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SUMMARY 

 

he present work aimed to investigate the growth performance, meat omega-3 (n-3) and omega 6 (n-6) fatty 

acids, immunological responses, lipid peroxide and the antioxidative status resulting from supplemented 

linseed oil diets of growing V-line rabbits with two levels of pomegranate peel (POM) during summer season 

from June to August.  Forty-eight growing V-line rabbits of both sexes, 7 weeks old, with initial weight of 

982.75 ± 15.85 g were used in the present experiment. Rabbits were randomly distributed to four groups of 12 

rabbits each. Each group was further sub-divided into 4 replicates of 3 rabbits. Group 1 fed a pelleted basal diet with 

standard components and served as control group, group 2 fed a pelleted diet with 2% linseed oil, group 3 fed a pelleted 

diet containing 2% linseed oil with 0.75 % POM, group 4 fed a pelleted diet containing 2% linseed oil with 1.5 % POM. 

The obtained results showed that the different treatments had insignificant effect on final body weight and daily body 

weight gain, however, significant (P≤0.05) decrease in feed intake and significant (P≤0.05) improvement in feed 

conversion were recorded in comparison with the control. Results for pre-slaughter weight, percentage of hot carcass and 

liver were insignificantly affected by different treatments in comparison with control. The different treatments showed 

significant decrease in the abdominal fat and the muscle total cholesterol in comparison with the control group. The n-3 

fatty acids were significantly (P≤0.05) increased by feeding linseed oil, linseed oil plus pomegranate peel, while the n-6 

fatty acids were decreased significantly by feeding linseed oil and linseed oil plus pomegranate peel in comparison with 

control. Hematological parameters and antibody titers against sheep red blood cells (SRBCs) were insignificantly affected 

by different treatments. While, specific IgG was significantly improved in all experimental groups compared with control. 

Serum total lipids, low density lipoprotein and malondialdehyde (MDA) were significantly (P ≤ 0.05) decreased due to 

different experimental diets in comparison with the control group. Total cholesterol was decreased but triglycerides were 

increased in animals received linseed oil in their diet in comparison with control. High density lipoprotein concentration, 

HDL/LDL ratio and total antioxidant capacity were significantly (P ≤ 0.05) increased by different experimental treatments 

as compared with the control group, with one exception that TAC was insignificantly increased than in control by 

receiving linseed oil in the diet. It is concluded that dietary supplementation of linseed oil plus POM in growing rabbit’s 

diets had a beneficial effect on the composition of the meat lipid fraction by increasing the concentration of n-3 fatty acids 

and improving the feed conversion, blood serum lipid profile and antioxidant status. 

Keywords: Rabbits, heat stress, linseed oil, pomegranate peel, growth performance and immunological 

response.  

 

INTRODUCTION 

 

Stress is a reflex reaction of animals in harsh environments and causes unfavorable consequences ranges 

from discomfort to death. Climate change is one of the major threats for survival of various species, 

ecosystems and the sustainability of animal production systems across the world (Das et al., 2016), especially 

in tropical and sub-tropical areas like Egypt. Exposure growing rabbits to > 86THI (temperature–humidity 

index) units as severe heat stress during summer adversely affects their productive traits and reduces the 

resistance to diseases (Marai et al., 2002). Exposing rabbits to heat stress reduces their growth rate, average 

daily gain and feed efficiency (Villalobos et al., 2008) leading to major production losses. High 

environmental temperature not only has adverse effects on rabbits' performance but also cause an increase in 

oxidative stress (Lee, 2002) which result to increase in reactive oxygen species in different cells and tissues of 
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stressed animals that have negative impacts on normal physiology and body metabolism (Das et al., 2016), 

with impede disease resistance and impairs antioxidant status (Sabin et al., 2001). Several studies confirmed 

many positive effects of dietary polyunsaturated fatty acid (n-PUFAs) including lipid Peroxidation, 

antioxidative properties, immune response and bone strength. Studies elucidated that a moderate intake of n-3 

polyunsaturated fatty acids (PUFAs) can enhance the antioxidative properties including the activity of 

glutathione peroxidase and reduced serum lipid peroxidation in experimental animals (Ebeid et al., 2008). 

