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ABSTRACT

For rabbits, minimum space allowances and stocking densities should always refer to the final
weight that rabbits would reach. To investigate the effects of cage density on growth performance
and some blood parameters of rabbits, ninety California rabbits (27-day cld) were housed in wire
cages (B0xH0x30 e¢m for each) in groups of 1, 2, 3 and 4 rabbits/cage; corresponding to stocking
densities of 4, 8, 12 and 16 rabbits m™ for G1, G2, G3 and G4, respectively. From weaning up to
12 week of age, Gl showed the highest (p<0.05) weight and gain with the best feed conversion. At
12 week of age, values of hemoglobin (g ALY, red bleood cell count, lvmphoeytes (%), packed cell
volume (%) and mean corpuscular volume (fl) were highest (p<0.05) in G2, Mean corpuscular
hemoglebin (pg cell™) and mean corpuscular hemoglobin concentration (g dL™1) were highest
(p<0.05) in G1, while G4 showed the highest (p<0.05) white blood cell count. Concentration of total
protein, globulin and creatinine was highest (p<0.05) in G1. Aspartate transaminase and alkaline
phosphatase activities were higher (p<0.05) in G4 and G3 than in Gl and G2, Albumin
concentration and activity of alanine transaminase were not affected. Concentration of ACTH and
corticosterone was highest (p<0.05) in (G4, while cortisol was highest (p<0.05) in G4. In conelusion,
4 rabbits per cage (18 animals m%; 32 kg m™% could be an acceptable threshold in terms of good
growth performance without any adverse effects on welfare of California rabbits under the
intensive production in Egypt.
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INTRODUCTION

In different countries of the world, rabbits are kept in cages either individually or in groups of
variable size, from weaning up to marketing weight (Morisse and Maurice, 1997), Several authors
studied the effect of cage density and housing system on welfare and production of rabbits
{(Verga et al., 2006; Jordan et al., 2006; Szendro and Luzi, 2008). Cage size should allow each
growing rabbit at all age intervals to stretch full length along one side of the cage and to sit up
straight the height of the cage (Onbasilar and Onbasilar, 2007). Also, a appropriate cage space 1s
needed for young rabbits fitting the increased activity and rapid locomotion (Lehmann, 1987).

Cage floor area should be 1350 em? for rabbit of <2 kg (NRC, 1996), 1200 cm? for rabbits <10
weeks of age (CoE, 2004) or 450-600 em?® for growing rabbits (EFSA, 2005). In intensive conditions,
biclogical and ethological needs have to be taken into consideration in rabbits (Morisse and
Maurice, 1994). Stocking density from weaning until marketing must reflect the needs of growers
at the end of the fattening period, because they are housed in the same conditions (KFSA, 2005).
The effect of stocking density on growth performance or behavior of rabbits was studied by several
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authors (Xiccato et al., 1999; Lambertini et al., 2001; Trocino ef al., 2004) indicating the negative
effect. of stocking density on performance of growing rabbits. Most of the previous studies were
focused on welfare and performance as affected by cage density, however there are few published
reports about the effects of cage density on growth and stress indicators in growing rabbits.
Therefore, the aim of this study was to investigate the effects of cage density on growth
performance and some blood parameters of growing California rabbits under commercial condition

in Egyptian.

MATERIALS AND METHODS

This study was conducted at a private rabbit farm in Port Said City (Al-Abouty El-Gedida)
location, located in the north eastern part of the Nile Delta, Port Said Governorate, Egypt, during
the period from April 2011 to June 2011. Blood biochemical analysis was carried out at the
Laboratory of Poultry Production, Faculty of Agriculture, Mansoura Umversity, Egypt.

