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ABSTRACT

The effects of feed restriction for three weeks followed by a four-week realimentation on
performance and carcass characteristics were investigated in growing rabbits in a derived
savannah vegetation zone of South West Nigeria. Thirty (30) growing rabbits of mixed
breeds and sexes with an average weight range of 750 — 800g were randomly distributed
into five restriction regimes which served as the study treatments. The rabbits were divided
into five groups of six rabbits each. Each treatment was replicated three times with two
rabbits per replicate. The experiment was carried out using the completely randomized
design (CRD). The rabbits in Treatment 1 (T,) (control) were fed ad libitum, whereas those
in Treatment 2 (T,) and Treatment 3 (T;) were restricted to 80% and 60% of ad libitum
respectively throughout the 7-week study period. Meanwhile, the rabbits in Treatment 4
(T,) were restricted to 80% of ad libitum for three weeks and later fed ad libitum for the
remaining three weeks, whereas those in Treatment 5 (Ts) were restricted to 60% of ad
libitum for three weeks and later fed ad libitum for the remaining four weeks. The trial
lasted for 7 weeks after which the rabbits were starved overnight and slaughtered. Weight
gain over the entire period, average daily gain and average daily feed intake over the 49
days of experimental period were significantly (P<0.05) influenced by the feeding regime
employed. The least average daily weight gain over the entire period of the experiment
was observed on the rabbits subjected to 60% of ad libitum feeding throughout the
experimental duration. The rabbits in Treatment 4 (which were restricted to 80% of ad
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percentage (DOP); however, there were
no effects (P>0.05) on the forelimb, loin,
hind limb and thoracic cage weights of
the rabbit carcasses. In terms of overall
performance, the rabbits in Treatment 4,
however, required less feed to gain a unit
weight as compared to the rabbits in other
treatments. Based on the findings of this
study, it was concluded that feed restriction
did not significantly influence carcass
yield and relative organs investigated. It is
recommended that growing rabbits can be
subjected to a three-week feed restriction
of not more than 20% provided at least four
weeks of ad libitum feeding is allowed for
compensatory growth.

Keywords: Feed restriction, realimentation, rabbits,

performance, and carcass characteristics

INTRODUCTION

Interest in rabbit production has been on the
increase in recent years. Rabbit occupies a
unique niche in that it is a mini livestock that
is easy to manage, highly prolific and has a
short generation interval. The cost of feeding
rabbits is however very high, a condition that
also prevails for other Nigerian livestock
species (Adeyemi et al., 2008). Currently,
there has been an increased interest in
studying feed restriction in rabbits as a
means of reducing the cost of production.
Growing rabbits usually have unlimited
access to the feed and eat ad libitum. In a
restricted feeding system, either the access
of the animals to the feed is limited, or a
fixed amount of feed is given. There are two

methods for restricting feed intake, namely,
qualitative and quantitative. In a qualitative
feed restriction, the total amount of feed
distributed to each animal is the same, but
the feed composition can be changed, such
as by increasing the fibre level and reducing
the digestible energy content (Feugier,
2002). Quantitative feed restriction can be
achieved by limiting the time for access to
the feeder or by reducing the quantity of
feed distributed (Feugier, 2002; Szendrd et
al., 2000).

Restricted rabbits are reported to have
improved feed efficiency (Maertens and
Peeters, 1988; Perrier and Ouhayoun, 1996;
Tamova et al., 2002, 2003). Improved
digestibility of nutrients at restricted feeding
period was found in rabbits by Ledin (1984a,
b). Feed restriction also reduces carcass fat
deposition. Limiting feed intake depresses
growth during the period of restriction, but
reduced growth can be later compensated
by realimentation. This phenomenon of
accelerated growth following a period of
feed restriction is termed “compensatory
growth” (Tumova et al., 2002).

Most of the restriction studies carried
out in rabbits were conducted in temperate
regions of the world, thus there is a need
to investigate the situation in a tropical
climate. The present study was carried
out to investigate the effect of quantitative
restriction with or without ad libitum
feeding after a restriction period on the
growth and carcass indices under a tropical
environment.
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MATERIALS AND METHODS
Experimental Site

The experiment was carried out at the rabbitry
unit of the Teaching and Research Farm,
Directorate (TREFAD), Federal University
of Agriculture, Abeokuta, Nigeria. The
location lies within the rainforest vegetation
zone of South West Nigeria with a mean
annual rainfall of 1100 mm, a temperature
0f 34.7°C, and a relative humidity of 82%. It
is located in the region 70 m above sea level,
with latitude 7°5” to 7°8’N and longitude
3°11.2°E (Federal University of Agriculture,
Abeokuta, Meteorological Station).

