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ABSTRACT: This experiment aimed to study the effects of feed restriction (FR) on
weaning New Zealand White Rabbit's growth performance. Seventy-five unsexed
rabbits (5 weeks of age) were divided to five experimental treatments with five equal
replications. Feed restriction program was used in the first two weeks (5-7 weeks old)
after weaning as follows; the first treatment (control) was free fed the experimental diet.
While other treatments (2 to 5) were fed restricted diets at levels of 10, 20, 30 and 40%,
respectively from the free feeding of the control. All rabbits were free fed grower diet
from A to 12 weeks of age. During this trial rabbit growth performance were evaluated,
carcass traits, mortality rate and economic efficiency. Some blood parameters in rabbit
serum were also determined. The obtained results illustrated that final weight of rabbit
was recovered and feed conversion ratio was improved by FR. FR program did not
affect carcass traits. Serum blood parameters were not affected by feed restriction. It
could be concluded that feed restriction at levels of 30 or 40% during the first two
weeks after weaning had beneficial effects on rabbit growth performance, improved
feed conversion and economic efficiency and decreasing mortality rate.
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INTRODUCTION

The rapid growth rate in early life of
rabbit is accompanied by some problems,
such as increased body fat deposition,
high mortality, metabolic problems.
Using FR for weanling rabbits may be
improve feed utilization (Gidenne et al.,
2009 and Gidenne et al., 2012), to induce
compensatory growth. (Foubert et al.,
2008). Also, to decrease carcass fat, and
improve nutrients utilization during
restricted feeding period (Di Meo et al.,
2007).

In commercial farms, growing rabbits are
usually fed ad libitum (Maertens, 2009).
However, feeding can be restricted during
the post-weaning period to improve
feeding efficiency and standardize growth
rate in rabbits with a different intake level
or to control the digestive disorders
(Gidenne et al., 2009, 2011 and Maertens
and Gidenne, 2016). FR is a good
strategy for growing rabbit production, as
it can lower the cost of feeding and
decrease health disorders (Foubert et al.,
2008).

Generally, the post-weaning period
corresponds to an increased sensitivity to
digestive troubles, with a higher mortality
comparing to the finishing period
(Gidenne et al., 2005). Gidenne et al.
(2009) found that impair final live
weights (FBW) and slaughter yields by
restricted feed (20% to 40%) for three or
four-weeks post-weaning. Free feeding
was used for growing rabbits to maximize
their production (Maertens, 2010). FR is
an animal production strategy with the
purpose of reducing feed intake to reduce
the feeding costs and the incidence of
gastrointestinal pathologies (Alabiso et
al., 2017), especially after stress time,
such as weaning (Gallois et al., 2008).
Recently, Birolo et al., (2016) reported
that restriction program (93% of ad
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libitum) during the first period improved
rabbit health status in the fattening sector
without negative effects on growth
performance or carcass traits.

Economic efficiency (EE) can be
improved with decreasing feeding cost
through using strategy of FR which gave
a beneficial effect of feeding utilization
and weight gain. Therefore, the objective
of the present study was to investigate the
effect of feed restriction during the first
two weeks after weaning on growth
performance,  economic  efficiency,
mortality rate of growing NZW rabbits,
carcass yield and blood parameters.

MATERIALS AND METHODS
Experimental design
The current experiment was carried out at
the Rabbit Research Unit, Faculty of
Agriculture, Mansoura University, Egypt,
during October and November, 2020.
Seventy-five NZW weaned rabbits (5-
week-old) with a mean weight of 652+g.
The rabbits were divided to five
experimental treatments (T1, T2, T3, T4
and T5), each with five replicates (Table
1). Three rabbits were kept in each cage
(45 x 45 x 35 cm) and fed pelleted
commercial grower diets (CP, 18% ; DE,
2500 kcal/kg) formulated to meet
recommended nutrient requirements of
rabbits according to NRC (1977). In the
first and second week in this trail, the
rabbits in T1 were free fed the
experimental diet. However, animals in
other treatments (T2, T3, T4 and T5)
were fed restricted diets at levels of 10,
20, 30 and 40%, respectively of the free
feeding of T1. All rabbits were free fed
the grower diet from 8 to 12-week-old.
Growth performance
Weekly body weight (BW), daily feed
intake (DFI) and weight gain (TBG) were
recorded whereas feed conversion ratio
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(FCR) were weekly calculated and during
whole experimental period (5-12 weeks
of age) was also, calculated. Mortality
rate (MR%) of rabbits was also recorded
during the trial period. Economic
efficiency (EE) of growing NZW rabbits
was calculated; EE = [(Net return) / feed
cost) x 100]. Where the price of one kg
rabbit = 40 EGP and the cost of one kg
diet = 6.0 EGP.