Experimental groups: Ninety weaned, 4 week old, unsexed California rabbits, weighing
650.03£1.42 g LBW were assigned to four similar experimental groups according to their live body
weight at weaning (9, 18, 27 and 38 rabbits in the 1%, 2™ 3™ and 4% group, respectively).
Rabbits of each group were housed in nine flat-deck cages made of galvanized wire measuring
50x50%30 em (lengthxwidthxheight). The cage density was 1, 2, 3 and 4 rabbits/cage for the 1%,
9m 3™ and 4™ group, respectively. Each cage was equipped with a nipple drinker and feeder of
total length 0.50 m outside the cage. Cages were set up in an open-sided rabbit house and managed
under similar conditions. Photoperiod continuous, room temperature ranged between 23.8 and
28.9°C, relative humidity from B8 to 75% during the experimental pericd. Nine replicates of each
rabbit. group were assigned to one of the four following groups:

* 1% group: 1 rabbit/cagex9 cages = 0.256 m*/rabbit = 4 rabbits m™

« 2" group: 2 rabbits/cagex9 cages = 0.125 m®/rabbit = 8 rabbits m~
3" group: 3 rabbits/cagex9 cages = 0.083 m¥*rabbit = 12 rabbits m*
+ 4" group: 4 rabbits/cagex9 cages = 0.063 m?/rabbit = 16 rabbits m™

2

Feeding system: Rabbits in all experimental groups were fed the same basal diet which was
formulated in pelleted form and contained 19% crude protein, 2.57% crude fat, 12.85% crude fiber
and 40% nitrogen free extract. Ingredients of the basal diet are shown in Table 1. Rabbits in all

Table 1: Ingredients of the basal diet fed to rabhits in all experimental groups

Ingredient (%) Ingredient (%)
Yellow Corn 6.4 Ground limestone 1.0
Soybean meal, 44% 19.5 Di-calcium phosphate 1.2
Wheat bran 24.0 Common salt 0.5
Barley 15.0 Preimmix 0.3
Alfalfa hay 32.1 Total 100.0

Premix: 3 kg contains Vit. A: 12,000,000 IU, Vit. D3: 3,000,000 1U, Vit. K: 10 mg, Vit, K3: 3 mg, Vit. B1: 200 mg, Vit. B2: 5 mg, Vit.
B6: 3 mg, Vit. B12: 15 mg, Biotin: 50 mg, Folic acid: 1 mg, Nicotinic acid: 35 mg, Pantothenic acid: 10 mg, Mn: 80 mg, Cu: 8.8 mg, Zn:
70 mg, Fe: 35 mg, I: 1 mg, Co: 0.15 mg, Se: 0.3 mg
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Table 2: References of criteria determined in blood plasma of rabhit

Parameter

References

Total proteins (g dL™%)
Albumin (g dL7Y)
Creatinine (mg dL.™%)
Total lipids (g LY
Triglycerides (mg dL—%)
Total cholesterol (mg dL™%)
HDL (mg dL-)
Glucose (mg ALY

AST and ALT(IUL™
ALPIUL™
Corticosterone (ng L)
Cortisol (ug dLi™)
ACTH (pgmL1)

Gornall et al. (1949)
Doumas ef al. (1971)
Banch and Seitz (1985)
Frings and Dunn (1970)
Fossati and Prencipe (1982)
Allain et al. (1974)

Myers et al. (1994)

Trinder (1969)

Reitman and Frankel (1957)
Kind and King (1954)
Sainio ef al. (1988)

HNichols and Nelson (1977)
Watts and Keffer (1982)

groups were fed ad [Lbitum and water was available through water one nipple in each cage.
The experimental pericd lasted from 4 up to 12 week of age.

Experimental procedures: Live body weight and feed intake were weekly recorded, then total
weight gain and feed conversion ratio were calculated at different week intervals of an
experimental period from 4 to 12. Also, viability rate was calculated at the end of experimental
period.

Blood sampling: At the end of the experimental period (12 weeks of age), individual blood samples
were collected from the jugular vein of three slaughtered rabbits in each group into two heparinized
tubes. The 1% tube of each rabbit was centrifuged at 4000 rpm for 15 min te separate blood plasma
and stored at -20°C for determining the concentrations of plasma total protein, albumin, total
chaolestercl, High Density Lipoprotein (HDL), glucose, creatinine, triglycerides and total lipids,
Activity of Aspartate (AST) and Alanine (ALT) transaminases and Alkaline Phosphatase (ALF) and
hormonal concentration of corticosterone, cortisol and Adreno-cortico-trophic Hormone (ACTH).
Concentration of globuhn was calculated by subtracting total protein from albumin concentration,
while concentration of Low Density Lapoprotein (LDL) was calculated by subtracting total
cholesterol from HDL concentration. All traits were determined spectrophoto-metrically in blood
plasma using commercial kits according to authors as shown in Table 2.

