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Summary &mdash; This experiment studied the influence of different genotypes and different seasons on rab-
bit meat production performance. The genotypes New Zealand White (NZW), Hyla (H) and Provisal (P)
were compared. The trials were carried out in summer (S) (26 °C) and in winter (W) (11 °C). The
genotype did not affect the productive performance. Daily weight gain, intake and feed efficiency
decreased during S (P < 0.01 ). NZW displayed (P < 0.01 ) a lower hind feet proportion and a higher liver
percentage with respect to the crossbreds. NZW differed (P < 0.01 ) from P for empty stomach and gut,
whereas the values for H were intermediate. There was a higher proportion of forelegs (P < 0.05) and
(P < 0.01 ) heart, kidneys, empty stomach and gut and a lower proportion (P < 0.01 ) of hot carcass dur-

ing W. Purebreds had a higher percentage (hot carcass weight) of head (P < 0.05) and lower per-
centages of shoulders, forelegs (P< 0.05), rump, nates and thighs (P< 0.01) in comparison with H; P
showed intermediate values. W induced a higher (P < 0.01 ) proportion (hot carcass weight) of head,
shoulders and forelegs and fat.

rabbit / genotype / season / meat production

Résumé &mdash; Performances d’élevage et d’abattage de trois types génétiques de lapins soumis
à des conditions environnementales différentes. Le but de l’expérimentation était d’étudier l’influence
du génotype et de la saison sur les performances d’élevage et d’abattage du lapin. Au total, 43 lapins
Blancs de Nouvelle Zélande (NZW), 43 Hyla (H) et 44 Provisal (P), âgés de 43 jours et de sexe fémi-
nin, ont été élevés jusqu’à l’âge de 85 jours. La première expérimentation a été réalisée en été (S) à
une température moyenne de 26 °C et à une humidité relative de 73 %. La deuxième expérimentation
a été effectuée en hiver (W) à une température de 11 °C et à une humidité relative de 65 %. L’ali-
mentation en pellet était fournie ad libitum. À la fin des essais, 20 lapins de chaque génotype et de
chaque saison ont été abattus. L’absence d’interaction significative entre le génotype et la saison
montre que les génotypes testés ont la même capacité d’adaptation à des conditions de tempéra-
tures différentes. La croissance (33,0 gljour), l’ingestion alimentaire (123,2 gljour) et l’indice de consom-
mation (3,73 glg) ont été semblables pour les trois groupes. La saison S a notablement réduit (p < 0,01)
l’accroissement pondéral (29,1 vs 37,2 gljour), la consommation (94,4 vs 153,6 gljour) et l’indice de
consommation (3,24 vs 4,13 glg). Les données d’abattage, rapportées au poids vif vide, montrent



que le poids des manchons arrière est plus faible (p < 0,01) chez les NZW, tandis que celui du foie est
plus élevé (p < 0,01). Comparativement aux P, les NZW ont présenté un poids d’estomac et d’intes-
tins vides inférieur (p < 0,01), les H étant intermédiaires. Avec la saison W, les poids des pattes avant
(p < 0,05), du coeur (p < 0,01), des reins (p < 0,01), de l’estomac et des intestins vides (p < 0,01) sont
plus élevés. En revanche, le poids de la carcasse chaude est plus faible (p < 0,01). Les données de
dissection, exprimées en pourcentage du poids de la carcasse chaude, mettent en évidence que le poids
de la tête et du cou (p < 0,05) est plus élevé chez les NZW que chez les H, les poids des épaules et
des pattes avant (p < 0,05), du rable (p < 0,01) étant plus faibles. La saison W a augmenté les poids
de la tête et du cou, des épaules et des pattes avant, ainsi que l’ensemble des dépôts adipeux. Les sujets
NZW ne diffèrent pas des hybrides en termes de performance de croissance, mais seulement en
termes d’abattage et de dissection. Par rapport à la saison S, la W a amélioré l’efficacité alimentaire
et les performances zootechniques des lapins.

lapin / génotype / saison 1 production de viande

INTRODUCTION

In recent years, the genotype has become
one of the most important factors in rabbit
breeding. Although purebreds (New Zealand
White and Californian) have been progres-
sively replaced by hybrid commercial-type
rabbits, few experiments have been under-
taken to compare the performance of these
hybrid commercial-type rabbits with those
of purebreds (Okerman et al, 1987; Chieri-
cato and Filotto, 1989; Ristic and Zimmer-
mann, 1992).

