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ABSTRACT

The paper describes the variations of voluntarydfedake in growing and
reproducing rabbits and analyzes the main factard feeding strategies affecting this
variable that plays a key role on feed efficieqmgductive response and body energy
balance. Feed energy concentration is the main arsible for the ingestion of dry
matter and, as a consequence, of the main nutrigBtewth models are given to
estimate the changes in daily weight gain and beoaiypposition, showing how only
rabbits fed to appetite maximize daily energy istaénd feed efficiency in the
reproducing and fattening sectors.

The main indicator of farm efficiency is global deeonversion ratio (FCR),
i.e. the ratio between the quantity of feed conslimehe farm and the total weight of
produced rabbits. In growing rabbits, the digestitdnergy concentration (DE) of the
diet explains a great part of the variability ofefk intake (R2=0.75) and FCR
(R2=0.74); increasing 1 MJ DE/kg diet decreasedfedake by 12 g/d and FCR by
0.29 points; FCR impairs with age from weaning taughter with a trend well
described (R2=0.99) by a cubic equation. The pajmsiders other important factors
affecting global farm conversion ratio, and als@pides estimations of FCR according
to doe productivity, mortality rate and market wig
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INTRODUCTION

The domestic rabbit is widely reared in most Caestfor meat and fur production or
as laboratory and pet animal. The environmentallaedding conditions greatly vary from
poorly controlled rural rabbitries, gardens anddssuor fully controlled commercial farms
and experimental laboratory facilities. The higprogluctive efficiency and the large feeding
adaptability have stated the success of this spétiboth wild and controlled environments.
Despite the potential capability of exploiting aga number of feedstuffs and the limited
maintenance requirements of amino acids and vithianks to caecotrophy, rabbit feeding
represents a great challenge in intensive reanystesis, for both economic and sanitary
reasons. Since several years, rabbit nutritiomisedooking for developing feeding strategies
capable of i) reducing digestive diseases and timsexjuent high mortality and morbidity
(Lebaset al, 1998; Perez de Rozas al,, 2005; Gidenne and Garcia, 2006), ii) enhancing
body condition of reproducing does therefore insieg their reproductive performances and
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career length (Parigi Bini and Xiccato, 1998; Patset al, 2003), and iii) increasing feed
efficiency so lowering feeding and total productmmsts (Maertens, 2009).

The main variable that plays a key role on feedization and efficiency and
productive response is voluntary feed and energké This latter is affected to a different
extent by various factors, intrinsic (genetic, pbiggical and health state) or extrinsic (diet
composition, environmental conditions) to the anif@denne and Lebas, 2005). Among
dietary factors, feed energy concentration is ttenmesponsible for the ingestion of dry
matter and, as a consequence, of the main nutrid@protein, amino acids and minerals.

Voluntary feed and energy intake

Appetite regulation in rabbits is controlled eithey physical factors, that is the
volume of ingested feed and its transit in the guyy chemiostatic mechanism, according to
which the total quantity of energy ingested dadgds to be constant. As reviewed by Parigi
Bini and Xiccato (1998) and, more recently, by Xatxand Trocino (2010), the chemiostatic
regulation appears only with a digestible energif)Boncentration of the diet higher than 9-
9.5 MJ/kg. Below this level a physical-type regigatis prevalent and linked to the filling of
the gut with the dietary material (Fig. 1).
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Figure 1. Influence of dietary DE concentration on the volupfeed and energy intake in lactating does
and growing rabbits (from Parigi Bini and Xiccato 989.

Growing rabbits in good sanitary conditions conswsnéicient feed to meet their
energy requirements for maintenance and growthuntaty energy intake is proportional to
metabolic live weight (LMW, on average 950 kJ DE/d/kg W, i.e. about 2.2 times the
energy requirement for maintenance (430 kJ DE/dIN®™. On the other hand,
reproducing does have additional needs for pregnand/or lactation which often are not
covered by an adequate voluntary intake. Lactdiémgales can ingest on average 1100 to
1300 kJ DE/d/kg LW™, with the lowest value recorded by primiparous dé¥a. These
rabbits have also a higher energetic limit of clustatic regulation compared to growing
rabbits and an increase in DE concentration abe®® MJ/kg until 10.5-11 MJ/kg permits
an increase in the daily energy intake. This liato depends on the dietary energy source,
tending to be higher when rabbits are fed fat-adtlets rather than high-starch diets.
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Feeding of growing rabbits for meat production

Growing rabbits for meat production should be fedappetite in order to maximize
daily weight gain and market weight (Maertens, 198@09). In theoretical condition, the
voluntary DE intake (DEI) is utilized for mainteramn (45%) and growth (55%), and the
overall energy efficiency (retained body energyDial ratio) is maximized. When DEI is
reduced, body energy retention and overall enefffigiency decreases, because of the
reduction of energy available for growth, while agyefor maintenance does not change. In
practical condition, however, a moderate feed igin could be used with some advantages
on global farm efficiency in comparison witd libitum feeding because: i) it increases
digestive efficiency; ii) it modifies the partitiarf body energy retention as protein instead of
fat; iii) it could reduce mortality and morbidityd to digestive troubles.

During the past, feed restriction was proposed diierent aims and success. Firstly,
feed restriction was a way to improve feed efficiermnd standardise the growth curve in
animals with different voluntary feed intake (Oubag et al, 1986; Ouhayoun, 1989;
Cavaniet al, 1991). Then, feed restriction for a short perédgbr weaning, followed by a
final period with free access to feed (re-alimeaontat was proposed to reduce the risk of
overfeeding and digestive disorders, even if ital reffectiveness was never fully
demonstrated (Maertens, 1992, Gidenne, 2003). Mecently, however, feed rationing
practice has been diffused and consolidated asyatevédoth reduce the mortality due to
epizootic rabbit enteropathy and improve globatifeenversion (Tudela, 2009).

