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ABSTRACT
One hundred and two weaned males of New Zealand white (NZW) rabbits at 35 days of
age and nearly equal average initial live body weight were randomly assigned to 8 treatment
groups to study the period of the year and cage density effect on the performance of growing
rabbits. A 2x4 factorial design experiment was performed including two periods of the year (the
- mild period; from October, 2007 to April, 2008, and the hot one; from May to September, 2008)
and four cage densities (2, 3, 4, and 5 animals/cage). Growth performance, carcass
characteristics and some blood constituents were studied.

Results indicated absence of heat stress during the Mild and exposure to severe heat
stress during the hot period.

Results obtained also showed that the hot period of the year affected negatively (P<0.05
or 0.001) on live body weight at 11 weeks of age and body gain during the periods from 8 — 11
and 5 — 11 weeks of the age. Mild period of the year caused an improvement in feed intake and
feed conversion. Crowding had a bad effect (P<0.05 or 0.01) on live body weight and body gain
in all ages studied. Feed intake and feed conversion were improved (P<0.05 and 0.01) in rabbit
groups of low cage density. Rabbits reared in 5 animals / cage during hot period of the year
showed the lowest (P<0.05 or 0.01) body weight at 11 weeks of age and gain during8 — 11 and 5
- — 11 weeks of age, while those reared in the cages during mild period recorded the highest body
weight and gain. Most of carcass traits studied (carcass weight for lamb trunk and hind lamb)
were improved during mild period of the year as comparing with those during hot one (P< 0.05
. or 0.01). Growing rabbit groups reared in 2 animals / cage showed nearly the best carcass traits
while the worst ones were observed for those reared in 4 or 5 animals per cage. Plasma total
protein, albumin, giobulin, creatinine and urea didn't show any significant differences due to the
effect of period of the year, cage density and their interaction. It could be seen from the resuits of
the present study that cage density must be adjusted at the hot period of the year. The best results
could be obtained when 800 — 1200 square centimeters are provided to each growing rabbit.

INTRODUCTION

There are many factors affecting the
intensive  rabbits  production such as
environmental and nutritional conditions. The
environmental conditions play an important
element in the production cycle. The domestic
rabbit has a high metabolic rate, undeveloped
. sweat glands and slow heat loss. The high
temperature in hot climate conditions affects
negatively growth, reproductive performance,
feed intake and blood constituents (I-8).
- Growing rabbits are so sensitive to heat stress.
Since, they have few functional sweat glands
and difficulty in eliminating excess body heat

(9). The comfort zone for rabbits under
Egyptian conditions is between 18 and 21 C°
for adult rabbits (10,11) and 15 ~ 18 C° for
growing rabbits of 6 — 12 weeks of age (12).
Poor weight gains, impaired feed conversion,
increase disease incidence and mortality are
the most signs of heat stress (13). It's unclear
to what extent the biological performance of
growing rabbits is influenced by the
environmental conditions especially under
different stocking densities. The susceptibility
of growing rabbits will be increases during hot
seasons with high stocking density. This may
be due to the high production of heat from
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animal. bodies through radiation, contacting
- and evaporation during breathing in unit area,
Moreover, overcrowding reduces the available
space of feeding and drinking, which in turn
leads to reduction in feed utilization. Using a
favorable stoking density for the different
environmental conditions to maximizing the
‘growing rabbits performance is questionable.
"Beside well-being, stocking density and group
-size affect the production traits. In
.overcrowding cages the alimentary and
locomotory behaviour of growing rabbit
changes, which influences their meat quality
and carcass traits (14 ,15).