Simopoulos (2000) reported that the recommended ratio of n-6/n-3 PUFA is 4:1 to 10:1 in the diet of human 

and the author demonstrated that the diet of our ancestors contained roughly equal amounts of n-6 and n-3 

PUFA, while the modern diet of community is very high in n-6 PUFA, and the intake of n-3 PUFA is much 

lower because of decreased fish consumption, and also the industrial production of animal feeds rich in grains 

containing n-6 PUFA resulting the meat production rich in n-6 PUFA, but poor in n-3 PUFA. It will be 

necessary to decrease the intake of n-6 PUFA and increase the intake of n-3 PUFA. The food industry is 

already taking steps to return n-3 PUFA to the food supply by enriching various foods like meat, eggs, milk 

and milk products with n-3 PUFA. Pomegranate peel (POM) attracts attention due to its apparent wound-

healing properties (Chidambara et al., 2004), immunomodulatory activity (Gracious et al., 2001), antibacterial 

activity (Navarro et al., 1996), and antiatherosclerotic and antioxidative capacities (Tzulker et al., 2007). 

Antioxidative activity has often been associated with a decreased risk of various diseases and mortality. Singh 

et al. (2009) and Zeweil et al. (2012) reported that POM is a good source of antioxidants. Li et al. (2006) 

reported that POM offers higher yields of phenolics, flavonoids and proanythocyanidins than the pulp. 

Flavonoid content was significantly greater in the peel than the pulp (59 versus 17 mg/g), as were 

proanythocyanidins (11 versus 5 mg/g). Also, peel extract acted more dramatically in protecting LDL against 

oxidation as compared to the pulp extract. Oxidation of LDL has been proposed to play a key role in the 

hardening of the arteries (atherosclerosis). Moreover, the most synthetic antioxidants have been restricted 

recently, mainly because of their possible carcinogenesis effect (Mhdavi and Salunkhe, 1995), causing liver 

swelling and changing liver enzyme activities (Martin and Gilbert, 1968). The present study aimed to 

investigate the growth performance, meat n-3 and n-6 fatty acids, immunological effects, lipid peroxide and 

the antioxidative status resulting from supplemented the linseed oil in diets of growing V-line rabbits with 

two levels of pomegranate peel under summer contrition.    

 

MATERIALS AND METHODS 

 

Forty-eight growing V-line rabbits of both sexes, 7 weeks old, with initial weights of 982.75±15.85g 

were used for the study during the period of June to August 2015. The rabbits were randomly allocated to four 

groups of 12 rabbits each. Each group was further sub-divided into 4 replicates of 3 rabbits. Rabbits were 

housed in wire floor batteries of 45 x 36 x 36 cm and were offered diets for duration of the feeding trial until 

reaching 15 weeks of age. All rabbits were kept under similar hygienic conditions, under ambient temperature 

ranged from 26.3 to 31.5 °C; relative humidity ranged from 70.28 to 78.4% and temperature humidity index 

(THI) ranged from 25.20 to 30.35 according to Marai et al. (2002). The estimated temperature-humidity index 

value indicated that during the experimental period rabbit bucks were exposed to severe heat stress. Rabbits 

were housed in well ventilated block building, fresh air was circulated in the house using exhaust fans. The 

rabbits were kept within a cycle of 16 h light and 8 h dark. Five pelleted diets were prepared. Group 1 fed a 

pelleted basal diet with standard components (control group), group 2 fed a pelleted diet containing 2% 

linseed oil, group 3 fed a pelleted diet containing 2% linseed oil plus 0.75 % POM and group 4 fed a pelleted 

diet containing 2% linseed oil plus 1.5 % POM. The experimental diets were feed for 8 weeks. Linseed oil 

was purchased from local company (Alexandria Company for extracted oils, Alexandria Governorate, Egypt). 

Pomegranate fruits were obtained from local market, their peels (POM) were washed well in running water 

and were dried in the sun for 96 h. then the dried peels were grounded using coffee grinder. Some 

modifications were done in the composition of the basal diets to make the four experimental diets 

isonitrogenous and isoenergetic containing approximately 17 % crude protein; 12 % crude fiber  and 2744 

digestible energy (Table 1). Each group of rabbits was fed one of four experimental diets. Fresh water was 

automatically available at all times through stainless steel nipples for each cage. The experimental diets were 

offered to rabbits ad libitum.  

 

http://www.foodnavigator.com/content/search?SearchText=atherosclerosis&FromNews
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Table (1): Composition and chemical analyses of the experimental diets. 

Item Control 
Linseed 

oil 

Linseed oil + 0.75% 

POM 

Linseed oil+ 1.5% 

POM 

Ingredients%: 

Yellow corn 18.90 16.90 16.90 16.90 

Wheat bran 11.00 11.00 11.00 11.00 

Barley 17.30 17.30 17.30 17.30 

Alfalfa meal 28.00 28.00 27.25 26.50 

Soybean meal (44 %) 20.00 20.00 20.00 20.00 

Molasses 3.00 3.00 3.00 3.00 

Di-calcium phosphate 1.00 1.00 1.00 1.00 

Dl- methionine 0.10 0.10 0.10 0.10 

L-lysine 0.10 0.10 0.10 0.10 

Vit, and  min. mix.
1
 0.30 0.30 0.30 0.30 

Nacl 0.30 0.30 0.30 0.30 

Linseed oil - 2.00 2.00 2.00 

Pomegranate peel - - 0.75 1.50 

Total 100 100 100 100 

 