As mentioned above, the amount of DEI modifiestttal quantity of retained energy
(RE) in the bodies of growing rabbits and its gimti as protein and fat. By using the growth
models proposed by Parigi Bini and Xiccato (198898), daily growth and final body
composition in rabbits fed at different feedingdksv (80, 85, 90 and 95% of voluntary
intake) from 0.7 to 2.5 kg can be estimated (TdhleA feed restriction up to 90% of the
voluntary intake decreases weight gain from 45.33® g/d, delays slaughter time by 5
days, and reduces body fat concentration from &88L.7% and energy concentration from
9.81 to 9.08 MJ/kg without appreciable changesadybprotein and ash. A more severe
restriction (i.e. 80% of voluntary intake) impadaily weight gain by more than 10 g/d and
further modifies body composition.

Table 1. Effect of feeding level from 0.7 to 2.5 kW on feed intake, LW gain and
final empty body (EB) composition (recalculated fron Parigi Bini and
Xiccato, 1986 & 1998).

Feeding DEI DEI Growing LWgain EB gain Final EB composition
level (kJ/d/kg (kJ/d) period (g/d) (g9/d) Water Protein Fat Ash Energy
(%) LW ™ (d) (%) (%) (%) (%) (MJ/kg)
80 800 1136 52.6 34.2 29.8 66.2 21.0 9.4 3.4 8.29
85 850 1207 48.5 37.1 32.3 65.2 20.9 10.6 3.3 8.70
90 900 1278 45.1 39.9 34.7 64.2 20.9 11.7 3.3 9.08

95 950 1349 42.2 42.6 37.1 63.2 20.8 12.7 3.2 9.42
100 1000 1420 39.8 45.3 39.5 62.3 20.8 13.8 3.1 9.81
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Feed rationing usually reduces dressing percerdadgecarcass fatness at slaughter
(Ouhayoun, 1989; Cavaret al, 1991), but these results are largely dependenthe
restriction level and final slaughter weight anadwd be confirmed in fast-growing hybrid
rabbits. Generally speaking, while even slight flegdestriction provokes a sharp decrease
in daily growth, a more severe restriction is regdito obtain substantial changes in body
composition (Xiccato, 1999).

The growth models above have been developed fat iieimke levels maintained
constant until slaughter and cannot be applied vehestriction period is followed by a final
period of re-alimentation. In this latter conditjosubstantial changes in feed intake
behaviour and compensatory growth are observefiarfihal stage. When feed restriction
was modulated during growth by feeding plans (i&stn at 80% from 35 to 77 d;
restriction at 70% from 35 to 56 d followed by regdton at 90% from 56 d; and restriction
at 90% from 35 to 56 d followed by restriction &%), the most liberal feeding regime
during the second period of growth increased dgilywth and feed efficiency, reduced
dressing percentage, did not modify the inciderfdatoand stimulated muscle to bone ratio
(Perrier and Ouhayoun, 1996). However, when stfead restriction levels (50% or 70% of
ad libitum) were applied from 35 to 56 d, the compensatorgwgn during the re-
alimentation period was not sufficient to cover tggp with animals feéd libitum that
showed higher final weights and dressing percesté&g&2%) and lower fat contents (-25%)
(Perrier, 1998).

In a series of experiments with a large number mfmals submitted to different
rationing levels (fromad libitumto 60%) from weaning until 54 d of age followed &y
alimentation until slaughter, feed restriction tsghificant beneficial effects on health only
below 80% ofad libitumfeeding, while moderate restrictions (80-90%) weoeeffective or
even negative (Boisat al, 2003; Gidenneet al, 2003). It has been hypothesised that the
lower feed intake slows down the transit rate amctdases ammonia-N and caecal pH
therefore increasing the risk of diarrhoea (Maestet992, Gidenne, 2003). When feed
rationing was more severe (60-70%), mortality anarbidity were significantly reduced,
with the minimum values in rabbits fed at only 60%ad libitum but this feeding level must
be considered too low from productive and econgoiats of view.

In the same experiments, during the restrictionogerdaily weight gain (DWG)
decreased by 0.5 g/d per each percentage of nai¢®RL) in comparison of thed libitum
level. Thanks to the compensatory growth, final ghtiand DWG from weaning until
slaughter were less affected (-0.13 g/d per each)%Rt always negatively correlated with
the rationing level, according to the following atjon (Gidennest al, 2003; Tudela, 2009):

DWG (g/d) = 43.6 — 0.13 x %RL ’R0.99.

In the opinion of Tudela (2009), the most intemggtiresult, however, was the
significant improvement of feed conversion raticCH), as described by the following
equation:

FCR =2.69 — 0.0077 %RL ’R0.99.

This latter result can be worth of interest, butta same time irrelevant from an
economic point of view if we consider that FCR iimyped only by 0.08 and 0.15 with feed
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restriction of 90 and 80% did libitum intake and the advantage is likely annulled by the
longer period of growth needed to reach a simitealfweight.

Feeding of young and reproducing does

The great energy excretion through milk in lactgtitoes is not fully compensated by
voluntary DE intake, especially in primiparous doasd this causes a consistent deficit in
both body tissues and energy (Xiccato, 1996). Titgational deficit seems to be responsible
for the decreased reproductive efficiency of corentty lactating and pregnant does, which
definitively results in a reduction of fertility dndoes career length and, therefore, in an
important loss in global farm efficiency (PariginrBand Xiccato, 1998; Castellini, 2007).