In the 2™ tube of each rabbit, concentration of Hemoglobin (Hb), count of Red Blood Cells
{(RBC) and White Blood Cells (WBC), Lymphocytes (%0), Packed Cell Volume (PCV%), Mean
Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin (MCH) and Mean Corpuscular
Hemoglobin Conecentration (MCHC) were measured in whole blood using blood hematology
analyzer (HB 7021) in the laboratory of Poultry Production, Faculty of Agriculture, Mansoura
University, Egypt.

Statistical analysis: The obtained data were statistically analyzed by SAS (2004) program using
the GLM model. The, by using the following model:

Y, = utGite;
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Where:

Y, = Observations of J* animal
p = Overall population mean.
G, = Effect of 1™ group

e, = Random error

The significant differences among groups were tested using Multiple Range Test according to
Duncan (1955).

RESULTS AND DISCUSSION

Growth performance

Live body weight: Eesults in Table 3 show that singly housed rabbits pushed through heaviest
{(p<0.05) Lave Body Weights (LBW) at all experimental weeks than the socially housed rabbits,
reaching 2281.1 g at 12 week of age. The pronounced differences in LBW appeared at 7 week of
age, whereas quartet housed rabbits were the lightest (p<0.05) up to 12 week of age, being
1958.9 g. Seaman (2002) suggested that singly housed rabbits were more motivated for contact
than previously socially housed rabbits. This may have been due to the contact being more novel
to the singly housed rabbits. It is of interest to note that deuble housed rabbits did not differ
significantly in LBW from those of singly housed rabbits up to 7 week of age (for 3 week after
weaning). In accordance with the present results in California rabbits, single housing had greater
LBW than group housing (Drescher and Loeeffler, 1991). Final weight was higher (p<0.01) in
rabbits housed in low-density pens (Di Meo et al., 2003). Increasing the number of animals from
2 to 4 in a cage resulted in a significant (p<0.01) decrease in final body weight (Mbanya ef al.,
2004).

On the other hand, Oliveira and Almeida (2002) found no effects of stocking densities on final
body weight. In another study, Garcia et al. (2005) found that average weight per cage did not
show significative differences according to different stocking densities (6, 7, 8 and 9 rabbits/cage).
Also, no differences were observed among the densities (4.16, 833, 12.5 and 16.67 NZW rabbits
m~? with regard to final weight (Neto ef al., 2007).

Table 3: Effect of cage density on average live body weight of growing rabhits at different ages

Body weight. (g)

Cage density
Age (week) (G1: Single G2: Double (33: Triplet G4: Quartet, +8SEM
4 651.1 649.4 649.3 650.3 1.42
5 801.7* 793.1° 776.1° 796.1° 5.45
6 1016.1* 998.3* 934.3° 947.2° 7.97
7 1316.1° 1305.0° 1236.7° 1178.1° 9.67
8 1586.72 1522.8° 1402.1° 1342.2% 9.40
9 1787.8° 1728.9° 1636.6° 1549.1¢ 8.14
10 1950.0° 1903.9° 1795.8° 1698.6% 6.33
11 2134.4° 2068.3° 1947.3° 1840.2¢ 5.51
12 2281.1° 2221.1° 2077.2° 1958.9% 5.14

Values within the same row having different superscripts are significantly different at p<0.05
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Table 4: Effect of cage density on total weight gain of growing rabbits at different age intervals
Body weight (g)

Cage density
Age (week) G1: Single G2: Double G3: Triplet G4: Quartet +3EM
4~5 150.6% 143.6% 126.9° 145.9% 5.61
5~6 214.42 205.32 158.1% 151.1¢ 7.52
6~7 300.0° 306.72 302.42 230.8° 11.60
78 270.68 217.8° 157.8° 162.8 8.14
8~9 201.1° 206.1° 234.4° 206.9° 4.46
9~10 162.2% 175.0* 157.2¢ 150.4° 5.18
10~11 184.4° 164.4° 151.5 141.7¢ 2.64
11~12 146.7¢ 157.82 129.% 118.5% 3.52
4~12 1630.0° 1571.7° 1428.4° 1308.3¢ 4.94

Values within the saine row having different superscripts are significantly different at p<0.05