Chemical analysis
2
:  

Crude protein % 17.19 17.04 17.02 17.00 

Crude fiber % 12.44 12.39 12.26 12.13 

Ash% 7.56 7.50 7.81 7.83 

Ether extract% 3.82 3.91 3.89 3.85 

Digestible energy
3
 (kcal/kg DM) 2755.80 2766.09 2725.56 2726.91 

1Each kg of vitamins and minerals mixture contained: Vit A.2000.000 IU; E 10mg; B1 400 mg; B2 1200mg; B6 400mg; 

B12 10 mg; D3 180000 IU; Colin chloride 240 mg; Pantothenic acid 400 mg; Niacin 1000mg; Follic acid 1000 mg; 

Biotin 40 mg; Manganese 1700 mg; Zinc 1400 mg; Iron 15 mg; Copper 600 mg; Selenium 20 mg; Iodine 40 mg and 

Magnesium 8000 mg. 

2 Analyzed according to AOAC (2005). 

3Digestible energy (kcal/kg DM) was calculated according to Fekete and Gippert (1986) using the following equation:  

DE (kcal/ kg DM) = 4253 - 32.6 (CF %) -144.4 (total ash). 

 

Individual body weight and feed consumption were recorded weekly. Daily body weight gain and feed 

conversion ratio were also calculated. The incidence of dangerous diseases was largely avoided and rabbits 

have never been treated with any kind of systematic vaccination or medication. Three rabbits of each 

treatment were immunized with 0.1 ml of 2.5% sheep red blood cells (SRBC) at 15 days after starting the 

dietary treatment supplementation, to measure antibody titer against SRBC. The dosage of SRBC for 

inoculation was pre-determined by a separate trial. Antiserum to SRBC was collected 7, 14 and 21 days post 

challenge according to Wegmann and Smithies (1966). The agglutination titer was expressed as the log
2
 of the 

reciprocal of the highest serum dilution giving complete agglutination (Nelson et al., 1995). At the end of the 

feeding trial, 3 rabbits were selected from each treatment group randomly, starved of food, but not water for 

12 hours and slaughtered for carcass analysis. Before slaughtering, 6 ml of blood sample was taken from the 

ear vein with a sterile syringe, 3 ml of the blood was put into a bijon bottle containing ethylene 

diaminetetracetic acid (EDTA) as an anticoagulant for hematological assay. The remaining 3ml of the blood 

sample was put into a sterile vacutainer tube without an anticoagulant for serum biochemical analysis. The 

hematological assay was carried out to determine erythrocyte indices such as packed cell volume (PCV), and 

hemoglobin (Hb) values. Red blood cell (RBC) counts were counted according to Natt and Herrick (1952). 

White blood cell (WBC) was counted according to Hepler (1966). Platelets (PLT) were counted according to 

Becton-Dickinson (1996). Total lipids, triglycerides, cholesterol, low density lipoprotein (LDL), high density 

lipoprotein (HDL), total antioxidant capacity (TAC) and malondialdehyde(MAD) concentrations in serum 

were estimated using commercial kits (Bio Merieux, France) according to the procedure outlined by the 

manufacturer. Serum immunoglobulin (IgG) was determined using ELISA technique. Fatty acids were 

extracted from hind leg muscle tissue of rabbits, omega 3 and 6 were analyzed by using gas chromatography 
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(GLC) according to the method described by Radwan (1978). Muscle cholesterol was determined by method 

of Richmond (1973), by using cholesterol CHOD-PAP Kitswhich produced by Human, Germany.  

Results were expressed as the mean ± SE. All data were analyzed using one way analysis of variance 

(ANOVA) using SPSS 11.0 statistical software (SPSS, Inc., Chicago, Il, 2001). Significant differences 

between means were detected using Duncan multiple range test (Duncan, 1955). 

 

RESULTS AND DISCUSSION 

 

The effects of linseed oil without or with different levels of pomegranate peel (POM) on growth 

performance of growing rabbits are summarized in Table (2). The different experimental treatments had 

insignificant effect on final body weight and daily body weight gain, however, significant (P ≤ 0.05) decrease 

in daily feed intake and significant (P ≤ 0.05) improvement in feed conversion were recorded in comparison 

with the control group. Differences among the supplemented groups on daily feed intake and feed conversion 

ratio were not found.  

Table (2): Effect of linseed oil without or with different levels of pomegranate peel on rabbits growth 

performance. 