Carcass traits

Five rabbits’ treatment at 12-week-old
were chosen randomly for slaughter test
after 12 hrs. without feeding before
slaughtering. LBW of rabbits were
recorded, and slaughter test was
performed to calculate carcass yield and
components percentage of LBW.

Blood parameters

At slaughtering, five rabbits from each
treatment were chosen to collect five
blood samples. The serum was separated
by centrifugation process (3000 rpm
through 20 minutes). Serum blood
parameters of total protein (TP); Henry
(1964), albumin (Alb); Doumas et al.
(1971) were determined, Globulin (Glb)
was determined by subtracting Alb from
TP. Total lipids (TL) by the method of
Chabrol and  Charonnat  (1973);
triglycerides  (TG); Tietz  (1995),
cholesterol (TC); Allain et al. (1974) and
high-density lipoprotein cholesterol (HDL)
Sawle et al. (2002) were determined using
diagnostic kits. Serum concentration of
low-density lipoprotein-cholesterol (LDL)
was also estimated according Friedewald
et al. (1972). The activity of alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST) were estimated
by diagnostic commercial kits (Reitman
and Frankel, 1957). Total antioxidant
capacity (TAC), malondialdehyde (MDA)
and superoxide dismutase (SOD) were
determined according to Koracevic et al.
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(2001), Mihara and Uchiyama (1978) and
Yi-Sun et al., (1988), respectively.
Corticosterone (Cort.) concentration in
blood serum was determined (Jezova et
al., 1994).
Statistical analysis
One-way analysis of variance using
Statgraphics (Rockville, 1991) was used
to analyze the obtained data. The
significance level of 0.05 was used to
consider  the  differences  among
treatments were significant (Duncan,
1955). The following statistical model
was used: Yij = i + Fi + eij. Where: Yij =
observed traits; i = the overall mean; Fi =
effect of feed restriction; eij =
experimental random error.

RESULTS AND DISCUSSION
Growth performance
Table 1 showed a significant (P< 0.01)
impair in LBW of rabbits fed restricted
diets during 6", 7", 8" weeks of ages.
Where, the values of LBW in T4, T5
were lower compared with the other
treatments. However, LBW was not
significantly affected by FR at 9™ to 12"
weeks of age. Daily gain (ADG) of
rabbits fed restricted diets was decreased
significantly during 6™ — 7" weeks of age.
Through the 6™ week the values of ADG
in T1, T2, T3 were high comparing with
T4 and T5. However, during the 7%
week, the values of ADG in T4, T5 were
lower compared with the other treatments
(T1, T2 and T3). Whereas ADG was
significantly similar for all experimental
treatments during the period from 8" to
12" weeks of age. Disappear of
significant differences in weight gain
among the experimental treatments
during the period from 8 to 12 weeks of
age may be due to compensatory growth
and better feed utilization and the start of
free feeding in rabbits fed restricted diets.
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Our results agree with those of Fadel et
al. (2019) who showed that FR to 50g
feed/ rabbit/day during two or three
weeks after weaning resulted in increased
marketing weight of rabbits compared
with the control group. Tumova et al.
(2016) observed that compensatory
growth due to better digestion nutrients
during restricted feed and at the start of
free feeding. The results of Knudsen et al.
(2014) showed improvement in rabbit
FBW by FR post-weaning period due to
compensatory in growth associated with
increased feed intake (FI). Yassein et al.
(2011) showed that BW of rabbits fed
restricted diet (60% of free feeding)
significantly lower than the control at 49
days old. They mentioned that rabbits had
a significant compensatory growth after
FR period. Also, Martignon et al. (2010)
mentioned that FR caused to compensate
in weight gain by about 20 to 30% more
than the control treatment. Foubert et al.
(2008) reported that rabbits subjected to
FR had higher FBW due to compensatory
growth,

