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Abstract 
Pomegranate peels were subjected for extracting using a mixture of ethanol, methanol and water, the 
nutritive value of extract was evaluated by photochemical analysis which revealed high level of total 
phenolic, tannins, flavonoid and antioxidant activity. To study the effects of dietary supplementation 
of pomegranate peel powder (PPP) or pomegranate peel extract (PPE) on growth performance and 
immune status of rabbits, forty-five male V-Line weaned rabbits were allocated into five groups. 
Rabbits in first group (G1) were fed basal diet and served as control and rabbits in 2nd and 3rd groups 
(G2&G3) were fed the basal diet supplemented with PPP at 1% and 1.5% respectively, and rabbits 
in 4th and 5th groups (G4&G5) were administered PPE at 0.14 % and 0.21% respectively for two 
months experimental period. All rabbits were vaccinated with rabbit viral hemorrhagic disease 
(RVHD) vaccine at 7th week of age. Body weight gain (BWG) and feed conversion ratio (FCR) were 
calculated. Blood samples were collected to measure some immunological parameters, protein pro-
file, serum malondialdehyde (MDA) and catalase activity. The results showed that, low ratio of PPP 
or PPE significantly increased BWG and improved FCR and could enhance both innate and humeral 
immunity of rabbits as they significantly increased (p<0.05) phagocytic activity of peripheral blood 
mononuclear cell, serum lysozyme activity, total protein (TP), antibody titer against RVHD, immu-
noglobulin G (IgG) values, as well as improve oxidant /antioxidant balance. However, these effects 
were diminished in rabbit's feed high ratio of PPP or PPE, so it could be necessary to adjust the dos-
age for growing rabbits. In conclusion, Pomegranate peels powder (1%) or its extracts (0.14%) 
could strengthen the immune system which provides health benefits to V-line growing rabbits and 
may be employed as dietary supplement to growing rabbits. 
 

Key world: Rabbit- Pomegranate peels- feed conversion ratio- phagocytic activity– RVHD antibody.  

Introduction 
Weaning is the most cretical period for young 
animals that associated with high incidence of 
gastrointestinal problems which represent the 
major causes of collapses in rabbits breeding 
farms. Mortality rate was about half-higher 
during two weeks after weaning compared to 
the day 49th to slaughtering period (Gidenne 
and Garcia 2006). Mortality was always 
caused by acute digestive disorders, without 

any identification of a specific pathology at 
autopsy, which varied between 1.7 to 19.4% 
(Gidenne et al., 2005). It additionally reported 
that, mortality is reduced by using phytogenic 
flavors because of optimization of the immune 
system (Fortun and Boullier, 2007). 
Pomegranate peels are considered inedible ele-
ments or by-product obtained through juice 
process. It is important source of phenolics, 
flavonoid, minerals, complex polysaccharides 



52 

Animal Health  Research Journal Vol. 6, No. 2,  June 2018                                                 El-Sissi, A.F. et al., 

and hydrolysable tannins (Seeram et al., 
2005). In addition, different parts of the pome-
granate fruit, especially the peel, could act as 
potential antimicrobial agent and so could be 
proposed as a safe natural alternative to syn-
thetic antimicrobial agents. The high tannin 
content, particularly punicalagin, found in 
pomegranate extracts, has been reported as the 
main compound responsible for such antim-
icrobial activity (Rosas-Burgos et al., 2017). 
The studies of Li et al., (2006) demonstrated 
higher antioxidant capability of the peels rela-
tive to the juice, mainly because of water-
soluble polyphenols, and hydrolysable tannins. 
The antioxidant of pomegranate extract might 
improve immune perform (Shabtay et al., 
2008).  
There is limited research on the utilization of 
pomegranates in animal feeding. Even so, it's 
been shown that, once pomegranate fruits rind 
powder fed to rabbits at 100 mg /kg body 
weight, stimulation in the cell-mediated and 
humeral immune response was ascertained 
(Gracious et al., 2001). Shabtay et al., (2008) 
recorded that, dietary supplementation of wet 
fresh pomegranate peels (PP) increased weight 
gain in bull calves and suggested that, antioxi-
dant and immunomodulatory properties of PP 
might improve immune function. Moreover, 
supplementing pomegranate extracts at 5 or 10 
g /day to preweaned calves improve immune 
response and health due to their polyphenols 
content (Oliveira et al. 2010). Also, dietary 
pomegranate by-products improved immunity 
and the intestinal microbial ecosystem of broil-
ers (Ahmed and Yang, 2017). 
Nowadays researchers give special attention to 
the utilization of food industry-derived resi-
dues, either for the reduction of the environ-
mental harm and consequent reduction of costs 
to the treatment process or for their potential 
use in the development of high value-added 
product (Garau et al. 2007). The immune sys-
tem provides a biological marker to evaluate 
the potential health benefits of dietary supple-
ments in food on animal production (Gracious 
et al., 2001).   
The present experiment was conducted to pre-

