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ABSTRACT:  
This study aims to present the different effects produced by a post-

weaning intake limitation strategy without or with early probiotic 

supplementation (Lacobacillus lactis 2.5 x 10
8 
CUF, Bacillus subtilis 1.8 

x 10
9
 CUF/g) from 3 to 12 weeks of age on growth performance, 

digestibility, viability, and economic efficiency of growing rabbits. A 

total number of 54 local growing Black Balady rabbits, divided into six 

dietary treatment groups three replicates each. The dietary levels of feed 

restriction (FR) and probiotic (PR) included 3x2 factorial design as 

follow: T1: Rabbits fed basal diet ad libitum ,T2: Rabbits fed basal diet 

with early fed 0.4g  probiotic/ kg diet (PR), T3 : Rabbits fed restricted by 

120% from the energy requirements for maintenance (FR120), T4: 

Rabbits fed restricted by 120% from the energy for maintenance with 

early fed 0.4g  probiotic/ kg diet, T5: Rabbits fed restricted by 140% of 

the energy requirements for maintenance (FR140) and T6: Rabbits fed 

restricted by 140% of the energy requirements for maintenance with 

early fed 0.4g  probiotic/ kg diet from 6 to 14 weeks of age. 

      The results showed that feeding probiotic (PR) early supplementation 

from 3 weeks of age to weaning (6 weeks of age) did not affect on body 

weight (BW) and viability % at weaning compared to the control groups.  

      Post weaning the rabbits fed ad libitum  with early PR 0.4g/ kg diet 

at 3 weeks of age recorded significantly higher daily weight gain than 

control diet. Feed conversion was improved due to adding PR to the diet 

by about 10.8% compared to the control diet. Also, the Ad libitum  diet 

with PR resulted in increase the performance index. 

     The growing rabbits fed ad libitum  had the highest daily weight gain 

compared to those fed restricted diet. The best value of feed conversion 

ratio (FCR) achieved by fed sever feed restriction (FR120) and moderate 
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feed restriction (FR140) compared to ad libitum diet. The FR120 resulted 

in decrease all digestibility traits except for the digestibility of crude 

fiber compared to ad libitum feeding. The FR140 did not cause any 

detrimental effect on digestibility of nutrients. Viability % was 

significantly improved by about 5.7% as a result of FR120 compared to 

ad libitum group. The greatest value of economic efficiency produced by 

fed FR either FR120 or FR140. 

      Also all interaction treatments tend to significantly decrease daily 

feed intake and improve FCR except for the ad libitum with adding PR 

and FR120 without PR. The FR120 with PR and FR140 with or without PR 

increased PI. The ratio N/L increase significantly due to feeding on 

FR120 with PR early from 3 weeks of age compared to ad libitum  

feeding.  Also, the most interaction dietary treatments improved V%. All 

interaction treatments except for ad libitum with probiotic resulted in a 

significant higher economic efficiency than caused by feeding on ad 

libitum diet. 

     The current study illustrated that rabbit's start fed PR product early 

from 3 to 6 weeks of age pre weaning and feeding PR continued to 12 

weeks of age with FR120 post- weaning immediately or rabbits fed FR140 

with or without PR product showed be taken with considerable in the 

commercial exploitation of rabbits production for its high economically 

value, under the Egyptian environmental condition.   

Key words: Rabbits, Feed restriction, Probiotic, Growth performance, 

                     Nutrients, Digestibility 

 

  

         Weaning is a crucial period for all young animals is associated with a lot 

of stress and increased sensitivity to diseases (Kritas et al., 2008). Also, 

weaning is a stressful period related to large economic losses in rabbits 

husbandries. It can increase the susceptibility of animals to several infections. 

Thus, much attention has been drawn to different alternative strategies for 

prevention this problems. For example, post-weaning intake limitation 

strategies are now frequently employed in rabbit breeding systems to reduce 

the incidence of post-weaning digestive troubles and improve the feed 

efficiency, where, feed restriction in growing rabbits could be used with some 

advantages such as increase digestive efficiency, modifies the partition of body 

energy retention as protein instead of fat and it could reduce mortality and 

morbidity due to digestive troubles (Xiccato and Trocino, 2010). Also, the 

same authors added that from productive and economic points of view, feed 
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rationing was more severe (60-70%), mortality was significantly reduced with 

the minimum levels in growing rabbits. Generally, throughout the fattening 

period various restriction programs are possible: gradually declining or not, 

step by step, continuous or alternate restriction periods, etc. The restriction 

program must thus adapt to the objectives of the breeder, health status 

improvement, feed costs reduction or even reducing the pellet intake to 

encourage forage consumption (Yakubu et al., 2007). 

         Probiotics are defined as live microbial food ingredients that have a 

beneficial effect on health (Salminen et al., 1998). Probiotics have the ability 

to have a direct effect on pathogens by the production of an acidic 

environment, promoting the growth of a more beneficial microflora (Miettinen 

et al., 1996). Also, they enhance mucosal immunity of the host by eliciting 

production of immunoglobulin A as well as various cytokines (Isolauri et al., 

2001). In addition, the beneficial effects of these microorganisms for their 

ability to modulate the intestinal micro flora have been postulated to include 

competition for substrate as well as competing for receptor sites at the mucosal 

surface (Vesterlund et al., 2006).  Use of probiotics is considered to be an 

important approach for stimulation of growth and development of animals, 

including rabbits (Mayorova, 2007). Several studies have been shown the 

positive effect of probiotics on the control of certain pathogens in animals, 

where they appear to control enteric diseases associated with Escherichia coli 

or other enteric pathogens (Kritas et al., 2008). However, effects of probiotics 

depend on the microorganism species, their metabolic features, enzymatic 

activity, the nourishment regime of an animal, the composition and ratio of 

nutrients in a food, the structural features of the gastrointestinal tract, and its 

physiology.  

              For this reasons, the effects of feed restriction system with or without 

probiotic supplementation on the growth performance of growing rabbits were 

studied. 

  

MATERIALS  AND METHODS 

 

           This study was conducted at El-Serw Poultry Research Station, Animal 

Poultry Research Institute, Agriculture Research Center, Ministry of 

Agriculture, Egypt. Fifty four Black Balady rabbits 6 weeks of age were 

randomly assigned to one of six dietary experimental groups of (9 rabbits 

each) that was conducted from 6 to 12 weeks of age. At the onset of the 

experiment, rabbits were weighed and assigned to 6 treatments based on body 

weight so that mean body weight was similar for rabbits on all treatments and 
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each treatment had three replicates (3 rabbits in each). The rabbits in each 

replicate were kept on in grower cages and fed their respective experimental 

diets (Table 1). 
 

The experimental diets: 

        Initially, a total number of 10 Black Balady does during lactating wear 

randomly distributed individually into two experimental groups (5does/group), 

each group had nearly 27 growing rabbits weighing about 341.9 g / rabbit, the 

first group fed diets basal diet without probiotic product (PR) which contained 

Lacobacillus lactis 2.5 x 10
8 

CUF, Bacillus subtilis 1.8 x 10
9
 CUF/g, the 

second group fed basal diet with 0.4g PR/kg diet from 21days to weaning at 6 

weeks. Post weaning the same growing rabbits (54 unsexed weaned growing 

rabbits, weaning about 684 g /rabbit, divided into six dietary treatment groups' 

three replicates each. The dietary levels of feed restriction (FR) and probiotic 

product (PR) included 3 x 2 factorial design as follow: T1: Rabbits fed basal 

diet ad libitum  without supplemented  probiotic ,T2: Rabbits fed basal diet ad 

libitum  with early fed on 0.4g  PR / kg diet, T3: Rabbits fed restricted system 

by 120% from the energy requirements for maintenance, T4: Rabbits fed 

restricted system by 120% from the energy for maintenance with early fed on 

0.4g  PR / kg diet, T5: Rabbits fed restricted system by 140% of the energy 

requirements for maintenance without supplemented probiotic and T6: Rabbits 

fed restricted system by 140% of the energy requirements for maintenance 

with early fed on 0.4g  PR / kg diet. 

        The ingredients and the nutrient composition of the basal diet presented in 

Table (1), calculated analysis of basal diet according to feed composition 

Tables for rabbits feedstuffs used by Villamide et al., (2010), De Blas and 

Wiseman (2010) and NRC (1977) and the requirements of digestible energy 

(DE Kcal/kg diet) and crude protein % according to FEDNA (2013). Saltose 

Ex is a thermo stable probiotic where each 1 kg contains lactic acid bacteria 

(Lacobacillus lactis) 2.5 x 10
8 

CFU, Bacillus subtilis 1.8 x 10
9
 CFU and 

calcium carbonate up to 1 gram as carrier. This probiotic produced by Pic-Bio, 

Inc. Company- Japan. All rabbits were kept under the same managerial 

conditions.  