Treatments 

Initial 

body weight 

(g) 

Final 

body weight 

(g) 

Daily 

weight gain 

(g) 

Daily 

feed intake 

(g) 

Feed 

conversion 

ratio 

Control 992.10±15.10 2262.50±63.51 22.62±1.19 75.12
a
±1.38 3.33

a
±0.07 

Linseed oil 2% 991.80±17.00 2250.00±47.32 22.40±0.77 64.98
b
±0.79 2.90

b
±0.06 

Linseed oil 2% + 0.75 % POM 971.31±12.42 2230.61±54.51 22.41±0.64 65.02
b
±1.50 2.90

b
±0.09 

Linseed oil 2% + 1.5 % POM 975.83±18.91 2279.33±50.80 23.18±0.89 64.62
b
±0.83 2.86

b
±0.18 

Different letters (a and b) within a column denote significant differences between treatments (P ≤ 0.05). 

These results are in agreement with those presented by Saleh et al. (2013) showed that linseed oil has no 

significant effect on body weight, daily weight gain and daily feed intake of male growing New Zealand 

white rabbits. Furthermore, Trebušak et al. (2011) indicated that body weight gain was not influenced when 

the rabbits fed diets containing linseed oil, while feed intake was significantly reduced and feed conversion 

ratio was improved. In addition, the obtained results were in agreement with those of Hussein and Shujaa 

(2013) reported that the final body weight did not have any change when lambs fed pomegranate peel at the 

rate 2, 4 and 6 %. On the other hand, Sadq et al. (2016) reported that final body weight was significantly (P < 

0.05) higher in lambs fed 1 or 2% POM as compared to lambs fed 4% POM or control diet. Also, Zeweil et 

al. (2012) showed that rabbits reared under stress summer conditions and fed diets containing different levels 

of pomegranate peel (1.5, 3 and 4.5 % ) had higher (P=0.0001) body weight and feed conversion values, 

while those fed control diet had the lower values in the fourth and eights week of treatment. Mahmoud et al. 

(2011) reported that POM contains considerable amounts of polyphenols together with the high fiber content 

which reduced food consumption. Also, the results of Sadq et al. (2016) indicated that the best improvement 

in feed conversion ratio was found in lambs fed 1% POM as compared with control or the groups fed 2 and 4 

% POM. Digestive disorders of weaned rabbits were prevented by POM, moreover severity of diarrhea was 

not observed by POM including in the diet. The results of Liuab et al., 2011, recorded that addition of 

chestnut tannins had a favorable effect on feed conversion ratio of heat stressed rabbits. Also, Vakili et al.      

(2010) showed that antioxidants significantly improved feed conversion ratio of heat stressed broilers. 

Generally, Murthy et al. (2004) and Ajaikumar et al. (2005) stated that the polyphenols in the pericarp of 

pomegranate can significantly improve the healing of gastric alcer with curative ratio of 97.4 %. This effect is 

believed to be related to the astringent property of tannins which are able to bind with protein so as to 

accelerate with the healing of ulcer or trauma. However, this protective effect may also correlate with the 

antibacterial activity of the pericarp, because the aqueous extract of the pericarp significantly inhibited the 

growth of Helicobacter pylori (Hu et al., 2006). Both organic extract and aqueous extract of the pericarp 

exhibited anti-diarrhea activity for which the antibacterial effect against E. coli, Shigellasonnei, S. flexneri 

and Salmonella typhiof hydrolysable tannins may be responsible (Mathabe et al., 2006). Also, another 

explanation supported by Li et al. (2003) who found that the extract of pomegranate leaves abundant with 

tannins was demonstrated to be a good gastric protective agent, increase the activity of pepsin, improve the 
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secretion of bile, enhance the intestine peristalsis, inhibit the secretion of gastric acid and dispel intestinal 

parasite by continual intestinal tract concentration. Besides, pomegranate extract inclusion significantly 

enhanced the growth of Bifidobacterium breve and Bifidobacter iuminantis which conceder a good probiotic 

essential for good health in both babies and adults (Viuda-Martos et al., 2010).    

Results for pre-slaughter weight and percentage of hot carcass and liver were insignificantly affected by 

different treatments in comparison with control. Pomegranate peel treatments significantly (P<0.05) decreased 

abdominal fat weight, in comparison with the control group and linseed oil only, the different treatments 

showed significant decrease in the muscle total cholesterol in comparison with the control group (Table 3). 

Salama (2011) reported that linseed oil had insignificant effect on pre-slaughter weight of rabbits at 13 weeks 

of age. Saleh et al. (2013) reported that carcass weight, dressing percentage and liver weight were increased; 

however, abdominal fat weight was decreased by dietary supplementation of linseed oil with organic 

selenium. The results of Zeweil et al. (2012) showed that the POM had no significant effect on the 

percentages of carcass percent, fur, head, kidney, kidney fat, heart, liver, spleen and caecum.  