Villalobos et al. (2008) revealed that rabbit production expressed in kg m™? increased linearly
and quadratically with the density (p<0.008). Oliveira and Almeida (2002) found that the
production in kilograms of meat per square meter increased linearly (p<0.05) in relation to stocking
density (27.88; 31.45; 34.64 and 38.12 kg m™?). The rabbits could be reared in stocking densities
equal to 54.54 kg m™ during the fattening period and their growth performances do not vary
{Garcaia et al., 2005). Therefore, there was an increase in the meat production per square meter
due to the higher density and consequently an increase in gross income and operational profit
{(Neto et al., 2007). Increasing group size resulted in lower values for body weight, but the
differences were not significant (Szendro ef al., 2009),

Body weight gain: Results in Table 4 show that singly housed rabbits revealed the heaviest
(p<0.05) total weight gain, followed by doubled and triplet housed rabbits, respectively, at most,
week-intervals and during the entire length of the experimental period. Meanwhile, quartet housed
rabbits showed the lowest weight gain at all age intervals, except at 4-5 week of age interval. It is
of interest to note that double housed rabbits did not differ significantly in total weight gain from
those of singly housed rabbits at most week-intervals. The highest weight gain in all groups was
recorded at 6-7 week of age interval and this was associated with the highest feed intake during
this interval as illustrated thereafter in Table 5.

In agreement with the present results, Paci ef al. (2008) found that rabbits in group of

? showed a significantly higher weight gain than groups of 8 or 16 animals m 2.

4 animals m™
Di Meo et al. (2003) reported that daily weight gain of rabbits housed in high-density was lower
during the whole fattening period than that of low-density pens. In this respect, a significant
decrease in daily weight gain of rabbits was observed by increasing the number of animals from
2 to 4 in a cage (Mbanya et al., 2004) and from 1 te 3 or b rabbits/cage (Onbasilar and Onbasilar,
2007). Also, for rabbits stocked at densities of 6.7, 10 and 13.3 rabbits m™? (Grace and Clorunju,
2005) and 8, 12, 18 to 24 rabbits m™? (Villalobes et al., 2008), average daily gain from weaning to
the end of experimental period decreased per each unit by increasing the density/m”® at the
beginning of the experiment. Onbasilar and Onbasilar (2007) found that young rabbits caged

individually or in groups of 3 rabbits/cage were not different in body weight gain, being higher
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Table 5: Effect of cage density on average feed intake of growing rabbits at different age intervals

Feed intake (g)

Cage density
Age (week) (31: Single G2: Double (G3: Triplet G4: Quartet +SEM
4~5 384 .4° 356.9 367.4° 453.32 17.18
5~6 468.92 49222 406.7° 409.7° 15.94
6~7 584 .40 623.6% 676.12 560.0° 24.38
78 496.7° 423.6° 341.5° 3562.0° 13.89
8~9 348.9¢ 374.4 454.42 418.8° 8.65
9~10 278.9° 308.92 303.22 309.42 8.19
10~11 316.7° 205.6° 2094.3° 203 .6° 4.27
11~12 248.9° 276.12 250.7° 240.6° 5.85
4~12 3127.82 3143.32 3094.3% 3034.3° 12.66

Values within the same row having different superscripts are significantly different at p<0.05

than the group having & rabbits/cage, especially from week 2 to week 6. Also, Szendro et al. (2009)
found that increasing group size resulted in lower values for weight gain and body weight, but the
differences were not. significant.

(arcia et al. (20058) reported that average weight per cage didn't show significant, differences
according to different stocking densities 6, 7, 8 or 9 rabbits/cage. Only, the average daily gain per
cage showed significant differences between rabbits kept in lower stocking density than rabbits
reared in higher densities, when the fattening rabbits had between 42-49 days old. This finding
was indicated in our study, when average weight gain of rabbits showed significant differences by
increasing density up to 4 rabbits/cage after the 7™ week.

On the other hand, several investigators found no differences among the densities (4.16, 8.33,
12.5 and 16.67 NZW rabbits m™ with regard to weight gain (Neto et al., 2007); for rabbits housed
in pair cages {(40%x30cm) and in six rabbit cages (40x90 cm) at the same space allowance
(16.7 rabbits m™2, Luzi et al., 2000) or those kept in larger group sizes from 6 to 54 animals (at a
density of 17 rabbits m™?, (Remmers and Meijerhof, 1998).

