Effect of restricted

feeding and realimentation
compensatory growth,
composition and organ growth in rabbit
on

carcass

Inger

LEDIN

Department of Animal Husbandry
Swedish University of Agricultural Sciences
S-750 07 Uppsala, Suede

Summary
The effect of restricted feeding and realimentation on growth and carcass composition
studied in two experiments, each using 30 rabbits of the Swedish White Domestic Breed.
The rabbits were slaughtered in groups of 5. The restricted feeding started at 1.0 or 1.6 kg
live weight respectively, restriction lasting to 2.1 or 2.4 kg. The highest slaughter weight
was 3.2 kg. The feed restriction was to
60 p. 100 of the ad libitum consumption of the
litter mates at the same age or same weight and realimentation ad libitum or 100 p. 100
respectively. The nutritive value of the pelleted diet was determined in digestibility trials
and carcass composition was studied by mincing and chemical analysis of soft tissue.
Restricted feeding produced carcasses which, at the same weight, had a lower content
of fat, a higher content of protein and the same content of water in the soft tissue. After
realimentation, the carcasses had still a lower content of fat, the same content of protein
and a higher content of water. There was a tendency to a higher feed consumption at ad
libitum feeding during realimentation compared with continuous ad libitum feeding. The
restriction had a significant effect on digestibility, which was better in the restricted animals,
especially in expt. 1.
The treatments had no effect on total feed consumption, total feed efficiency or
protein retention. There was a tendency to better growth rates during realimentation and in
expt. 2 also a tendency to a better daily carcass weight gain. However, the differences
was

were
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significant.

Of the internal organs,
realimentation.

weight of liver

was

the most affected
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I. Introduction

Compensatory growth is the rapid growth, relative to age, that occurs after a
period of growth retardation, when a restriction in feed allowance is removed (WtLSON & OssouRrr, 1960). Compensatory growth is of general interest for the understand-

of growth. It is also a significant problem in animal production in many parts of
the world where seasonal and climatic fluctuations result in drastic changes in feed
EID & WHITE, 1977).
availability and thus in growth rate of animals (R

ing

Production systems, in which a low plane of nutrition is applied during the
indoor feeding period followed by a high feeding level on pasture, can be of economic interest. Compensatory growth has therefore been studied thoroughly in grazing
animals. On the other hand experiments on monogastrics such as pigs and poultry
have usually aimed at studying the possibility of changing carcass composition by introducing alternative feeding levels.

Compensatory growth after a period of undernutrition is a very constant feature
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When given feed ad libitum after feed restriction, monogastrics often show an
increase in feed consumption, in comparison with continuously ad libitum fed animals
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Severe undernutrition followed by realimentation resulted in rapid deposition
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The present investigations were carried out to study the effects on rabbits of a
mild feed restriction followed by realimentation. Comparison were made with animals
fed either continuously ad libitum or continuously restrictive. The effects were measured in growth rate, feed consumption, carcass composition and organ growth.

II.

A.

Material and methods

Experimental animals and design

Each of the two experiments contained 30 rabbits of the Swedish White Domestic
Breed. Expt. 1 comprised 25 males and 5 females ; Expt. 2, 12 males and 18 females.
In each experiment all the rabbits were sired by one buck and their mothers were