Another factor that plays a primary role in
the rabbit productive cycle is the environ-
mental temperature, in particular for coun-
tries characterized by extreme temperatures
of cold in winter and hot in summer.

Although the rabbit susceptibility to tem-
perature stress is well known, only a limited
amount of experimental work has been con-
ducted testing these animals’ reactions to
different thermic conditions in terms of meat

production performance (Stephan, 1981;
Simplicio et al, 1988; Chiericato et al, 1992).

The aim of this study was to investigate
the productive and slaughtering performance
of three rabbit genotypes under different
environmental conditions to better under-

stand their effects on the meat production of
female rabbits.

MATERIALS AND METHODS

The experiment was conducted during the winter
(W) and summer (S) of 1992 to compare the
effects of these two environmental conditions.

Animals and diet

The trial was carried out on 43, 43 and 44, 43-

day-old female rabbits, belonging to New Zealand
White (NZW), Hyla (H) and Provisal (P) geno-
types, respectively. H and P genotypes were com-
mercial-type rabbits obtained from crossing two
therminal synthetic lines. The purebreds origi-
nated from a firm registered with the Italian Breed-
ers Association; the hybrids came from farms
recommended by the firms that had produced
the grandparents. The females of each genotype
were produced from the same sires and dams
for the two season groups. The females were

taken from no less than ten litters obtained from

ten sires; the rearing conditions and the breeding
farm characteristics were all similar.

The rabbits were maintained until the age of
85 days, and were given ad libitum access to
water and commercial pellets composed of dehy-
drated lucerne meal (36.30%), barley meal
(19%), wheat middlings (16%) and soybean meal
(8%). The feed was analyzed chemically (AOAC,
1984; Martillotti et al, 1987), and the concentra-
tion of digestible energy was estimated accord-
ing to the Parigi Bini and Dalle Rive (1977) equa-
tion.



Housing conditions
and environmental monitoring

The animals were housed in an individual indus-

trial-type cage system (1 120 cm2/female), that did
not prevent caecotrophy.

Inside the rearing rooms, air diffusion was
obtained by forced ventilation of outside air; there
were no air heating or cooling systems. The pho-
toperiod consisted of 16 h of light and 8 h of dark,
provided by fluorescent lamps; the mean light
intensity was 32 ± 4 lux. The environmental tem-
perature and the relative humidity values were
continuously recorded by a thermoigrograph
(TIG - 1TH LSI), and the light intensity was mon-
itored every 5 days by a luxmeter HD 8366 (Delta
Ohm). The ammonia concentration inside the
rooms was checked every 7 days by a Drager
pump and kits and the mean values ranged from
4 to 7 ppm.

Experimental procedures

The feed intake and health status of each rabbit
were examined daily; the live weight and body
gain measurements were conducted on a weekly
basis. At the end of the experiment, 20 animals of
each genotype were slaughtered and jointed for
both seasonal trials.

The slaughtered animals were bled initially by
severing the carotid arteries and jugular veins.
They were then skinned. The weight of the pelt
(whole skin), the head and neck, separated by
cutting through the seventh cervical vertebra and
the first thoracic vertebra, and the weight of dis-
tal fore- and hindlegs with pelt, removed by dis-
section through the antebrachio-carpal and tibio-
tarsal joints, were recorded. The weights of the
stomach and gut (full and empty), heart, liver and
kidneys, and perirenal, perivisceral and scapu-
lar fat were recorded. The head and neck were

then cut, without pelt, separated as just described.
The shoulders and forelegs were separated from
the trunk by sectioning, around the shoulders,
the caudal border of the triceps brachii muscle
and cutting the pectoral and the trapezius and
rhomboideus muscles. Two other cross sections,
one cranial along the caudal edge of the last rib
and the other caudal, following a vertical line on
the tuber coxal, were used to separate the three

joints of thoracic cage, loins and flanks and rump,
nates and thighs.

Statistical analysis

The data obtained, after examining the variance
homogeneity, were submitted to statistical anal-
ysis using the model I and the Harvey (1989)
package, according to the following model:

where: Yiik = experimental data; p = overall mean;
Gi = fixed effect of i-th genotype (i = 1, 2, 3);
T = fixed effect of j-th season = 1, 2); (GT¡¡j =

interaction effect; e¡jk = residual random effect .
The data concerning the zootechnical perfor-

mance and the fat deposit weights were submit-
ted to covariance analysis for initial body weight
and hot carcass weight, respectively.

