status (jinoa feed restriction) regulate
intramuscular lipid deposition, without changinigré-type composition.

Besides, a restriction strategy seemed not to madifer carcass characteristics or meat
quality, such as carcass conformation, meat coloooking losses, meat/bone ratio
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water holding capacity, pHu, fibre type, (Perrle998; Dalle Zottest al., 2005; Tumova
et al., 2006; Gidennet al., 2009a, d).

IMPACT OF A POST-WEANING FEED RESTRICTION ON DIGEST IVE
PHYSIOLOGY

Impact of reduced intake on feed digestion and ratef passage.

The improvement of the feed conversion (Table 2)nduthe restriction and moreover
after restriction (during re-feeding freely) sholdd associated to an improved feed
digestion. Effectively, most of the studies repdrtan improvement of the faecal

digestibility, either during restriction (Table 49r after restriction during re-feeding
freely (Table 5).

Table 4 — Impact of a post weaning reduction of the feeka on the nutrient
digestion.

Digestibility coefficient**: unit deviation
from the control (AL= 100)

Intake Restr_ic_tion 1 organic crudg
levef ad I|b_|tum matter protein N.D.F Reference
period
100 R: 35*-72d 66.8a 77.9a
50 71.0c 84.0c Ledin, 1984a
60 68.2b 82.0b
100 R:about 45d- 57.5a 64.6a 27.8 .
60 75d 66.8b 74.3b 52.3 Ledin, 1984b
100 63.7a 70.0a 19.6 Xiccasbal.,
75 R:40-64d 64.7b 72.5b 20.0 1992
100 R: 45-60d 76 85 25
60 (digestibility 75 87 23 Diaz Arcaet al.,
40 calculated for the 74 86 21 1999
10 15d period) 73 85 -0.13
100 R*35-85d 63.5a 79.8 19.1a Di Metcal.
90 66.0b 79.9 24.5b 2007
100 R 42-49d 39.2 68.6a Tumostaal.
~60 44.2 70.6b 2007
100 71.9 82.1 29.9
80 R:35*-54d 71.7 82.1 29.3 Gidenne and
70 72.7 83.5 30.1 Feugier, 2009
60 72.8 83.7 30.1
100 R: 35*-63d 64.2a 72.0 29.1a
80 control diet 58.1b 71.0 17.0b Gidenneet al.,
100 R: 35*-63d 63.8a 73.7 32.5a 2009c
80 high DE diet 68.9b 80.8 40.9b
100 R: 35*-63d 60.3a 70.1a 14.5 Gidennest al.,
75 62.7b 76.2b 17.3 2009d

$ : in percent of the voluntary intake (100%eHlibitum) ; R= restriction period.
*: age at weaning ; a-c: significant differencevietn AL and R, within the same study.
**: digestibility measured during the restrictioennd; u: digestibility calculated at 77d, with arker procedure.

However, this improvement is not consistent acewydp the restriction intensity and
its duration, and according to the diet compositieor instance, only 7 days after the
application of the restriction strategy, the faediglestibility coefficient of the organic

matter (or energy) was not significantly affecteden for a 40% reduction of the intake
level (Gidenne and Feugier, 2009). Without a deddyadaptation, Diaz Arcat al.
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(1999) failed to detect an effect of the intakeeleon digestion, even when the intake
was reduced to 10% of the voluntary food consunmptio

Table 5— Nutrient digestion of the growing rabbit, prewsturestricted.
Digestibility coefficient**: unit deviation
from the control (AL= 100)

Intake [REStr.iC.tion] i organic crud_e
leveP ad I|p|tum matter protein N.D.F Reference
period

100 [R: 35%-72d] 65.3ab 74.4a
50 AL: 72-99d 63.9a 73.7a Ledin, 1984a
60 66.7b 77.3b
100 [R: 42-56d] 53.9 77.2 Tumovat al.,
~60 AL : 56-63d 61.8 78.7 2007

$: in percent of the voluntary intake (100%gdHlibitum); R= restriction period; AL =ad libitum period
*. age at weaning; a, b: significant differenceviimtn AL and R, within the same study.
**: digestibility measuredafter the restriction period, when rabbits are againaitbitum.