 

Table (3): Effect of linseed oil without or with different levels of pomegranate peel on rabbits carcass 

traits. 

Treatments 
Pre-slaughter 

weight (g) 

Hot 

carcass % 

Liver 

% 

Abdominal 

fat weight % 

Muscle total cholesterol 

(mg/100g muscle) 

Control 2245.00±65.00 50.55±4.21 2.22±0.04
 

2.45
a
±0.19 69.33

a
±3.53 

Linseed oil 2% 2231.70±14.24 49.19±2.81 2.19±0.22
 

2.17
a
±0.12 57.00

b
±2.08 

Linseed oil 2% + 0.75 % POM 2253.32±24.04 50.56±2.23 2.08±0.46
 

1.80
b
±0.09 51.33

b
±4.10 

Linseed oil 2% + 1.5 % POM 2333.31±76.88 52.22±2.09 2.54±0.27 1.74
b
±0.04 49.67

b
±0.33 

Different letters (a and b) within a column denote significant differences between treatments (P ≤ 0.05). 

 

Results illustrated in Table (4) showed the effect of linseed oil without or with different levels of 

pomegranate peel on n-3, n-6 and the ratio n-3/n-6 of the hind leg muscle fat. It was observed that the n-3 

fatty acids and n-3/n-6 ratio were significantly (P ≤ 0.05) increased by feeding linseed oil and linseed oil plus 

pomegranate peel, while the n-6 fatty acids were decreased significantly by feeding linseed oil and linseed oil 

plus  pomegranate peel treatments in comparison with control. These results suggest that the addition of 

linseed oil with pomegranate peel could be recommendable to increase n-3 PUFA in rabbit meats, providing a 

healthier and functional rabbit meat to consumer. The change of lipid composition of animal feeds can have 

an impact on the nutritional value of the meat consumed by the humans (Bourre, 2005). Feeding rabbits with 

diets containing sunflower or linseed oil rich in PUFAs considerably improves polyunsaturated/saturated 

ratio, increases the α-linolenic and linoleic level as well as increases the n-3/n-6 ratio in the muscles (Zsédely 

et al., 2006). Trebušak et al. (2011) found that linoleic acid and α-linolenic acid were increased while; 

palmatic acid was decreased when rabbits fed diet contained linseed oil and consecutively caused a significant 

decrease in the n-6/n-3 PUFA ratio. Similarly, Peiretti (2012) reported that feeding rabbits with linseed oil 

increased unsaturated fatty acids, while saturated fatty acids were decreased.  

 

Table (4): Effect of linseed oil without or with different levels of pomegranate peel on n-3, n-6 and n-3/ 

n-6 ratio of the muscle tissue lipids in the rabbits hind leg (g per 100 g of all acids 

determined). 

Different letters (a, b, c and d) within a column denote significant differences between treatments (P ≤ 0.05). 

 

Treatments n-3 n-6 n-3/n-6 

Control 1.31
d
±0.01

 
7.63

a
±0.36

 
0.17

b
±0.01

 

Linseed oil 2% 3.68
c
±0.30

 
4.46

b
±0.27

 
0.82

a
±0.02

 

Linseed oil 2% + 0.75 % POM 4.30
b
±0.12

 
5.93

b
±0.47

 
0.73

a
±0.04

 

Linseed oil 2% + 1.5 % POM 4.91
a
±0.09 5.84

b
±0.65 0.86

a
±0.09 
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Results of hematological parameters of the rabbits in Table (5) showed insignificant effect on hematocrit, 

RBCs, WBCs, Hb and platelets of rabbits fed different experimental diets in comparison with control.  

 

Table (5): Effects of linseed oil without or with different levels of pomegranate peel on rabbits blood 

hematology. 

Treatments 
RBCs 

10
6
/mm

3
 

WBCs 

10
3
/mm

3
 

Hb 

mg/dl 

PCV 

% 

PLT 

10
3
/mm

3
 

Control 6.49±0.19 4.93±0.66 12.60±0.53 44.27±1.24 348.67±17.85 

Linseed oil 2% 6.52±0.33 5.97±0.55 13.03±0.49 44.93±1.24 443.00±28.58 

Linseed oil 2% + 0.75 % POM 6.63±0.11 5.83±0.77 13.20±0.32 45.87±1.32 405.00±28.31 

Linseed oil 2% + 1.5 % POM 6.47±0.24 4.30±0.51 12.73±0.32 44.03±0.97 443.33±30.27 

 