Rabbit Management and Housing

Thirty (30) growing rabbits of mixed breeds
(Chinchilla x Dutch x California White) and
sexes (20 males and 10 females) with an
average weight of 750-800 g were selected
for this experiment from a larger pool of
80 rabbits in the weight classification of
700 to 900 g in such a manner to minimize
variations in initial weights between
replicate pens. The rabbits were housed two
per cells, in which there were three groups
made up of two groups of two males and
one group of two females per treatment in
single tier hutches that had been washed and
properly disinfected. The hutches raised 90
cm above the floor were housed in an open
sided house that allowed for flow through
ventilation. The hutches made of wood and
wire mesh were divided into pens with a
dimension of 120 x 50 x 45 cm each. Two
flat bottom 20 cm wide earthen pots with
inner lips to prevent wastage were placed

in each pen, one serving as a feeder while
the other one as a drinker. The rabbits were
treated for endo and ectoparasites using
Ivomec® at 1ml/50 kg live weight.

Experimental Design

The experiment was carried out as a
completely randomized design with five
treatments. Each treatment group was
replicated three times with two rabbits
housed in the same cell serving as a replicate.
The treatments were as follows:

T1: ad libitum feeding

T2: 80% of ad libitum feeding for the entire

feeding trial

T3: 60% of ad libitum feeding for the entire

feeding trial

80% of ad libitum (0-3 weeks) and ad
libitum for the remaining four (3-7)

T4:

weeks

60% of ad libitum (0-3 weeks) and ad
libitum for the remaining four (3-7)
weeks

T5:

Ad libitum feed intake of rabbits of
the same weight class had been previously
determined in a preliminary study. Briefly,
20 rabbits were allowed to acclimate for
3 days on ad libitum feeding and allowed
free access to water at all times. After the
acclimation period, the rabbits were offered
feed ad libitum for 21 days during which
ad libitum feed intake for each week was
established. It is this established weekly
ad libitum feed intake that was utilized in
the present study. The composition of the
diet is shown in Table 1. The ingredient
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composition (%) of the diet was on as-
fed basis. The diet was based on feed
composition used for growing rabbits on the
Federal University of Agriculture Abeokuta,
Teaching and Research Farm, which was
developed in line with the recommendations
of Hall (2010) and Merck (2011). The major
ingredients (i.e. maize, groundnut cake and
soy bean meal) were milled through a screen
mesh size of 3.5 mm in a hammer mill.
Other ingredients were already in milled
forms at the point of purchase. The various
ingredients were individually weighed out
in their milled form into a rotary feed mixer
and mixed to get the experimental diet. The
experimental feed was mixed in the research
feed mill. The feed was fed in mash form.

DATA COLLECTION AND ANALYSIS
Feed Intake

The feed intake per replicate cage was
determined by collecting the left-over feed
from the feeders each morning at 08:00
hrs before feeding. The daily collection
of the left-over feed from each replicate
was stored in marked nylon bags and kept
in airtight plastic containers. These were
bulked together at the end of each week,
weighed and subtracted from the addition
of daily feed supplied to get the feed intake
per replicate cage. The value obtained was
divided by the number of rabbits in the pen
(2) to get the feed consumption per rabbit
per week. The daily intake was derived by
dividing the weekly intake by 7. Feed and
water were supplied on a daily basis after
removing the left-over feed each morning.

Feed intake (g) = Feed supplied - Feed left over
No of rabbit in the replicate

Body Weight and Weight Gain

The rabbits in each replicate cage were
weighed together at the beginning of the
trial and weekly thereafter. The gain for each
week was obtained by the value difference.
The value obtained was divided by the
number of rabbits in each replicate to get
the weight gain per rabbit per week. From
this, the weight gain per day was calculated.

TABLE 1
Composition of experimental diet (% as-fed)

Ingredient (%)
Maize 47.50
Groundnut cake 10.00
Soybean meal 8.00
Wheat offal 31.00
Bone meal 3.00
Salt 0.25
Vitamin/mineral premix* 0.25
Total 100.00
Determined Analysis (% DM)

Dry matter 89.45
Protein 18.74
Ether extract 4.58
Crude Fibre 15.68
NDF 34.29
ADF 20.54
ADL 331
Ash 4.25
Metabolisable Energy” (KJ /Kg) 10.93

*contains Vit. A 40000001U; Vit. D. 8000001U, Vit.
E 40000mg; Vit. K; 800mg; Vit. B; 1000mg; Vit.