During intake restriction, an improvement of thewing rabbit digestion seems thus to
be reached only after an adaptation delay, ofast[® to 10 days. An increase in protein
digestion was often observed for growing rabbitsc¢dto et al., 1992; Gidenne and
Feugier, 2009), or for adult rabbits (Lebas, 19Xf@cato and Cinetto, 1988, Foder
al., 2001). Similarly, in these studies the authamgnfl in restricted animals a better
digestive efficiency for energy, but few improverteem lipid or fibre digestion. After
restriction, since the feed conversion is sharpiproved, we expect logically a sharp
increased in digestion efficiency. But, few studéesal with this point (Table 5) and
results are not consistent.

Besides, the impact of the restriction seems lowehneavier or adult rabbits: Ledin
(1984b) find slight changes in digestibility, whi®idenne (1987) did not find any
significant changes in the digestion of high-fibliets. In return, Lebas (1979) obtained
a higher digestibility for restricted pregnant fdesa

Since the data of literature report large variaiéor the relationship between digestion
and restriction, we can assume
that the chemical composition of
the feed would play a key role.
For instance, a significant
interaction have been outlined by
Gidenneet al. (2009c), between
intake level and DE dietary
concentration on the faecal
digestibility (Table 4), and should
be further explained.

Improvement in digestion could
originate in physiological
Figure 2 — Rate of passage according to thehanges in the intestine (enzymes
intake level of the growing rabbit (Gidenne apdsecretion, mucosa absorption,
Feugier, 2009). etc.), and for instance in a longer
retention time of digesta particles
in the caeco-colic segment. A 40% reduction ofititake level led to a 65% increase in
the retention time of particles (Figure 2). Witingar intake levels, a similar increase in

60+
501
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digesta retention was observed by Ledin (1984b)ilewvith more fibrous diets
Gidenneet al. (1987) reported only a 25% increase. Longer tetertime in restricted
rabbits originated mainly from the first 24 h of nker excretion. However, the impact
of the intake level should be more precisely measuby maintaining a similar delay
between marker administration and caecotrophy, ighdargely moved in restricted
compared to AL rabbits (Laplace and Lebas, 197%e@e and Lapanouse, 1997).
Reversely, Fioramonti and Ruckebush (1974) obsengednotricity response of the
caecum in the rabbit fedd libitum, probably because the caecum is constantly in a
repletion status. In return, when adapted to eansmmeal (and thus restricted), there is
an increased frequency of caecal contractions édf@ meal time. Moreover, hungry
animals ate a high quantity of food in a short tiared this prolonged the motor activity
of the small intestine (Ruckebuseh al., 1971). Therefore, applying a restriction
strategy to rabbits probably modifies the motontgtin all segments of the tract, and
between meals there is a period with a digestiveita

Restriction and digestive physiology

Applying a reduced intake after weaning may imgh& maturation of the gut, that
evolved quickly in the young rabbit. For instant® ilealvillus height and area and
crypt depth increased after weaning (Galkial., 2005), but was not affected by a 25%
reduction of the intake from 28 d (weaning) to 58fcage (Martignoret al., 2010a).
Also, it is acknowledged that the digestive enzyseeretion is related to substrate
availability (i.e. intake level). But, under restion, ileal maltase activity was not
affected (Martignoret al., 2010a), and further studies should be realized.

Intake restriction obviously increases the appesiace the young rabbits eat their
ration in 6 to 10 h instead of 24 h (see “Feediefpdviour and welfare” section).
Accordingly, the flow ofdigesta in the stomach is rather high just after the feed
distribution. Thus, in both stomach parts (antrurd fundus) a higher pH was found for
restricted animals compared to control ones (Gideanmd Feugier, 2009; Martignah
al., 2010a). This decrease in pH is probably trangémd might be related to a dilution
of secreted gastric acidity because of the largal reaten by restricted animals in a
reduced time.