The gradual reduction in total body weight gain by increasing cage density in the present study
may be explained by lower food intake and lower physical activity due to the crowding stress, as
observed by Morisse and Maurice (1997) for rabbits caged at 5 animals/cage.

Feed intake: Results in Table 5 show pronounced differences in average feed intake among the
experimental groups at each age interval. However, during the interval from 4 up to 12 week of
age, feed intake was significantly (p<0.05) higher for singly and double housed than for triplet and
quartet housed rabbits (3127.8 and 3143.3 vs. 3094.3 and 3034.3 g, respectively). Such trend may
suggest competition among rabbits socially housed (more than Z2/cage) for foed, space and other
vital requirements.

In accordance with the present results, Neto et al. (2007) found that the increase in stocking
density (4.18, 8.33, 12.5 and 16.87 NZW rabbits m™?) reduced the daily feed consumption. Also,
Villalobos ef al. (2008) reported that average feed intake from weaning to the end of experimental
period decreased (p<0.001) per each unit that the density increased (8, 12, 18 and 24 rabbits m™)
at the beginning of the experiment.
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Table 6: Effect of cage density on feed conversion ratio of growing rabbits at different age intervals

Cage density

Age (week) G1: Single (G2: Double G3: Triplet G4: Quartet +SEM
4~5 256 2.49° 290 3112 0.041
5~6 219 2420 2.607 2722 0.047
6~7 1.954 2.04° 2.24% 2432 0.028
7~8 1.844 1.95° 2.08b 217 0.014
8~9 1.744 1.82° 1.94" 2.03* 0.016
9~10 1.73° 1.77 1.93% 2.06° 0.018
10~11 1.724 1.80¢ 1.958° 2.08° 0.024
11~12 1.704 1.75 1.93° 2.032 0.014
4~12 1.924 2.00r 217 2322 0.011

Values within the same row having different superscripts are significantly different at p<0.05

D1 Meo et al. (2003) mentioned that feed intake was higher in the rabbits housed in
low-density, with the difference being significant only between 49-70 days. The confliction in feed
intake throughout different week intervals among different densities as cbserved in this study was
indicated by Grace and Olorunju (2005), who found a significant decrease in feed intake by
individual rabbits as stocking density increases in week 1-2 and 3-4. However, Whary et al. (1993)
reported that feed intake during the experimental period was significantly higher in group-housed
rabbits than single-housed rabbits. On the other hand, some authors found no effects of stocking
densities (Oliveira and Almeida, 2002) or stocking rate (5 vs. 10 m2, Mbanya et al., 2004) on daily
ration consumption of rabbits.

Feed conversion: Results in Table 6 revealed that singly housed rabbits showed significantly
{(p<0.05) the best Feed Conversion Ratio (FCR), followed by doubled and triplet housed rabbits,
respectively, at all week intervals and during the entire length of the experimental period. While,
quartet housed rabbits showed significantly (p<0.05) the worst FCR. It is of interest to note that
FCR of rabbits in all experimental groups was in association with body weight gain of rabbits rather
than feed intake.

Similarly, Onbasilar and Onbasilar (2007) found that groups having 5 rabbits/cage showed
higher mean feod: gain ratic than those held in cages with lower density (1 or 3 rabbits/cage).
Rabbits less than 2 kg and less than 11 weeks of age showed a better growth and food: gain ratio
in 1400 em? than 840 em? of floor area.

Also, Grace and Olorunju (2005) found that feed conversion ratio was poorer at higher densities
{16.7 and 20 rabbits m™® than at lower densities (6.7, 10, 13.3 rabbits m™%. Trocino et al. (2004)
reported that food efficiency was better (p<0.05) in the groups having 625 cm? floor area/rabbit
than in groups having 825 cm? floor arealrabbit. Also, Di Meo ef al. (2003) observed that feed
conversion was with more favourable values in rabbits housed in low-density. High cage density
may decrease the possibilities for movement and had measurable adverse effects on the welfare of
young rabbits (Onbasilar and Onbasilar, 2007).