pare pomegranate peel extracts using mixture 
of solvent and evaluate their nutritive value by 
photochemical analysis. As well as examine 
the effects of dietary supplementation of pome-
granate peel in two different application forms 
(powder or extract) in low & high doses on 
growth performance and immune status of V-
line growing rabbits. 
 
Materials and Methods 
This experiment was conducted in the rabbi-
try of El-Gemeza research station, El-Gharbia 
Governorate, Animal Production Research 
Institute, Agricultural Research Center, Min-
istry of Agricultural, Egypt.                                                                                
1-Preparation of pomegranate peel ex-
tracts 
Pomegranates were obtained from local mar-
ket; the peels were manually removed; dried 
at 45°C for 3 days and then powdered. The 
powder was extracted with mixture of etha-
nol, methanol and water in equal ratio for 24 
h at 25°C according to Li et al., (2006). The 
crude extract was sieved through What man 
No.1 paper. The filtrates were concentrated 
under reduced pressure with a rotary evapora-
tor at 50°C, and then kept at 4°C until use. 
 2- Photochemical analysis of pomegranate 
peel extracts: 
2.1- Total phenol content (TPC): The con-
centrations of total phenolics (TP) in PPE were 
determined by the Folin-Ciocalteu colorimetric 
method of Singh et al., (2002), the TP content 
expressed as mg gallic acid equivalents (GAE) 
per g of extract weight. 
2.2- Estimation of Total Tannins: The con-
centrations of total tannin (TT) in PPE were 
determined by the vanillin assay of Sun et al., 
(1998). The results were expressed as mg cate-
chin equivalent (CE) per g of extract weight. 
2.3- Estimation of Total Flavonoid Content: 
The concentrations of Flavonoid content in 
PPE were determined by the aluminum chlo-
ride colorimetric method of Woisky and 
Salatino (1998).                                                                                                            
2.4- Antioxidant activity: The free radical 
scavenging properties of pomegranate peel ex-
tract were evaluated by spectrophotometric 
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method using the stable 2,2-diphenyl-1-
picryhydrazyl radical (DPPH) according to 
Zhao et al., (2006). DPPH radical scavenging 
effect was calculated according to following 
equation:            
% scavenging rate = [1-(A1 -A2)/ A0] x 100 
(Where A0 represents the absorbance of the 
control (DPPH solution) and A1 represents the 
absorbance of extract, A2 represents the ab-
sorbance without DPPH). 
3-Experimental design: Forty-five weaned V-
line male rabbits, aged 5 weeks and averaged 
850gm body weight were allocated randomly 
into five groups each of nine rabbits with three 
replicates. The rabbits of 1st group (G1) fed a 
basal diet and served as control. The rabbits in 
G2 and G3 were fed the basal diet supple-
mented with 1.0 and 1.5% PPP respectively, 
and those of G4 and G5 were administered 
PPE at 0.14 or 0.21% of diet respectively, 
spray over basal diet (corresponding 1% & 
1.5% of powder). Feed and water were pro-
vided ad-libitum during two months experi-

