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ABSTRACT 

The present study aimed to investigate the effects of different levels of dietary 

supplementation of grape seeds powder on growth performance, antioxidant status 

and carcass characteristics of rabbits under high ambient temperature of Borg-El 

Arab, Alexandria Governorate. A total number of forty eight weaned New Zealand 

White (NZW) male rabbits at 6 weeks of age were randomly assigned to four 

experimental groups in a complete randomized design. The 1
st
group was served as 

a control group. The 2
nd

, 3
rd

and 4
th 

groups were received daily pelleted diet 

supplemented with 0.5, 1.0 and 1.5% grape seeds powder (GSP), respectively. 

Results obtained showed that rabbits received 1.0% of GSP had the heaviest 

(P<0.05) final body weight (2435.83 g) and average daily weight gain (29.88 

g/rabbit/day). While rabbits received 1.5% of GSP consumed less (P<0.05) feed 

(87.99 g/rabbit/day) and showed the best (P<0.05) value of feed conversion (3.27 g 

feed/g gain) when compared to the other groups. The highest (P<0.05) carcass 

weights and kidney fat percentage were recorded with rabbits group received 1.0% 

GSP. Plasma total protein and globulin values were significantly (P<0.05) 

increased with the increase of GSP level used in the diet, while plasma total lipids 

and ALT values were significantly (P<0.05) lower in rabbits group received 

dietary 1.5% GSP than the other rabbit groups. Total antioxidant capacity (T-

AOC), superoxide dismutase, and glutathione peroxidase were gradually (P<0.05) 

elevated with increasing GSP level in the diet. In addition, there was an 

improvement of the economical efficiency of diets contained 0.5, 1, 1.5% GSP 

compared to the control one and the best economical efficiency and relative 

economical efficiency values were recorded with rabbits group fed 1.5% GSP.  

Conclusively, it could be concluded that dietary supplementation of grape 

seeds powder at 0.5, 1, 1.5% levels improved growth performance and increased 

the resistance of rabbits against oxidative stress by modulation of endogenous 

antioxidant enzymes under hot conditions, Moreover, 1.5% GSP dietary 

supplementation was more effective than other levels.  
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INTRODUCTION 

There are many factors affecting the intensive rabbit production such as 

environmental and nutritional conditions. The environmental conditions represent an 

important element in the production cycle. The domestic rabbit has a high metabolic 

rate, undeveloped sweat glands and slow heat loss. The high temperature in hot climate 

conditions affects negatively growth, reproductive performance, feed intake and blood 

constituents (Marai et al., 2000 ; Marai et al., 2006 and Abd El-Monem et al., 2009). 

Heat stress causes oxidative stress, reflected by increased reactive oxygen species 

production. In addition, oxidative stress impairs the cell membrane and mitochondrial 

integrity and causes cell damage through lipid peroxidation, which can be minimized 

by supplementation of antioxidant (Halliwell and Gutteridge, 1989). The imbalance 

between reactive oxygen species (ROS) and antioxidant capacity of the organism leads 

to a condition of oxidative stress (Urso and Clarkson, 2003).  

Antioxidants, including vitamins, carotenoids and tannins provide protection 

against oxidative damage, and increase attention as a potential chemo-preventive agent. 

Grape seeds are rich in antioxidant compounds, including phenolic compound 

(predominantly tannins), and it has been demonstrated that these compounds reduce 

the risk of oxidative stress by protecting against free radical mediated damage 

(Gorinstein et al., 1994). 

Plant-derived antioxidants can greatly reduce the damage due to oxidants by 

neutralizing the free radicals before they can attack the cells and thereby prevent 

damage to lipids, proteins, enzymes, carbohydrates and DNA (Satyam et al., 2013). 

Research for new bio-efficient antioxidants has particularly focused on natural 

antioxidants to respect consumer concerns over safety and toxicity. Plant extracts rich 

in polyphenols are good candidates, because they are easily obtained from natural 

sources and they efficiently prevent lipid oxidation (Brenes et al., 2008 and Pozuelo et 

al., 2012). 

Grape is a wildly spread fruit crop in Egypt, it is considered to be the second 

most important fruit crop after citrus fruit. Grapes are grown from Aswan in the South to 

Alexandria in the North of Egypt. The majority of grapes in Egypt originate from the 

species (Vitis Vinfera L.) (Bayer Crop Science Egypt, 2012). Currently, there are 66.262 

Ha Grapes planted in Egypt that produce 1.37.815 tonnes (FAOSTAT, 2012). 