The diffusion of high-performance hybrid lines withge nutritional requirements but
unable to ingest a sufficient dietary energy hasdased rabbit doe susceptibility to energy
deficit. The genetic selection and the crossbrepdmograms of the most common European
hybrid lines pose the increase in litter size athband daily milk production as their main
objectives (De Rochambeau, 1990; Maertens, 1992jikind Al-Saef, 2008), while less
importance has been given until now to the goainofeasing voluntary feed intake and
maintaining the body conditions of the females ((@a® et al, 2005; Theilgaardet al,
2007).

While waiting for hybrid lines selected for highasluntary feed intake) nutritional
strategies to increase feed and energy intakeiiamdanagement strategies to reduce body
energy output and/or increase body energy recokame been tested to control the doe
energy deficit. Only nutritional strategies will bmentioned here, while management
strategies (i.e. parity order, breeding rhythnietitweaning age) are discussed in other
reviews (Pascuagt al, 2006; Xiccato and Trocino, 2010).

Feeding of young does

From weaning (4-5 weeks of age) to puberty (10-&2kg) and live weight from 0.8
to 2.5 kg, feeding programs and growth performasfcgoung does are similar to those of
rabbits kept for meat production. Later on, fronb@uy to first mating (16-18 weeks of age)
and live weight of 3.2-3.5 kg, the feeding progrsinould permit a correct morphologic and
reproductive development and avoid overfattenings¢Balet al, 2006; Rommerst al,
2006; Xiccato and Trocino, 2008). In this periodjuntary feed intake slightly decreases
from 800 to 700 kJ DE/d/kg LIV° and daily weight gain reduces from 35 to 20 g/it¢to
et al, 1999).

At 17 weeks of age, breeding rabbits givah libitum access to a diet for fatteners
containing 10 MJ DE/kg may reach about 3.4 kg Weight and about 18% body fat
(Rommerset al, 2006; Xiccato and Trocino, 2008). This conditmmuld be excessive if the
further fattening during pregnancy or the quick réattening (more than 20% fat) in 2-3
weeks in case of failure of pregnancy are constledxerfattening can provoke subsequent
distocia and impaired reproductive performance t(Rige et al, 1986; Parigi Biniet al,
1989; Viudes-de-Castret al, 1991). On the other hand, an earlier inseminafeg. 15
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weeks) could be too anticipated due to the stibmplete development of endocrine and
reproductive systems (Maties al, 2008).

For these reasons, feeding restriction (80-90%dofibitum intake) could be applied
to young does for different periods before matig dbtain target weight or age at
insemination. In restricted does, to avoid a reidactof sexual receptivity at first
insemination, a flushing with a lactation diet givad libitumis usually performed during 4-
7 d before first insemination (Rommees al, 2001, 2002, 2004, 2006; Bonaneb al,
2004).

Feed restriction can continue also in the first papregnancy, especially when live
weight exceeds target weight, whad libitumfeeding with a lactation diet is recommended
during the last two weeks of pregnancy to take iatrount the raising pregnancy
requirements and decreasing feed intake nearbyikgn(Rommerset al, 2004). Restricting
feed during the whole pregnancy to the maintenamcpirements or even less (75%)
reduces body fat and energy reserves, howeverlgeebwhich could negatively influences
reproductive performance (Fortehal, 1994).

In young does, feeding restriction may also reduckintary feed intake in the
following pregnancy and lactation and accentuate risk of a negative energy balance
between reproductive cycles (Parigi Bini et al.919Maertens, 1992; Fortun-Lamothe,
1998). On the contrary, the administration of hiidine low-energy diets (e.g. 19-21% ADF;
8.5-9 MJ DE/kg) to young females before the firgtimg increases voluntary feed intake
during growth, pregnancy and lactation, and pdyt@écreases body fat and energy deficit at
the end of first lactation (Nizza et al., 1997; ¢éato et al., 1999; Pascual et al., 2002a).

Feeding of reproducing does

During the first pregnancy, DEI decreases from 680-kJ/d/kg LV}-"3n the first 25
days until 400-450 kJ/d/kg LW3n the last 5 days, due to the increasing volumimetuses
in the abdomen. The day of kindling, the doe ingestly a little amount of feed or even
nothing (Fig. 2).

During lactation, voluntary DE intake substantiathises till 1,500-1,800 kJ/d/kg
LW?7 at the lactation peak and 1,100-1,300 kJ/d/kg’{%0h average. After litter weaning,
the energy intake quickly decreases in a week atita®6-45% of the lactation level, that is
500-600 kJ DE/d/kg LW (Xiccatoet al, 2004 &2005).

A lactation diet, rich in DE (>10.5 MJ/kg) and pgot (about 17.5-18%) besides
lysine, methionine, calcium, minerals and vitam{Bg Blas and Mateos, 1998), is usually
given to does few days before kindling, soon afteaning, and until 20-25 post partum
Then does and litters receive a weaning diet, ponoenergy and rich in fibre, which
safeguards litters from digestive problems, butsdus satisfy female requirements (Xiccato
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Figure 2. Evolution of voluntary feed intake (g/d) (fulhk) and DE intake (kJ/d/kg LWS) (dotted
line) from the first insemination to the fourth Elimg in does submitted to a 12-days post-

partum remating program. 11, 12, I3, 143 122" 39 4" insemination; K1, K2, K3, K4:5,
2" 39 4" kindling; W1, W2, W3: T, 2" 39 weaning (from Xiccato and Trocino, 2008).

et al, 2006). Therefore, during lactation, the doe’slyos subjected to a marked reduction
in energy reserves following the mobilisation oé tfat deposits (Fig. 3) (Parigi Bini and
Xiccato, 1998).
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Figure 3. Material and energy balance (% of body conterfirat kindling) of primiparous does in
different physiological states (Parigi Bini and &ato, 1993; Xiccato, 1996).