mental period. The basal diet was formulated 
to satisfy NRC (1977) recommend (Table 1), 
all rabbits were vaccinated with RVHD vaccine 
at 7th week of age. 
4-Samples:  
-Serum samples were collected from ear vein,9 
samples/ group, for detection of lysozyme ac-
tivity, nitric oxide (NO), IgG, T. protein, albu-
men, MDA value and catalase activity at 9th, 
11th and 13th weeks of age. Also, for detection 
of antibodies titer against RVHD vaccine at 0 , 
2nd, 4th, 6th weeks post vaccination (7th, 9th, 11th 
and 13th weeks of age).  
-Heparinized blood was collected (6 samples/
group) for phagocytosis assay one-week post 
vaccination with RVHD (8th weeks of age). 
5-Performance traits: 
Individual live body weight (LBW) was re-
corded at 5weeks of age and at the end of ex-
periment. As well as total feed intake (TFI) 
was recorded, then body weight gain (BWG) 
and FCR (gm of feed consumed / gm weight 
gain) were calculated. 

Table (1). Composition and chemical analysis (%) of the experimental diets for growth rabbits. 

Ingredients 
Pomegranate in the experimental diet (%) 

Basal diet PPP 1% PPP 1.5% PPE 0.14% PPE 0.21% 
Clover hay (12% CP) 32.75 32.00 31.75 32.75 32.75 

Yellow corn 17.80 17.80 17.80 17.80 17.80 

Soybean meal (44%) 15.20 15.20 15.20 15.20 15.20 

Wheat bran 11.00 10.75 10.50 11.00 11.00 

Barley grain 17.30 17.20 17.15 17.30 17.30 

Pomegranate peel 00.00 1.00 1.50 00.00 00.00 

Molasses 3.00 3.00 3.00 3.00 3.00 

Limestone 0.4 0.4 0.4 0.4 0.4 

Salt 0.35 0.35 0.35 0.35 0.35 

Dl- Methionine 0.20 0.20 0.20 0.20 0.20 

L. Lysin 0.10 0.10 0.10 0.10 0.10 

Di-calcium-Phosphate 1.60 1.75 1.75 1.60 1.60 

Premix (vit. +Min.Mix 0.30 0.30 0.30 0.30 0.30 

Total 100.00 100.00 100.00 100.00 100.00 

Chemical analysis: 
Dry Matter 

  
90.05 

  
90.08 

  
90.09 

  
90.05 

  
90.05 

Organic Matter 91.52 91.84 91.84 91.52 91.52 

Crude protein 16.07 16.02 16.00 16.07 16.07 

Ether extract 3.47 3.44 3.44 3.47 3.47 

Crude fiber 13.49 13.51 13.52 13.49 13.49 

Nitrogen Free Extract 58.53 58.51 58.49 58.53 58.53 

NDF 37.76 37.81 37.81 37.76 37.76 

Ash 8.48 8.50 8.50 8.48 8.48 

DE (kcal/kg) 2516 2509 2509 2516 2516 

  PPP = Pomegranate Peel powder                          PPE = Pomegranate Peel extracted  
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6-Evaluation of innate immune response: 
6.1- Phagocytic activity:  
Phagocytic activity of peripheral blood mono-
nuclear cell was determined using Candida 
Albicans, according to Chu and Dietert, 
(1989). The phagocytic percent (number of 
phagocytic macrophages /total no of macro-
phages) and phagocytic index (number of 
macrophages engulf ≥3 Candida spores/total 
no of macrophages) were calculated. 
 
6.2- Lysozyme Assay:  
Lysozyme activity was measured by agarose 
gel plate lyses assay. Briefly, lysoplates were 
prepared by dissolving 1% agarose in PBS 
(0.067mol, pH6.3) in which Micrococcus lyso-
deikticus (50 mg/100 ml agarose) had been dis-
persed. Then 25 µl of serum samples and stan-
dard lysozyme were added into each well. Af-
ter 18 hours, the cleared zones diameter was 
measured. The concentration of lysozyme ob-
tained from logarithmic curve of standard ly-
sozyme (Peeters and Vantrappen 1977). 
 