Antibody titers against sheep red blood cells (SRBCs) determined are shown in Table (6) as affected by 

linseed oil and with different levels of pomegranate peel in comparison with the control group. Antibody 

titters against SRBCs at 14, 21 and 28 days were insignificantly affected by different treatments. The level of 

specific IgG (Fig.1) together with the intensity of delayed-type hypersensitivity to sheep erythrocytes were 

investigated in rabbits fed with different treatments load for a month. It is shown that linseed oil and different 

levels of POM were significantly an immunomodulatory. On the other hand, Zeweil et al. (2012) showed that 

feeding diets containing 1.5 % POM to rabbits resulted in inducing insignificant increase in hemagglutination 

inhibition test (HI) against SRBCs reached to 124.4 % of control value. However, 3 and 4.5 % POM resulted 

in inducing significant (p =0.001) increase in HI against SRBCs reached to 130.7 and 171.7 %, respectively, 

compared with control values. The present results are in concurrence with Gracious et al. (2001) who 

evaluating Punica granatum fruit rind powder at dose of 100 mg/Kg and found stimulation in the cell-

mediated and humoral components on the immune system of rabbits. Furthermore, Oliveira et al. (2010), 

found that salivary IgA secretion was increased in those subjects supplemented with polyphenols, which 

indicated a positive effect on mucosal immunity. 

 

 

Fig. (1): Effects of linseed oil without or with different levels of pomegranate peel on rabbits serum IgG. 
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Table (6): Effect of linseed oil without or with different levels of pomegranate peel on sheep RBCs 

antibody titer of rabbits. 

Treatments 14 days 21 days 28 days 

Control 0.913±0.032 0.819±0.054 0.885±0.074 

Linseed oil 2% 0.887±0.026 0.834±0.058
 

0.887±0.026 

Linseed oil 2% + 0.75 % POM 0.920±0.012 0.960±0.042 0.870±0.038 

Linseed oil 2% + 1.5 % POM 0.911±0.039 0.975±0.030 0.913±0.032 

 

Results illustrated in Table (7) showed the effect of different treatments on blood serum lipid profile. It 

was observed that serum total lipids and low density lipoprotein were significantly (P ≤ 0.05) decreased due 

to different experimental diets in comparison with the control group. However, it was observed that total 

cholesterol was decreased, while triglycerides was increased in animals received linseed oil only in their diet, 

while pomegranate peel supplement had insignificant effect on total cholesterol and triglycerides in 

comparison with control.  

 

Table (7): Effect of linseed oil without or with different levels of pomegranate peel on blood serum lipid 

profile of rabbits.    

Treatments 
Total lipids 

mg/dl 

Triglycerides 

mg/dl 

Total 

cholesterol 

mg/dl 

HDL
1 

mg/dl 

LDL
2 

mg/dl HDL/LDL 

Control 
376.6

a
 

±4.1 

65.83
 b
 

±6.39 

98.20
a
 

±18.99 

17.37
d
 

±0.11 

25.40
a
 

±0.30 

0.69
 c
 

±0.00 

Linseed oil 2% 
344.2

b
 

±13.3 
119.67

a
 ±15.76 

52.97
b
 

±7.66 

27.36
c
 

±0.13 

11.77
c
 

±0.28 

2.33
 b
 

±0.04 

Linseed oil 2% + 0.75 % POM 
320.7

c
 

±1.4
 

76.60
b 

±9.63 

75.90
ab

 

±1.32 

34.23
b
 

±0.59 

14.45
b
 

±0.32 

2.37
 b
 

±0.06 

Linseed oil 2% + 1.5 % POM 
337.5

bc
 

±4.7 

77.17
 b
 

±4.76 

77.33
ab

 

±7.60 

38.68
a
 

±0.24 

13.05
bc

 

±0.59 

2.97
 a
 

±0.12 
Different letters (a, b, c and d) within a column denote significant differences between treatments (P ≤ 0.05). 

1HDL=High density lipoprotein, 2LDL= Low density lipoprotein. 

 

 

 

Fig: (2). Effect of linseed oil without or with different levels of pomegranate peel on (a) serum total 

antioxidant capacity (TAC) and (b) serum malondialdehyde (MAD) of rabbits. 



Zeweil et al. 

 496 

High density lipoprotein concentration and HDL/LDL ratio were significantly (P≤0.05) increased by 

different experimental treatments as compared with the control group. Saleh et al. (2013) showed that dietary 

supplementation of linseed oil with or without organic selenium decreased plasma total cholesterol and LDL, 

while, plasma HDL and glutathione peroxidase were increased in linseed oil plus organic selenium. Zeweil et 

al. (2016) showed that serum total lipids, total cholesterol and triglycerides were significantly (P≤0.01) 

reduced due to addition of 100 or 200 mg lycopene, as a natural antioxidant in growing rabbit diets in 

comparison with the control group.  