The simultaneous condition of pregnancy is resgadador a further reduction in fat
content and body energy levels; it prevents therneto normal body conditions (Parigi Bini
and Xiccato 1993; Fortuet al, 1993; Fortun-Lamothe and Lebas, 1996; Xicosital,
2005) and increases the protein requirements poree to the elevated demand for protein
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by the foetuses and the rapid turnover in foetatgin (Parigi Biniet al, 1992; Xiccatcet
al., 1992, 1995).

High energy diets have been widely tested in repeod) does to meet their high
energy requirements, as reviewed by Pasaiall. (2003). During early pregnancy,
increasing dietary DE concentration usually redu@¥dl and does not change DEI
significantly (Pascuakt al, 1998, 1999a, 1999b, 2002b). During lactationdiieg high
digestible diets increases DEI (Partridge, 198@pg&et al, 1989; Maertens and De Groote,
1988; Castellini and Battaglini, 1991; Barreto dbd Blas, 1993; Cerverat al, 1993)
especially when fat-added diets are used in cospanvith high-starch diets (Xiccaés al,
1995; Fortun-Lamothe and Lebas, 1996; Parigi Rinhial, 1996; Pascuaét al, 1998;
2002b). The body energy balance of does, howesalways negative and not statistically
affected by dietary treatments. In fact, a highetadty energy supply determines an increase
of milk production, impairing its potential bena#t effect on body condition in both
primiparous (Xiccatoet al, 1995; Fortun-Lamothe and Lebas, 1996) (Tableagyl
multiparous does (Pascutlal, 2000) (Table 3).

Table 2. Effect of dietary energy level on reprodutve performance and EB
composition at the 28 day of the first lactation in concurrently lactating and
pregnant does (Fortun-Lamothe and Lebas, 1996).

Dietary DE (MJ/kg DM)

9.9 12.1 12.2 Prob.
(Control (Fat-added (Starch
diet) diet) diet)
Milk production (0-21 d) (kg) 3.8° 4.2 3.6 <0.05
Litter weight at 28" d (kg) 3.9 4.8 3.g <0.05
EB energy (MJ/kg) 7.85 8.76' 9.2% <0.04

Table 3. Effect of dietary energy level on reproduive performance and energy
balance of rabbit does at the 28 d of their second lactation (Pascuatt al.,

2000).
Dietary DE (MJ/kg DM)
11.0 12.4 Prob.
(Control diet) (Fat-added diet)
DE intake (kJ/d/kg LW°") 1296 1445 <0.01
Milk production (g/d) 191 237 <0.01
Litter weight at weaning (kg) 3.93 4.69 <0.01

EB energy gain (MJ) -3.33 -3.42 NS
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Therefore, the limiting factor on doe productivity not milk production, but
voluntary feed intake: as DEI increases, milk pathn also tends to increase, thereby
impairing, at least partially, the effect of incsed DEI on body energy balance.

An increase of 1 kJ in the DEI leads to a propodidncrease in milk energy output
(+0.434 kJ) and a more limited reduction in thergpaleficit (-0.203 kJ) (Xiccato, 1996).
The DEI necessary for the doe’s body energy eqitilivis 1585 kJ/d/kg L\W">. At this DEI
level, the energy milk output is 711 kJ/d/kg EXR which corresponds to about 250 g/d of
milk in a 4.25-kg rabbit (assuming a milk energysiey of 8.5 MJ/kg). Using a diet with
10.5 MJ DE/Kg, this female must be able to ingéseast 150 g/d/kg LW, i.e. about 450
g/d. Such an average voluntary intake during thigeeperiod of lactation is unusual at least
in primiparous and secondiparous does.

Therefore, any intervention performed to stimuktergy intake will rarely provide a
substantial reduction of the body energy defigcitsbme cases, a contemporary increase in
daily energy intake and milk production does notifyothe rabbit nutritional state.

In addition to the stimulation of milk productioany increase of DEI is generally
associated with increased feed intake. This leadsfaster digestive transit and a consequent
reduction in the digestive utilisation of the drgtanergy, which makes the objective of
solving the energy deficit even more difficult te lachieved (Blagt al, 1995; Xiccato,
1996).

Global feed conversion ratio

The main index of farm efficiency is global feechwersion ratio (FCR), i.e. the ratio
between the total quantity of feed consumed infénmn and the total weight of produced
rabbits. Feed conversion depends on results ofthetfattening and the reproductive sectors
of the rabbit farm. A global FCR around 3 is expeéctn efficient commercial intensive
farms when rabbits are slaughtered within 2.3 g liveight (Maertens, 2009), while with
higher slaughter live weights (2.5-2.8 kg) FCR aaB.7-3.8 are likely (Xiccato and
Trocino, 2007; Xiccatet al, 2007).

Dietary DE concentration

As mentioned above, the dietary DE concentratioectly influences feed intake and,
therefore, FCR. In fact, DE content may explairrgagpart of the variability of feed intake
(R?=0.75) and feed conversion ratio®R.74) in growing rabbits fed diets containing &0
12.0 MJ/kg DE from weaning until 75-79 d of ageg(F4) (data from four studies; Xiccato,
unpublished data). By the calculated equations. (&jgit appears that increasing the DE
concentration of 1 MJ/kg diet feed intake decredmses2 g/d and FCR by 0.29 points. The
use of dietary ADF instead of DE does not increhegorecision of the estimations since it is
highly correlated to DE concentration’®.97).
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Figure 4. Relationship between DE concentration in dietsfeed intake (a) and feed conversion ratio
(b) in growing rabbits: data from four studies @bbits caged individually and reared
from weaning (32-34 d) until slaughter (75-79 d)ogéto, unpublished data).