6.3- Nitric oxide assay:  
It carried out according to Yang et al. (2010) 
by Griess reagent after deproteinization of se-
rum and  reduction of nitrate to nitrite using Cu 
plated Cd. The optical density was determined 
at 545 nm with an ELISA plate reader. Nitric 
oxide concentration was calculated from stan-
dard curve using NaNO2.    
                                 
7-Evaluation of humeral immune response:                    
7.1- Detection of Antibodies to RHDV:  
Antibodies to RHDV vaccine were measured 
by using Hemagglutination inhibition test (HI) 
according to Park et al., (1991) used 4HA 
units of RHDV and 0.5% human type O red 
blood cell. The HI titer of the serum is the 
highest dilution causing complete inhibition of 
Hemagglutination of 4 units of RHDV. 
 
7.2- Detection of rabbit immunoglobulin: 
Serum IgG were measure using ELISA kit of 
Glory Science   CO., Ltd, Del Rio., TX  78810, 
USA according to the manufacturer`s instruc-

tions  
 
8- Estimation of protein profile:  
Total protein and albumin were measured us-
ing commercial diagnostic kits of Bio-
Analytics kit, USA following the manufac-
turer's instructions according to Bakerman
(1984) and Doumas and Biggs (1972) respec-
tively. While serum globulins were determined 
by subtracting the value of albumin from the 
serum total proteins. 
 
9– Catalase and Malondialdehyde assay: 
Catalase activity was measured according to 
Aebi (1983), where the rate of 10 Mm hydro-
gen peroxide (H2O2) decomposition was fol-
lowed by monitoring absorption at 240 nm in 
50 Mm PBS pH 7 at a decrease of 0.05 in opti-
cal density corresponds to 3.45µ mole of H2O2 

and one unit of catalase will decompose 1µ 
mole H2O2/min. Malondialdehyde was meas-
ured using commercial diagnostic kits accord-
ing to Ohkawa et al., (1979) following the 
manufacturer`s instructions. 
 
10- Statistical analysis:  
Data obtained were statistically analyzed using 
analysis of variance and comparing between 
groups were performed using least significant 
difference (LSD) at P<0.05 according to Petrie 
and Watson (1999) and using SPSS. 
 
Results 
The pomegranate peels were extracted with 
mixture of solvents. Yield % and photochemi-
cal analysis of pomegranate peel extracts were 
shown in (Table 2). 
 

Regarding to growth performance of growing 
rabbits, there were significant decrease of TFI 
with rabbits fed on high ratio of PPP (G3) & 
PPE (5) comparing with control group (G1). 
Rabbits fed on low ratio of PPP (G2) & PPE 
(G5) showed significant increase of BWG and 
significant decrease of FCR comparing with 
control group (G1) (Table3).  
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Table (2). Yield % and photochemical analysis of pomegranate peel extracts: 

Yield % 
DPPH Total Phenolics 

mg GAE/gm 
Total tannin 
mg CE/gm 

Total flavoniod 
mg /gm 25 µg/ml 50 µg/ml 75 µg/ml 

14.3 % 65.4% 73.4% 79.1% 278.5 235 28.8 

Table (3). Effect of dietary supplementation of pomegranate peel powder or pomegranate peels extract (high and low 
ratio) on growth performance of growing rabbits: 

      Parameters   
 
 
Group 

Initial Body 
Weight 

(IBW)(gm) 

 
Final Body 

Weight (FBW) 
(gm) 

  

 
Body Weight 
Gain (BWG) 

(gm)) 
  

Total Feed 
Intake 

(TFI)(gm) 

Feed/
Conversion 
Ratio (FCR) 