Reversely, in the caecum, lower caecal pH was wbddor restricted rabbits and was
related to higher VFA concentration (Gidenne anddier, 2009). However, since the
transit of digesta is about 4 to 6 h from moutliéam, a high flow of digesta enter the
caecum at 13:00 for restricted animals, thus lepdm a "peak” of fermentation
(Gidenne and Bellier, 1992). In return, Maertend &eeters (1988) or Tarangb al.
(2003) observed a higher pH and a lower VFA conmegioh in the caecum of young
restricted rabbits, since measurements were dotieimorning (9-10 h) just after meal
distribution and thus before the peak of digestiothe caecum. Therefore, when the
caecal sampling occurred within a similar delaynrfrthe meal (or the main intake
period for AL rabbits), as done by Martign@h al. (2010a), the intake limitation
seemed not to greatly influence the physico-chenpeaameters (pH, VFA) of the
caecal biotope, although the redox potential wahtty reduced. Besides, the fibrolytic
activity of the caecal bacteria is not affectedtihy intake level (Gidenne and Feugier,
2009; Martignoret al., 2010a). Similarly, the intake level had no shigaint effect on
the number of bacterial 16S rDNA copies per grantadcum content, and did not
influence the bacterial community structure or dsity (Martignonet al., 2010a). This
lack of effect can be due to both the relativelystant composition of the material
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entering the caecum located at the end of the tigesact and the buffering capacity
of the caecal content. However, the bacterial gityerand structure was approached
through a CE-SSCP profiles analysis that only tit@kmajor bacterial populations into
account. More targeted analysesfothaea or of some predominant bacteria species of
the caecal microbiota, such Bemicutes or Bacteroidetes, could reveal changes that
were not addressed by the fingerprint approach, thatl may explain the higher
resistance of the restricted rabbits to digestroeililes (see “Digestive health of the
growing rabbit according to the intake level afte&raning” section).

In the same way, the immune status of restrictbbita was shortly described through
some blood characteristics, such as the cell prdfibr instance, Tumow al. (2007)
reported an increased number of lymphocytes inricesti rabbits. However, the
immune status of the growing rabbit is still vecarcely studied.

IMPACT OF A POST-WEANING FEED RESTRICTION ON FEEDIN G
BEHAVIOUR, WELFARE AND DIGESTIVE HEALTH

Feeding behaviour and welfare

As shown in the figure 3, the rabbit adapts verigkjy to a restriction strategy, with a
very high intake just after the feed distributidhat reached 40% of the daily intake
(within two hours) only 8 days after the applicatiof the intake restriction, and
decreased to 32% 10 days later (Martigeoal ., 2009).
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Figure 3 — Feed intake patterns at 36 d (A) and 46 d (B3ge according to the intake
level: ad libitumvs. restricted (75% of AL) after weaning at 28 d.

In comparison, the rabbit fed freely shows a re&dyi smooth intake behaviour, with
numerous meals, characterised by a maximum of 1f0f#tecdaily intake 2 to 4 h after
lighting out, and a minimal intake 2-4 h after ligly, that correspond probably to the
caecotrophy period. Over the day, the whole me#dtally consumed within 8 hours,
for 10 weeks old rabbits restricted at 85% of theahd having one feeder (1F) in their
cage (Figure 4, Tudela and Lebas, 2006), meangicthie rabbit starved for 14 hours a
day. Contrary to what was expected, when the rabaite two feeders (2F), the
competition for feeding is reduced and they ate emsiowly: the whole meal is
consumed within 12h instead of 8h (Tudela and LeB886). Obviously for higher
restriction level, the duration of the starvatiorcreases, but it also depends of the
voluntary intake level of the rabbit: for exampleder a hot climate, Bergaosi al.
(2008) reported that the whole meal was consuméairwi6 h for a 85% intake level
(and within 10 h for a 70% intake level).
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As expected, restricted rabbits
100 T-------------------—---ioo - - showed a strong feeding
activity during the first hours
following the feed supply, with
e restict. 2F | | @n average of 4 out of 6 rabbits
) —a—Restict. 1F| | eating  (Martignon,  2010).
40 +---- (o —&— Ad libitum Conversely,ad libitum rabbits
had a feeding activity quite
balanced along a the day, with
- two main feeding periods: at
o 1 2 3 4 5 6 7 8 the first hour of the dark period
Delay post feeding (h) (17 out of 6 rabbits eating) and