half-sisters or sisters. The same buck and two of the does were used in both experiments. Five does were used to produce 6 young rabbits for each experiment. One
rabbit in each of the five litters was randomly allocated to groups 0 (slaughtered at
start), A and AA (fed ad libitum), R and RR (restricted) or RA (restricted realimented). However, regard was taken to sex, so that the groups that were to be compared
contained the same number of males and females. The experimental design is shown
schematically in fig. 1 and in the text to the figure the treatment periods and slaughter
weights in the two experiments are described in detail.
At 17 days of age the litter was partitioned from the doe by wire netting and the
young rabbits were given access to water and experimental feed in their part of the
cage. The doe was let in for suckling once a day. The young were weaned at 35 days
of age and moved to individual cages and the weekly recording of feed consumption
and live weight commenced.
The restricted feeding was started when the average weight of the rabbits in the
litter reached 1.0 kg in Expt. 1 and 1.6 kg in Expt. 2. The rabbits were fed twice
daily. The feed of the restricted rabbits was weighed in daily portions. The first
experiment showed that live weight was not a very good predictor of carcass weight.
In Expt. 2 the rabbits were fasted for 16 hours before each weighing and slaughter in
order to reduce that part of the variation in dressing percentage caused by differing
gut fill. Thus, live weight in Expt. 2 was body weight after 16 hours’ fasting (4 p.m. 8 a.m.). Animals in groups R, RR and RA were restricted to 60 p. 100 of the average
consumption of their litter mates in groups A and AA. In Expt. 1 the amounts of feed
were calculated from the ad libitum feed consumption of their litter mates at the same
age. In Expt. 2 the restrictively fed rabbits obtained 60 p. 100 of their litter mates’
ad libitum consumption at the same fasted body weight. The patterns of realimentation
also differed. In Expt. 1 the realimented rabbits were fed ad libitum, while in Expt. 2
they were fed 100 p. 100 of the consumption of their litter mates at the same fasted

body weight.
B. Diets

The diets were pelleted mixes. Their ingredients and chemical composition are
listed in Table 1. A digestibility trial was made with groups A and R in period 1 and
AA, RA and RR in period 2. The average weight of each group at the start of the
collection period is stated more precisely in Table 2. The rabbits were placed in the
metabolism cages 7 days before the collection of faeces started. The collection period
was 7 days. The faeces were dried at 65 &dquo;C for 24 hours. Faeces and feed samples
were ground and analysed for energy, DM (dry matter) ash, crude protein, ether
extract, NDF (neutral detergent fibre) and ADF (acid detergent fibre).

C. Slaughter technique
The animals

and

carcass

treatment

killed by C0
2 inhalation. The internal organs were removed
divided into stomach, small intestine, caecum and colon
digestive
and weighed both full and empty. The rabbits were flayed, the head removed above
the atlas vertebra and the paws at the carpal and tarsal joints. The carcasses were
frozen until further treatment. All parts of the digestive tract, liver, kidneys, heart and
dressed fat (fat from guts, kidneys, stomach and the fat depots in the groin, the neck
and the axillae) were dried at 100 °C for 4 to 7 days, depending on weight.
and the

were

tract

was

The carcasses were thawed and boiled under pressure for 15 minutes per kg
in order to separate soft tissue from bone. The soft tissue was mixed with water
and homogenized. A sample of the mixture was freeze-dried and analysed for DM,
ash, crude protein and energy. Ether extract was calculated as the difference between
total DM and the sum of ash and protein.

carcass

Empty body weight expresses live weight at slaughter minus contents of the digestive tract. Carcass weight was weighed immediately after dissection. The chemical
components of the carcass are expressed as percentage of soft tissue (dressed carcass
minus bones) and the energy as MJ/kg soft tissue.
D.

Analytical methods

All chemical analyses were carried out according to standard procedures. Ether
was determined with a two-stage analysis recommended by MnTTSSOrt (1978)
and ADF and NDF according to GoERirro & V
AN S
OEST (1970). Diet 2 had to be
treated with amylase to make the NDF method work. Gross energy values for diets,
faeces and freeze-dried meat were determined in an adiabatic bomb calorimeter.
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effect of random error
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The differences between treatments are calculated as the confidence intervals for
the contrasts. Since the number of contrasts affects the level of significance, not all
possible contrasts are included in the statistical analysis, but in some cases only those that
are considered to be of interest. In such cases, the analysed contrasts are listed under
each table and consequently no other statistical comparisons can be made between
group averages than those mentioned.

III.