(G1) Control 847±56.66 2118±57 1217±21A 4420±67.67A 3.63±.04A 

(G2) PPP 1% 854±37.42 2135±15 1281±33.31aB 4305±15.87B 3.36±.07Ba 

(G3) PPP 1.5% 855±27.41 2024±26A 1169±22.94Cb 4120±59.00Cba 3.52±.07C 

(G4) PPE 0.14% 864±64.96 2183±54Ba 1319±20.01aDc 4314±33.32Dbc 3.27±.03ac 

(G5) PPE 0.21% 846±23.86 2057±29b 1211±37.47d 4144±41.0dba 3.42±.12 

-Values represent means (n =9) ± SE 
- Mean with small litters indicate significantly different against the capital of the same litter in the same column 
(P<0.05) 

 Regarding phagocytic activity (Photo1 & Ta-
ble 4), there were significant increase (P < 
0.05) in phagocytic % of peripheral blood 
mononuclear cell of rabbits feed low concen-
tration of PPE (G4), also there were signifi-
cant increase (P < 0.05) in phagocytic index in 
rabbit of G2 and G4 at 8th weeks of age com-
paring with control group. The lysozyme ac-
tivity recorded significant decrease in serum 
of rabbits in (G2) at 9th week, then lysozyme 

activity tended to increase toward the end of 
experiment in all groups, with significant in-
crease in rabbits of G3 and G4 at 11th week 
and in rabbits of G2, G3 and G4 at 13th week 
of age. There was no significant change in 
Nitric oxide values in all tested groups com-
paring with control group, while the mortality 
rate have been decrease  in all treated groups 
comparing with control group. 
  

 
Photo (1). Phagocytic activity of Peripheral blood mononuclear cell showing phagocytic cells engulf Candida spores.   

(Giemsa stain×100)         
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Parameters Age 
G1 

(control) 
G2 PPP     
(1 %) 

G3 PPP 
(1.5 %) 

(G4)  PPE
(0.14%) 

(G5)  PPE
(0.21%) 

Mortality rate   33.3% 11.1% 22.2% 0% 11.1 

Phagocytic % 8thweek 54±3.45A 56.6±2.29 53.8±1.98 59.4±2.11a 55.4±3.01 

Phagocytic index 8thweek 0.31±0.05A 0.37±0.03a 0.34±0.04 0.42±0.06a 0.33±0.03 

Lysozyme (μg/ml) 

9thweek 275±16A 212±17aB 251±46 269±27b 231±49 

11thweek 297±26 A 260±31 B 349±33 ab 396±29 abD 270± 28 d 

13thweek 352±28 A 426±33 a 446±17 aC 458±24 abd 345±14 cD 

Nitric oxide  
(μmol/ml) 

9thweek 11.98±0.15 11.62±0.11 11.31±0.36 9.42±0.67 9.74±0.88 

11thweek 10.10±0.48 10.53±0.44 12.12±0.83 9.34±1.16 11.66±0.56 

13thweek 10.39±0.53 9.14±0.92 7.76±0.73 7.32±0.93 9.29±0.52 

Table (4). Effects of dietary supplementation of pomegranate peel powder (PPP) or pomegranate peel extract 
(PPE) on mortality rate and innate immune response . 

-Values represent means (n =9) ± SE 

- Mean with small litters indicate significantly different against the capital of the same litter in the same row (P<0.05 ). 

 

Concerning proteins profile (Table 5), rabbit 
in G2&G4 recoded significant increases (P< 
0.05) in T. proteins which contributed to in-
crease in albumin at 9th week in G2 and at 9th 
and 11th weeks in G4 comparing with control 

group. In contrast, rabbit in G3&G5 showed 
significant decrease in T. proteins that con-
tributed to significant decrease in albumin and 
globulin at 13th week of age comparing with 
control group.  

Table (5). Effects of dietary supplementation of pomegranate peel powder (PPP) or pomegranate 
peel extract (PPE) on protein profile.  