Grape seeds powder is a natural agricultural by-product that has a high 

concentration of vitamin E, flavonoids, linoleic acid, and oligomeric 

proanthocyanidins, so it considers a better source of antioxidative constituents than 

skins of grape juice by-products (Hassan et al., 2014). Grape seeds are rich source of 

polyphenols such as phenolic acid, anthocyanins, and flavonoids including monomeric 

phenolic compounds, such as (+) -catechins, (−) -epicatechin, and (−) -epicatechin-3-

O-flattened dimeric, trimeric, and turmeric procyanidins (Monagas et al., 2005). 
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Although polyphenolic compounds may improve animal health, they can also decrease 

proteolytic activity and thus compromise protein digestion (Oliveira et al., 2010). 

Studies have shown that the flavonoids had the capacity to act as powerful antioxidants 

by scavenging free radicals and terminating oxidative reactions (González-Paramás et 

al., 2004; Yilmaz and Toledo, 2004; Ruberto et al., 2007; Brenes et al., 2008; Dorri et 

al., 2012). 

Therefore, the aim of this study was to evaluate the effect of dietary grape 

seeds powder as a natural antioxidant on the growth performance, antioxidant status 

and carcass characteristics of rabbits under high ambient temperature of Borg-El Arab, 

Alexandria Governorate, Egypt. 

 

MATERIALS AND METHODS 

The experimental work of this study was carried out at Borg-El Arab, 

Alexandria Governorate, Experimental Station of Animal Production, Animal 

Production Research Institute, Agricultural Research Center, Ministry of Agriculture, 

Egypt. 
 

Experimental Design and Application 

A total number of Forty eight of weaned New Zealand White (NZW) males 

rabbits at 6 weeks of age and nearly equal average initial live body weight 

(757.21±29.74 g) were randomly assigned to four experimental treatment groups (n=12 

in each) in a complete simple randomized design, 4 replicates (3 rabbits for each). The 

first experimental group received daily untreated pelleted diet (control). The second, 

third and fourth experimental groups received daily pelleted diet supplemented with 

0.5, 1.0 and 1.5% of grape seeds powder (GSP), respectively. The experimental period 

lasted for 8 weeks. Grape pomace was obtained from El-Ahram Henken for beverages 

(Ganaklise Company) at Ganaklise, El-Behera Governorate. The pomace was obtained 

in a wet condition with moisture content from 65-70%. The pomace contains grape 

seeds and grape skin and stalks. The humidity of grape pomace was reduced by sun-

drying to 9-10%, and then the seeds were separated from pomace and ground by 

hammer mill and kept for subsequent processing.  

Chemical analysis of red grape (Vitis vinifera L.) seeds powder and 

experimental diets were detected according (AOAC, 2007) as shown in Table 2. The 

Chemical analysis and the fraction of phenolic and flavonoids compounds of red grape 

seeds powder were presented in Table (2 and 3). Flavonids and phenolics were 

determind in Micro analysis Lab., Food Technology Research Institute by A high-

performance liquid chromatographic (HPLC). Phenolic compounds were determined 

according to the method of Goupy et al., (1999). Flavonid compounds were 

determined according to the method of Mattlia et al., (2000) as shown in Table 3.  
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Rabbits were individually housed in galvanized wire cages (Dimensions of 

60×40× 35 cm) until marketing at 14 weeks of age under a 12:12 h light–dark cycle. All 

rabbits were fed pelletized feed ad libitum, fresh water was automatically available 

all the time by stainless steel nipples fixed in each cage.  Feed ingredients and 

chemical composition of experimental diets (%DM basis) are shown in Table 1. The 

experimental diets were formulated to meet the recommended nutrient requirements of 

growing rabbits according to Lebas (2004).   

 Table 1: Feed ingredients and chemical composition of experimental diets (% DM basis). 

Feed Ingredients (%) Control 
Experimental diets (%) 

GSP 

(0.5) 

GSP 

(1.0) 

GSP 

(1.5) 

Soybean meal (44%CP) 20.9 20.4 20.4 20.4 

Barley 32.0 32.0 32.0 32.0 

Wheat bran 9.20 9.20 9.20 9.20 

Clover hay 31.0 31.0 30.5 30.0 

Molasses 3.00 3.00 3.00 3.00 

Limestone 0.70 0.70 0.70 0.70 

Di- Ca- phosphate 2.20 2.20 2.20 2.20 

DL-Methionine 0.40 0.40 0.40 0.40 

NaCl 0.30 0.30 0.30 0.30 

Vit.-Min. premix* 0.30 0.30 0.30 0.30 

Grape Seeds powder 0.00 0.50 1.00 1.50 

Total 100 100 100 100 

Total price L.E/100 Kg 230.0 228.0 227.5 227.0 

Chemical composition (%DM basis) 