Results

The results from the digestibility trials are presented in Table 2. The restrictively
fed rabbits in Expt. 1 had significantly higher digestibility coefficients in period 1, for
all components except ADF, than those that were fed ad libitum. In period 2 there
were no differences between the realimented and continuously ad libitum fed animals,
but there were some significant differences between both those groups and the continuously restricted animals. In Expt. 2 the pattern was the same but the differences
were smaller.
In period 1 the restrictively fed group obtained 73 p. 100 in Expt. 1 and 63 p. 100
in Expt. 2 of the average daily feed consumption of the ad libitum fed group (Table 3).
The restrictive feeding caused significant inter-group differences in days in period and
daily live weight gain. Table 4 presents growth and feed conversion during the realimentation period. There were no significant differences between the restricted-realimented group and the continuously ad libitum fed group in any of the parameters in
the two experiments. However, there was a tendency that the previously restricted group
in Expt. 1 had a higher feed consumption at ad libitum, feeding during realimentation
than the continuously ad libitum fed group and that the restricted-realimented animals
had a lower feed consumption both in period 2 and totally and in both experiments
compared with the continuously ad libitum fed animals.

The rabbits that were continuously restricted throughout their growth period
obtained 65 p. 100 and 64 p. 100 of the average daily consumption of their litter mates
during period 2 in Expt. 1 and Expt. 2 respectively. The continuously restricted rabbits
had significantly lower daily weight gain and higher feed consumption than the other
groups in both experiments.

Carcass and dissection characteristics are presented in Tables 5 and 6. There
significant differences between groups in any of the experiments as regards
with the
empty body weight, carcass weight, dressing percentage, or weight of bones
exception of carcass weight and dressing percentage for the continuously restricted
animals in Expt. 1. The amount of dressed fat, however, was significantly poorer for
the continuously restrictively fed animals, than for those that were continuously fed
ad libitiiin or restricted-realimented. The two last groups did not differ significantly
from each other.
were no

-

The chemical

composition of the soft tissue differed quite widely between treatexperiments. At the end of period 1 the content of DM in the soft tissue
was practically the same but the restrictively fed animals contained less fat and more
protein than those that were ad libituvn fed. At the end of period 2 the soft tissue of
the realimented rabbits had a lower content of DM, the same content of protein and a
lower content of fat than those that were continuously fed cad libitum. The soft tissue
of the continuously restricted rabbits contained more protein and less fat than both
the other groups. Table 7 shows a calculation of the composition of the soft tissue gain
in different weight intervals. The soft tissue gain of the restricted-realimented rabbits
had, during realimentation, a lower content of protein, the same content of fat and a
higher content of water than the soft tissue gain of the continuously ad libitum fed
ments in both

animals.
The development of internal organs is presented in Table 8. The liver was most
affected by restriction and realimentation and this was especially noticeable in Expt. 1.
The dry weight of the liver increased by 25 p. 100 in animals continuously fed ad
libitum in period 2, whereas it increased by almost 200 p. 100 in the realimented
animals. When examining livers from Expt. l, no significant differences were found
between the realimented and continuously ad libitum fed animals as regards content
of fat, protein and ash in the livers. The continuously restricted animals, however, had
a higher content of protein in the liver tissue DM.
The fresh weight of the skin of the restricted-realimented and continuously restricted rabbits in Expt. 1 was significantly lower than that of the continuously ad
libitum fed rabbits. However, in Expt. 2 there were no inter-group differences in fresh
weight of the skins.

Carcass weight gain, feed efficiency and energy and protein retention are presented in Table 9. Total feed efficiency and energy retention were significantly poorer
for the continuously restricted groups than for the restricted-realimentedor continuously ad libitum fed groups. In Expt. 1 the restricted-realimented animals also had
a poorer energy retention than the continuously ad libitum fed. No significant intergroup differences in protein retention were found in any of the experiments.