Exposing growing rabbits to high temperature conditions during summer season resulted in significant 

decrease (P ≤ 0.05) in serum total antioxidant capacity and elevated serum MDA which was obtained in the 

control group. However, including linseed oil or linseed oil plus 0.75 and 1.5 % POM appeared to antagonize 

the effect of high temperature during summer (Fig. 2). The total antioxidant capacity in blood serum of rabbits 

fed linseed oil plus 0.75 and 1.5 % POM was increased by about 47.24 and 41.10%, respectively as compared 

with the control group. However, linseed oil, 0.75 and 1.5 % POM supplementation significantly reduced 

lipid peroxidation in serum expressed as serum malondialdehyde (MDA) by 13.62, 14.80 and11.73%, 

respectively; in comparison with the control one free of linseed oil and POM. Heat stress through summer 

conditions causes increased free radical production (Halliwell and Gutteridge, 1989) and decreased the 

concentrations of antioxidant vitamins and minerals such as E, C, A and Zn in serum and tissues (Sahin and 

Kucuk, 2003). Free radicals trigger the metabolic disorder, cell death and growth retardation (Okada, 1996). 

Salama (2011) showed that dietary treatment with 2% linseed oil and/ or 0.5% green tea significantly 

increased total antioxidant capacity, superoxide dismutase and glutathione peroxidase activity, however, 

MDA concentration was significantly reduced comparing to the control group. Zeweil et al. (2016) showed 

that exposing growing rabbits to high temperature conditions during summer season resulted in significant 

decrease (P ≤ 0.05) in serum total antioxidant capacity which was obtained in the control group, however, 

supplementation of 100 or 200 mg lycopene / kg of growing rabbit diets as antioxidant appeared to antagonize 

the effect of high temperature. The different levels of lycopene (100 and 200 mg) increased total antioxidant 

capacity in blood serum by 51.9 and 49.4 %, respectively in comparison with the control group.   

The dietary composition may alter metabolism and physical activity, resulting in body temperature 

change. It is suggested that quantitative changes in dietary fat content are capable altering physiological 

mechanism, which mediate indices including thermogenesis in rats (Yehuda et al., 1986). Thermogenesis 

affects the energy expenditure and energetic efficiency in mammals (Rothwell and Stock, 1983). 

 

CONCLUSION 

 

It is concluded that dietary supplementation of linseed oil plus Pomegranate peel in growing rabbit’s diets 

had a beneficial effect on the composition of the meat lipid fraction by increasing the concentration of n-3 

fatty acids and improving the feed conversion, blood serum lipid profile and antioxidant status. 
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 نيثيادات ،داتهيثيايححاو  انهحاى ياٍ ان ،االَحااي  عهيقة انًححوية زيث انكحاٌ عهى األداءانضافة قشر انرياٌ انى إجأثير 

 خالل فصم انصيف وانحانة انضد جأكسدية فى األراَة انُايية اندو

 

 ، ايوب انسُوس  عثد انقادر  ياسًيٍ يؤيٍ انجُد ، سهيًاٌ دمحم زهراٌ ، دمحم حسٍ أحًد ، حسٍ صاتر زويم

 يصر.  - ريةاالسكُد  - يايعة االسكُدرية  -كهية انسراعة ساتا تاشا   - ىوانسًك ىَحاج انحيواَى اإلقس

 

ّذُجتج ااتا ج ر تز ستذجاةج اىَْايُتج الاواىحاىج اىضذ دأمسذَج و 6،  3األداء االّذاجً وٍحذىي اىيحٌ ٍِ اوٍُجا  دقٌُُدهذف هذٓ اىذراسج اىً 

ستُِ يَتز ٍِ مال اىجْ V-lineٍِ سالىج أرّب  84. أسذخذً خاله  صو اىصُف  ً ٍصزاىزٍاُ اىً ييُقج األراّب اىَحذىَج ييً سَخ اىنذاُ 

ٍنتزراح وةنتو  8 ةىارتع أرّتب 21ةنو ٍعاٍيج ٍعاٍالح  وسيخ األراّب ي ىائُا ييً ارةعج جٌ ، 982.75±15.85ةَذىسط وسُستعج أساةُع 

دْاوىتخ  أستذخذٍخ مَجَىيتج ٍقارّتج تمْذتزوه ، جأراّب. دْاوىتخ اىَجَىيتج األوىتً ييُقتج أساستُج ال دحذتىي سَتخ مذتاُ أو أي أاتا  3ٍنزرث 

،  % ر تز اىزٍتاُ 0..5سَتخ اىنذتاُ ٍتع  %1 دْاوىتخ اىَجَىيتج اىثاىثتج اىعيُقتج اىَحذىَتج ييتًو% سَتخ مذتاُ ،  1اىثاُّتج ييُقتج ةهتا اىَجَىيج 