B, 6000mg; Vit.Bs 5000mg; Vit.B;, 25mg; Niacin
6000mg; Pantothenic acid 20000mg; Folic acid
200mg; Biotin 8mg; Manganese 300000mg; Iron
80000mg,; Zinc 20000mg; Cobalt 80mg; lodine
400mg; Selenium 40mg; Choline 800000mg
*=Calculated
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Average weight gain _ Final weight - Initial weight

(g/rabbit) -

No of rabbit in the replicate

g
/da
bbit j

Final weight — initial weight

Average daily weight gain[
ra

B Noof rabbit inthereplicate x No of days ontrial

Feed Conversion Ratio (FCR) was
determined as follows:

Feed conversion ratio

_ Average Feed Intake( g/rabbit)
Average Daily Weight Gain (g / rabbit)

Carcass Characteristics

Since there were two rabbits per replicate
cage, one rabbit was taken from each
replicate. This constituted 50% of the
replicate and was thus used. The three
selected rabbits were individually weighed
and slaughtered after a 24-hour fast. The
slaughtered animals were dressed by flaying,
eviscerating and splitting according to
Blasco and Ouhayoun (1993), as well as
Blasco et al. (1993). The cut parts, namely,
head, fore limb, thoracic cage, loin and hind
limb, were dissected according to Blasco
and Ouhayoun (1993) as described below:

The head was separated from the
body by cutting it though the section
between occiput and atlas vertebra.

The fore limb was separated by
cutting it through section between
the 7" and 8™ thoracic vertebra
following the prolongation of the
rib when cutting the thoracic wall.

The thoracic cage was taken as a
section between the last thoracic and
the first lumber vertebra following
the prolongation of the 12" rib when
cutting the thoracic wall.

The loin section was between the
6™ and 7" lumber vertebra cutting
the abdominal wall transversely to
the vertebral column.

The hind legs was separated by
cutting it through the os coxae and
posterior part of m. iliopsoas, m.
psoas major and m. iliacus.

The paws were removed at the
carpal and tarsal joints. The parts
were weighed and recorded.

The dressed weight and dressing
percentage were calculated as follows:

Dressed weight = Live Weight - Offal weight

where,

Offal weight = Gastro intetinal weight (GIT)
+ Internal Organs weight
Dressing out Percentage (DOP) % =
(Dressed weight/Live weight) x 100

The weight of the internal organs,
such as spleen, liver, kidney, lungs, heart
and gastro intestinal tract, were also taken.
The gastro intestinal tract was taken as the
digestive tube from the point of decapitating
the head to the anus comprising oesophagus,
stomach, small intestine and the large
intestine.
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Cost Analysis

The prevailing market prices of the feed
ingredients at the time of the experiment
were used to estimate the unit cost of the
experimental diet. Feed cost per kilogramme
and cost per kilogramme of weight gain
were calculated. The percentage feed cost
saving of rabbits on restriction compared
to the ad libitum fed rabbits was also
determined (at the time of the experiment,
one hundred and fifty five Naira ("), Nigeria
National Currency was equivalent to One
United States Dollar (* 155.00 = US$ 1.00).

Data Analysis

The experimental diet samples were
subjected to proximate analysis according
to the methods of AOAC (1995). The
detergent components were determined by
the procedure developed by Goering and
Van Soest (1970). Metabolisable energy
(ME) value of the test diet was calculated
by the method of Wardeh (1981). All data
collected were subjected to statistical
analysis appropriate for a completely
randomized design layout using Minitab
Analytical Computer Package (Minitab
Inc., 1999). Significant differences between
the treatment means were determined using
the Duncan’s Multiple Range Test (Steel &
Torrie, 1990).

RESULTS AND DISCUSSION

The growth performance of rabbits subjected
to varying dietary feeding regimes is
presented in Table 2.

Final live weight, weight gain over
the entire period, average daily gain and

average daily feed intake over the 49-day
experimental period were significantly
(P<0.05) influenced by the feeding regimes
employed. The least average daily weight
gain over the entire period of the experiment
was observed on the rabbits subjected to
60% ad libitum feeding throughout the
experimental duration.

The average daily weight gain of these
rabbits which was on the most severe
restriction was 25.72% less than the average
weight gain on the control feed regimen.
The rabbits in Treatment 4 (80% ad libitum
feeding for 3 weeks followed by 4 weeks
of ad libitum feeding) showed a consistent
similarity in performance with the rabbits
on ad libitum feeding (Control). In terms
of overall performance, the rabbits in
Treatment 4, however, required less feed to
gain a unit weight compared to the rabbits
in the other treatments.