IV. Discussion

The digestibilty for energy in DietI was on average 55 p. 100, giving a value
of about 9 MJ DE/kg feed for the ad libitmn fed animals (Table 2). The recommended
values are 10.5 MJ DE/kg feed (NRC, 1977) at ad libitum feeding. The rabbits still
managed to grow quite well on this diet. The restricted animals in Expt. 1 digested
their feed considerably better than the ad libitum fed and realimented groups. These
effects were not repeated in Expt. 2, where the diet had a better digestibility for energy,
62 p. 100 at ad libitum feeding, and the restricted feeding started at a higher age and
weight. Thus it seems as if a restricted feed supply can be partly compensated for by a
better utilization of the feed, especially if the diet is of a low nutritive value and possibly also if the restriction occurs early enough in life. Higher digestibility coefficients
at low feeding levels have also been shown by H
ELLBERG (1949) and L
EBAS (1979).
In both experiments the rabbits showed some compensatory growth, measured as
live weight gain, during realimentation. The higher live weight gain in the compensating
animals was not significant in any of the experiments because of the small number of
animals and the individual variation. A difference of more than 20 p. 100 in live
weight gain between compensating and continuously ad libiteem fed animals must be
considered as important, however. When gut fill and changes in organ weights are
considered and the weight gain measured as carcass weight gain (Table 8), there is
still a 20 p. 100 difference between compensating and continuously ad libiturn fed
animals in Expt.1 but none in Expt. 2. In the last experiment the carcasses of the
restricted rabbits were slightly but not significantly heavier at the end of period 1,
than those that were continuously fed ad libitum, and the realimented animals were
lighter than the latter group at the end of period 2. This made both the total carcass
weight gain and daily carcass weight gain smaller for the realimented than for the
continuously ad libitum fed animals, in spite of a shorter time in period 2 for the former

group.

The rabbits in
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fed ad libitum during realimentation showed a
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the exception of those reported by M
remarkable ability to increase their daily feed consumption from one day to another
by more than 100 p. 100 without any noticeable digestive problems.
were

to consume more feed per

Feed consumption per kg live weight gain was significantly greater for the restrictively fed rabbits during the restrictive period in Expt. 1. This is quite logical, considering the fact that the restrictively fed rabbits required feed for maintenance during a
longer period of time. However, in Expt. 2 there was no difference in feed consumption
per kg live weight gain between the restricted and ad libitum fed groups during period 1. During realimentation there was a tendency that the previously restricted
animals had a lower feed consumption per kg live weight gain than the continuously
ad libitum fed animals. Considering the entire growth period in the experiments, these
small differences in feed consumption per kg live weight gain in the two periods
tended to cancel each other out giving a feed consumption per kg live weight gain

that was similar for the restricted-realimented and continuously ad libitccm fed animals.
The restriction thus did not cause any increase in total feed consumption to reach
a

certain

slaughter weight,

but

only

a

delay

in time.

There were no differences in empty body weight between groups in any of the
experiments. Thus gut fill does not seem to be an important factor for the variation in
dressing percentage. The continuously restricted animals in Expt. 1 had a greater
carcass weight at the same live weight. Those animals had consistently, though not
significantly (with the exception of the liver) smaller internal organs and significantly
lower fresh weight of skin. In Expt. 2 internal organs and fresh weight of skin were
less affected by restriction than in Expt. 1. This could possibly be due to the fact that
the restrictive period started at a higher age and weight in Expt. 2. Lower fresh weight
EBAS & L
APLACE
of skin after restrictive feeding in rabbits has also been found by L

(1982).
The chemical analysis of the soft tissue showed that the composition of the gain
the same in the different periods. It is shown in Table 7 that in period 1 in
both experiments the soft tissue gain of the restrictively fed animals contained more
protein and water and less fat than the soft tissue gain of those that were ael libitucn
fed. In period 2, on the other hand, the soft tissue gain of the realimented animals
contained less protein, more water and the same amount of fat. In both experiments
it seems as if the animals were trying during realimentation to correct for the deviations from normal body composition caused by the restrictions. In all probability this
would also have occurred, if the experiments had been prolonged.