In these respects, Birolo et al. (2017)
found that growth rate of rabbits did not
affect by rabbits exposed to FR. Also, EI-
Speiy et al. (2015) illustrated the lowest
rabbits TBG due to subjected rabbits fed
restricted diet (50 g diet /d/ rabbit) during
the 5™ to the 6™ and (90 g diet/d /rabbit)
during the 8" to 9" weeks compared with
the other groups. Uhlifova et al., (2015)
reported that FBW decreased due to
rabbits subjected to FR. Also, Gidenne et
al. (2009) observed that FR for rabbits
caused to an improvement in weight gain
and marketing weight. Bergaoui et al.
(2008) found that rabbits subjected to FR
(85% and 70% of free feed) had lower
BW compared to the control group. Di
Meo et al., (2007) found that rabbits
exposed to FR decreased marketing
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weight.  Tumova et al. (2003)
demonstrated that FBW of rabbits did not
affect by FR.

In Table (2), results showed significant
increase in FI of the control comparing
with fed restricted diet groups during the
periods of 6™ and 7" weeks of age. FI
was not significant differ duringh the
experimental periods of 8", 9" 11™ and
12" weeks of age by the experimental
treatments. During the 10™ week of age
rabbits fed restricted diet at level of 40%
(T5) consumed less feed comparing with
the control group T2 and T3. During the
whole period of study (5-12 weeks of age)
rabbits of the control group consumed
more feed (P<0.05) comparing with
rabbit in T4 and T5 without differences
between the control group and T2 or T3.

Data in Table 2 showed that FCR
improved bX FR treatments during the
periods of 5™ to 10" weeks of age and the
whole period of study (5-12 weeks of
study). While FCR was not differed
among the experimental treatments at the
other periods of study. During the whole
period of study, the control group (T1)
achieved the worth FCR comparing with
T3, T4 and T5, but not differ with T2.
The obtained results revealed good
performance for feed restriction groups
regarding to final body weight, weight
gain and feed conversion, may be due to
the compensatory growth after restriction
period.

In agreement with our results, Abou-
Kassem (2017) found that FI of NZW
rabbits in control group increased
compared with other groups subjected to
FR (50 -75-100-125 g/d/rabbit for two
weeks) during all experimental periods.
Also, El-Speiy et al. (2015) found that
rabbits fed restricted diet (50g/rabbit/day)
consumed less feed comparing with
control rabbits. However, improved feed
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utilization. On the other hand, Yassein et
al. (2011) illustrated that FI and FCR of
growing rabbits did not significantly
influence by restricted feeding.

Fadel et al. (2019) observed that FR (50 g
feed/head/day) significantly improved
FCR comparing with the control
counterparts. Birolo et al. (2017) found
that FCR of growing rabbits improved by
rabbits subjected to 20% FR. Gidenne et
al. (2009), Gidenne and Feugier (2009)
Gidenne et al. (2012) found that rabbit
subjected to FR post weaning achieved
best feed conversion ratio FCR and
improved marketing weight of rabbits.
Also, Cavani et al. (2009) reported that
feed efficiency of rabbits exposed to FR
was improved. In this meaning, Di Meo
et al. (2007) found that digestion
coefficient of nutrients was improved
leading to improvement in FCR for
rabbits exposed to FR.

However, Alabiso et al. (2017) demonstrated
that restricted feeding for three weeks post
weaning resulted in reducing FI and FCR of
fattening rabbits. Birolo et al. (2016) showed
that FR post weaning reduced FI for growing
rabbits. Also, Maertens and Gidenne (2016)
found that FR (20-40%) led to low DFI and
improve FCR for growing rabbits. In this
meaning, Romero et al. (2010) showed that
restricted feed (fed 8 hours daily at 2 weeks

after weaning) for growing rabbits decreased Fl,

however FCR did not improve in all
experimental period. Tumova et al. (2003)
found that FCR of growing rabbits was
not affected by FR.