The increase of animals per cage reduces
Investment costs in cages and equipments, but
it worsens animal performance (16-18).
Minimum space allowances and stocking
“densities for rabbits should always refer to the
final weight that rabbits would reach (of a
-certain strain, sex, feeding regime) while
housed in a particular compartment (19). In
cage housing, each rabbit should be allowed to
stretch full length along one side of the cage.
The height should allow the rabbits to sit up
straight. Young rabbits need more space since
they are more active and perform more rapid
locomotion than elders (20). Recommended
cage area for rabbits is different in the US and
European guidelines. In cage floor area is
based on weight, such that one rabbit of less
than 2 kg should be housed in a cage with a
minimum floor area of 1350 cm? (21). In the
“Council of Europe Appendix A ETS 123 (22),
cage floor area is based on weight and age,
‘such that rabbits less than 10 weeks of age
should be housed in a cage with a minimum
floor area of 1200 cm®. However, there is a
lake in published reports about the effects of
stress due to different cage density on growth
and some blood constituents of young male
‘rabbits. Therefore, the present study was
‘designed to study the period of the year (mild
-and hot periods) and cage density effects on
*the performance of growing rabbits.

MATERIALS AND METHODS

This study was carried out at a Private Farm
in Zagazig city during the period from
October, 2007 to September, 2008. One
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hundred and two of weaned males New
Zealand White (NZW) rabbits at 35 days of
age and nearly equal average initial live body
weight were randomly assigned to 8 treatment
groups. A 2x4 factorial design experiment was
performed including two periods of the year
(the mild period; from October, 2007 to April,
2008, and the hot one; from May to
September, 2008) and four cage densities (2, 3,
4, and 5 animals/cage) as shown in Table 1.
Since weaning, rabbits were housed in
galvanized wire cages (Dimensions of 60 x 40
x 35 cm) until marketing at 6 weeks after
weaning.

Averages of ambient temperature and
relative humidity at mid-day inside the
Rabbitry building during the experimental
period were 17.84 C° and 68.9% in the mild
period and 30.12 C° and 77.6 % in the hot
period, respectively.

All rabbits were fed pelletized feed ad
libitum. The basal diet consisted of 28% alfalfa
hay, 18% barley, 18% soybean meal (44%
crude protein), 25% wheat bran, 6% yellow
corn, 3 % molasses, 1.1% limestone, 0.3%
sodivm chloride, 0.6 % vitamin and mineral
premix. The basal diet contained of 18.18 %
crude protein, 13.43% crude fiber, 2.29% ether
extract, 2656 digestible energy (Kcal/kg). The
diet was formulated (23).

All rabbits were kept under the same
managerial, hygienic and environmental
conditions. The rabbits were reared in a well
ventilated  building, fresh  water was
automatically available all the time by
stainless steel nipples fixed in each cages. All
rabbit cages were equipped with feeders and
nipples. During the experimental periods, light
/ dark rate was 16 / 8 hours.

Live body weight was recorded individually
for each rabbit at 5, 8 and 11 weeks of the age,
then weight gain was calculated. Feed intake
was determined precisely and calculated as
gram per rabbit per day. Unused feed from
each cage was collected daily, weighed and
taken into consideration for calculation of feed
intake. Feed conversion was also estimated (g
feed / g gain).
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At the end of the experimental period (11
weeks of the age), three male rabbits from
each group were randomly taken and fasted for
12 hrs then slaughtered. After complete
bleeding, pelt, viscera's and tail were removed
then the carcass and some it's components
were weighed (head, fore limb, trunk, hind
limb, liver, kidney and abdominal fat). The
blood samples were collected from rabbits
during the slaughtering in dry heparinized
tubes and the plasma was separated by
centrifugation at 3000 rpm for 20 minutes and
kept in plastic vials in a deep freezer at -20 C°
until the time of analysis. Total protein,
albumin, creatinine and urea concentration in
plasma were estimated using commercial kits
(Bio Merieux, France) according to the
procedure outlined by the manufacturer. The
globulin values were obtained by subtracting
the values of albumin from the corresponding
values of total protein.

In order to study the combined effects of
temperature and  humidity, temperature

Table 1. Experimental design.
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humidity index (THI) calculated

according to the formula (24).