Our results agree with those of Maertens (2009) ifyaorted how increasing dietary
DE by 1 MJ DE/kg decreases FCR by 0.30-0.40 poiStmilar correlation (B=0.65)
between dietary DE and feed intake were found le@ie and Lebas (2005), who showed
an even greater correlation between dietary ADRg¥ed) and feed intake (FI):
FI (g/d) = -0.079 ADF(%)2? + 5.05 ADF(%) + 49.0 >.92.

Slaughter age and weight

In growing rabbits, FCR impairs with age from weanito slaughter with a trend
which is perfectly described {R0.99) by a cubic equation regardless from the BIges of
the diets used (Fig. 5), with an increment of FCBrenaccentuated in the last period of
fattening.
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Figure 5. Weekly evolution of FCR during post-weaning andtefaing in rabbits fed diets with
different DE concentration (Xiccato, unpublishedaja
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Therefore, when rabbits are slaughtered at higreghts (as the local market may
require), FRC of the entire fattening period isategly affected (Fig. 6).
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A DE 11.5 MJ/kg
Linear regr. (DE 8.5 MJ/kg)

o 4.00q =— =Linear regr. (DE 10.0 MJ/kg)
‘§ — = Linear regr. (DE 11.5 MJ/kg)
S
D 3.504
g ~-*
g
© 3.001 -
® - -
) o = e
iy .- A

2.50+ e Y- e

-
2.00 T T T T T !
2.0 2.2 2.4 2.6 2.8 3.0 3.2

Final live weight (kg)

Figure 6. Regression between final LW and FCR during fattgrin rabbits fed diets with different
DE concentration (Xiccato, unpublished data).

Non-dietary factors

Other important factors must be considered whenuatiag global farm FCR, like
mortality and doe productivity, which may dependfarm sanitary status and/or technical
choices and reproductive performance (e.g. reptoguchythm, fertility, culling rate, and so
on) (Xiccatoet al, 2007; Rebollaet al, 2009). Feeding the current commercial dietsh hig
reproductive performance (62 weaned rabbits/doe/ya@® necessary to bear a mortality
level in the fattening sector around 10% (TabléMaertens, 2009).

Global farm FCR can be calculated also as a funatioboth farm production level
(no. of produced rabbits/doe/year), that includes mortality in the reproducing and
fattening sectors, and slaughter weight (that amrsithe different market demand) (Table 5)
(Xiccato et al, 2007; Maertens, 2009). When reproductive peréorre are satisfying and
the number of produced rabbits/doe/year equal ghdri than 55, global FCR may be
maintained around or below 3 in animals slaughtate?l25 kg. With market weight equal or
higher than 2.5 kg, the same production levels fisrta maintain FRC at values around or
just lower 3.5, that is considered the least aa®@ptvalue from an economic point of view.
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Table 4. Global farm FCR as affected by the produa@bn level in the maternal sector
(no. weaned rabbits/doe/year) and mortality (%) inthe fattening unit (from
Maertens, 2009).

no. of weaned rabbits/doe/year

Mortality (%) during fattening 52 57 62
0 3.31 3.03 2.79
5 3.59 3.27 2.93
10 3.79 3.45 3.09
15 4.01 3.66 3.27

Table 5. Global farm FCR as affected by farm prodation level (no. of produced
rabbits/doe/year) and slaughter weight (modified fom Xiccato et al., 2007;
Maertens, 2009)

no. of produced rabbits/doe/year

Slaughter weight (kg) 35 40 45 50 55 60
2.00 3.92 3.64 3.39 3.21 3.07 2.97
2.25 4.11 3.79 3.53 3.34 3.19 3.08
2.50 4.38 4.03 3.75 3.55 3.39 3.25
2.75 4.70 4.34 4.05 3.81 3.59 3.45
3.00 5.04 4.69 4.35 4.10 3.85 3.68
Conclusions

Global feed conversion ratio is considered the niadlex of rabbit farm efficiency
that includes feeding, reproduction, managementraarket factors. Diet composition and
feed intake directly influence the value of glodaCR: diets and feeding plans must
maximize feed efficiency, reduce losses due todlige troubles in growing rabbits as well
as maintain high fertility and prolificacy in reghacing does. Daily energy intake is scarcely
modified by the diet composition and dietary eneogyncentration is the main variable
affecting feed intake. Therefore, increasing didE Dnproves feed conversion ratio in
fattening rabbits, but does not solve or reduceptioblem of energy deficit in reproducing
females. Onlyad libitumfeeding permits to maximize daily energy intakd &ed efficiency
in the reproducing and fattening sectors, whereanoderate feed restriction could be
supplied to nulliparous rabbits before first inseation to avoid overfattening and to young
rabbits after weaning if the beneficial effect dgestive health will be confirmed by further
studies. Global farm conversion ratio could be tarisally reduced by increasing dietary
energy concentration and reproductive efficienontmlling mortality and lowering rabbit
slaughter weight.

REFERENCES
Barreto, G. and De Blas, J.C. (1993)Effect of dietary fibre and fat content on the

reproductive performance of rabbit does bred at teimmating times during two
seasonsWorld Rabbit Sciencg, 77-81.



The 6th Inter. Con. on Rabbit Prod. in Hot Climssiit, Egypt, 1 - 18(2010) 13

Boisot, P., Licois, D. and Gidenne, T. (2003)Jne restriction alimentaire réduit I'impact
sanitaire d’'une reproduction expérimentale de 8erpathie épizootique (EEL) chez
le lapin en croissance. IRroceedings 10 Journées de la Recherche Cunicale
Mans, Francepp. 267-270.