On the other hand, some investigators found that stocking density had no effect on the growing
rabbit performance (Neto ef al., 2007; Villalobos et al., 2008; Szendro et al., 2009). Meanwhile, in
NZW rabbits allocated as 1, 3 and 5 rabbits/cage to obtain three different cage density groups,
4200, 1400 and 840 em? floor arealrabbit, respectively. Onbasilar and Onbasilar (2007) found that
the group having 5 rabbits per cage had significantly higher food:gain ratio (p<0.01) than other
groups during the experiment.
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Table 7: Effect of cage density on hematological parameters of growing rabbits at the end of the experiment

Cage density
Parameter G1: Single G2: Double (G3: Triplet G4: Quartet +SEM
RBC (10* mm~) 5.05° 5.85° 5.19° 4.90% 0.04
Hb (g AL 11.67* 1257 10.73 10.134 011
PCV (%) 33.47° 38.707 3242 30.60% 0.16
MCV () 66.83° 67.77° 67.10° 59,751 0.08
MCH (pg cell™) 22.60° 21.80¢ 22.27° 19.50¢ 0.09
MCHC (g dL ™Y 34.37¢ 32.50F 32.87° 33.00° 0.07
WBC (10° mm~%) 7.07% 6.25° 7.87 16.08* 0.31
Lymphocytes (%) 48.73° 55,457 47,73 40.40% 0.12

Values within the same row having different superscripts are significantly different at p<0.05

Blood parameters

Hematological parameters: Results in Table 7 show that hematological values of Hb, RBC,
lymphocytes, PCV and MCV of rabbits in all housed groups are within the normal range of rabbits,
being significantly (p<0.05) the highest in doubled housed rabbits. Meanwhile values of MCH and
MCHC were the highest significantly (p<0.05) in singly housed rabbits. Interestingly to note that
quartet housed rabbits showed significantly (p<0.05) the highest WBC count (16.08x10° mm™) as
compared to other groups, being higher than the normal range of WBC in rabbits and lower PCV
values (30.60%), being lower than the normal range of control rabbits (Mitruka and Rawnsley,
1977) or rabbits caged at different densities (Yakubu ef al., 2008). The present results indicated
good hematological parameters of singly housed rabbits as well as socially housed rabbits, except
those in quartet group.

The situation in which an animal cannot adjust to its environment can result in reduced welfare
for that animal (Mench, 1992) and may equally lead to health-related problems. According to
Ovuru and Ekweozor (2004), hematological parameters can help in understanding the adaptability
of the species to its rearing environment.

Although Yakubu et al. (2008) found no significant differences in WBC, lymphocytes of rabbits
kept under four stocking densities, the high WBC noticed in this study by increasing density more
than 3 rabbits/cage could be indicative of stress which elicits a defense response. The present study
showed marked improvement in RBC, Hb, PCV and MCYV for doubled housed rabbits and in MCH
and MCHC for single housed rabbits. Similarly, Yakubu ef ql. (2008) found higher average PCV,
Hb concentration, RBC and MCV for rabbits stocked at 10 and 14.3 compared to their counterparts
raised at 20 and 25 rabbits m 2. The best erythrecytic variables were associated with a significantly
higher (p<0.01) body condition score in rabbits stocked at 10 followed by those at 14.3, 20 and 25
rabbits/m? corresponded to 2, 3, 4 and 5 rabbits/cage (50x40x30 em). However, rabbits stocked at
20 and 25 rabbits m™ appeared to be more stressed as indicated by the high neutrophil/lymphocyte

? eould

ratio. They concluded that group-housing of rabbits at a density of 14.3 rabbits m™
guarantee and promote an improved welfare in a tropical environment. Aggressive behaviour was
observed to be more frequent. in the larger group sizes (Szendro et al.,, 2009).

In contrast to the present results, De la Fuente ef al. (2004) found that PCV value was similar
in rabbits stocked at 8 and 12 rabbits per cage. The differences between the two stocking densities,

according to the authors were insufficient to improve rabbit welfare,
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Table 8: Effect of cage density on concentration of some biocchemicals in blood plasma of growing rabbits at the end of the experiment.