THI= db C°-{(0.31-0.31RH)db C°-14)},
where db C®= dry bulb temperature in Celsius
and RH = Relative humidity % the estirnated
values of THI were classified as follows;
<22,2 = absence of heat stress, 22,2 - <23.2=
moderate heat stress, 23.3 - <25.5 = severe
heat stress and 25.5 or more = very severe
heat stress.

The obtained data were statistically
analyzed in 2x4 factorial design (25) using
SAS® Software Statistical Analysis (26} by
the following model:

Yijk = 1 +P; +F +PF;;+ Ejj

Where, u = general mean, P; = fixed effect
of i period (Mild and hot periods), Fj = fixed
effect of jIh rabbit densities (2, 3, 4 and 5
animals / cage), PF; = interaction between
period and growing rabbits density and Ejk =
random error. Differences among mean were
tested by Duncan's multiple range test (27).

was

Mild period (51 growing rabbits)

Hot period (51 growing rabbits)

2 3 4 5 2 3 4 5
1200 sq 800 sq 600 sq 400 sq{1200 sq 800 sq 600 sq 400 sq
cm/head cm/head cm/head c¢m/head | cm/head comv/head cm/head  cm/head
12 rabbits 12 rabbits 12 rabbits 15 rabbits | 12 rabbits 12 rabbits 12 rabbits 13 rabbits

Sq = square and cm = centimeter.

RESULTS AND DISCUSSION

‘Temperature —humidity index

Temperature ~ humidity index values (THI)
were [7.5 and 27.13 at comfort and hot
periods.

Growth performance
Live body weight and weight gain
Period of the year effect

Results in Table 2 indicated that hot period
of the year affected negatively (P<0.05 or
0.01) live body weight at 11 weeks of age and
body gain of growing rabbits during the

periods from 8 — 11 and 5 — 11 weeks of age.
Such difference may be a reflection of
differences in seasonal conditions; also the
depression in body weight gain due to heat
stress may be attributed to the impairment of
feed intake and a consequent shortage of
energy substrates (28). The adverse effects of
exposing growing animals to heat stress were
similar to that reported by several investigators
(1, 3, 5, 9, 24, 29 ,30) and indicated that the
absence of heat stress during the Mild (less
than 22.2) and exposure to severe heat stress
during the hot period (23.3 - 25.5).
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Table 2. Live body weight and body weight gain (X = S.E.) of growing rabbits as affected by
climatic conditions, cage density and their interaction.

lltems Live body weight (gm) Body weight gain (gm /day)
5weeks | 8weeks | 11 weeks | 5-8 weeks | 8-11 weeks | 5-11 weeks
Period of the year effect:
Hot period 812.83+0.7 | 1280.12+4.5 | 1727.96’+8.90 | 22.25:031 | 21.33°+0.49 | 21.79°+0.36
Mild period 813.13+1.3 | 1287.45+4.1 | 1837.53"+10.1 | 22.59+0.25 | 26.19°x0.52 | 24.39°10.42
Significance N.5 N.S ork NS * *
[Cage Density effect:
S / cage 820.34x1.1 | 1254.00°+5.2 [ 1602.50°+9.10 | 20.65£0.29 | 16.60°+0.41 | 18.62"+0.53
4 / cage 809.75+1.0 | 1257.84°+6.8 [ 1766.81°+13.2] 21.34+0.19 | 24.24°+0.61 | 22.79°+0.59
3 / cage 814.95%0.9 | 1336.29+7.1 | 1800.10°11.7 | 24.82+0.21 | 22.09"°+0.36 | 23.45°+0.41
2 / cage 811.17+0.9 | 1259.96°+54 | 1817.04*«11.8 { 21.37x0.33 | 26.53°+0.45 | 23.95+0.38
Significance NS *ow Hok NS Hokok *x
Interaction effect:
Hot period:
5/ cage 810.67£1.9 | 1179.67+6.7 [ 1488.00°£13.8 [ 17.57x0.14 | 14.68°+0.36 | 16.13°£0.42
/ cage 815.83+2.0 | 1269.00+8.1 |1731.95%%14.0] 21.56x0.19 | 22.02°+0.29 | 21.79°+0.85
3/ cage 813.60£1.3 [ 1358.67+9.3 {1763.11%+11.1] 26.03£0.16 | 19.27%x0.41 | 22.65°+0.50
2 / cage 818.67+2.1 | 1237.59+5.6 [1781.74™x9.80] 19.94+0.20 | 25.90°x0.38 | 22.92°+0.48
Mild period:
S / cage 8300025 | 1328.33x4.9 [1717.00°£12.5 23.73x0.28 | 18.51°+0.49 | 21.12°:0.60
4 / cage 803.67+2.4 | 1246.67£6.0 [ 1801.67°+16.1 [ 21.10£0.21 | 26.43°+0.45 | 23.76%+0.67
3/ cage 816.331.5 | 1313.9127.3 [ 1837.08°+14.3 [ 23.69+0.18 | 24.91°+0.38 | 24.30°+0.72
2/ cage 803.67+1.7 { 1282.33%7.5 { 1852.33°+15.0( 22.79+0.17 | 27.14°+0.41 | 24.96*+0.80
ignificance NS NS ok NS *ok *ox