. . 2 hours before the lightenin
Figure 4 — Intake pattern for restricted (85% Dfperiod @2 out of 6 ?abbits).g

AL) andad libitum rabbits (10 weeks old).

80 ~

60 -

% of daily intake

20 A

Although the feeder was empty,
the restricted rabbits continued
to visit the feeder until the next feed supply. Tiuenber of meals and the total duration
spent to eat during a 24 h period were sharply tdaerestricted rabbits compared to
the AL : n=27 for 2h30min, and n=41 for 3h17min Adr.

Simultaneously the number of drinks is also reduce®8vs. 47 for R and AL rabbits
(Martignon, 2010). But in fact the quantity of watmnsumed is higher for restricted
rabbits. As reported by Boiset al. (2005), the ratio feed to water is doubled fdutigs

restricted to 65% of AL,
e T passing from 1.68 to 3.46
W0 -~ @Feed (Figure 5). These authors also
S0l ] OWater reported that a similar 35%
3 reduction of the intake could
e be obtained with a one hour
§ e I s A access to the drinker, and then
[SEPTRRIN - R I N S the ratio water/feed fell to
S (. 1.20. Such a water restriction
strategy, used for
0 . . .
Control (Ad libitum) Feed restriction Water restriction eXperImenta‘Elon., IS . .nOt
(65% of AL) (thid) encouraged in field condition,
. . . : in it i tionabl
Figure 5— Water and solid feed intake for restricte ce S questionable
. . i espect to the welfare of the
growing rabbits, either through a reduced quaruity .
. . animal.
pellets, or through a reduced time access to drinke

Once rabbits are fed freely again, their circagiating and drinking activity was higher
compared to control animals (number of meals =at8R~ vs.. 38 for AL; total meal
duration = 4h17mirvs.. 2h32min for AL; number of drinks = 40 for ®.. 36 for AL),
and it re-adapt very quickly (within two or threeayd) to a "classical® feeding
behaviour, balanced along 24 hours (Martignon, 2010

Face to these abrupt changes in feeding behaviber,faecal excretion pattern,
including caecotrophy is deeply modified, as showiigure 6. For restricted rabbits,
the faecal excretion peak occurred between 5 tougshafter the feed supply, thus about
three to four hours later than the eating peak.oAdiagly, the caecotrophy period is
moved and is located about 8 to 10 h after the thstibution, as already observed by
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Fioramonti and Ruckebusch (1974) on adult rableitsdne time a day. In return, the
ratio soft to hard faces seemed not modified (Marn, 2010).

Since for restricted rabbits
the competition to access
the feeder is high during

40

—— Ad libitum

—0- Restricted
30 | A the first hour after the feed
| ganperiod Ak distribution, we expect
1 light period ﬁ \q

some hostile even

aggressive behaviour. In
fact, Martignon (2010) did

not observe any increase of
aggressiveness and no
more lesions for R rabbits.
In consequence, applying a

% of the total quantity of dry feces

el completely follow one the
5 rules of the Farm Animal
Figure 6 — Fecal excretion pattern (47 d old),welfare Council
according to the intake levedd libitum vs. restricted| (http://www.fawc.org.uk/fr
(75% of AL) after weaning at 28 d. eedoms.htm): Freedom

from Hunger and Thirst.
However, considering a 24h period, the rabbit esgmd a transitory hunger (and not
thirst, except for a strategy limiting the accessltinker) and its growth is not greatly
impaired for a moderate restriction (under 70% daf).Aln return, a limited intake
strategy will support the third rule "Freedom frétain, Injury or Disease", since many
studies report an improvement in digestive heatftlthe young rabbit (see following
section).