The rabbits on the Control treatment
required significantly (P<0.05) more
quantity of feed to gain a unit weight, an
indication that it is less efficient. The nature
of average weight gain over the period of
feed regimentation is presented in Fig.1.
As expected, from Week 1 through Week
3 (end of the restriction period), the rabbits
restricted to 80 and 60% of the ad libitum
intake presented a lower live weight than
those fed ad libitum.

The rabbits previously restricted but
later reverted to ad libitum feeding showed a
steep rise in average daily weight gain from
Week 4 onwards. The average daily gains
during restriction were 11.32 and 9.72 g/
day for the rabbits fed 80 and 60% of the ad
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libitum intake; however, in the last 4 weeks
when ad libitum feeding was restored,
average daily weight gains of 17.62 and
14.47% were obtained, respectively. These
results were in agreement with the report
by Perrier (1998), where a reduced level
of intake (50% and 70% of the ad libitum
intake) provoked a reduction of live weight
(-32.9 and —20.5%, respectively) at the end
of the restriction period (35-56 days).
Foubert et al. (2008) reported that a
restricted feeding (70% of the ad libitum
level) resulted in a lower live weight (-8.8%)
at the end of restriction period (32-53 days).
Tumova et al. (2002) also reported that
during the restriction period, weight gain
in the restricted rabbits was about 60-70%
lower than in the ad libitum fed rabbits.

25 ~

20 +

N
o
L

The current results also confirm the results
of Boisot et al. (2003), who observed that
feed restriction (60% and 80% of the ad
libitum level) elicited a lower live weight
(respectively, -17.5 and -7%,) at the end of
the restriction period (34-54 days).

The average daily feed intake for the
entire period was significantly influenced
by feeding strategy. The rabbits on
continuous ad libitum feeding consumed
significantly more feed than those in other
feeding regimes. In addition, the rabbits on
previously restricted but later ad libitum fed
consumed significantly more feed than their
continuously restricted counterparts. The
feed intake pattern during the experiment
is shown in Fig.2. The trend showed that
the feed intake was consistently lower for

—e— Treatment 1
—&— Treatment 2
—&—Treatment 3

——Treatment 4

N
o
L

—%—Treatment 5

Body weight gain (g/rabbit/day)

(&)}
L

1 2 3 4
weeks

Fig.1: Weight change trend of rabbits subjected to feed restriction
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the restricted-realimented rabbits compared
with the continuously ad libitum fed rabbits.
This observation was at variance with the
report of Ledin (1984), that the restricted-
fed rabbits during realimentation showed
a tendency to consume more feed per day
than those that were fed continuously ad
libitum. On the contrary, the finding was in
agreement with Boisot et al. (2003), who
observed that the restricted rabbits (80% of
ad libitum intake) had even lower daily feed
intake (-18.4%, P<0.001) than the ad libitum
ones during realimentation.

Feed conversion was significantly
affected by the feeding regimens over
the entire feeding period. The rabbits on
continuous ad libitum feeding required
more feed to attain a unit live weight gain

120 -

100 -

80 A

60

Daily feed intake (g/day)

40 4

20 4

compared to the rabbits on continuous
feed restriction and those on restriction-
realimented intake. The pattern of feed
conversion measured as feed:gain is shown
in Fig.3. In the restriction period (Week
1 - Week 3), the rabbits in Treatment 2 and
Treatment 4 (80% ad libitum) had similar
feed:gain. The same situation also occurred
between the rabbits in Treatment 3 and
Treatment 5 (60% ad libitum). While the
feed:gain values for the rabbits on 80% ad
libitum were higher than the values for the
rabbits on ad libitum feeding, the values
for the two groups on 60% ad libitum
were lower than the values for the ad
libitum fed rabbits in Week 1 and Week 2.
However, from Week 3 up to the end of the
feeding strategy, the rabbits on ad libitum

—— Treatment 1
—&— Treatment 2
—&— Treatment 3
—%— Treatment 4
—8— Treatment 5

1 2 3 4

Weeks

Fig.2: Feed intake trend of rabbits on different feeding strategies (g/rabbit/day)
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feeding appeared to be less efficient as they
required more feed to gain a unit weight.
Similarly, improvements were noted in
the feed conversion in the weight of the
rabbits in Treatment 4 and Treatment 5
(80 and 60% ad libitum feeding during
restriction followed by ad libitum feeding
in the 4-week realimentation period). It was
thus clear that during the realimentation
(4-7 weeks), there was a favourable effect
of feed restriction on feed conversion.
This finding was in consonance with the
previous reports of Boisot et al. (2003) and
Foubert et al. (2008), in which significant
favourable effects of feed restriction level
were observed on feed conversion in the
total fattening period.