          The quantity of feed restriction given all at once and not several meals 

each day, where recently results illustrated that favorable effect of an intake 

limitation originates from the feed quantity itself and not from the feed 

distribution technique. The amount of feed allocated to restricted rabbits each 

distribution was calculated according to the live body weight and the energy 

requirements for maintenance (430 Kj DE/d/kg LW 
0.75

) according to Xiccato  



 

 

 

 

 

 

 

 

EFFECT OF EARLY SUPPLEMENTATION OF PROBIOTIC & FEED RESTRICTION ON RABBITS       199 

Table (1): Composition and calculated analysis of the basal diet 

Ingredients  % 

Barley grain 24.60 

Alfalfa  hay 31.00 

Soy bean meal (44 %) 13.25 

Wheat brain 28.00 

Di-calcium phosphate 1.60 

Limestone 0.95 

Sodium chloride  0.30 

Mineral-vitamin premix 
1
   0.30 

Total 100 

Calculated Analysis  
2
 

Crude protein %  17.08 

DE (Kcal / kg)  2416 

Crude fiber % 12.55 

Ether extract % 2.20 

Calcium %  1.20 

T. Phosphorus %  0.76 

Lysine (%) 0.84 

Methionine (%) 0.23 

Lysine (%) 0.86 

Price  (LE/kg)
 4
 4.68 

(1)
 One kilogram of mineral–vitamin premix provided: Vitamin A, 150,000 UI; Vitamin E, 100 

mg; Vitamin K3, 21mg; Vitamin B1, 10 mg; VitaminB2, 40mg; Vitamin B6, 15mg; Pantothenic 

acid, 100 mg; Vitamin B12, 0.1mg; Niacin, 200 mg; Folic acid, 10mg; Biotin, 0.5mg; Choline 

chloride, 5000 mg; Fe, 0.3mg; Mn, 600 mg; Cu, 50 mg; Co, 2 mg; Se, 1mg; and Zn, 450mg.  
(2)

 Calculated analysis according to feed composition tables for rabbits feedstuffs used by De 

Blas and Mateos (2010);
 
 ME (Kcal/kg diet) estimated as 0.95 DE according to Santoma et al. 

(1989) 
(4)

 Price of one kg (Egyptian pound/Kg) for different ingredients: Barley grain, 4.6.; Alfalfa hay, 

2.8.; Soy been meal, 8.0.; Wheat bran, 2.1.; Di-calcium, 10.8; limestone, 0.20; Premix, 60.0; 

Sodium chloride, 0.50 and Kg of Probiotics, 200 (LE)  

 

and Trocino (2010) then convert the energy from Kcal /kg diet to grams/day 

afterward addition 20 and 40% on the energy requirements for maintenance. 
  
Growth performance traits: 
        Live body weight, daily feed intake and number of dead rabbits were 

recorded. Daily weight gain, feed conversion ratio was determined every week 

and mortality rate were estimated daily. The performance index (PI, %) was 

calculated according to North (1981) on a group basis:  

PI (%)= (Final live body weight (kg)/ Feed conversion at any period studied x 100 
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Digestibility trail 

       A digestibility trail was performed on eighteen male rabbits, to determine 

the apparent nutrient digestibility of the six experimental diets (3 males in each 

treatment group). Animals were housed in metabolic cages that allowed 

separation of faeces and urine. Faeces produced daily were collected in 

polyethylene bags for three consecutive days. Chemical analysis was carried 

out for hard faeces according to A.O.A.C. (2005) for ash, dry matter (DM), 

crude protein (CP), crude fiber (CF) and ether extract (EE). 
 

 Serum biochemical parameters and Hematological:  

        At the end of study (14 weeks of age), three rabbits (3 males in each 

treatment group) were taken randomly from each treatment, fasted for 12 hrs, 

weighed and slaughtered to estimate some of carcass traits. Carcass parts were 

presented as a percent of preslaughter live body weight which included 

carcass, giblets, kidney, heart, liver, abdominal fat, gastrointestinal tract and 

cecum%. Blood samples were collected without anticoagulant and kept at 

room temperature then the tubes were centrifuged at 3500 rpm for 20 minutes 

to separate clear serum, afterward blood serum was used to determine serum 

total protein, triglycerides, total cholesterol and liver enzymes activities by 

using commercial kits. Another blood samples were taken in vial tubes 

containing anticoagulant from three rabbits per treatment to determine some 

hematological traits which included red blood cells (RBC x10
12

), hematocrit 

(HCT %), hemoglobin (HEB (g/dl), white blood cells (WBC x10
9
), 

lymphocyte (L%) neutrophil (N%), neutrophil/lymphocyte (N/L), monocyte 

(M%) and eosinophil (E%). 
  
Economic efficiency:  

     At the end of the study, economical efficiency for weight gain was 

expressed as rabbit-production thought the study and calculated using the 

following equation: 

Economic efficiency (%)= (Net return LE/ Total feed cost LE)×100. Where              

Net return= Total return- Cost of feeding 
 

Statistical analysis: 

     Data were statistically analyzed using General Linear Models Procedure of 

the SPSS program (2008), A factorial design 3x2 was used; the following 

model was used to study the effect of main factors and interaction between 

feed restriction (FR) and probiotics (PR) on parameters investigated according 

to Snedecor and Cochran (1982) as follows:  
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Yijk = µ + Ti + Rj + (TR) ij + eijk 

Where : Yijk =An observation; µ = Overall mean ; Ti = Effect of FR level( i= 1, 

2 and 3 ); Rj = effect of PR level (j=(1 and 2); (TR)ij = Effect of interaction 

between FR and PR (ij = 1, 2….6); and ejik= Experimental error. 

         Differences means among treatments were subjected to Duncan´
 

s 

Multiple Range- test (Duncan, 1955).  

   

RESULTS AND DISCUSSION 

  

Growth performance        

        The results showed that feeding probiotics early from 3 weeks pre-

weaning to weaning at 6 weeks of age did not effect on body weight (BW) and 

viability at weaning as compared to the control groups (Data not show). The 

effect of feed restriction (FR), dietary early probiotics at 3 weeks of age before 

weaning (EPR) and the interaction between them on BW and weight gain 

(WG) is showed in Table 2. The results of the current study did not observe 

any significant differences in BW at 6 and 8 weeks of age due to applied 

strategy of strong FR (120% from the energy requirements for maintenance) 

(FR120) or moderate FR (140% from the energy requirements for maintenance) 

(FR140). However, at 10 and 12 weeks of age the statistical analysis revealed 

that FR at 120% of energy requirement for maintenance (FR120) significantly 

decreased BW compared to ad libitum   diet.  

        Regarding daily WG, the results showed that the dietary FR had no 

significant effect on daily WG of grower rabbits during the periods 6 and 8 

weeks of age as compared to the control diet, but afterward it is clearly 

observed that grower rabbits received ad libitum  feeding always had the 

highest daily WG records through the interval periods (8-10 and 10-12) and 

during the whole experimental period from 6 to 12 weeks of age as compared 

to the restricted diet. 

        In addition, the results illustrated that grower rabbits fed early PR by 0.4g/ 

kg diet at 3 weeks of age recorded significantly higher BW and WG than 

control diet during all periods of the study.  

        Results concerning BW and daily WG as influenced by the interaction 

between FR and PR showed that rabbits fed ad libitum  diet with 0.4g EPR 

product/kg diet resulted in a significant increase in BW at 8 weeks of age 

compared to those on restricted feeding system up to 120% of energy for 

maintenance  at  8  weeks of age,  and  nearly  the same manner, BW was  



 

 

 

   

202                                                    BESHARA et al. 

Table (2):  Effect of feed restriction system, probiotics product and their 

interaction between them on bogy weight and daily weight of 

grower rabbits from 6 to 12 weeks of age  
     Traits 

Factors 

Body weight (g/rabbit),weeks Daily weight gain (g/rabbit/day) 

6 8 10 12 6-8 8--10 10-12 6-12 

  Feed restriction system (FR)   

Ad-lib
1
 685.0 1108.0 1416.4

a
 1849.8

a
 30.2 22.0a 22.9a 25.0a 

120 %
 2
 683.8 1029.1 1243.7

b
 1572.7

b
 24.7 15.0c 17.3b 19.0c 

140 %
 3
 685.3 1061.5 1319.5

ab
 1731.0

a
 26.7 18.0b 22.3a 22.4b 

±SE  15.04 28.43 36.54 47.44 1.74 0.93 0.65 0.74 

Sig. NS NS 0.05 0.05 NS 0.05 0.05 0.05 

Probiotic product (PR)  