Parameters Age G1 (control) 
G2 

PPP (1 %) 
G3 

PPP (1.5 %) 
G2 

PPP (0.14 %) 
(G5) 

PPE (0.21%) 

Total  
protein 
(gm/dL) 

9th week 6.20±0.13 A 6.83±0.14 aB 6.12±0.22 bC 6.98±0.11 acD 6.34±0.10 bd 

11th week 6.39±0.34 A 6.43±0.12 B 6.22±0.23 C 7.12±0.14abcD 5.90±0.16 abd 

13th week 6.45±0.08 A 6.30±0.18 B 5.67±0.06 abC 6.64±0.07 cD 5.52±0.23 abd 

Albumen 
(gm/dL) 

9th week 3.55±0.05 A 3.96±0.16 aB 3.42±0.05 bC 3.93±0.11 ac 3.67±0.24 b 

11th week 3.57±0.19 A 3.63±0.05 B 3.47±0.09 C 3.75±0.08 cD 3.28±0.10 abd 

13th week 3.63±0.10 A 3.45±0.08 B 3.30±0.08 aC 3.77±0.07 bcD 3.31±0.09 ad 

Globulin 
(gm/dl) 

9th week 2.66±0.10 A 2.87±0.06 2.70±0.21 B 3.06±0.11 2.67±0.11 

11th week 2.81±0.30 2.80±0.12 2.75±0.24 3.37±0.19 A 2.62±0.20 

13th week 2.83±0.14 A 2.84±0.22 B 2.37±0.10 abC 2.87±0.07 c 2.21±0.17a 

A/G ratio 9th week 1.34±0.05 1.38±0.07 1.30±0.10 1.29±0.07 1.38±0.07 

11th week 1.34±0.17 1.30±.06 1.31±0.12 1.15±0.10 A 1.56±0.14 a 

13th week 1.31±0.10 1.25±0.12 1.41±0.09 1.31±0.05 1.27±0.07 

Values represent means (n =9) ± SE 
- Mean with small litters indicate significantly different against the capital of the same litter in the same row (P<0.05 ). 
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Concerning the humeral immune response 
(figures 1&2) there were significant increase 
in HI antibody titers against RHDV vaccine at 
4th and 6th weeks post vaccination for rabbit 
feed low concentration of PPP (G2) and PPE 

(G4) comparing with those of control group
(G1), the antibody titer was diminished in rab-
bit’s groups feed high concentration of PPP
(G3)& PPE(G5), although it was better com-
paring to control group (G1). 

Figure (1). Effect of dietary supplementation of pomegranate peel powder (PPP) or pomegranate peel extract (PPE) 
on antibody titer against RVHD vaccine. 

Regarding to IgG values, there were significant 
increase (P < 0.05) in IgG of rabbit feed low 
concentration of PPP at 10th& 12th weeks of 
age and in rabbit feed low concentration of 

PPE at 8th and 10th weeks of age. On the con-
trary, rabbits feed high concentration of PPP 
and PPE showed significant decrease of IgG at 
12th weeks of age  

 
Figure (2). Effect of dietary supplementation of pomegranate peel powder (PPP) or pomegranate peel extract (PPE) on 

serum IgG (µg/ml). 
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As shown in Table (6), there was significant 
decrease (P < 0.05) in serum MDA in all 
treated groups at 9th week of age and signifi-

cant increase in catalase activity in all treated 
groups at 9th week of age and in G2, G3 and 
G5 at 10th week of age. 

Table (6). Effect of dietary supplementation of pomegranate peel powder or pomegranate peel extract on 
Malondialdehyde and Catalase activity of growing rabbits. 

Parameters Age G1 (control) 
G2  

PPP (1 %) 
G3 

PPP (1.5 %) 
(G4)               

  PPE (0.14) 
(G5)          

 PPE(0.21%) 

MDA 
(nmol/dl) 

9th week 5.97±0.59 A 4.36±.11a 4.18±.23a 3.79±.05a 3.42±.28a 

11th week 5.18±0.31A 4.35±.24 4.42±.11 4.39±.95 4.31±.35 

13th week 5.13±0.24A 4.52±.18 4.89±.59 4.26±.46 4.57±.39 

Cataleas 
(nmol/dl) 