RESULTS AND DISCUSSION

Environmental conditions

and diet employed

Table I shows the temperature and the rel-
ative humidity values observed during the
two seasons. In summer, the highest tem-
peratures were observed in the middle of
the day, between 0900 and 2400 hours, with
a mean value of 27.2 ± 2.56 °C. These tem-

perature levels were high and some authors
(Grazzani and Dubini, 1982; Samoggia,
1987) report that the production perfor-
mance is affected above 25 °C. The limited
thermic differences observed between night
and day, equivalent to 2.6 °C, did not seem
to exert the positive effect recorded by
Maertens and De Groote (1990).

The relative humidity reached mean val-
ues of 80% during the night and 70% at the
hottest time of the day. These levels did not
seem to have any negative effects on the
animals.



In the second part of the experiment, dur- r-

ing the winter season, mean thermic levels
were relatively low and constant and equiv-
alent to 11.3 ± 1.0 °C, with limited differ-
ences between day and night. The thermic
conditions of this trial were below the area of

thermal neutrality and therefore capable of
stressing the female rabbits.

The literature indicates that a range from

15 to 20 °C is the most ideal for the meat

production phase (Roca Casanovas et al,
1980). The relative humidity values ranged
from 58 to 71 %, which are considered suit-
able for meat production (Roca Casanovas
et al, 1980).

The chemical composition and nutritive
value of the feed are shown in table II. The
feed had a commercial-type formulation and
was suitable for rabbit meat production
(Cheeke, 1987; INRA, 1989).

Productive performance

Because no significant interactive effects
were found between the genotypes and the
climatic conditions, the tables present only
the main effect of the treatments. This result

pointed out that the genetic types tested
had similar adaptive capacities to the dif-

ferent environmental conditions. Table III

shows that, for animals of the same age,
NZW rabbits presented an initial live weight
of 1 076 g. This was 12.7% lower than that
of hybrids who weighed, on average, 1 232
g. This weight difference in rabbits of the
same age was due to the performance of
the mothers and pups at weaning.

The other productive performances
demonstrated covariance for initial body
weight: the two hybrid genotypes showed
a mean weight gain of 33.1 g/day, similar



to that of purebred rabbits (32.9 g/day). A
very limited number of experiments have
been conducted to compare the perfor-
mances of the genotypes considered in this
trial. Other research undertaken in Belgium
(Belgium Government Agricultural Research
Center, 1984) and Italy (Chiericato and
Filotto, 1989) confirm these results.

Because feed intake was also similar

among the groups, the resultant feed effi-

ciency did not significantly differ, and had
a mean value of 3.73 g/g. These results are
in agreement with data from previous exper-
iments (Belgium Government Agricultural
Research Center, 1984; Okerman et al,
1987; Chiericato and Filotto, 1989). The W
animals had an initial body weight that was
significantly lower (P < 0.01 ) than those of
the S group (1 117 vs 1 243 g). The sea-
sonal temperature levels influenced the daily
weight gain, which resulted in a higher daily
gain in W than in S rabbits (37.2 vs 29.1 g,
P < 0.01). This increment was due to a
higher feed intake observed during the W
experiment (153.6 vs 94.4 g/day, P < 0.01 ).

Given the temperature stress effect on
growth and feed intake, the feed efficiency
was less favorable (P < 0.01) during W than
during S (4.13 vs 3.24 g/g). These findings

agree with those obtained in our previous
trial (Chiericato et al, 1992) and with those
reported by others (Stephan, 1981; Lebas
and Ouhayoun, 1987; Simplicio et al, 1988).

No particular diseases affected the ani-
mals throughout the rearing period of the
two trials. The mortality rate values were
similar among the experimental groups, and
averaged 3.8%.