 (0)
4
 686.3 1057.9

b
 1313.5

b
 1684.2

b
 26.3

b
 18.1

b
 18.8

b
 21.1

b
 

0.4g
5
 683.3 1074.5

a
 1339.5

a
 1751.4

a
 28.0

a
 18.6

a
 22.9

a
 23.1

a
 

±SE 12.29 23.2 29.8 38.74 1.42 0.76 0.53 0.61 

Sig. NS 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Interaction effect (FR x PR)  

Ad-lib 
0 686.7 1063.3

ab
 1367.2

ab
 1765.8

ab
 26. 7

ab
 21.8

a
 19.2

cd
 22.6

b
 

0.4 683.3 1152.6
a
 1465.7

a
 1933.7

a
 33. 7

a
 22.1

a
 26.7

a
 27.4

a
 

120% 
0 684.3 1011.4

b
 1237.0

b
 1579.3

b
 23.3

b
 15.8

bc
 16.4

d
 18.5

c
 

0.4 683.3 1046.8
ab

 1250.4
b
 1566.1

b
 26.0

ab
 14.3

a
 18.1

cd
 19.5

bc
 

140% 

0 687.7 1098.9
ab

 1336.4
ab

 1707.6
b
 29.0

ab
 16.6

bc
 20.8

ab
 22.3

b
 

0.4 683.0 1024.2
ab

 1302.5
ab

 1754.4
ab

 24.3
b
 19.3

ab
 23.8

b
 22.5

b
 

±SE  21.28 40.2 51.67 67.09 2.47 1.32 0.91 1.05 

Sig. NS 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
1
The basal diet, which without probiotic and fed ad-lib;

 2
 the basal diet fed 120% of the energy 

for maintenance regardless the supplementation of the probiotic;
 3

 the basal diet fed 140% of 

the energy for maintenance regardless the supplementation of the probiotic; 
4
fed the basal diets 

without probiotic regardless feed restriction; 
5
fed the basal diet with 0.04g probiotic/Kg diet 

regardless feed restriction.
 
a, b, c :means in the same  column bearing different superscripts are 

significantly different (P ≤ 0.05). NS= Non-significant 

 

significantly increased by ad libitum  diet with adding 0.4g EPR /kg diet 

compared to restricted feeding up to 120% with or without PR and 140% of 

energy for maintenance without PR. As for daily WG, it could be concluded 

that irrespective of the fluctuations observed during the interval periods, the 

daily WG as a result from ad libitum  feeding with adding 0.4g PR/kg diet was 

significantly better than daily WG from control and other interaction 
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treatments, but it is interesting to note that the lowest value was attained from 

restricted feeding up to FR120 by about 18.14% compared to ad libitum  group. 

On the other hand, the other dietary interaction treatments had no significant 

impact on the daily WG comparing with ad libitum  diet. 

        The mean values for daily feed intake (FI) (g/rabbit/day) and feed 

conversion ratio (FCR) are given in Table 3. It is evident that the two levels of 

FR (severe and moderate levels) resulted in a significant decrease in daily FI 

during interval and collective periods where rabbits fed 120% of energy 

requirements for maintenance recorded 53 g/day/rabbit followed by those fed 

FR140 (63.9 g/ day/ rabbit) while the rabbits fed Ad-libitum recorded 89.2 

g/day/rabbit. In respect of FCR, it is logically to find that the best value was to 

rabbits fed FR120 and FR140 where FCR related to FI and daily weight gain. 

        No significant influence of dietary probiotic on FI, however, the FCR was 

improved due to adding the probiotic to the diet (0.4g/ kg diet) by about 10.8% 

compared to the control diet. 

        As for the interaction between FR and PR, the results showed that all 

interaction treatments tend to significantly decrease daily FI and improve the 

ratio of FCR except for the ad libitum  with adding 0.4g probiotic/ kg diet and 

120% FR without PR as compared to control group. 

        Regarding the effect of FR, it is interesting to note that the growth 

reduction was 14.98 and 6.62% to FR120 and FR140 (severe and moderate FR 

respectively) as compared to the ad libitum  diet. While, the intake reduction 

was 40.5 for strong FR and 28.36% for moderate FR thus it is logically to 

found that FCR significantly improved by FR. These results are consist with 

Gidenne and Feugier, (2009) who mentioned that daily weight gain decrease 

by increasing intensity of feed restriction (90, 80, 70 or 60% of Ad-libitum). 

Also, Tumova et al. (2002) reported that feed efficiency improve by restricted 

feeding. The beneficial effect of FR on FCR may be explained as follow: 1) 

Feed restriction sometimes decreases the incidence of post-weaning digestive 

disorders (Di Meo et al., 2007). 2) A moderate feed restriction system had 

some advantages in growing rabbits such as increase digestive efficiency, 

modifies the partition of body energy retention as protein instead of fat and it 

could reduce mortality and morbidity due to digestive troubles (Xiccato and 

Trocino 2010).  The FCR improvement was observed irrespective of the diet’s 

composition (Gidenne and Lebas, 2006).  

        Scientific publication stated that dietary adding of probiotics (PR) caused 

to improve growth rate and enhanced efficiency of feed conversion (Amber et 

al., 2004). Also, Karitas et al. (2008) observed that administration of PR Bio-

Plus at 400 g/ton of feed growing rabbits starting 4 days post weaning up to 5  
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Table (3):  Effect of feed restriction system, probiotics product and their 

interaction between them on feed intake and feed conversion ratio 

of grower rabbits from 6 to 12 weeks of age 
     Traits 

Factors 

Feed intake (g) /rabbit/day Feed conversion ratio 

6-8 8-10 10-12 6-12 6-8 8--10 10-12 6-12 

  Feed restriction system (FR)    

Ad-lib
1
 67.5

a
 89.3

a
 110.9

a
 89.2

a
 2. 7

a
 4.1 5.1

a
 3.9

a
 

120 %
 2
 42.0

c
 53.7

c
 63.0

c
 53.0

c
 2.0

b
 3.7 4.0

b
 3.2

b
 

140 %
 3
 50.3

b
 64.2

b
 77.5

b
 63.9

b
 2.2

ab
 3.8 3.8

b
 3.2

b
 

±SE mean 0.91 1.50 1.40 1.17 0.19 0.16 0.15 0.07 

Sig. 0.05 0.05 0.05 0.05 0.05 NS 0.05 0.05 

Probiotics product (PR)   

 (0)
4
 52.4 69.4 84.0 68.6

b
 2.4 3.9 4.8

a
 3.7

a
 

0.4g
5
 54.1 68.7 83.6 68.8

a
 2.1 3.9 3.8

b
 3.3

b
 

±SE 0.75 2.22 1.14 0.95 0.16 0.13 0.12 0.06 

Sig. NS NS NS 0.05 NS NS 0.05 0.05 

Interaction effect (FR x PR)   

Ad-lib 
0 65.0

b
 89.3

a
 111.2

a
 88.5

a
 3.0

a
 4.1ab 5.9a 4.3

b
 

0.4 70.0a 89.2
a
 110.5

a
 90.0

a
 2.3

a
 4.1ab 4.3

bcd
 3.5

ab
 

120% 
0 41.7

d
 53.1

c
 63.0

c
 52.7

c
 2.3

a
 3.5b 4.4b 3.4

bc
 

0.4 42.7
d
 54.3

c
 63.1

c
 53.2

c
 1.7

b
 4.3a 3.6

cd
 3.1

c
 

140% 

0 50.7
c
 65.9

b
 77.8

b
 64.7

b
 2.0

b
 4.0ab 4.1bc 3.3

c
 

0.4 50.0
c
 62.5

b
 77.2

b
 63.2

b
 2.3

a
 3.5ab 3.5d 3.1

c
 

±SE mean 1.29 1.11 1.98 1.65 0.27 0.23 0.21 0.10 

Sig. 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

a, b, c, d, e: means in the same  column bearing different superscripts are significantly different   

( P ≤ 0.05 ). NS= Non-significant 

 

days prior the slaughter age significantly improves body weight and daily 

weight gain. At sight on results (Oso et al., 2013) it is illustrated that the 

highest feed FCR was obtained with growing rabbits fed diets containing 

Bacillus cereus (1x10
9
 cfu/g: 0.05g/kg) as compared to the ad libitum  diet. In 

addition, Amber et al., (2014) found that rabbits fed with supplementing Bio-

Mos (prebiotic), Bio-Plus (probiotic) or their mix of early period (at 3 weeks 

of age) in diets increased feed intake; also who illustrated that rabbits start fed 

PR early from 3 to 13 weeks of age improved relative growth by 3.13% as 

compared with those start fed PR later from 5 to 13 weeks of age. The 
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beneficial effect of PR inclusion in the diet is speculative; it may be attributed 

to probiotics can alter the physical microenvironment of the intestinal tract in 

such a manner that opportunistic pathogens cannot survive (Chichlowski    et 

al., 2007). In addition, probiotic can improve the condition of digestive canal 

that is short of digestive enzymes (Wang et al., 2008). Also, probiotic may 

improve weight gain due to better utilization of feed and larger absorption 

surface in the gut and also may positively influence the health status via 

enhancing the gut health in rabbits (Pogány et al., 2015). 