. أواحخ اىْذائج أُ اىَعاٍالح اىَخذيفج ىٌ َنِ ىها أي دتأيُز % ر ز اىزٍاُ 2.0دْاوىخ اىَجَىيج اىزاةعج اىعيُقج اىَحذىَج ييً سَخ اىنذاُ ٍع 

 تُج اىَخذيفج ارو رَُج السذهالك اىعيف مَتا سستْخَوصفاح اىذةُحج. ةَُْا سجيخ اىَعاٍالح اىذجز ،وسُ اىجسٌ اىَنذسباىجسٌ اىْهائٍ ييً وسُ

ّذُجتتج   3ٍتتِ االسَتتاد اىذهُْتتج األوٍُجتتا  اىيحتتٌةَجَىيتتج اىَقارّتتج. مَتتا ىتتىس  سَتتادث  ٍعْىَتتج  تتٍ ٍحذتتىي  جٍتتِ مفتتاءث اىذحىَتتو اىمتتذائٍ ٍقارّتت

ٍتِ  اىيحتٌ. ةَُْتا ىتىس  اّخفتاد ٍعْتىٌ  تٍ ٍحذتىي اىَستذىَاح اىَخذيفتج ٍتِ ر تز اىزٍتاُعيُقج ييً سَخ اىنذتاُ او سَتخ اىنذتاُ ٍتع السذىاء اى

مَتا اههتزح  .ةَجَىيتج اىَقارّتج جٍقارّتنذتاُ ٍتع ر تز اىزٍتاُ ىاو سَتخ اّذُجج السذىاء اىعيُقج ييتً سَتخ اىنذتاُ  6االسَاد اىذهُْج األوٍُجا 

ح اىقُاستاح اىهَُىدىىىجُتج دتأيز. ةَجَىيتج اىنْذتزوه جذىي اىيحتٌ ٍتِ اىنىىُستذُزوه ٍقارّتَتُج اىَخذيفج اّخفاد ٍعْىٌ  ٍ ٍحاىَعاٍالح اىذجز

ةاىَعاٍالح اىَخذيفج .ةَُْا دحسِ ٍستذىي  ّذُجج اىَعاٍيج ةصىرث غُز ٍعْىَج االسذجاةج اىَْايُج ىالراّب اذ مزاح اىذً اىحَزاء ىالغْاً  مذىلو

اّخفتتم ٍعْىَتتا ٍحذتتىي ستتُزً اىتتذً ٍتتِ اىتتذهىُ اىنيُتتج واىنىىستتذُزوه ٍتتْخفم اىنثا تتج واىيتُتتذ تُتتج .َ تتٍ اىَجَىيتتاح اىذجز Gىىُِ اٍُىّىجيىةُتت

نثا تتج واىْستتتج ةتتُِ اىنىىستتذُزوه ٍزدفتتع اىنثا تتج واىنىىُستتذُزوه زً اىتتذً ٍتتِ اىنىىُستتذزوه ٍزدفتتع اىةُزومستتُذَش ةَُْتتا اردفتتع ٍعْىَتتا ٍحذتتىي ستتُ

ثْاء ٍجَىيتج اىَعاٍيتج ةشَتخ اىنذتاُ ذٍع اس تُج اىَخذيفج ٍقارّج ةَجَىيج اىَقارّجَىسعج اىذأمسُذَج اىنيُج  ٍ اىَعاٍالح اىذجزٍْخفم اىنثا ج و ا

ةَُْا سجيخ اىَعاٍيتج ةشَتخ اىنذتاُ اييتً رَُتج ىينىىُستذزوه اىنيتٍ وارتو . ةَجَىيج اىنْذزوه جا اىسعج اىذأمسُذَج اىنيُج ٍقارّسُث ىٌ دذأيز ٍعْىَ

اىً ييُقج االراّتب اىْاٍُتج متاُ ىهتا دتأيُز  ر ز اىزٍاُ َسذْذج ٍِ هذٓ اىذراسج اُ ااا ج سَخ اىنذاُ ٍع   ةاىنْذزوه. جاىثاليُج ٍقارّىيذهىُ  رَُج

وٍستذىي  مفتاءث دحىَتو اىمتذاءٍتع دحستِ  وصتحُج ىيَستذهل جىذتى ُز ىحتىً وهُفُت 3ٍفُذ ييً ر ع ٍحذىي اىيحٌ ٍِ االسَاد اىذهُْج  االوٍُجا 

 اىذهىُ واىسعج اىضذ اىذأمسُذَج اىنيُج ىسُزً اىذً.  

   