Cage density
Parameter (G1: Single G2: Double (G3: Triplet G4: Quartet +SEM
Protein metabolism
Total proteins (g dL™%) 6.69° 6.47% 6.27 5977 0.12
Albumin; AL (g dL7Y) 3.57 3.52 3.59 3.42 0.07
Globulin; GL (g ALY 3.12¢ 2.95¢ 2,674 2.35b 0.14
AL:GL ratio 1.15° 1.22% 1.35%® 1.46% 0.08
Creatinine (mmeol L7Y) 36.372 36.812 31.662 23.27° 1.56
Lipid metabolism
Total cholesterol (mg dL ™) 46.51° 43.97% 40.55° 40.35° 1.48
Triglycerides (mmol L) 1.722 1.67% 1.67 1.52° 0.03
Total lipids (mg dL™1) 20.15 16.73 18.45 19.80 1.24
HDL (mg dL™% 25.59 27.63 25.15 25.53 2.45
LDL (mg dL.™H) 20.92 16.34 15.40 14.81 2.55
Carbohydrate metabolism
Glucose (mg dL ™) 117.85° 118.01° 138.49" 142.71* 7.61

Values within the same row having different superscripts are significantly different at p<0.05

Biochemical parameters: Results in Table 8 show that concentration of total protein, globulin
and creatinine were significantly (p<0.05) the highest in singly housed rabbits, followed by doubled
and triplet housed rabbits, respectively. Meanwhile, the lowest values were recorded in quartet
housed rabbits, being within the normal ranges of total protein, globulin and creatinine in rabbits
(Kalaba and Abdel-Khalek, 2010}, However, albumin concentration was not affected significantly
{(p<0.05) by cage density. These results indicated normal protein metabelism and liver function of
rabbits in all groups.

The observed increase (p<0.05) in cholesterol level by increasing cage density more than
2 rabbits/cage may suggest a general increase in lipid mobilization in singly or doubled housed
groups. Serum cholesterol may also tend to rise with renal retention disease resulting in diminished
removal of lipoproteins from the plasma, thus causing the concentration to increase markedly,
{Ovuru and Ekweozor, 2004). In contrast to the present results, Perez ef al. (1997) found that there
were no statistically significant differences in total cholestercl values of isolated and grouped rats.
Also, Onbasilar and Onbasilar (2007) observed that serum choelesterol level was similar among
groups having 1, 2 and 5 rabbits/cage.

The significant increase (p<0.05) in triglyceride level cccurred only by increasing cage density
more than 3 rabbits/cage. In the same way, Onbasilar and Onbasilar {(2007) cbserved that serum
triglyceride levels were similar for groups having 1, 3 and & rabhits/cage. The present results
indicated that levels of total lipids, HDL and LDL in blood plasma were not, affected significantly
by cage density.

In accordance with the present results, Onbasilar and Onbasilar (2007) found that serum
glucose level was higher in groups having 5 rabbits/cage than in groups of 1 and 3 rabbits/cage.
Also, they found that serum cholesterol and triglyceride levels in different density groups of male
and female rabbits to be similar.

Health condition and stress indicators: Results in Table 9 show that activity of AST and ALFP

was significantly (p<0.05) higher in quartet and triplet than in singly and doubled housed rabbits.
However, activity of ALT was not affected significantly by cage density. In the same line, hormonal
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Table 9: Effect of cage density on enzyme activity and hormonal profile in blood plasma of growing rabbits at the end of the experiment

Cage density

Parameter (G1: Single G2: Double (33: Triplet G4: Quartet +8EM
Enzyme activity

AST(UL™Y 32.67° 31.00° 48.33° 46.67° 4.16
ALT(IUL™ 37.00 41.00 42.00 40.33 1.99
ALP(IUL™ 103.71° 123.89° 160.702 180.54° 11.09
Hormonal profile

ACTH (pg mL™) 20.27° 29.43° 37.70% 38.23* 2.22
Corticosterone (ng L) 5.33¢ 8.67 11.33¢ 14.00° 0.41
Cortisol (ug dLi™) 1.00° 1.00 1.00° 10.262 1.00

Values within the same row having different superscripts are significantly different at p<0.05

concentration of ACTH and corticostercne showed gradually significant (p<0.05) increase by
increasing cage density, being the highest in quartet housed rabbits, while cortisol concentration
showed significantly (p<0.05) sharper increase only by increasing cage density up to 4 rabbits/cage.
It 15 of interest to note that the trend of increase in ACTH was associated with that of corticosterone
rather than that of cortisol.