Slaughtering and jointing performance

The slaughtering performance of the ani-
mals is presented in table IV. The pelt and
the head and neck percentages of empty
body weight were similar among the geno-
types with a mean value of 15.40 and
10.57%, respectively. For the distal legs, it
was observed that only the hindleg propor-
tion was different among the genotypes,
being higher (P < 0.01 ) in the H and P rab-
bits (2.34 and 2.40%) with respect to NZW
animals (2.20%). The three tested geno-
types presented similar values for the distal
forelegs (0.82%), heart (0.42%) and kid-
neys (0.69%). The NZW rabbits displayed a
higher proportion (P < 0.01) of liver (4.62%)
than H (3.58%) and P (3.91 %) rabbits. The



proportion of empty stomach and gut
seemed to be lower (P < 0.01 ) in purebred
rabbits (5.21 %) with respect to those of P
genotype (5.42%). The H data were inter-
mediate with a value of 5.32%. The hot car-
cass percentage did not differ among the
three breed groups, averaging 65.38%.
These overall results from the three tested

genotypes confirm the data reported by
other studies (Okerman et al, 1987; Chieri-
cato and Filotto, 1989).

The female rabbits presented a higher
hot carcass percentage (P < 0.01 ) in S than
in W (65.91 vs 64.86%, table IV). This result
was due to a higher proportion of the distal
forelegs (0.84 vs 0.79%, P < 0.05), heart
(0.46 vs 0.36%, P < 0.01 kidneys (0.79 vs
0.59%, P < 0.01 ) and empty stomach and
gut (5.49 vs 5.15%, P < 0.01 ) recorded in W

rabbits. The lower values for stomach and

gut can probably be attributed to the lower S
feed intake. These results confirm those

obtained in a previous study (Chiericato et
al, 1992).

The jointing data are summarized in table
V. The NZW rabbits were significantly dif-
ferent from H subjects for head and neck
(13.58 vs 12.82%, P < 0.05) and shoulders
and forelegs (11.60 vs 11.93%, P < 0.05);
the P rabbits were intermediate (13.14 and
11.78%).
The commercial joint preparations

showed no significant differences between
genotype with regard to thoracic wall and
loins and flanks that averaged, for the three
genotypes, 23.54 and 17.51 %, respectively.
These results are in agreement with those
reported in our previous experiment (Chier-
icato and Filotto, 1989).

The H hybrids presented a higher (P <

0.01) proportion of rump, nates and thighs
with respect to the purebred rabbits (34.58
vs 33.36%), whereas P showed an inter-
mediate value (34.06%). A similar result



was observed in a recent study undertaken
in Germany on male rabbits (Ristic, 1990).

There were similar values for fat deposits
among the three genotypes studied. This
similarity was true for each type of fat con-
sidered: the total fat showed a mean inci-

dence of 6.00%. Given the possible influ-
ence of carcass weight on the fat deposits,
the absolute values, covariated for hot car-
cass weight, are also summarized in table V.
These data confirm the same trend of the
fat deposit percentages.

The data summarizing the effect of the
seasons are presented in table V. The W
rabbits had a superior proportion of head
and neck (13.52 vs 12.84%, P < 0.01 ) and
shoulders and forelegs (12.25 vs 11.29%,
P < 0.01) compared with those of S sub-

jects. For the thoracic wall (23.53%) and
loins and flanks (17.51%), the values were
not significantly different between the rabbits
reared under the two environmental condi-
tions. Similar data were also observed for

rump, nates and thighs, which had an aver-
age value of 34.01 %.

There were significant differences in rela-
tion to the fatty deposits, which were higher
in W rabbits (P < 0.01 ) than in S rabbits. In

fact, the winter breeding produced a higher
percentage of total fat (6.87 vs 5.11 %) and
perirenal (2.35 vs 1.77%), perivisceral (3.55
vs 2.54%) and scapular fat (0.97 vs 0.80%).
A similar trend was observed for the fat

deposit weight values, covariated for hot
carcass weight. The higher adipogenesis
of the animals bred in winter was related to



their higher feed intake caused by the lower
temperatures. Rabbits reared during the
coldest months ate more. The greater
amount of available energy enabled the ani-
mals to satisfy their thermoregulation
requirements and to achieve a higher adi-
pogenesis. The reduction of the fat deposits
under high temperature conditions confirms
the results obtained in other experimental
studies (Chiericato et al, 1992).

In conclusion, the absence of significant
interaction effects between breed and sea-
son indicated that the three breed types
tested had a similar adaptive capacity to the
different environmental conditions.

The purebreds did not differ from hybrid
rabbits in terms of growth performance,
although there were some differences in
their slaughtering and jointing performance.
These differences, however, were limited.

The low winter temperatures compared to
the high summer levels resulted in poorer
feed efficiency and decreased the slaugh-
tering and jointing yields.
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