 
 Performance index and viability:  

        Generally, irrespective of the fluctuations observed during the interval 

periods, performance index (PI) was not significantly affected by dietary FR 

compared to ad libitum  feeding (Table 4). While, viability % was significantly 

improved by about 5.7% as a result of FR120 compared to ad libitum  group. In 

respect of cecum microbial activity, the results indicated that total bacterial 

count (TBC) was significantly increased due to FR by 120 and 140% of 

energy for maintenance while, FR120 resulted in a significant increase in lactic 

acid bacteria (LAB) compared to ad libitum  feeding. On the other hand, the 

ratio LAB/TBC was significantly lower as a result from FR140 than ad libitum  

diet. 

        Regarding dietary probiotics, no significant influence of dietary PR on 

total PI and V% could be detected. Results showed that rabbits start fed 

experimental probiotic early from 3 weeks of age before weaning had 

significantly higher TBC while no significant effect on LAB and the same 

treatment had significantly lower LAB/TBC than those fed the control diet.  

        All rabbits fed dietary probiotics early with FR at 6 weeks of age resulted 

in a significant improve in total PI compared to control diet. Also, viability % 

of rabbits fed all dietary interaction treatments except for those fed FR140 with 

PR was significantly higher than the values recorded by control diet.  

       These results showed that FR system improved viability %, several studies 

were published recently to analyze the different effects of FR on the growth, 

digestive physiology and health of the young rabbit. For example, Di Meo et 

al. (2007) reported that FR sometimes decreases the incidence of post-weaning 

digestive disorders. In addition, a moderate feed restriction in growing rabbits 

could be used with some advantages such as increase digestive efficiency, 

modifies the partition of body energy retention as protein instead of fat and it 

could reduce mortality and morbidity due to digestive troubles (Xiccato and 

Trocino 2010). While, some studies referred to FR did not effect on mortality 

in growing rabbits post weaning (Gidenne et al., 2009). 
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Table (4): Effect of feed restriction system, probiotics product and their 

interaction between them on performance index, viability and 

microbial activity of grower rabbits  

Traits 

 

Factors 

PI
1
 T. PI V

2
 

8 10 12 

Feed restriction system (FR)  

Ad-lib 36.4 32.9
b
 33.1

b
 47.9 92.6

b
 

120 % 46.6 38.6
ab

 32.4
b
 48.9 98.2

a
 

140 % 43.0 42.6
a
 35.6

a
 54.4 94.4

ab
 

±SE mean 3.50 2.73 0.82 2.01 1.51 

Sig. NS 0.05 0.05 NS 0.05 

Probiotics product (PR)  

(0) 39.4 35.9 28.8
b
 46.7 95.1 

With 0.4g 44.5 40.2 38.6
a
 54.2 95.1 

±SE 2.86 2.23 0.05 1.64 1.23 

Sig. NS NS 0.05 NS NS 

Interaction effect (FR x PR) 

Ad-lib 
0 29.

7c
 29.2

b
 26.3

c
 41.2

c
 88.9

b
 

0.4 43.1
abc

 36.7
ab

 39.8
a
 54.7

ab
 96.3

a
 

120% 
0 37.6

bc
 40.9

ab
 27.6

c
 47.2

bc
 96.3

a
 

0.4 55.6
a
 36.4

ab
 37.2

a
 50.6

ab
 100.0

a
 

140% 
0 51.0

ab
 37.5

ab
 32.4

b
 51.6

ab
 100.0

a
 

0.4 35.0
bc

 47.7
a
 38.8

a
 57.2

a
 88.9b 

±SE  4.95 3.86 1.15 2.84 2.14 

Sig. 0.05 0.05 0.05 0.05 0.05 
1
 = Performance index; 

2
= viability; 

3
= total bacterial count (x 10

7
) germ counts expressed in 

CFU/g caecal digesta; 
4
= Lactic acid bacteria (x 10

4
) germ counts expressed in CFU/g caecal 

digesta; a, b, c, d: means in the same column bearing different superscripts are significantly 

different   (P ≤ 0.05). NS= Non-significant  

 

The most remarkable result is that the ad libitum  diet with PR, FR120 

with PR and FR140 with or without PR increased PI and the most interaction 

treatments improved V%, these results may be due to FR sometimes decreases 

the incidence of post-weaning digestive disorders (Di Meo et al., 2007), and 

PR supplementation improves intestinal environment and gut health directly 

influence the health status and growth performance of animals due to better 

nutrient absorption in the gut  (Pogány Simonová et al., 2015). 
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Nutrients digestibility, nitrogen (N) and ash retention: 

     The effect of FR system, PR product and their interaction on nutrients 

digestibility is presented in Table 5. According to these results the FR140 did 

not cause any detrimental effect on digestibility of nutrients, but the sever FR 

caused to decrease values all these traits as compared to ad libitum  feeding.  

On the other hand, no significant influence of adding 0.4g probiotic /kg 

diet on all digestibility coefficients with exception ether extract where rabbits 

fed diet with probiotic had significantly lower digestibility ether extract than 

those fed control diet.  

Regarding the interaction between FR and PR, the results illustrated that 

rabbits received FR120 with or without probiotic recorded the lowest values of 

nutrients digestibility coefficient. However, rabbits fed early 0.4 g PR /kg diet 

from 3 to 12 weeks with  FR140 did not significant differ from the ad-libitum 

feeding but, only OM digestibility significantly increased due to 140% FR 

without adding probiotic, but rabbits fed 140% FR with probiotic resulted in a 

significant decrease in digestibility of OM compared to ad-libitum feeding. 

The data obtained on nitrogen (N) and ash retention as affected by FR, PR 

and their interaction is showed in Table 6. Results obtained clearly observed 

that N intake and retention from ad-libitum rabbits were significantly (P≤0.05) 

higher than that recorded by restricted groups. Nitrogen excretion and ash 

retention did not significantly affected by restricted feeding up to 120% of 

energy for maintenance. 

No significant influence of dietary probiotics on N and ash retention 

could be detected. However, results of N intake did not come strange where all 

treatments resulted in a significant decrease in N intake except for ad libitum  

feeding with adding probiotics and FR by 140% of energy for maintenance 

with probiotics when compared to the control group.  

The interaction between FR and PR had no significant effect on N 

excretion and ash retention while, ad libitum  rabbits had significantly higher 

N retention than those fed a restricted diet (FR120) with or without probiotics. 

The results illustrated that dietary FR120 (severe FR) had the least values 

in digestibility of nutrients, this is consist with Gidenne et al., (2009) who 

mentioned that OM and NDF digestion significantly decreased by FR (80% of 

control) from 35 to 68 day of age. This results may attributed to the reduction 

in digestive enzymes as a result of restriction strategy in the study by (Beshara 

et al., 2017) where the ileal villus height and area, as well as crypt depth, 

increased after weaning (Gallois et al., 2005) thus the severe FR during the 

grower period may be due to impairs the maturation of the gut that develops 

quickly in the young rabbit. However, the moderate FR resulted in non- 
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Table (5): Effect of feed restriction system, probiotics product and their 

interaction between them on nutrients digestibility of grower 

rabbits at 12 weeks of age 
      Traits 

 

Factors 

Digestibility of nutrients  

DM CP EE CF OM NFE TDN 

Feed restriction system (FR) 

Ad-lib 68.1
a
 77.5

a
 

61.2
a
 

32.9
ab

 72.5
a
 82.1

a
 55.8

a
 

120 %  48.1
b
 63.5

b
 

48.3
b
 

24.1
b
 56.1

b
 71.6

b
 46.9

b
 

140 %  64.2
a
 75.0

a
 

65.0
a
 

41.2
a
 69.5

a
 79.5

a
 55.6

a
 

±SE  2.33 1.67 2.02 3.39 2.01 1.88 1.27 

Sig. 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Probiotics product (PR)  

(0) 60.9 72.6 61.1
a
 33.5 66.9 78.6 53.5 

0.4g 59.3 71.4 55.3
b
 31.9 65.2 76.8 52.0 

±SE 1.90 1.36 1.65 2.77 1.63 1.53 1.04 

Sig. NS NS 0.05 NS NS NS NS 

Interaction effect (FR x PR) 