The results were, however, at variance
with that of Ledin (1984), who reported

Feed conversion ratio
w

that in the entire growth period, the feed
conversion was similar for the restricted-
realimented and continuously ad libitum
animals because the differences in the
feed conversion efficiency in both periods
(restriction and realimentation) tended
to cancel each other. Meanwhile, Perrier
(1998) found significant differences, but just
for animals having a level of 50% intake of
ad libitum.

The effect of treatments on economy of
production measured as cost per kilogram
weight gain indicated that restricting the
feed by 20 and 40% without realimentation
(T2 and T3) resulted in a reduction of 17.24
and 12.81% respectively as compared with
the ad libitum fed control group. For the
rabbits subjected to realimentation after the
restriction period of 3 weeks, the savings in

—&— Treatment 1
—&—Treatment 2
—e—Treatment 3
—>%—Treatment 4

—X¥—Treatment 5

1 2 3 4

5 6 7

Fig.3: Feed conversion trend of rabbits on different feeding strategies (g feed: g weight)
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feed cost per kilogramme weight gain were
~75.03 and * 45.67 representing 18.89 and
11.50% savings for T4 and T5 respectively
compared with the control treatment (T1).
It was observed that in terms of economic
efficiency, the rabbits fed at 80% ad libitum
feed intake (T4) were better than those
on other treatments and the control. The
superiority of the rabbits in T4 compared to
the rabbits in the control (T1) arose from the
fact that, although weight gain was similar
between the two treatments, the amounts
of feed required to attain the weight were
however dissimilar.

The effects of treatments (feeding
regimes) on carcass and retail cuts of the
rabbits are presented in Table 3. Feed
restriction regimes significantly influenced
(P<0.05) dressed weight and dressing out
percentage (DOP); however, there was no
effect (P>0.05) on the fore limb, loin, hind
limb and thoracic cage weights of the rabbit
carcasses expressed as percentages of live
weight.

The rabbits subjected to 80% ad libitum
feeding in the first 3 weeks of feeding
followed by ad libitum feeding in the
last 4 weeks (T,) had the highest dressed
weight and dressing out percentage. The
dressed weight and dressing out percentage
obtained from the rabbits on ad libitum
feeding throughout the feeding trial and
those rabbits on 60% ad libitum feeding in
the first 3 weeks of feeding followed by ad
libitum feeding in the last 4 weeks were not
different from each other. Similar results
of no significant effect on dressed weight
and dressing out percentages were obtained

for the rabbits subjected to 80 and 60%
ad libitum feeding throughout the 7-week
duration. However, the values recorded
for these two treatments were significantly
lower than the values obtained from the
other treatments. Perrier (1998) found
lower dressing out percentage in cases of
stricter restriction, which is similar to the
observation in this study. The result of DOP
was however in contrast with the results of
Ferreira and Carregal (1996), Tamova et
al. (2003, 2006) and Boisot et al. (2004),
who reported that restriction did not affect
dressing percentage.

Other carcass traits were not affected by
the feeding programmes, a finding that was
in agreement with the report of Gidenne et
al. (2009). Some earlier studies have shown
little effect of feed restriction on relative
organ weights, carcass portions, and meat
quality (Matics et al., 2008; Tamova et al.
(2007).

The effects of feeding regimen on the
organ weights of the rabbits are shown in
Table 4. Feed restriction had no significant
(P>0.05) influence on relative organ weights
across the treatments. The present result was
in consonance with the findings of Tumova
et al. (2004), that there were no significant
differences in the relative organ weights
among the rabbits on ad libitum feeding and
those on feed restriction.

CONCLUSION AND
RECOMMENDATIONS

Restricting the amount of feed could be a
suitable method for reducing feed intake and
improving feed conversion. Compensatory
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growth was observed in the rabbits subjected
to restriction but later ad libitum tfed. Body
weight compensation was almost complete
in the rabbits of T4, which was similar to
the weight obtained on the control treatment
(ad libitum feeding). Concerning the carcass
traits, the observed decrease in dressing
out percentage with increasing stiffness
of restriction is an indication of the fact
that feed restriction may have its own
disadvantages except when realimentation
is allowed for adequate period.

From the findings of this study, it is
recommended that growing rabbits can be
subjected to a three-week feed restriction
of not more than 20% provided at least four
weeks of ad libitum feeding is allowed for
compensatory growth.
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