According to the present results, increasing cage density led to marked increase (p<0.05) in
ACTH level. The pronounced increase in ACTH level released from anterior pituitary is considered
as the mean reason of increasing corticosterone and consequently cortisol level as a valid indicator
for physiclogical stress. There are indications, however, that increased stocking density impacts
negatively on rabbit welfare by increasing stress levels, as increased corticosterone levels have been
reported by Onbasilar and Onbasilar (2007). In this respect, Onbasilar and Onbasilar (2007)
observed also that plasma corticosterone levels of singly and 3 rabbits/cage were similar. However,
corticosterone level of the group having 5 rabbits/ cage was higher (p<0.001) than those of groups
having 1 or 3 rabbits/cage, indicating that the rabbits in cages with 5 animals had more stress. In
mice, Barnard et al. (1994) showed a significant positive correlation between serum corticosterone
level and group size. It 1s of interest to note that increasing plasma glucose level was positively
associated with level of corticosterone and both are described as important indicators of stress as
reported in chickens (Simon, 1984),

In contrast, Whary et al. (1993) reported that single and group housed female rabbits did not
significantly differ in corticosterone level. Maoreover, measuring baseline Glucocorticoid Metabolites
{GCM) concentrations in feces is a useful tool to evaluate chronic stress and as a non-invasive
indicator of stress (Buijs, 2011). The later authors found that cage size had no influence on GCM
concentrations in feces of fattening rabbits kept in groups of eight, at seven different stocking
densities between 5 and 20 animals m™2.

Young rabbits need more space since they are more active and perform more rapid locomotion
than elders (L.ehmann, 1987). Hoy (2008) reported that the minimum space per growing rabbit
should be 700 em®rabbit in groups up to b rabbits and 600 em fabbit in groups of more than 5
rabbits with a stocking density of 40 kg m™2 In the semi-humid tropics it was concluded that the
optimum stocking density for rabbits is 13.3 rabbits m™ (Grace and Olorunju, 2005) and allecation
of 1 or 3 rabbits per cage had no measurable adverse effects on the welfare of male and female
young rabbits (Onbasilar and Onbasilar, 2007). In the present study, floor area was 2500, 1250,
830 and 830 em?rabbit and 4, 8,12 and 16 rabbits m 2 for densities of 1, 2, 3 and 4 rabbits/cage,
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respectively. However, acceptable values of growth performance of rabbits and without stress
{free movement. and no effects on the welfare of young rabbits) up to 12 week of age were obtained
under the experimental conditions of this study with 830 em?¥/rabbit in groups up tc 3 rabbits with
a stocking density of 24 kg m™.

The viability rates in the present study were 100, 94.4, 92.6 and 88.9% for cage density of 1,
2, 3 and 4 rabbits/cage, respectively. Most mortality cases were due to lethal and serious injuries
in ear and back of dead animals and occurred at the last weeks of the experimental period. The
onset. of the aggressiveness was observed during the last weeks of rearing in the higher group size
that need a longer time to growth. In this respect, Villalobos et al. (2008) mentioned that rabbits
housed at the highest density tended te show a higher incidence of ringworm (68.9 vs,
39.4%; p =0.075), a higher injured animals (16.8 vs. 3.03%; p = 0.12) and a higher mortality
(20.5vs. 9.63; p = 0.043). These results may suggest the opportunity to raise even the slow growing
rabbits with low group size (Paci ef al., 2008). These findings seem to confirm that rearing young
rabbits in mixed sex groups up te 3 rabbits/cage can be carried out without a major problem
(Morisse and Maurice, 1997).

Although, a high cage density attenuates production costs, this might negatively influence
growth rate and increase aggressive acts of animals (Maertens and de Groote, 1984; Bigler and
Oester, 1996),

CONCLUSION

Based on the obtained results, increasing cage density more than 4 rabbits per cage with floor
area of 2600 em?, corresponding to a stocking density of 16 animals m™ (i.e., 32 kg m™ at 12 weeks
of age) could induce stress effects in term of increasing levels of ACTH, corticosterone and cortisol
as well as some disturbances in physiological response of rabbits. Therefore, 4 rabbits/cage
{(H0xH0x30 em) could be an aceeptable threshold for good growth performance without any adverse

effects on welfare of California rabbits kept under the system of intensive production in Egypt.
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