Digestive health of the growing rabbit according tahe intake level after weaning.
Preliminary to review this point, a brief recalloalh the method to estimate health status
of a group of animals is pertinent respect to themng rabbit digestive health. A
common indicator to evaluate the impact of a diseasreeding is the mortality rate.
More recently, morbidity indicator was developed tfte growing rabbit to assess more
precisely the incidence of the clinical symptomsd@aneet al., 2010), and it could be
combined with mortality to obtain the health risidéx ("HRi"= morbidity + mortality
rate). This approach allows a more precise assedsofiethe health status. Thus it
means that a large number of animals are requoedetect a significant difference
between two treatments in mortality. For instancaletect a 10% deviation among two
mortality rates (at a risk level of 5%), more thatvout 90 rabbits are required in each
group (and over 300 rabbits to detect 5% deviatiBmilarly, assessing the morbidity
level, using clinical symptoms (diarrhoea, caeogbaction, etc.) is relatively easy. In
return, when only a reduction of growth rate ised&ble, a threshold must be defined
to class the animal as morbid or not (such as\beage minus 2 x standard deviation),
and it needs a large set of rabbits within a grtnupefine the mean and its range of
variation. Therefore, except for specific trialspiying an experimental inoculation of a
pathogen, were hereunder review the results fradiet using a minimal number of
rabbits to assess correctly the health status dicgpto the intake level.
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First large-scale trials dealing with the impactrefiucing the intake level on the
digestive health were performed in 2002, by a Hremetwork of experimental units
(n=6, GEC group). First results were published 002 (French Rabbit Congress),
indicating a half lower

Mortality rate, %

S restriction

T~ —@— Adlibitum

1h/day

+ - - — {lF - Water restriction,

ad libitu me—

mortality and morbidity
rate, from spontaneous
ERE or non specific
enteropathy, when rabbits
were submitted to a 60%
intake level during three
weeks after weaning
(Table 6, Gidennest al.,

2009a). In parallel, other
trials were performed to

% o e 10 | assess if a restriction

REE inoculation Age (days) strategy would be

Figure 7 — Mortality rate after ERE inoculation, Efpf)lizlggtti c agalnstR abttt]ite

according to the restriction strategy. Enteropathy (ERE). For
instance, Boisotet al.

(2003) reported that a 65% intake level (or a Xihkihg access) reduced mortality rate,
after an ERE inoculation (Figure 7), and this wasficmed by the study of Foubest

al. (2008b). More recently, Martignast al. (2010b) reported that a restriction at 80%
of AL had no significant impact for rabbits infedteexperimentally with an
enteropathogeni&. coli (0128:C6), and she did not detect a favourablecefbf the
restriction under a spontaneous colibacillosis tMaon et al., 2009). Therefore,
further studies are necessary to confirm this wbfi@al effect of the intake level for this
two digestive pathology, and to understand the dyidg physiological mechanisms
implicated.

Using large scale experimental design (over 40®italper group on several sites),
Gidenneet al. (2009a) showed an almost half reduction of thetatity and morbidity
for restricted animals (Table 6), for a minimumdewof intake reduction of 20%. This
effect was confirmed in a further study (Giderateal., 2009b), where no effect of
distributing the meal in one or two times was diete®n health status. Martignenal.
(2009) confirmed that the favourable impact of thstriction originated clearly from
the quantity of feed distributed and not from thstrcbution procedure. However, this
favourable impact of a reduced intake seems torooaly during the "restriction”
period, and is not prolonged when animal retura feee intake (Gidennet al. 2009a;
Romeroet al., 2010).

Similar results were also obtained by reducingititake level through a time limited
access to drinking water (Boiset al., 2004; Verdelharet al., 2004, Elmaghraby,
2011).