Bonanno, A., Mazza, F., Di Grigoli, A. and Alicata,M.L. (2004). Effects of restricted
feeding during rearing, combined with a delayedtfinsemination, on reproductive
activity of rabbit does. InProceedings 8 World Rabbit Congres$uebla, Mexicp
pp. 224-230.

Castellini, C. (2007).Reproductive activity and welfare of rabbit do#alian Journal of
Animal Scienc&(Suppl.1), 743-747.

Castellini, C. and Battaglini, M. (1991).Influenza della concentrazione energetica della
razione e del ritmo riproduttivo sulle performart=dle coniglie. In:;Proceedings IX
Congresso Nazionale A.S.P.Rome, ItalyVol. |, pp. 477-488.

Cavani, C., Bianconi, L. and Urrai, G.F. (1991)Distribuzione automatizzata e frazionata
degli alimenti nel coniglio in accrescimento: 1.fllenza della modalita di
distribuzione e del livello alimentarén: Proceedings IX Congresso ASPA, Rome,
Italy, pp. 857-864.

Cervera, C., Ferndndez-Carmona, J., Viudes, P. anBlas, E. (1993) Effect of remating
interval and diet on the performance of female itsbbnd their litters Animal
Production56, 399-405.

De Blas, J.C. and Mateos, G.G. (1998Feed formulation. In: De Blas, C. and Wiseman, J.
(Eds.)The Nutrition of the RabbiCABI Publishing, Wallingford, UK. pp. 241-253.

De Blas , J.C., Taboada, E., Mateos, G., Nicodemusd, and Mendez, J. (1995)Effect of
substitution of starch for fibre and fat in isoegedic diets on nutrient digestibility
and reproductive performance of rabbdsurnal of Animal Sciencé3, 1131-1137.

De Rochambeau, H. (1990)Génétique du lapin domestique pour la productiepail et la
production de viande: revue bibliographique 198871€uni-Sciencé(2) 17-48.

Fortun, L., Prunier, A. and Lebas, F. (1993).Effect of lactation on fetal survival and
development in rabbit does mated shortly afterysaidon. Journal of Animal Science
71, 1882-1886.

Fortun, L., Prunier, A., Etienne, M. and Lebas, F.(1994). Influence of the nutritional
deficit of foetal survival and growth and plasma abelites in rabbit does.
Reproduction Nutrition DevelopmeBd4, 201-211.

Fortun-Lamothe, F. (1998). Effect of pre-mating energy intake on reproductive
performance of rabbit doe&nimal Sciencé6, 263-269.

Fortun-Lamothe, L. and Lebas, F. (1996)Effects of dietary energy level and source on
foetal development and energy balance in concuyremtegnant and lactating
primiparous rabbit doe&nimal Sciencé2, 615-620.



14 G. Xiccato and A. Trocino

Fraga, M.J., Lorente, M., Carabafio, R. and De Blas]).C. (1989).Effect of diet and
remating interval on milk production and milk corsgimn of the doe rabbinimal
Production48, 59-466.

Gidenne, T. (2003).Fibres in rabbit feeding for digestive troublegvyantion: respective
role of low-digested and digestible fibtevestock Production Scien&d, 105-117.

Gidenne, T. and Garcia, J. (2006)Nutritional strategies improving the digestive lteaf
the weaned rabbit. In: Maertens, L. and CouderfERs.)Recent Advances in Rabbit
SciencelLVO, Melle, Belgium, pp. 229-238.

Gidenne, T. and Lebas, F. (2005} .e comportement alimentaire du lapin. Rroceedings
11°™*Journées de la Recherche Cunic®aris, Francepp. 183-196.

Gidenne, T., Feugier, A., Jehl, N., Arveux, P., Bsot, P., Briens, C., Corrent, E.,
Fortune, H., Montessuy, S. and Verdelhan, S. (20Q3)n rationnement alimentaire
guantitatif post-sevrage permet de réduire la feége des diarrhées, sans
dégradation importante des performance de croissa@sultats d’une étude multi-
site. In: Proceedings 19 Journées de la Recherche Cunicdle Mans, France,
pp.29-32.

Khalil, M.H. and Al-Saef, A.M. (2008). Methods, criteria, techniques and genetic resgonse
for rabbit selection: a review. In: Xiccato, G.,0€mo, A. and Lukefhar, S.D. (Eds.)
Proceedings @ World Rabbit Congress, VeronaFondazione Iniziative
Zooprofilattiche e Zootecniche, Brescia, Italy, BgB4.

Lebas, F., Gidenne, T., Perez, J.M., Licois, D. (28). Nutrition and pathology. In: De
Blas, C. and Wiseman, J. (EdShe Nutrition of the RabbitCABI Publishing,
Wallingford, UK. pp. 197-213.

Maertens, L. (1992).Rabbit nutrition and feeding: a review of some réadevelopments.
Journal of Applied Rabbit Researth, 889-913.

Maertens, L. (2009).Possibilities to reduce the feed conversion irbitaproduction.In:
Proceedings Giornate di Coniglicoltura ASIC 2009y, Italy, pp. 1-10.

Maertens, L. and De Groote, G. (1988)The influence of the dietary energy content on the
performances of post-partum breeding does. Rroceedings 4th World Rabbit
CongressBudapestyVol. 3. Sandor Holdas, Hercegalom, pp. 42-52.

Matics, Zs., Nagy, |., Bir6-Németh, E., Radnai, |.,Gerencsér, Zs., Princz, Z. and
Szendm, Zs. (2008).Effect of feeding regime during rearing and agérat mating
on the reproductive performance of rabbits doesPtoceedings 9th World Rabbit
Congress Verona pp. 399-404. http://world-rabbit-science.com/WRSA
Proceedings/Congress-2008-Verona/Papers/R-Matics.pdcessed on July 30,
20009.