was

not

The continuously restricted animals gained very little fat throughout the growth
ARIGI et al.
P
INI
period in both experiments. This was also observed in rabbits by -B
(1978), but low fat content after prolonged feed restriction is a general observation
in many other species.
The liver changed dramatically in weight during realimentation. It is well known
that the digestive tract and the liver, for example, can show a rapid and considerable
variation in size due to actual functional demands (Goss, 1964, 1978). This has also
been found in rabbits by L
EBAS & L
APLACE (1974) and L
EBAS & L
APLACE (1982).
None of the other internal organs except kidneys in Expt. 2, differed significantly at
the end of period 1 in any of the experiments. If the dry weight of all organs are
added, however, the entire weight is smaller for the restricted animals than for those
that were fed ad libitum. After realimentation the added weights are restored and
even higher for the restricted-realimented animals. In Expt. 1 all organs are heavier,
but in Expt. 2 only the liver. This suggests that if a restriction is followed by a higher
but still restricted
feeding level, priority is given to the development of the internal organs, especially the liver, and to the skin. Only if there is an excess of nutrients during the first part of the realimentation period is there a compensatory
growth of other soft tissue.
-

-
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Résumé
rationnement et de l’alim!entation ad libitum sur la croissance
compensatrice et sur la composition corporelle du lapin

Effets du

Les effets du rationnement et de l’alimentation ad libitum

sur

la croissance et

sur

la

composition corporelle du lapin ont été étudiés en deux expériences portant chacune sur
30 animaux. Dans la première, l’alimentation restreinte a été appliquée entre 1,0 et 2,1 kg
de poids vif et dans la deuxième entre 1,6 et 2,4 kg de poids vif. Le rationnement a été
fixé à 60 p. 100 de la consommation ad libitum des animaux de même portée ayant soit
le même âge soit le même poids vif. La réalimentation a été pratiquée, ad libitum entre 2,1
et 3,2 kg de poids vif dans la première expérience et à 100 p. 100 de la consommation
ad libitum des animaux de même portée, au même poids vif, entre 2,4 et 3,2 kg de poids
vif dans la deuxième expérience. Les lapins ont été abattus par groupes de 5, chacun à
un poids vif différent. Le premier abattage a été effectué au début de chaque expérience
et le dernier au poids vif de 3,2 kg.
La digestibilité apparente ainsi que la composition corporelle ont été étudiées
Les animaux rationnés ont présenté des carcasses moins grasses, avec le même contenu
en eau et un contenu en protéines plus élevé que celles des animaux nourris ad libitum.
La réalimentation des animaux préalablement soumis au rationnement a eu pour résultat
l’obtention de carcasses ayant le même contenu en protéines, un contenu en eau plus élevé
et un contenu lipidique encore moins important que celles des animaux nourris ad libitum.
Nous avons observé une tendance à une consommation plus élevée de la part des
animaux réalimentés ad libitum, au cours de la période de post-rationnement dans la première expérience que celle des animaux nourris ad libitum, en continu. Le rationnement
a eu un effet significatif sur la digestibilité apparente. Celle-ci a été plus importante chez
les animaux rationnés et en particulier dans la première expérience.
Les traitements n’ont pas eu d’effets significatifs sur la consommation d’aliment, sur
l’efficacité totale de l’aliment et sur l’utilisation de l’azote. Nous avons noté une tendance à
ce que pendant la période de réalimentation, le gain de poids vif dans les deux expériences,
et le gain de poids des carcasses dans la première expérience étaient plus importants qu’en
alimentation ad libitum en continu, sans que les différences soient toutefois statistiquement

significatives.
Le poids des foies

a

été influencé par le rationnement et par la réalimentation.
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