9th week 6.56 ± 0.19 A 8.97±0.71aB 7.90 ± 0.39 a bC 8.71±0.75ac 8.80 ± 0.20 ac 

11th week 7.39±0.87 A 8.52±0.70 a 9.68 ± 0.87a 8.15 ± 0.54 9.10±0.52a 

13th week 9.38 ± 1.16 10.04±1.01 11.04 ± 0.30 11.14 ± 0.98 10.97 ± 0.79 

-Values represent means (n =9) ± SE 
- Mean with small litters indicate significantly different against the capital of the same litter in the    same row 
(P<0.05) 

Discussion 
The pomegranate peels were extracted with 
mixture of solvents, the yield % was 14.3 %. 
An approximate value, 16.3, had been found 
by Malviya et al. (2014). However, Li et al., 
(2006) obtained 31.5%. 
 Photochemical analysis showed that, PPE con-
tain high ratio of phenolic compounds, mainly 
tannins and much less of flavoniod as well as 
excessive antioxidant activity. These results 
are supported with previous studies recorded 
that, the major phenolics in PPE were tannins 
(Madrigal-Carballo et al., 2009) and the mi-
nor was flavoniod (Shiban et al., 2012). Also, 
Khan et al., (2017) recorded that, aqueous sus-
pension of PPP has shown strong anti-oxidant 
activity. In general, the potent antioxidant ac-
tivity of pomegranate is attributed to its poly-
phenols includes flavonoids as well as con-
densed and hydrolysable tannin (Jayapr-
akash, 2017).      
 
Regarding the growth performance, high PPP 
and PPE levels in diet of rabbit have signifi-
cant negative effect on feed intake in compar-
ing with control group. These results agree 
with those of Oliveira et al., (2010) who re-

corded that feeding pomegranate extract re-
duced feed intake. It was known that tannins 
present at high concentration in pomegranate 
peel that may inhibited feed intake, attributed 
to the astringency sensation caused by the for-
mation of complexes between tannins and sali-
vary glycoproteins (Oliveira, et al., 2010). In 
the same regard, Makled et al. (2003) reported 
that bucks fed 0.50 and 0. 25% tannic acid con-
sumed less (P<0.01) amount of feed than the 
control group. Rabbits fed on diet supple-
mented with low ratio of PPP & PPE showed 
significant increase in BWG resulting in sig-
nificantly improve of FCR. The obtained re-
sults agree with Nassralla et al., (2016). In the 
same regard, Kara (2016) recorded that; con-
densed tannins (CT) have both positive (in low 
levels) and negative (in high level) effects on 
rabbit's performance. 
 
Reduction of mortality rate among treated 
groups in this study, may be due to the antibac-
terial effects of pomegranate (Rosas-Burgos et 
al., 2017) as the limit on bacterial infections 
mainly E. coli, have an important role in reduc-
ing mortality or may be due to optimization of 
immune system (Fortun and Boullier, 2007).  
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Related to innate immune responses, low ratio 
of PPP (G2) and PPE (G4) exhibited signifi-
cant increase of phagocytic activity of periph-
eral blood mononuclear cell and in serum ly-
sozyme activity, which reflected improvement 
of immune system. The increase of lysozyme 
toward the end of experiment in all groups may 
be because of pathogen detection by innate 
system, which has prompted phagocytic cell to 
safeguard rabbit against invading microorgan-
isms or also because of intensive housing con-
dition that cause environmental stress with the 
consequence of continuous inflammatory re-
sponse (Moscati et al., 2008). The obtained 
results are supported by Harikrishnan et al., 
(2010) who suggest that intraperitoneal ad-
ministration of the leaf extracts of P. granatum 
clearly enhance the innate immune responses 
and disease resistance in Paralichthysolivaceus. 
The increased values of lysozyme have been 
previously recorded after activation of the im-
mune system with immunomodulants 
(Saurabh & Sahoo, 2008). Also, it was re-
corded that PPE supplementation increase of 
lysozymes values on broilers (Kishawy et al., 
2016). While the decrease of lysozyme activity 
at starting of the experiment, may be due to 
suppress growth of pathogenic bacteria by anti-
bacterial effects of PP (Benossi, et al., 2015).  
 