Ad-lib 
0 70.1

a
 79.1

a
 64.6

ab
 34.1

b
 74.3

a
 84.1

a
 57.2

a
 

0.4 66.1
ab

 75.9
a
 57.9

b
 31.6

b
 70.7

ab
 80.1

ab
 54.3

ab
 

120 

% 

0 42.9
d
 59. 9

c
 48.4

c
 15. 5

c
 51.4

d
 68.3

c
 43.7

c
 

0.4 53.4
c
 67.1

bc
 48.3

c
 32.7

b
 60.9

c
 74.9

bc
 50.2

b
 

140% 
0 69.8

a
 78.7

a
 70.3

a
 50.9

a
 74.9

a
 83.5

ab
 59.6

a
 

0.4 58.5
bc

 71.3
ab

 59.7
b
 31.5

b
 64.0

bc
 75.5

abc
 51.7

ab
 

±SE  3.29 2.36 2.85 4.80 2.84 2.66 1.79 

Sig. 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

a, b, c: Means in the same column bearing different superscripts are significantly different           

( P ≤ 0.05 ).       NS= Non-significant 
 

significantly improvement in digestibility of EE and CF by 6.2 and 12.5% 

respectively. In agreement with these results, Gidenne and Feugieir (2009) 

found that no significant influence due to dietary FR (80,70 and 60% of ad 

libitum  diet) from 35 day (age at weaning) to 54 day of age on OM, CP and 

NDF digestion.  Also, these results agree with Xiccato and Trocino (2010) 

who mentioned that a moderate FR in growing rabbits could be used with 

some advantages such as increase digestive efficiency modifies the partition of 

body energy retention as protein instead of fat. 
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Table (6): Effect of feed restriction system, probiotics product and their 

interaction between them on nitrogen and ash retention of grower 

rabbits at 12 weeks of age 
      Traits 

 

Factors 

Nitrogen and ash retention  

N intake (g/rabbit) N excreta 

(g/rabbit) 

N retention 

(%) 

Ash retention 

(%) 

Feed restriction system (FR) 

Ad-lib 3.87
a
 0.87 77.50

a
 39.03 

120 %  2.54
c
 0.92 63.50

b
 39.74 

140 %  3.18
b
 0.80 74.98

a
 41.30 

±SE mean 0.10 0.06 1.67 3.14 

Sig. 0.05 NS 0.05 NS 

Probiotics product (PR) 

(0) 3.23 0.84 72.56 41.17 

0.4g 3.16 0.89 71.43 38.87 

±SE 0.08 0.05 1.36 2.56 

Sig. NS NS NS NS 

Interaction effect (FR x PR) 

Ad-lib 
0 4.20

a
 0.88 79.14

a
 42.31 

0.4 3.55
ab

 0.86 75.87
a
 35.75 

120 

% 

0 2.40
d
 0.96 59.89

c
 34.92 

0.4 2.67
cd

 0.87 67.11
bc

 44.56 

140% 
0 3.09

bc
 0.67 78.65

a
 46.29 

0.4 3.27
ab

 0.94 71.32
ab

 36.31 

±SE mean 0.14 0.09 2.36 4.44 

Sig. 0.05 NS 0.05 NS 

 a, b, c,d: means in the same column bearing different superscripts are significantly different             

( P    ≤ 0.05 ). NS= Non-significant 
 

Regarding probiotic product, no significant alternations were occurred in 

nutrients digestibility due to inclusion PR in diet of growing rabbits except for 

EE digestibility, an observation that agrees with Oso et al. (2013) who found 

that the apparent nutrient digestibility values were not affect by dietary 

inclusion of probiotics in growing rabbits. While, Amber et al. (2014) showed 

that rabbits start fed diet with probiotic (Bio-Plus® 2B, Bacillus subtilis and 

Bacillus licheniformis) early from 3 to 13 weeks of age had significantly higher 

CP, CF, NFE and TDN digestion compared to control die. 
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Cecum microbial: 

       The results in Table 7 illustrated that rabbits fed ad libitum  with PR 

system and FR120 without PR tend to significantly lower TBC than control diet 

while the opposite was true in terms of rabbits fed FR120 with PR and those fed 

FR140 without PR as compared to control group. When the grower rabbits fed 

PR early with FR120, LAB was significantly higher than control and other 

dietary interactions. Also, rabbits fed FR120 with PR and FR140 with or 

without PR resulted in a significant decrease in LAB/TBC as compared to 

control diet. 

        As for PR product on cecum microbial, these results are contradict with 

the results of Abdel-Azeem et al. (2009), who found that addition of Bioplus 

2B (400 mg/ kg diet) in rabbit diets reduced number of total bacterial count in 

caecum content of rabbits. However, the reduced caecal LAB/TBC obtained 

from rabbits fed PR in current study when compared to those fed control diet 

could be implicative of positive health status (Casey et al., 2007). 
 

Serum biochemical: 

        As shown in Table 8, it is noticed that total protein and globulin 

significantly decreased due to FR140 but no significant influence on albumin as 

compared to ad libitum  diet (Table 7). It is evident that ad libitum  feeding 

significantly (P≤0.05) decreased serum triglyceride but no significant effect in 

serum cholesterol due to FR120 and FR140 as compared to ad libitum  diet. 

As a rule, the results indicated that the diet supplemented with probiotics 

product early from 3 weeks of age resulted in no significant differences in total 

protein, albumin and triglycerides while, cholesterol significantly decreased 

compared to the control diet. 

In addition, the present study showed that grower rabbits fed FR120 with 

PR product and FR140 with or without PR recorded significantly lower total 

protein than control rabbits. But, statistical analysis could not reveal any 

significant differences among ad libitum  diet and treatments in respect of 

serum albumin. On the other hand, both rabbits received FR120 with PR and 

those fed FR140 without PR recorded the lowest value of globulin as compared 

to control diet. All dietary interactions treatments resulted in a significant 

increase triglycerides while, the lowest value of serum cholesterol was 

observed by feeding on FR120 and FR140 without or with PR as compared to the 

control diet. 

In respect of the effect of probiotic product, the results seems to 

contradict with findings by (Amber et al., 2014) who reported that serum total  
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Table (7): Effect of feed restriction system, probiotics product and their 

interaction between them on performance index, viability and 

microbial activity of grower rabbits  
Traits 

 

Factors 

Microbial activity 

TBC
3
 LAB

4
 LAB / TBC 

Feed restriction (FR) 

Ad-lib 4.4
b
 3.0

b
 0.68

a
 

120 % 6.2
a
 3.8

a
 0.64

a
 

140 % 5.9
a
 2.8

b
 0.47

c
 

±SE mean 0.09 0.08 0.02 

Sig. 0.05 0.05 0.05 

Probiotics (PR) 

        (0) 5.2
b
 3.2 0.63

a
 

With 0.4g 5.9
a
 3.2 0.55

b
 

±SE 0.07 0.06 0.01 

Sig. 0.05 NS 0.05 

Interaction effect (FR x PR) 

Ad-lib 
0 5.4

c
 3.8

b
 0.70

a
 

0.4 3.4
d
 2.2

d
 0.65

a
 

120 

% 

0 3.5
d
 2.5

d
 0.72

a
 

0.4 8.9
a
 5.0

a
 0.56

b
 

140% 
0 6.6

b
 3.2

c
 0.48

c
 

0.4 5.3
c
 2.4

d
 0.45

c
 

±SE mean 0.13 0.11 0.02 

Sig. 0.05 0.05 0.05 
1
 = Performance index; 

2
= viability; 

3
= total bacterial count (x 10

7
) germ counts expressed in 

CFU/g caecal digesta; 
4
= Lactic acid bacteria (x 10

4
) germ counts expressed in CFU/g caecal 

digesta; a, b, c, d: means in the same column bearing different superscripts are significantly 

different   (P ≤ 0.05).        NS = Non-significant  

 

protein, albumin and globulin significantly increased with supplementing Bio-

Mos, Bio-Plus or their mix in diets. On the other hand, as for serum 

cholesterol, the results are in agreement with those reported by (El-deek et al., 

2013; Amber et al., 2014). Lye et al., (2010) who showed that there existed 

five possible probiotic mechanisms including assimilation of cholesterol 

during growth, binding of cholesterol to cellular surface, disruption of 

cholesterol micelle, deconjugation of bile salt and bile salt hydrolase activity. 