Nizza, A., Di Meo, C. and Esposito, L. (1997)nfluence of the diet used before and after
the first mating on reproductive performance otbitdoes.World Rabbit Sciencs,
107-110.

Ouhayoun, J. (1989).La composition corporelle du lapin. Facteurs deat@ns. INRA
Production Animak, 215-226.



The 6th Inter. Con. on Rabbit Prod. in Hot Climssiit, Egypt, 1 - 18(2010) 15

Ouhayoun, J., Poujardieu, B., and Delmas, D. (1986Influence des conditions d'élevage
et du rationnement sur la vitesse de croissandepin entre 11 et 20 semaines. 2 —
Composition corporelleln: Proceedings 4™ Journées de la Recherche Cunicole,
Paris, France Communication No. 24.

Parigi Bini, R. and Xiccato, G. (1986)Utilizzazione dell'energia e della proteina digéeb
nel coniglio in accresciment@oniglicoltura23(4), 54-56.

Parigi Bini, R. and Xiccato, G. (1993).Recherches sur linteraction entre alimentation,
reproduction er lactation chez la lapine. Une reWerld Rabbit Sciencg, 155-161.

Parigi Bini, R. and Xiccato, G. (1998) Energy metabolism and requirements. In: De Blas,
C. and Wiseman, J. (EdsJhe Nutrition of the RabbitCABI Publishing,
Wallingford, UK. pp. 103-131.

Parigi Bini, R., Xiccato, G. and Cinetto, M. (1989) Influenza dell'intervallo parto-
accoppiamento sulle prestazioni riproduttive delteiglie fattrici. Coniglicoltura
26(7), 51-57.

Parigi Bini, R., Xiccato, G. and Cinetto, M. (1991) Utilization and partition of digestible
energy in primiparous rabbit does in different pbimjical states. InProceedings
12th International Symposium on Energy Metaboliguomjch. Institute for Animal
Sciences, Swiss Federal Institute of Technologyichupp. 284-287.

Parigi Bini, R., Xiccato, G., Cinetto, M. and DalleZotte, A. (1992).Energy and protein
utilization and partition in rabbit does concurtgrregnant and lactatingdnimal
Production55, 153-162.

Parigi Bini, R., Xiccato, G., Cinetto, M., Dalle Zdte, A., Carazzolo, A., Castellini, C.
and Stradaioli, G. (1996).Effect of remating interval and diet on the peniance
and energy balance of rabbit does. In: Lebas, &) Rroceedings 6th World Rabbit
CongressToulouse, FranceVol. 1. Association Frangais de Cuniculture, Lenyde
France, pp. 253-258.

Partridge, G.G. (1986). Meeting the protein and energy requirements ofdbmmercial
rabbit for growth and reproduction. IRroceedings 4th World Congress of Animal
Feeding, Madrid, Spairivol. IX. Editorial Garsi, Madrid, Spain, pp. 22¥-/.

Partridge, G.G., Daniels, Y. and Fordyce, R.A. (198. The effects of energy intake during
pregnancy in doe rabbits on pup birth weight, militput and maternal body
composition change in the ensuing lactatialournal Agricultural Science,
Cambridgel07, 697-708.

Pascual, J.J., Cervera, C., Blas, E. and Fernandé€zarmona, J. (1998).Effect of high fat
diets on the performance and food intake of primipa and multiparous rabbit does.
Animal Scienc®&6, 491-499.

Pascual, J.J., Cervera, C., Blas, E. and Ferndndé€zarmona, J. (1999a) Effect of high
fat diets on the performance, milk yield and midagosition of multiparous rabbit
does.Animal Sciencé&8, 151-162.



16 G. Xiccato and A. Trocino

Pascual, J.J., Tolosa, C., Cervera, C., Blas, E. drFernandez-Carmona, J. (1999b).
Effect of diets with different digestible energyntent on the performance of rabbit
does Animal Feed Science and Technol@&jy 105-117.

Pascual, J.J., Cervera, C. and Ferndndez-Carmona, {2000).The effect of dietary fat on
the performance and body composition of rabbitsheir second lactatiorAnimal
Feed Science and Technoldgfy, 191-203.

Pascual, J.J., Cervera, C. and Fernandez-Carmona, §2002a).A feeding programme for
young rabbit does based on lucemérld Rabbit Scienct0, 7-14.

Pascual, J.J., Motta, W., Cervera, C., Quevedo, RBlas, E. and Fernandez-Carmona, J.
(2002b). Effect of dietary energy source on performance perenal fat thickness
evolution of primiparous rabbit doesnimal Scienc&5, 267-279.

Pascual, J.J., Cervera, C., Blas, E. and Fernandé€zarmona, J. (2003) High-energy diets
for reproductive rabbit does: effect of energy seumutrition Abstracts and
Reviews, Series B: Livestock Feeds and Feetn@7R-39R.

Pascual, J.J., Xiccato, G. and Fortun-Lamothe, L.4006). Strategies for doe’s corporal
condition improvement —relationships with litterakility and career length. In:
Maertens, L. and Coudert, P. (Ed&®gcent Advances in Rabbit Scientie/O,
Melle, Belgium, pp. 247-258.

Perez De Rozas, A.M., Carabafo, R., Garcia, J., Rsdl, J., Diaz, J.V., Barbe, J.,
Pascual, J.J. and Badiola, I. (2005)Etiopatogenia de la Enteropatia Epizotica del
Conejo. In:Proceedings XXX Symposium de Cuniculture, Valldd&painpp. 167-
174.

Perrier, G. (1998).Influence de deux niveaux et deux durées de céisti alimentaire sur
I'efficacité productive du lapin et les caractégees bouchéres de la carcadse.
Proceedings 7"**Journées de la Recherche Cunicole, Lyon, Frappel179-182.