Mortality and economic efficiency
Mortality ratio (MR, %), viability (V %)
percentages and economic efficiency
(EE) for rabbits subjected to feed
restriction were significantly improved
(Table 3). MR (%) value was high for
control group compared with other
groups of rabbits subjected to FR. EE
values were significantly high in T5 (40%
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FR) followed by values with T4, T3, T2,
and T1 (control group), respectively.

The results are in harmony agreement
with Abou-Kassem (2017) who showed

that MR (%) of rabbits did not
significantly affect by FR during
experimental periods and EE was

improved because of FR on carcass
weight improvement. Mousa et al. (2017)
found that rabbits subjected to FR had
lower MR (11%) than the control group
(15%). El-Speiy et al. (2015) observed
that MR of rabbits reduced by FR (50
g/d/rabbit) compared to the control and
improved EE. Gidenne et al. (2012)
reported that MR of growing rabbits
decreased with FR (2 or 3 weeks of
growing period). Romero et al. (2010)
observed that rabbits exposed to FR (fed
8 hours daily at 2 weeks after weaning)
had low MR because of FR reduced
bloated abdomen, relatively low body
weight, diarrhea. Gidenne et al. (2009)
indicated that rabbits subjected to FR
decreased MR compared with control
rabbits. On the other hand, Ebeid et al.
(2012) found that MR of fattening rabbits
did not affected by FR.

The current results partially agree with
the finding of Oliveira et al. (2012) who
found that FR had best EE of growing
rabbit compared with the control group.
Also, Gidenne et al. (2003) reported that
weaning rabbits fed restricted diets
reduced feeding cost and decreased the
health risk which leads to the beneficial
effect on EE.

Carcass traits

In Table 4, carcass traits of rabbits at the
end of the experiment were not
significantly affected by FR.

Confirming to our results, Birolo et al.
(2016 & 2017) found that carcass parts
percentage of growing rabbits did not
affect by FR. Cavani et al. (2009)
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reported that carcass traits did not affect
by FR of rabbits. Boisot et al. (2004)
showed that rabbits fed restriction did not
affected of carcass traits percentage.
Tumova et al. (2003 and 2006) reported
that carcass weight of rabbits did not
affect by FR, but renal fat was decreased.

On the other hand, Abou-Kassem (2017)
showed that rabbits carcass weight
improved by restricted feeding of rabbits.
Regarding carcass traits, Gidenne et al.
(2009) observed that rabbits fed
restriction (20%) had significantly
positively affected on carcass percentage
compared with the control group.
However, Tumova et al. (2004) found
that rabbits feed restriction had improved
carcass weight and decreased fat
deposition.

Oliveira et al. (2012), and Alabiso et al.
(2017) found decreased carcass yield for
rabbits subjected to feed restriction. Also,
El-Speiy et al. (2015) observed that
rabbits subjected to restricted feeding (50
g/d/rabbit) at long time had significantly
decreased carcass weight percentages
compared with the other groups. Uhlifova
et al. (2015) reported that rabbits carcass
weight impaired due to exposed to FR
and enhance digestive tract weight and
decreased growth rate. Bergaoui et al.
(2008) found that rabbits carcass weight
percentage had significantly decreased by
restricted feeding compared to the control

group.
Serum blood parameters

The obtained results revealed
insignificant effect in all serum blood
parameters with exception of
corticosterone which increased

significantly due to FR (Table, 5). The
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absence of significance in  blood
parameters revealed that good health
status of the experimental rabbit groups.
Regarding to our results, Abou-Kassem
(2017) observed that blood parameters of
(TP, Alb, Glb, AST and ALT) of growing
rabbits did not affect by FR. Ebeid et al.
(2012) found that there is no significant
effect to FR in plasma TP. Nafeaa et al.
(2011) observed that rabbits fed restricted
diet had no significant effect in blood
traits expect serum TP was significantly
decreased by FR. Also, Van Harten and
Cardoso (2010) observed that, the blood
glucose was not affected by restricted
feeding in the NZW. Tumove et al. (2007)
reported that rabbits exposed to FR did
not significantly affect in blood
parameters.