DM 87.88 88.3 87.68 86.98 

OM 90.88 90.77 90.68 90.59 

CP 17.56 17.38 17.37 17.35 

CF 13.26 13.41 13.45 13.50 

EE 1.980 2.030 2.360 2.420 

NFE 58.08 57.95 57.50 57.32 

Ash 9.120 9.230 9.320 9.410 

Methionine 0.670 0.670 0.670 0.670 

Methionine+cysteine 0.760 0.750 0.750 0.760 

Lysine 0.980 0.970 0.970 0.960 

Calcium 1.290 1.300 1.310 1.320 

Available Phosphours 0.510 0.510 0.520 0.520 

Digestible energy (Kcal/Kg DM) 2790 2771 2761 2751 
*Mineral and vitamin mixture supplied per kg of diet: Vitamin A 10,000 IU, Vitamin D3,1,800 UI; Vitamin 

E, 15 mg; vitamin K3, 4.5 mg; Vitamin B1, 0.5 mg; Vitamin B2, 4 mg; Vitamin B12, 0.001 mg; Folic acid, 

0.1 mg; Pantothenic acid, 7 mg; Nicotinic acid,  20 mg; I, 1 mg; Mn, 60 mg; Cu, 5.5 mg, Zn, 75 mg; Fe, 40 
mg; Co, 0.3 mg; Se, 0.08 mg; Robenidine, 52.8 mg. 

 

All rabbits were kept under the same management, hygienic and 

environmental conditions. The rabbits were reared in a well-ventilated building. 

Rabbitry minimum and maximum temperatures, relative humidity and temperature 

humidity index (THI) during  the experimental period (June to July, 2013) were 
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ranged between 26.5-32.5°C, 62-75% and 87.5-93.5, respectively, which means 

that the whole experimental periods lay in the severe heat stress as described by 

Lphsi (1990). Live Body weight was determined weekly throughout the 

experimental period, and weight gain was calculated. Feed consumption was 

determined precisely and calculated as grams per rabbit per day (during the all 

experimental period). Unused feed from each cage was collected daily, weighed 

and taken into consideration for the calculation of feed consumption, accordingly, 

feed conversion was also calculated (g feed / g gain). 

Slaughtering and carcass characteristics 

At the end of the experimental period (14 weeks old), five male rabbits from 

each group were randomly taken, fasted for 12 hours, individually weighed and 

immediately slaughtered. Slaughter procedure and carcass analysis were carried out as 

described by Blasco and Ouhayoun (1996). After complete bleeding, pelt, viscera's and 

tail were removed then the carcass and its components were weighed as edible parts. 

The non edible parts including Lung, Spleen, Stomach, Large intestine, Small intestine 

and kidney fat were also weighted as percentage of pre-slaughter weight. Dressing 

percentage was calculated by dividing the hot dressed carcass weight by pre-slaughter 

weight and expressed as a percentage according to Steven et al., (1981).  
 

Blood Samples and determination of biochemical parameters 

Blood samples (5 ml from each rabbit) were collected during slaughtering 

to determine blood components and centrifuged at 3000 r.p.m. for 15 minutes to 

separate blood plasma. Blood plasma total protein, albumin, glucose, urea-N, total 

cholesterol, LDL, HDL-cholesterol, vLDL, triglycerides, total lipids, creatinine and 

ALT were colormetrically determined using commercial kits (purchased from Bio-

diagnostic, Egypt) according to the manufacturers' instructions. Plasma globulin 

concentration was calculated by difference and Albumin/Globulin ratio was 

calculated.  

Blood antioxidant constituents were assayed by colorimetric technique using 

commercial kits (Biodiagnostic, Egypt). Blood plasma malondialdehyde (MDA) 

was determined according to Ohkawa et al. (1979) and glutathione peroxidase 

(GPx) activity assayed using the method of Chiu et al., (1976). Superoxide 

dismutase (SOD) activity was assayed according to Misra and Fridovich (1972). 

Total antioxidant capacity (T-AOC) was determined according to Koracevic et al. 

(2001). 
 

Economical efficiency 

To determine the economical efficiency of the experimental diets for body 

weight gain, the costs of feed required for producing one kg of body weight gain was 

calculated. The cost of the experimental diets was calculated according to the price of 

different ingredients prevailing at local market as well as the price of tested materials at 

the time of experimentation. Economical efficiency was calculated as a ratio between 

the return of weight gain and the cost of consumed feed.  

Statistical Analysis 
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The obtained data were statistically analyzed using the general linear 

model procedure of SAS® Software Statistical Analysis (SAS 1998). Differences 

among means were tested by Duncan's multiple range test (Duncan, 1955). All 

results were analyzed using this model: Yij= μ+Ti+Eij ; where: Yij= the 

observation of ij;  μ = the overall mean; Ti= the effects of i (treatments) and Eij= 

the experimental random error.  
 