 
 



 

 

 

   

212                                                    BESHARA et al. 

Table (8):  Effect of feed restriction system, probiotics product and their 

interaction between them on some serum biochemical of grower 

rabbits at 12 weeks of age 
Traits 

 

 

Factors 

Serum biochemical 

Total 

protein
 

(g/dl)* 

Albumin 

(A) 

(g/dl)* 

Globulin 

(G) (g/dl) 

A/G ratio 

 

1
Trig 

(mg/dl) 

2
Chol 

(mg/dl) 

Feed restriction (FR) 

Ad-lib 5.4
a
 3.11 2.29

a
 1.37 108.0

b
 78.5 

120 %  5.3
a
 3.09 2.18

a
 1.42 126.0

a
 75.0 

140 %  4.9
b
 2.96 1.93

b
 1.56 122.5

a
 72.0 

±SE mean 0.07 0.05 0.07 0.06 2.76 2.14 

Sig. 0.05 NS 0.05 NS 0.05 NS 

Probiotics (PR) 

(0) 5.3
a
 3.12

a
 2.18 1.46 103.3

b
 94.7

a
 

With 0.4g 5.1
b
 2.98

b
 2.09 1.44 114.7

a
 75.3

b
 

±SE 0.05 0.04 0.06 0.09 2.25 1.75 

Sig. 0.05 0.05 NS NS 0.05 0.05 

Interaction effect (FR x PR) 

Ad-

lib 

0 5.4
a
 3.04

ab
 2.40

a
 1.27

b
 72

e
 143

a
 

0.4 5.4
a
 3.18

a
 2.19

ab
 1.47

ab
 85

d
 73

ab
 

120 

% 

0 5.6
a
 3.27

a
 2.35

a
 1.40

b
 130

ab
 77

b
 

0.4 4.9
b
 2.90

b
 2.00

c
 1.45

ab
 222

b
 73

ab
 

140% 
0 4.8

b
 3.04

ab
 1.78

bc
 1.71

a
 108

c
 64

c
 

0.4 4.9
b
 2.87

b
 2.07

abc
 1.41

b
 137

a
 80

b
 

±SE  0.09 0.07 0.10 0.09 3.90 3.04 

Sig. 0.05 0.05 0.05 0.05 0.05 0.05 
1
trig, triglycerides;

 2chol
, cholesterol; * The normal range of total protein and albumin is 4.5 to 

12.2 g/dl and 2.7 to 4.3 g/dl respectively (Ozkan et al., 2012); 

a, b, c ..: Means in the same column bearing different superscripts are significantly different       

( P ≤ 0.05 ).                  NS= Non-significant; 

 

Hematology traits: 

     The results in Table 9 illustrated that grower rabbits fed FR120 resulted in a 

significant decrease in the most of hematology traits while, a significant 

improvement in lymphocyte cells (L) was achieved by the FR140 as compared 

to ad libitum  diet. 

       Concerning PR treatment, grower rabbits fed PR early at 3 weeks of age 

recorded significantly the highest values of red blood cells (RBC), hematocrits  
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Table (9): Effect of feed restriction system, probiotics product and their 

interaction between them on hematology traits of grower rabbits at 

12 weeks of age 
       Traits 

 

Factors 

Hematology traits 
1
RBC    

(x10
12

) 

2
HCT 

% 

3
HEB 

(g/dl) 

4
WBC 

(x10
9
)  

5
L % 

6
N % N/L 

7
M 

% 

8
E % 

Feed restriction (FR) 

Ad-lib 5.44
a
 33.1

a
 11.1

a
 7.1

a
 25.5

b
 68.0

ab
 2.7

a
 4.0 2.5 

120 %  4.10
b
 27.5

b
 9.3

b
 6.1

b
 28.5

a
 66.5

b
 2.3

b
 3.0 1.8 

140 %  5.41
a
 32.5

a
 11.1

a
 6.2

b
 24.0

b
 70.0a 2.9

a
 3.83 2.2 

±SE  0.13 0.31 0.13 0.11 0.90 1.0 0.11 0.58 0.70 

Sig. 0.05 0.05 0.05 0.05 0.05 0.05 0.05 NS NS 

Probiotics (PR) 

(0) 4.53
b
 29.0

b
 9.7

b
 6.9

a
 26.0 67.7

b
 2.6 3.8

a
 2.4 

With 0.4g 5.43
a
 33.1

a
 11.3

a
 6.0

b
 26.0 86.7

a
 2.7 3.4

b
 1.9 

±SE 0.10 0.26 0.11 0.09 0.73 0.82 0.09 0.47 0.57 

Sig. 0.05 0.05 0.05 0.05 NS 0.05 NS 0.05 NS 

Interaction effect (FR x PR) 

Ad-lib 
0 5.29

a
 32.0

b
 10.5

c
 7.6

a
 25

bc
 67

b
 2.7

b
 5.0 3.0 

0.4 5.58
a
 34.2

a
 11.6

a
 6.6

bc
 26

abc
 69

ab
 2.7

b
 3.0 2.0 

120 

% 

0 2.10
b
 22.6

c
 7.6

d
 7.0

b
 27ab 68

ab
 2.5

bc
 2. 7 2.0 

0.4 5.20
a
 32.3

b
 11.0

bc
 5.2

d
 30

abc
 65

b
 2.2

c
 3.3 1.7 

140% 
0 5.30

a
 32.3

b
 10.9

bc
 6.2

c
 26

a
 68

ab
 2.6

bc
 3.7 2.3 

0.4 5.51
a
 32.7

b
 11.2

ab
 6.2

c
 22

c
 72

a
 3.3

a
 4.0 2.0 

±SE 0.18 0.44 0.18 0.15 1.27 1.41 0.09 0.82 0.99 

Sig. 0.05 0.05 0.05 0.05 0.05 0.05 0.05 NS NS 
1
RBC, Red blood cells;

 2
HCT, Hematocrit;

 3
HEB, Hemoglobin; 

4
WBC, White bold cells, 

5
L, 

Lymphocytes;
 6

N, Neutrophils; 
7
M, Monocytes;

 8
E, Eosinophil; The normal range of RBC= 

5.5±0.3 (10^12/L), HCT= 31.1±2.2 %, HEB= 11.5±0.8 (g/dl), WBC= 7±2.1 (10^9/L), L= 

29±15%, N= 51±0.3% ( Archetti et al., 2008); a, b, c, d: means in the same  column bearing 

different superscripts are significantly different   ( p ≤ 0.05 ). NS= non-significant; 

 

(HCT), hemoglobin (HEB) and L% compared to control diet. On the other 

hand, both white blood cells (WBC) and monocytes (M) % significantly 

decrease by dietary PR. No significant effect of PR diet on N%, N/L and 

eosinophil cells could be detected. 

       In terms of interaction between FR and PR, the results showed that grower 

rabbits fed FR120 without PR had significantly the lowest value RBC, HCT, 
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HEB and WBC. Also, the rabbits fed diet FR140 without PR supplementation 

tend to significantly lower WBC than those received ad libitum  feeding while, 

the same treatment resulted in a significant increase in N% and L% compared 

to the control diet. Moreover, the ratio N/L increase significantly due to 

feeding on FR140 with PR early from 3 weeks of age when compared to ad 

libitum  feeding while, regarding the feeding on FR120 with PR N/L 

significantly decreased as compared to the control group. On the other hand, 

all dietary interaction treatments resulted in no significant effect on M and E% 

compared to the ad libitum  feeding.  

          Many metabolic parameters are modified under restriction, as reported 

for the rabbit by Van Harten and Cardoso (2010). The immune status of FR 

rabbits was briefly described through some blood characteristics, such as the 

cell profile. Tumova et al. (2007) reported an increased number of 

lymphocytes in FR rabbits. However, there is a dearth of information on the 

immune status of the growing rabbit. 

         The mode of action of probiotics is that enhance mucosal immunity of 

the host by eliciting production of immunoglobulin A as well as various 

cytokines including TNF-α, IL-6, IL-10, and INT-γ (Isolauri et al., 2001). 

Also, they produce specific and intermediate metabolites which stimulate the 

body immune systems (Sherman et al., 2009). 
 

Carcass quality 

In respect of carcass quality traits as shown in Table (10), no significant 

influence of all dietary treatments on carcass quality of grower rabbits at 12 

weeks of age could be demonstrated with exception kidney, GIT and 

dressing% where, restricted diet by 120% of energy for maintenance without 

probiotics resulted in a heavier kidney % than ad libitum  and other interaction 

treatments. Also, the dressing % significantly increased due to ad libitum  diet 

supplemented with0.4g probiotic/ kg diet while the same treatment resulted in 

a significant decrease in GIT as compared to the control diet.   