On the other hand, Fadel et al. (2019)
observed that slight restriction (50 ¢
feed/head/day) reduced blood glucose and
improved the triglycerides and cholesterol
levels in growing rabbits compared with
control group. Also, El-Speiy et al. (2015)
observed that rabbits exposed to restricted
feeding (50 g/d/rabbit) had significantly
decreased TL, TC, TP and TG comparing
with the control rabbit. Gidenne et al.,
(2011) illustrated that rabbit blood
concentration of TP, Alb, Glb, TG and
TC concentrations were increased in
restricted groups than control rabbits.

CONCLUSION
It could be concluded that feed restriction
at levels of 30 or 40% during the first two
weeks after weaning had beneficial
effects on rabbit growth performance,
improved feed conversion and economic
efficiency and decreasing mortality rate.
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Table (1): Effects of feed restriction on weekly body weight (g) and daily body weight
gain (g) of NZW rabbits

Treatments Weekly Body Weight
5 6 7 8 9 10 11 12

T1 651.0 | 822.2% | 997.2% | 1166.2% | 1352.5 | 1574.2 | 1773.0 | 1975.3
T2 655.3 | 809.3* | 969.8° | 1165.5% | 1368.0 | 1573.3 | 1767.3 | 1971.3
T3 651.3 | 809.3* | 954.3° | 1137.7% | 1341.7 | 1546.7 | 1768.0 | 1970.0
T4 651.7 | 784.0° | 910.7° | 1095.0° | 1311.0 | 1518.8 | 1722.7 | 1941.7
T5 652.0 | 783.3° | 898.0° | 1099.7" | 1300.3 | 1492.3 | 1696.3 | 1928.0
SEM 2.13 6.89 8.45 16.06 | 20.24 | 21.33 | 29.08 | 32.04
Significance | NS ** ** *x NS NS NS NS
Treatments Daily body weight gain (Age intervals; wks)

5-6 6-7 7-8 8-9 9-10 | 10-11 | 11-12 | 5-12
T1 2450% | 24.92% | 24.14 | 26.62 | 31.67 | 28.40 | 28.90 | 28.18
T2 22.00* | 22.92* | 27.95 | 28.93 | 29.33 | 27.71 | 29.14 | 28.00
T3 22.57% | 20.71° | 26.19 | 29.14 | 29.29 | 31.62 | 28.86 | 28.06
T4 18.90° | 18.10° | 26.33 | 30.86 | 29.69 | 29.12 | 31.29 | 27.45
T5 18.76° | 16.38° | 28.81 | 28.67 | 27.43 | 29.14 | 33.10 | 27.15
SEM 0.88 0.76 1.90 1.32 1.63 1.48 2.33 0.68
Significance | ** *x NS NS NS NS NS NS

a-c: Means within column with different superscripts are significantly different.
SEM = Standard error of the means; NS=Not significant; **= Significant at P<0.01
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Table (2): Effects of feed restriction on daily feed intake (g) and feed conversion ratio of
NZW rabbits

Treatments Daily feed intake (Age intervals; wks.)

5-6 6-7 7-8 8-9 9-10 | 10-11 | 11-12 | 5-12
T1 50° 65 | 71.33 | 88.88 | 108.31% | 122.05 | 113.86 | 88.49*
T2 45° | 585° | 79.45 | 86.64 | 106.98% | 118.95 | 109.14 | 86.38%
T3 40° 52° | 74.48 | 90.90 |101.48° | 115.38 | 105.95 | 82.88**
T4 35° | 455 | 73.83 | 85.19 | 94.21*° | 115.45 | 111.29 | 80.07"
T5 30° 39° | 79.43 | 81.1 | 82.24° | 109.05 | 107.24 | 75.44°
SEM 0.0 0.0 448 | 5.39 5.32 6.87 | 7.12 2.53
Significance ** ** NS NS * NS NS *
Treatments Feed conversion ratio (Age intervals; wks)

5-6 6-7 7-8 8-9 9-10 | 10-11 | 11-12 | 5-12
T1 205°| 261 | 3.02 | 3.38 344 | 429° | 412 | 3.14°
T2 2.05° | 257 | 2.83 | 299 3.66 | 4.29° | 3.74 | 3.08™
T3 1.78"° | 253 | 285 | 3.16 348 | 367* | 3.76 | 2.96
T4 1.87°°| 254 | 284 | 2.78 320 | 3.96® | 357 | 2.92%®
T5 1.62% | 239 | 275 | 2.83 305 | 3.75% | 325 | 2.78°
SEM 0.08 | 0.098 | 0.12 | 0.22 020 | 0.13 | 0.29 0.06
Significance ** NS NS NS NS il NS *x

Different superscripts in the same column indicate significant difference between means at
P<0.05.