Serum TP is an important immunological and 
health indicator. However low PPP and PPE 
levels in diet of rabbit resulted in significant 
increase in TP, rabbit feed high ratio of PPP 
and PPE for 2 months showed significant de-
crease (P < 0.05) in TP at 13th week of age. In 
the same regard, Worku et al., (2016) deter-
mine a slight decrease in TP in goats whereas 
Oni et al., (2012) recorded increase in TP in 
sheep feed leaves of tannin containing plants. 
The decrease of TP might attribute partially to 
the presence of tannins in pomegranate peel 
more than tolerable limits, as tannins could 
bind with dietary protein by multiple phenolic 
hydroxyl groups, preventing its absorption and 
utilization (Schofield et al., 2001). 
 
Regarding to humeral immune responses of 

rabbits under the treatment of low ratio of PPP 
(G2) and PPE (G4) exhibited significant in-
crease in antibody titer against RVHD vaccine 
and IgG values, the antibody titer was dimin-
ished in rabbit’s groups feed high ratio of PPP 
and PPE, however still higher than that of con-
trol, whereas IgG values were significantly de-
crease comparing to control group. The ob-
tained results are supported by Gracious et al. 
(2001), who found that pomegranate fruit rind 
powder orally recorded a rise in antibody titer 
to typhoid-H antigen. Also, Oliveira et al., 
(2010) recorded that, pomegranate polyphenols 
improved total IgG responses to ovalbumin 
vaccination. In addition, Laily et al., (2016) 
recorded that, pomegranate could improve im-
munity status of mice associate with an emer-
gency situation. The reverse results of immune 
responds with high ratio of PPP and PPE is 
perhaps due to high levels of tannin that cause 
decrease of TP recorded in present study. A 
deficiency of protein or amino acids has long 
been known to impair immune function, as 
amino acids like arginine, glutamine and cys-
teine have important role in immune response 
by activation of lymphocytes and macro-
phages, control gene expression and synthesis 
of specific proteins as cytokines, antibodies 
and cytotoxic substances (Li et al., 2007). 
 
Weaning is the most critical period of rabbit’s 
life (Gidenne and Garcia, 2006), as rabbits 
subject to a lot of stress post weaning, which 
can disturb oxidant /antioxidant balance. In 
present study, all treated groups showed sig-
nificant decrease of MDA along with signifi-
cant increase in catalase activity comparing 
with control group, but only at first growth pe-
riod. This was explained by the fact that, feed-
ing rabbits with diet supplemented with PPP or 
PPE proven to have high antioxidant activity 
might maintain oxidant /antioxidant balance. In 
the same regard, Aboonabi et al. (2014) 
showed that pomegranate reduced lipid peroxi-
dation and improved antioxidant enzymatic 
status. The inhibition of lipid peroxidation was 
related to the ability of phenolic and flavonoid 
compounds, of P. granatum, to inhibit oxida-
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tive enzymes (Chidambara-Murthy et al., 
2002). 
 
In conclusion: PPE has shown good antioxi-
dant activity, attributed to presence of huge 
quantity of polyphenolic compounds 
(flavenoid & tannin). Dietary supplementation 
of PP in two different  form (powder or ex-
tract) in low dose to V-line  growing rabbits 
maintain health status by reducing digestive 
disorders and related mortality and improve 
growth performance characteristics (BWG & 
FCR). Also clearly enhance both innate and 
humeral immunity (phagocytic activity of pe-
ripheral blood mononuclear cell, lysozyme ac-
tivity , IgG value and the antibody titer against 
RVHDV), as well as maintain oxidant/
antioxidant balance, this effect were diminish 
with high dose, thus probably, it could be nec-
essary to adjust the indefinite quantity for 
growing rabbits by considering the tannin  con-
tent .Also it was notice that rabbits feed on 
PPE in low concentration  gave the best results. 
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