The results illustrated that the dressing % significantly increased while the 

opposite was true in respect of GIT% when rabbits fed ad libitum  diet with 

adding the probiotic product as compared to the control diet also, the same 

treatment had significantly higher weight gain than control group (Table 2), 

thus this increment in dressing% may be due to the development in digestive 

tract depends on the weight gain (Je´rome et al., 1998). There are insignificant 

decreased in abdominal fat by FR, the reduction in abdominal fat due to FR 

may be a moderate FR in growing rabbits could be used with some advantages  
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Table (10): Effect of feed restriction system, probiotics product and their 

interaction between them on carcass quality traits of grower 

rabbits at 12 weeks of age 
      Traits 

 

Factors 

Carcass quality traits % 

BW 

at sl.
1
 

 Giblets % DR
2
 

% 

GIT
3
 

% 

 

C
4
  

%  

Ab. 

Fat
5
 

% 
Carcass 

% 

Heart Liver Kidney 

Feed restriction system (FR)     

Ad-lib 1635 56.3 0.33 3.91 0.78 61.4 18.9 7.06 0.99 

120 %  1560 60.5 0.32 4.22 1.15 61.4 23.4 8.01 0.84 

140 %  1599 56.0 0.31 4.59 0.82 61.9 21.7 7.08 0.61 

±SE  - 2.85 0.26 0.26 0.13 0.79 1.64 0.82 0.17 

Sig. - NS NS NS NS NS NS NS NS 

Probiotics product (PR)     

(0) 1604 58.1 0.33 4.22 1.03 60.5 23.0 8.34 0.75 

0.4g 1789 57.1 0.31 4.27 0.80 62.5 19.6 6.43 0.88 

±SE - 2.32 0.03 0.21 0.11 0.65 1.34 0.67 0.14 

Sig. - NS NS NS NS NS NS NS NS 

Interaction effect (FR x PR)       

Ad-lib 
0 1382 54.0 0.32 3.80 0.74

b
 58.9

b
 21.2

ab
 8.84 0.88 

0.4 1890 58.7 0..35 4.00 0.81
b
 63.9

a
 16.6

b
 5.29 1.10 

120 

% 

0 1320 64.3 0.36 4.26 1.54
a
 60.9

ab
 26.7

a
 9.21 0.72 

0.4 1798 56.7 0.28 4.18 0.76
b
 61.8

ab
 20.0

ab
 6.81 0.96 

140% 
0 1518 56.0 0.32 4.60 0.80

b
 61.7

ab
 21.1

ab
 6.97 0.64 

0.4 1680 56.0 0.30 4.59 0.84
b
 61.8

ab
 22.3a

b
 7.18 0.58 

±SE - 4.03 0.05 0.37 0.19 1.12 2.32 1.16 0.24 

Sig. - NS NS NS 0.05 0.05 0.05 NS NS 
1
 = Body weight at slaughter; 

2
= dressing %, 

3
 =Gastrointestinal tract, 

4
 = Cecum 

5
 = Abdominal 

fat a, b, c: means in the same column bearing different superscripts are significantly different   (p 

≤ 0.05), NS= Non-significant 
 

such as increase digestive efficiency, modifies the partition of body energy 

retention as protein instead of fat (Xiccato and Trocino, 2010). 

The results showed that no significant influence of dietary PR on carcass 

traits, these findings are contrary to the report of Amber et al., (2014) who 

showed that carcass percentage was significantly increased by supplementing 

Bio-Plus in growing rabbit's diet, also who reported that rabbits start fed 

experimental diets early (from 3 to 13 weeks of age) had significantly higher 

carcass percentage compared to those start fed experimental diets later (from 5 

to 13 weeks of age). However, in agreement with theses results the same 
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author showed that GIT decreased by BR in the diet also, there were no 

significant effects in carcass criteria due to PR in the diet of growing rabbits 

(El-Sagheer and Hassanein 2014).   
 

Economic efficiency: 

         Results concerning the economic efficiency (EEF) are shown in Table 

11. As EEF of fattening rabbits related to weight gain and the cost of feeding 

thus at sight on the results of the current study, it is shown that the greatest 

value of EEF was that produced by grower rabbits fed FR either FR120 or FR140 

than ad libitum  feeding as compared to the control group. But, no significant 

influence of dietary PR diet on EEF could be detected. In addition, it should be 

noted that all interaction treatments except for ad libitum  with probiotic 

resulted in a significant higher EEF than caused by feeding on control diet.  

        As for FR, these results in agreement with Duperray and Gyonvarch, 

(2009) who reported that when an intake limitation strategy is applied, the 

margin on the feed cost is generally improved by 2% to 10%. Also, Amber et 

al., (2014) reported that some economical traits as affected by dietary probiotic 

are shown. 

         Conclusively, the current study illustrated that rabbit's start fed PR 

product early from 3 till 12 weeks of age with FR120 post- weaning or rabbits 

fed FR140 with or without PR product showed be taken with considerable in the 

commercial exploitation of rabbits production for its high economically value, 

under the Egyptian environmental condition.   

 

REFERENCES 

 

Abdel-Azeem, F.; Hashim, N. A.; Badawi, Y. K. E. H.; and Farid, A., 

2009. Comparative study between probiotic (Bioplus 2B) and antibiotic 

(lincofeed) on the performance of growing rabbits. Egypt. J. Rabbit Sci., 

19(1): 7-22. 

Amber, K. H.; Yakout, H. M.; and Hamed, R. S., 2004. Effect of feeding 

diets containing yucca extract or probiotic on growth, digestibility, 

nitrogen balance and caecal microbial activity of growing New Zealand 

white rabbits. In: Proceedings of the 8
th
 World Rabbit Congress, Puebla, 

Mexico, 7–10 September, pp:737–745. 

Amber, K.h.; Fatma, M.; Abd El-Nabi, W. A Morsy and Shama H. A. 

Morsy (2014). Effect of dietary supplementation of probiotic and 

Prebiotic on preventing post weaning digestive Disorders and productive 

performance of growing Rabbits. Egypt. Poult. Sci., (34) (I): (19-38). 



 

 

 

 

 

 

 

 

EFFECT OF EARLY SUPPLEMENTATION OF PROBIOTIC & FEED RESTRICTION ON RABBITS       217 

Table (11): Effect of feed restriction system, probiotics product and their 

interaction between them on economic efficiency of grower 

rabbits at 14 weeks of age 
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Factors 

Economic efficiency  

TFI/ 

rabbit
1
 

Price/kg 

feed
2
 

TFC/ 

rabbit
3
 

WG/ rabbit
4
 

Price/ kg 

BW
5
 

T. 

return 

Net 

return 

R 

EEF
6,7

 

Feed restriction (FR) 

Ad-lib 3764.8 4.72 17.69 1164.8 37.3 19.6 112.7
b
 

120 %  2223.7 4.72 10.50 888.9 28.4 18.0 177.3
a
 

140 %  2684.7 4.72 12.67 1045.7 23.5 20.8 169.8
a
 

±SE  14.65 

Significant 0.05 

Probiotics (PR) 

(0) 2882.0 4.68 13.49 998.0 31.9 18.5 148.1 

With 0.4g 2888.2 4.76 13.75 1068.2 34.2 20.4 158.4 

      ±SE  11.96 

   Significant NS 

Interaction effect (FR x PR) 

Ad-

lib 
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b
 

0.4 3776.7 4.76 18.00 1250.4 40.0 22.0 125.4
b
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a
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a
 

140% 
0 2717.3 4.68 12.72 1020.0 32.6 19.9 161.1

a
 

0.4 2652.1 4.76 12.62 1071.4 34.3 21.7 178.4
a
 

±SE  

Significant 

20.72 

0.05 
1 

= Total feed intake/rabbit/overall period; 
2
Price/ kg feed= the price of 1Kg feed by Egyptian 

pound; 3=Total feed cost/rabbit; 
4
= Total weight gain/rabbit; 

5
= the price 1 Kg of live body 

weight by Egyptian pound; 
6
EEF= Economic efficiency (%) = (Net return/Total feed cost) x 

100; 
7
R FEE= (EEF of treatments/EEF of control diet) x100; a. b. c means in the same column 

bearing superscripts are significantly different (P≤ 0.05). 
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تنتشٌا داػَح ىيحٌٍ٘ح ٍْتج اىتغزٌح اىَثنشج ػيً ػيٍقح ٍضاف اىٍٖا تأثٍش 

 ٗالاقتصاديالإّتاجً  الأداء ػيى طاً تؼذ اىف تحذٌذ مٍَح اىؼيٍقح ّظاً ٍغ

 ىلأساّة اىْاٍٍح

  
ًٍْ , ػاده اىسٍذ اىذس٘قً ,ٕاًّ ّثٍو فٌٍٖ ,ٍلاك ٍْص٘س تشاسٓ, احَذ ٍٍْش اىؼضب

ػثذ اىغًْ ٍحَذ اىشحاخ, احَذ احَذ اىجَو ,احَذ سجة  

ةانضيض -انذقي -يشكض انبحٕد انضساػيت -يؼٓذ بحٕد الإَخبس انحيٕاَي  
انًخخهفت انُبحضت ػٍ اسخخذاو يسخٕيبث يخخهفت  اثانذساست انحبنيت ْٕ ححذيذ انخأريشانٓذف يٍ      