Perrier, G. and Ouhayoun, J. (1996).Growth and carcass traits of the rabbit. A
comparative study of three modes of feed ratiowimgng fatteninglin: Proceedings
6" World Rabbit Congress, Toulouse, Frande). 3, pp. 225-232.

Quevedo, F., Cervera, C., Blas, E., Baselga, M., &a, C. and Pascual, J.J. (2005).
Effect of selection for litter size and feeding gramme on the development of
rearing rabbits doe&nimal Scienc&0, 161-168.

Rebollar, P.G., Pérez-Cabal, M.A., Perada, P.L., Aas-Alvarez, M. and Garcia-
Rebollar, P. (2009).Effects of parity order and reproductive managenanthe
efficiency of rabbit productive systemsvestock Sciencg&21, 227-233.

Rommers, M.J., Kemp, B., Meijerhof, R. and Noordhuzen, J.P.T.M. (2001) Effect of
different feeding levels during rearing and age fiedt insemination on body
development, body composition, and puberty charisties of rabbit doesWorld
Rabbit Scienc8, 101-108.



The 6th Inter. Con. on Rabbit Prod. in Hot Climssiit, Egypt, 1 - 18(2010) 17

Rommers, J.M., Meijerhof, R., Noordhuizen, J.P.T.M. and Kemp, P. (2002).
Relationships between body weight at first matind aubsequent body development,
feed intake, and reproductive performance of raldaesJournal of Animal Science
80, 2036-2042.

Rommers, M.J., Meijerhof, R., Noordhuizen, J.P.T.M.and Kemp, B. (2004)The effect
of level of feeding in early gestation on reprodegtsuccess in young rabbit does.
Animal Reproduction Scien®&d, 151-158.

Rommers, J., Maertens, L., and Kemp, B. (2006New perspectives in rearing systems for
rabbit does. In: Maertens, L. and Coudert, P. .Jeldscent Advances in Rabbit
SciencelLVO, Melle, Belgium, pp. 21-51.

Theilgaard, P., Sanchez, J.P., Pascual, J.J., Friggs, N.C. and Baselga, M. (2007).
Effect of body fatness and selection for prolifigagn survival of rabbit does
assessed using a cryopreserved control populdffeestock Scienc#03, 65-73.

Tudela, F. (2009).Produccién de conejos con restricciones alimeagalm: Proceedings
XXX Symposium ASESCU, Sevilla, Sppm, 14-21.

Viudes-De-Castro, P., Santacreu, M.A. and Vicentd,S. (1991) Effet de la concentration
énergétique de l'alimentation sur les pertes enmmgives et foetales chez la lapine.
Reproduction Nutrition DevelopmeBt, 529-534.

Xiccato, G. (1996).Nutrition of lactating does. In: Lebas, F. (eBrpoceedings 6th World
Rabbit Congress, Toulous¥pl. 1. Association Francaise de Cuniculture, Ldag
France, pp. 29-50.

Xiccato, G. (1999).Feeding and meat quality in rabbits: a revigMarld Rabbit Sciencé,
75-86.

Xiccato, G. and Trocino, A. (2007)ltalia, un sistema de produccion cunicola integrau
Proceedings Il Congreso Ibérico de Cuniculturageal, Portugalpp. 163-172.

Xiccato, G. and Trocino, A. (2008) Nutrition and feeding of breeding does and budiks.
Fekete, S.Gy. (ed.Veterinary Nutrition and DieteticsPro Scientia Veterinaria
Hungarica Foundation, Budapest, pp. 755-779.

Xiccato, G. and Trocino, A. (2010)Energy and protein metabolism and requirements. In:
De Blas, C. and Wiseman, J. (EdShe Nutrition of the Rabbit {2Edition). CABI
Publishing, Wallingford, UK (in press).

Xiccato, G., Bernardini, M., Castellini, C., DalleZotte, A., Queaque, P.l. and Trocino,
A. (1999). Effect of postweaning feeding on performance andrgy balance of
female rabbit at different physiological stat@eurnal of Animal Sciencé&7, 416-
426.

Xiccato, G., Parigi Bini, R., Cinetto, M. and DalleZotte, A. (1992).The influence of
feeding and protein levels on energy and protdlization by rabbit doeslournal of
Applied Rabbit Researctb, 965-972.



18 G. Xiccato and A. Trocino

Xiccato, G., Parigi Bini, R., Dalle Zotte, A., Carazolo, A. and Cossu, M.E. (1995).
Effect of dietary energy level, addition of fat apldysiological state on performance
and energy balance of lactating and pregnant ratd#s.Animal Scienceés1, 387-
398.

Xiccato, G., Trocino, A., Sartori, A. and QueaqueP.l. (2004).Effect of doe parity order
and litter weaning age on the performance and leehrgy deficit of rabbit does.
Livestock Production Scien&®, 239-251.

Xiccato, G., Trocino, A., Boiti, C. and Brecchia, G(2005).Reproductive rhythm and litter
weaning age as they affect rabbit doe performandebady energy balancAnimal
Science81, 289-296.

Xiccato, G., Trocino, A. and Nicodemus, N. (2006Nutrition of the young and growing
rabbit: a comparative approach with the doe. IneiN&ns, L. and Coudert, P. (eds.)
Recent Advances in Rabbit Scient® O, Melle, Belgium, pp. 239-246.

Xiccato, G., Trocino, A., Fragkiadakis, M. and Majdini, D. (2007). Enquéte sur les
élevage de lapins en Vénétie: résultats de gestidmique et estimation des rejets
azotés. InProceedings 19'*sJournées de la Recherche Cunicdle Mans, France,
pp. 167-169.