Since a lower intake led to growth reduction, Graeet al. (2009¢) compared standard
to high-energy feed, faad libitum or restricted growing rabbits, to obtain a favdlea
impact on health without growth impairment. Unforditely, first results indicated that
restricting rabbits with a high-energy feeds seematdas efficient as a standard feed to
"protect” against digestive troubles. Szendr@l. (2008) reached similar conclusions
using two rabbit lines.
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Table 6 — Impact of a post weaning reduction of the feddka on the mortality and
morbidity from digestive troubles in the growindpht.

Restriction period Whole period (R+AL)

Intake Restriction // ad Mortality, Morbidity | Mortality, Morbidity, Reference

levef libitum period % , % % %
100 R:35*-54d 12.2a 12.0a 17.6a 11.9a
80 AL:54-70d 5.5b 11.2a 12.4b 11.2ab| Gidenneet
70 (n=496 rab./ group) 5.4b 5.4b 15.0ab 6.7b al., 2009a
60 ) 2.8b 6.7b 11.9b 5.6b
100 R: 35*-63d 19.9a 15.3a 21.6a 18.7a Gidenneet
75 AL: 63-70d 10.7b 10.2b 11.9b 14.0b | al., 2009b

(n=503 rab./ group)
100 R: 35*-63d 30.6a 21.1 Gidenneet
80 (n=170 rab./ group) 25.3b 19.4 al., 2009c
100 R:28*-51d 5.6 13.8 Martignonet
80 (n=160 rab./group) 3.8 175 al., 2009
100 R:35*-49d 22.9a 33.3a 25.6a 41.4a Romeroet
85 AL: 49-63d 4.2b 8.1b 6.3b 12.7b | al., 2010
(n=96 rab./ group)

100 R:35*-84d 29.5a 125 )
90 (n=40 rab./ group) 28.1a 0 Sazlenzdor(()ESt
80 4.8b 3.1 v
100 R:35*-63d 12.5 Elmaghraby
87 AL: 63-77d 0 M. etal.,
73 (n=32 rab./ group) 3.1 2011

$: in percent of the voluntary intake (100%gtlibitum); R= restriction period; AL =ad libitum period
*. age at weaning; a, b: significant differencevietn AL and R, within the same study.
a, b: significant difference between AL and R, witthe same study.

Finally, physiological mechanisms explaining sucfawourable effect of reducing the
intake level on diarrhoea incidence remained tellxdted. Many metabolic parameters
are modified under restriction, as reported for talebit by Van Harten and Cardoso
(2010). So, an interdisciplinary approach shoulgpéginent to explore more precisely
the response of the young rabbit under restricttwonnot, and to correlate the
inflammatory response, the immune status or thebgy maturation (stability,
diversity) to the intake level.

CONCLUSIONS AND PERSPECTIVES

Since 2003, strategies for limiting the intake afteaning are largely applied in France
by rabbit breeders. This is combined with the improent of materials to control the
feed distribution, and particularly automatic feegsystem using a chain conveyor for
pellets. French private feed companies are imprptte strategies to make it easy to
control, such a fixed duration of feeding during thight technique (Weissmaal.,
2009).

Presently, about 95% of the professional are uaingstriction strategy with or without
an automatic feeding equipment. But, over the faalle on digestive health
(particularly for ERE syndrome), French breederduaeestriction strategy to reduce
the feed costs, since the feed conversion of tbiicted rabbit is improved. Globally,
the margin on the feed cost is estimated to 0.p@réweaned rabbit. In addition, it is
possible to add a reduction of the drug consump(gstimated to about 0.10 to 0.15 €
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per rabbit in France). However, an economic balamggovement is also dependant of
the price of the feeds, of the national market, padicularly of the slaughter weight.
For instance, for light slaughter weights (suchSimain) the economic interest of the
restriction strategies may be reduced (Roneesb., 2010).

Thus, an intake limitation strategy should be shite every breeding situation,
according to the aims of the farmers: improving ltmeatatus, reducing feed costs,
standardising performances, etc.
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