Lacobacillus lactis 2.5 x 10)يٍ انخحذيذ انغزائي بؼذ انفطبو ٔ الأضبفت انًبكشة نبكخشيب 
8 

CFU/g, Bacillus subtilis 1.8 x 10
9
 CFU/g)  ٍاسبٕع يٍ  21-3انذاػًت نهحيٕيت ي

ء الإَخبصي ٔ يؼبيلاث ْضى انؼُبصش انغزائيت ٔ انحيٕيت ٔ الأداء الإقخصبدي انؼًش  ػهي الأدا

 6أسَب يحهي بهذي اسٕد في يشحهت انًُٕ ػًش  45نلأساَب انُبييت. اسخخذو في ْزِ انذساست ػذد 

يؼبيلاث حضشيبيت ٔ نكم يؼبيهت  6ػهي  1x3أسببيغ حيذ حى ٔصَٓب ٔحٕصيؼٓب في حصًيى ػبيهي 

انؼهيقت الأسبسيت حخي انشبغ  -ي: اساَب غزيج ػهي انؼهيقت الأسبسيت حخي انشبغ يكشساث كًب يه 3

اساَب غزيج ػهي  -اسببيغ 3صى بكخشيب داػًت نهحيٕيت/ كضى ػهيقت يبكشا يٍ ػًش 4.5يغ اضبفت 

ػهيقت  -% يٍ انطبقت الاصيت نحفع انحيبة بؼذ انفطبو ٔبذٌٔ اضبفت بكخشيب حيٕيت214ػهيقت يحذدة 

صى بكخشيب داػًت نهحيٕيت/كضى ػهف 4.5% يٍ انطبقت انلاصيت نحفع انحيبة يغ اضبفت 214يحذدة 

% يٍ انطبقت انلاصيت نحفع انحيبة ٔبذٌٔ اضبفت 254اساَب غزيج ػهي ػهيقت يحذدة   -يبكشا 

حى بكخشيب 4.5% يٍ انطبقت انلاصيت نحفع انحيبة يغ اضبفت 254ػهيقت يحذدة  –بكخشيب حيٕيت 

 ت يبكشا. داػًت نهحيٕي

أسببيغ قبم  3انخغزيت ػهي ػهيقت بٓب انبكخشيب انذاػًّ نهحيٕبت يٍ ػًش  أضحج انُخبئش اٌ     

 انفطبو نى حؤرش ػهي ٔصٌ انضسى ٔانحيٕيت ػُذ انفطبو يقبسَت بًضًٕػت انًقبسَّ.
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انبكخشيب  ٔانًضبف انيٓب ػهي انؼهيقت حخي انشبغ انًغزاِ الأساَب انُبييتبؼذ انفطبو ٔصذ اٌ       

حققج صيبدة  في ٔصٌ انضسى انًكسب يٕييب اػهي يؼُٕيب أسببيغ 3انذاػًت نهحيٕيت يبكشا ػُذ ػًش 

. ححسٍ يؼذل انخحٕيم انغزائي يؼُٕيب ببلأضبفت انًبكشة انًقبسَتؼهيقت انيقبسَت بخهك انًغزاِ ػهي 

يضب ححسٍ دنيم انًُٕ . ٔا% يقبسَت ببنؼهيقت انًقبسَت24.1نهبكخشيب انذاػًت نهحيٕيت بحٕاني 

 بإضبفت انبكخشيب انحيٕيت اني انؼهيقت.

حققج الأساَب انًغزاِ ػهي انؼهيقت حخي انشبغ أػهي ٔصٌ صسى يكخسب يٕيي يقبسَت بُظى         

غزائي يٍ انخغزيت ػهي انؼهيقت انخحٕيم انًؼذل ن قيًّ ٕل ػهي أفضمصحى انحانخغزيت انًحذدِ. 

ادث  .يقبسَت ببنؼهيقت حخي انشبغ ع انحيبةفٍ انطبقت الاصيت نح% ي254أ  214ة سٕاء دانًحذ

% يٍ انطبقت انلاصيّ نحفع انحيبِ اني اَخفبض يؼٕي نًؼبيلاث 214انخغزيت انًحذدِ بًسخٕي 

بيًُب نى ححذد انخغزيت ػهي  انٓضى فيًب ػذا يؼبيم ْضى الأنيبف يقبسَت ببنخغزيّ حخي انشبغ.

% يٍ انطبقت انحبفظّ اي حأريش سهبي ػهي يؼبيلاث انٓضى انًخخهفت. ٔصذ ححسٍ يؼُٕي 254

% يٍ انطبقت انحبفظّ. ححققج 214% َخيضت انخغزيت انًحذدِ بًؼذل 4.5نهحيٕيت % بحٕاني 

انطبقت انلأصيت  % ي254ٍأ 214افضم قيًّ نهكفبءِ الأفخصبديت َخيضت انخغزيت انًحذدة سٕاء 

 نحفع انحيبِ.  

خفبض َادث كم انخذاخلاث بيٍ انخحذيذ انغزائي ٔالأضبفت انًبكشة نهبكخشيب انحيٕيت اني ا      

يؼُٕي في انؼهف انًسخٓهك ٔححسٍ يؼُٕي نهخحٕيم انغزائي فيًبػذا انؼهيقت حخي انشبغ يغ اضبفت 

ٌ اضبفت انبكخشيب انحيٕيت. ادي انخحذيذ % بذ214ٔحيٕيت ٔانخحذيذ انغزائي انذاػًّ نهانبكخشيب 

يغ اضبفت انبكخشيب انذاػًت نهحيٕيّ أ انخحذيذ انغزائي انًؼخذل يغ أ بذٌٔ اضبفت  انغزائي انحبد

انبكخشيب انحيٕيّ اني ححسٍ يؼُٕي في دنيم انًُٕ يقبسَت ببنؼهيقت حخي انشبغ. رادث َسبت خلايب انذو 

% يغ اضبفت انبكخشيب انذاػًّ نهحيٕيت يقبسَّ 214هيقت انًحذدِ ؼَخيضت انخغزيت ػهي ان N/Lانبيضبء

ببنؼهيقت حخي انشبغ. أدث يؼظى انخذاخلاث بيٍ انخحذيذ انغزائي ٔانبكخشيب انذاػًّ نهحيٕيّ اني ححسٍ 

انخذاخلاث بيٍ انخحذيذ انغزائي نلأداء الإقخصبدي يٍ حى انحصٕل ػهي افضم قيًت  انحيٕيّ %.

فيًب ػذا انخغزيت حخي انشبغ يغ اضبفت انبكخشيب انحيٕيت يقبسَت ببنؼهيقت حخي ٔانبكخشيب انحيٕيت 

 انشبغ.

أضحج َخبئش انخضشبت انحبنيت الأساَب انُبييت انخي بذأث حخغزي يبكشا ػهي ػهيقت يضبف انيٓب      

كخشيب اسببيغ قبم انفطبو يغ اسخًشاس اضبفت انب 6-3بكخيشيب داػًّ نهحيٕيّ ابخذاءا يٍ ػًش  اني 

% يٍ انطبقت 214اسبٕع يٍ انؼًش يغ َظبو غزائي يحذد  21انذاػًّ نهحيٕيّ بؼذ انفطبو حخي 

%  يٍ انطبقت انلأصيت 254انلأصيت حفع انحيبِ بؼذ انفطبو يببششة أٔ انخغزيت انًحذدِ بًؼذل 

في الأسخزًبس حفع انحيبِ يغ أٔ بذٌٔ اضبفت انبكخشيب انذاػًّ نهحيٕيّ يضب اٌ حأخز بؼيٍ الأػخببس نُ

انخضبسي لأَخبس الأساَب نًب نخهك انًؼبيلاث يٍ قيًّ اقخصبديت يشحفؼت ححج ظشٔف انبيئت 

 انًصشيت.  

تؼذ  ٍؼتذه اىتجشتح اىحاىٍح ٍذي إٍَح استخذاً ّظاً غزائً ٍحذد ّتائج ّستخيص ٍِ اىت٘صٍح:

اىجسٌ اىحً ٗفً حاىح  ٌتٌ تحذٌذٓ ػيً اساط اىطاقح اىلاصٍٔ ىحفظ اىحٍآ ٗٗصُاىفطاً ٍثاششج 

اتثاع اىْظاً اىغزائً اىَحذد اىحاد ٌشاػً اضافح اىثنتشٌا اىذاػَح ىيحٌٍ٘ح ٍثنشا اتتذاءا ٍِ ػَش 
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