" NS = Not significant, *= P<0.05, ** = P<0.01 and *** = P<(.001
Means bearing different letters in the same column within each factor differ significantly (P<0.05).

Cage density effect

The present results phoned that crowding
had a bad effect (P<0.05 or 0.01) on live body
weight and body gain in all ages studied, since
rabbits reared in 5 rabbits / cage had the lowest

" live body weight at 8 and 11 weeks of age and
body gain during 8 — 11 and 5 — 11 weeks of
age. In general, nearly similar results were
observed for rabbits reared in 2 to 4 animals /
cage either for body weight or body gain
(Table 2). The unfavorable effect of high cage
density may be attributed to modification of
the resting behavior due to the disturbances by
the other animals (31). Accordingly, the
reduction of body weight and growth rate
when cage density increased is directly related
to the reduction of feed intake (16-18).

Contradicting results were obtained (32 33)
which showed that cage density had no effect
on body weight of growing rabbit. The
European Food and Safety Authority (33)
recommended a minimum surface of 625
cm?/rabbit at the end of fattening, in order to
avoid disturbances in rabbit performance and
behaviour. On the other hand, in tropical and
sub-tropical conditions, whether control is
very difficult which increases heat stress
during fattening period. In these conditions the
increase of cage density on performance might
be more important than in European
conditions. The present results are in
consistent with those obtained previously
(35).
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Interaction effect

The interaction between period of the year
and cage density were significant (P< 0.01) on
live body weight at 11 weeks of age and body
weight gain during 8 -~ 11 and 5 — 11 weeks of
age (Table 2). Rabbits reared in 5 animals /
cage during hot period of the year showed the
lowest (P<0.05 or 0.01) body weight and gain,
while those reared in 2 animals / cage during
mild period recorded the highest body weight
at 11 weeks of age and body weight gain
during 8 — 11 and 5 - 11 weeks of age.

Feed intake and feed conversion
1.Period of the year effect

Mild period of the year caused an
improvement in feed intake and feed
conversion, however this improvement was
significant (P<0.01) only for feed intake. Feed
intake was increased by 12% during mild
period than that during the hot one (Table 3).
This means that the period was responsible
for any increase in feed intake. This may
be explained on the basis that growing
rabbits require more heat during cold
conditions, covered by increasing feed
intake. Similarly it has been recorded that
feed intake was increased significantly
(P<0.01) in NZW rabbits under winter
conditions comparing with that under summer

conditions (7). Conversely, rabbits exposed to.

~sever heat stress increases heat production
while ~ decreasing voluntary feed intake.
Several previous studies indicated that feed
intake ‘decreased significantly (P<0.05) in
NZW rabbits under heat stress condition (4-
6,9,30).