SEM = Standard error of the means; NS=Not significant; *=Significant at P<0.05; **=
Significant at P<0.01

Table (3): Effects of feed restriction on mortality, viability and economic efficiency of
feed

Treatments Mortality Viability Economic
(%) (%) efficiency
(%)
T1 33.3° 66.67" 103.8°
T2 13.33° 86.67° 107.9°
T3 0.0° 100° 116.5"
T4 6.67° 93.33% 119.5%
T5 0.0° 100° 130.5°
SEM 6.67 6.67 4.45
Significance * * *x

Different superscripts in the same column indicate significant difference between means at
P<0.05.
*=Significant at P<0.05; **= Significant at P<0.01
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Table (4): Effects of feed restriction on carcass traits of NZW rabbits

Live : . . Total | Non-
Treatments | weight Carcass | Feet+fur | Kidneys | Heart | Liver | Giblet | edible | edible
% % (%) (%) | (%) (%) | parts | parts
© %) | (%)
Tl 1934 52.26 18.21 0.54 0.28 | 401 | 483 | 57.09 | 4291
T2 1944 52.81 18.05 0.56 0.29 | 3.85 | 4.69 | 57.51 | 42.49
T3 2012 54.02 17.75 0.58 0.29 | 3.62 | 4.48 | 58.50 | 41.50
T4 1955 52.50 19.12 0.58 0.30 | 3.60 | 4.48 | 56.98 | 43.02
T5 1951 53.57 18.96 0.58 0.29 | 390 | 4.76 | 58.34 | 41.66
SEM 32.89 0.59 0.41 0.03 0.01 | 0.22 | 0.23 0.62 | 0.62
Significance | NS NS NS NS NS NS NS NS NS

NS=Not significant

Table (5): Effects of feed restriction on serum blood parameters of NZW rabbits

Serum Blood Treatments

parameters T1 T2 T3 T4 T5 SEM SL
TP (g/d) 5.84 | 5.48 5.46 5.34 571 | 019 | NS
Alb (g/dl) 2.65 2.55 2.71 2.70 2.65 0.16 NS
Glb (g/dI) 319 | 293 2.75 2.64 3.07 | 025 | NS
TL (g/l) 6.06 5.97 5.25 5.98 6.43 0.43 NS
TG (mg/dl) 181.3 | 173.7 | 179.6 | 178.1 | 1844 | 569 | NS
TC (mg/dl) 2109 | 2054 212.4 208.2 210.6 6.44 NS
HDL (mg/dl) 39.01 | 42.28 | 3826 | 41.44 | 41.66 | 2.67 | NS
LDL (mg/dl) 90.48 | 86.88 94.04 89.26 89.44 3.09 NS
AST (lu/l) 58.73 | 58.39 | 59.45 | 5752 | 5825 | 1.41 | NS
ALT (lu/l) 64.26 | 65.81 65.81 66.68 65.10 1.58 NS
TAC (umol/l) 4259 | 4274 426.9 421.1 421.0 3.99 NS
MDA (umol/l) 10.6 10.7 114 111 10.9 0.08 NS
SOD (u/ml) 313.9 | 312.0 313.4 313.2 313.1 6.74 NS
Cort. (pg/ml) 3.16° | 3.45% | 3.94% | 4.36% | 4.34* | 032 | **

Different superscripts in

P<0.0°.

SEM = Standard error of the means; NS=Not significant; **= Significant at P<0.01

TP=Total protein;

Alb=Albumin;

Glb=Globulin;

TL=Total

lipids;

malondialdehyde; SOD= Superoxide dismutase; Cort.= Corticosterone
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TG=Triglycerides;
TC=Cholesterol; HDL=high density lipoprotein; LDL=low density lipoprotein; AST=Aspartate
aminotransferase; ALT=Alanine transaminase; TAC= Total antioxidant capacity; MDA=

the same column indicate significant difference between means at
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