2.Cage density effect

Results in Table 3 showed that feed intake
and feed conversion were significantly
(P<0.05 and 0.01) affected by cage density.
There was a decrecase in feed intake and
increase in feed conversion with increasing
cage density. It could be noticed that feed
intake and feed conversion were improved in
groups of low cage density (2 or 3 animals /
cage). Simtilar results were reported (19,35).
On the other hand cage density didn't affect
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feed intake and conversion in growing rabbits
(32, 33,36). The reason of decreasing feed
intake and consequently weight gain with the
increase of cage density may be due to limiting
of feed place and lacking of comfort due to
overcrowding. Also, Feed consumption
reduction may be due to the reduction in floor
space, which increases the competition for
positions at the feeder, while in lower density
there is a more area allowed for movement,
which may have resulted in less more
movement that lead to loss stressful
environment (37).

Interaction effect

The interaction effect between period of the
year and cage density didn't show any
significant differences in feed intake and feed
conversion (Table 3).

Carcass traits
Period of the year effect

Most of carcass traits studied (weight of
carcass, fore limb, trunk, hind limb and liver)
were improved during mild period of the year
as comparing with those during the hot one
(P<0.05 or 0.01). The other carcass traits
(weight of head, kidney and abdominal fat)
didn't affect significantly by the period of the
year (Table 4). In Egyptian similar findings
were recorded (6, 30).

Cage density effect

Cage density effect was significant (P<0.05
or 0.01) for all carcass traits except liver and
head weights, which were not significantly
affected (Table 4). It could be seen that
growing rabbit groups reared in 2 animals /
cage showed the best carcass traits while the
worst ones werc observed for rabbits reared in
4 or 5 animals / cage. Cage density had minor
influence on carcass compared to growth traits
(35).

Interaction effect
There is no any significant effects for
interaction between period of the year and

cage density on all carcass traits studied (Table
4).
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Table 3. Feed intake and feed conversion (X = S.E.) of growing rabbits as affected by
climatic conditions, cage density and their interaction during 5 — 11 weeks of age.

Items Feed intake (g/day) Feed conversion (g feed / g
gain)

Period of the year effect:
Hot period 92.43%+0.43 424103
Mild period 100.91°+0.38 4.14+0.4
Significance *x NS
Cage Density effect:
5/ cage 89.60°+0.50 4.80°£0.3
4/ cage 94.76+0.41 4.51%°+0.6
3/ cage 101.00°+0.58 4.44%10.5
2 / cage 101.10°+0.52 4.29°+0.4
Significance ok *
Interaction effect:
Hot period:
5/ cage 75.65°+0.46 4.69°+0.6
4/ cage 85.50°+0.63 4.63°+0.5
3/ cage 98.00°+0.59 4.59°+0.5
2/ cage 100.00°+0.81 4,49°+0.4
Mild period:
5/ cage 103.54+0.61 4.90°+0.6
4/ cage 104.02°+0.67 4.38°+0.7
3/ cage 104.00°+0.50 4.28°+0.4
2/ cage 102.20°+0.44 4.09°£0.5
Significance *% *

NS = Not significant, * = P<0.05 and ** = P<0.01
Means bearing different letters in the same column within each factor differ significantly (P<0.05).

Blood constituents
Period of the year effect

Plasma total protein albumin, globulin,
creatinine and urea didn't show any significant
differences due to the period of the year effect
(Table 5). The present results are agree with
those obtained under Egyptian conditions
- (6,29).

Cage density effect

Cage effect didn't reach to the significant
. level for all blood plasma traits studied (Table
3.

Interaction effect

There is no any significant effect for
interaction between period of the year and
cage density on all blood plasma traits studied
(Table 5).

In conclusion: it could be seen from the
results of the present study that cage density
must be adjusted at the hot period of the year.
The best results could be obtained when 800 ~
1200 square centimeters are provided to each
growing rabbit.
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Table 4. Some carcass traits (X = S.E.) of growing rabbits as affected by climatic conditions,
cage density and their interaction.

Items Carcass Forelimb Trunk Hindlimb Liver Head  Kidney and
weight (gm) (gm) (gm) {gm) {gm) Abdominal
(gm} fat (gm}
eriod of the year effect:
Hot period 1083.82"+69.2 225.19"£36.5  286.43"+28.1 46.96":421 647859 12500103 17.39+3.8
Mild period 118970753 262052418 308.60°+326 409.58'+40.1  68.52'+6.8  12477£117 16.19"3.2
Signiﬁcance k& £ * % Hk ¥k * % * %k
Cage Density effect:
5 / cage 1005.68°483.9 209.30'+463 278.38"3347 319.43°315  61.99%7.1  123.53%12.0 13.98"£3 4
4 / cage 1097.70°81.0  224.04°249.0  295.65£22.9 378.51"xdll  6391x82  126.44xl1.5 14.50"+2.7
3/ cage 1130.04°£65.6 24582'+37.9 294 22%26.1 382.62"+41.1  66.89x7.5  125.53x10.7 19.48%¢4 5
2/ cage 1145.52'554,1  262.58%%24.1  309.42°285  420.82°x52.1  68.58x6.4 124.63£10.0 17.00°+5.0
Eignificance Gl *x X *x NS NS *
nteraction effect:
Hot period:
5 / cage 990.79'+67.1  208.52°+40.1 270.10"x19.5 318.85"+489  60.65+7.0 128.6749.5 13.00":1.8
4/ cage 1063.23°£69.5  211.3927.5  300.35£25.9 350.34":457  62.82:74  125.00=11.3 14.00"+2.0
3 /cage 1085.24°278.6  23033°+33.0 27801236 355.04":39.2  64.90+65  13000t117 24.96°2.7
) / cage 1105.77"+93.1  230.08¢39.1 278.06"+28.6 390.77£39.9 6552283  123.34x13.2 17.00"2.1
[Mild period:
5/ cage . 1020.56'+70.6 210.08°29.3 286.66™+41.0 32001"+31.8 6333165  12553x153 14.95"+1.7
4 / cage 1132.17"84.3  226.69"+37.2 290.44%+36.9 406674373  6500s7.5  127.87+14.7 15.00°2.0
3 /cage 1184.84°+65.0 26130"21.4 310434254 410144465  68.87+67  120.05xi3.] 14.00"+2.3
2 / cage 128527°+54.3  29508%:28.0 324771390 45087352 7163258  12592:11.9 17.00™+1.9
|Significance ** Hk Hkk *x NS NS w*

NS = Not significant, * = P<0.05, ** = P<0.01 and *** = P<0.001
Means bearing different letters in the same column within each factor differ significantly (P<0.05).
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Table 5. Some blood constituents (X + S.E.) of growing rabbits as affected by climatic

conditions, cage density and their interaction.
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of the international Conference on Animal,
Poultry and Rabbit Production and Health,
Cairo, Egypt, pp. 637 — 651.

2.Marai IFM, El-Masry KA and Nasr AS
(1994). Heat stress and its amelioration
with nutritional, buffering, hormonal and
physical techniques for New Zealand White
rabbits maintained under hot summer
condition of Egypt. Cahiers Option
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Items Total Albumin Globulin Creatinine Urea-N
protein (g/an) (g/dl) {(mg/dl) (mg/dl)
_ (gay

Period of the year effect:
Hot period 6.17+0.53 3.52+0.17 2.65+0.19 1.05+0.05 15.67+1.8
Mild period 6.14+0.49 3.13z20.19 3.01£0.23 0.09+0.09 16.62+1.9
Significance NS NS NS NS NS
Cage Density effect:
5/cage 5.90+0.39 3.34+0.13 2.56+0.17 1.04+0.03 17.39+2.0
4 / cage 5.83+0.46 3.23x0.11 2.60+0.19 1.06+0.04 15.64+2.3
3 /cage 6.32+0.54 3.2940.16 3.0340.19 1.04+0.03 16.52+1.7
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| Significance NS NS NS NS NS
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