RESULTS AND DISCUSSION 

Chemical analysis, phenolic and flavonoids compounds of red grape seeds powder: 

The chemical composition of the GSP was examined and presented in 

Table 2. Crude protein (9.50%) was similar to the value reported by Basalan et al., 

(2011) who found that CP was 93.3 g/kg DM. However, EE (4.87%) was lower 

than the value also reported by Basalan et al., (2011) being (62.6 g/kg DM). In 

addition, GSP had a higher CF content (37.71%). These differences may be due to 

harvest methods and grape varieties. 

Natural antioxidants include phenolic compounds which may act to confer 

an effective defense system against free radical attack. The amount of total phenols 

was 3.80% and total Flavonids was 0.87%. In this connection, Gladine et al., 

(2007) stated that the polyphenol content of grape seed was 651 GAE mg/g DM. 

Moreover, Li et al., (2008) reported that total phenolic content was 2.53 GAE 

g/100 g powder). 

  

Table 2. Chemical analysis of red grape (Vitis vinifera L.) seeds powder (on DM basis). 
 

Items  

(%) 
DM OM CP CF EE NFE Ash 

Total 

 phenols  

(%) 

Total 

Flavonids 

(%) 

Grape seeds 

powder (GSP) 
88.74 91.00 9.50 37.71 4.87 38.92 9.00 3.80 0.87 

   Analyzed according to AOAC (2007). 

 

The extractable polyphenols, flavonoids and concentration of individual 

phenolic compounds identified by HPLC in GSP are reported in Table 3. A 

multitude of flavonoids are contained in GSE. The most abundant of these are the 

proanthocyanidins, which are oligomers of monomeric flavan-3-ol units linked by 

carbon–carbon bonds. The major flavan-3-ols identified in GSE are catechin, 

epicatechin and epicatechin-3-O- gallate (Santos-Buelga et al., 1995). Gallic acid, 

catechin and procyanidins contents were 2.58, 5.35 and 1.70 mg/100g. Among the 

identified polyphenols was catechin. Procyanidins constitute the major class of 

phenolic compounds in grape seeds. Nakamura et al., (2003) determined the 

concentration of gallic acid, catechin, epicatechin and Procyanidin (B1, B2, C) of 

the grape seed as 2.06, 1.03, 0.61, 0.70, 1.66, and 0.4 %( w/w), respectively. Also, 

Li et al., (2008) found that Gallic acid was 14.2 mg/100 g powder, 162 mg/100g 

powder as Catechin and 121 mg/100g as Epicatechin. In addation, Rockenbach et 
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al., (2011) found that there was a greater concentration of phenolic compounds in 

the seeds (2128 to 16,518 mg of catechin equivalents (CE)/100 g) than in the skins 

(660 to 1839 mg CE/100 g). These results showed that GSP was a good source of 

polyphenols and flavonoids as they have considerable antioxidant activity.  

 

Table 3. Phenolic and Flavonoids compounds of red grape (Vitis vinifera L.) 

seed powder. 
Items  Phenolic compounds 

mg/100g
(1)

 

Items  

 
Flavonoids compounds 

mg/100g
(2)

 

Gallic acid 2.58 Rutin 141.11 

Protocatechuic 25.28 Rosmarinic 196.10 

Pyrogallol 53.95 Quercitrin 553.53 

Chlorogenic 1.21 Querctin 679.50 

Catchol 41.57 Narenginin 921.55 

Procyanidin 1.70 Hespertin 131.17 

Vanillic 2.89 Kampferol 9.73 

Catechin 5.35 Apignin 44.89 

Cinnamic 1.85  

Salicylic 6.26 

Syringic 4.84 

Chrysin 30.68 

Ferulic 29.34 
(1) Calculated according to Goupy et al., (1999). 

(2) Calculated according to Mattlia et al., (2000). 

 

Growth performance and Economical efficiency 

Results of growth performance are illustrated in Table 4. The obtained 

results indicated that rabbits reared under stress summer conditions and received 

1.0% of GSP had the heaviest (P<0.05) final body weight (2435.83 g) and average 

daily weight gain (29.88 g/rabbit/day) followed by those received 0.5, 1.5% and 

control groups. However, insignificant differences were observed among rabbits 

fed diets supplemented with 0.5 and 1.5 % of GSP.  

The results of the present study clearly indicated that dietary 

supplementation of different levels of GSP had a positive effect on growth 

performance of growing rabbits. The improvement in body weight gain was due to 

drastic decreasing in rabbit daily feed intake and improvements in feed conversion 

ratio compared with the control group, and may be due to the biological function of 

GSP which have the monomers catechin and epicatechin (monomeric flavanols) 

representing the major phenolic compounds in grape seeds that show antioxidant 

activity as shown inTable 3. For example, (+)-catechin shows antioxidant activity 

by inhibiting the oxidation of plasma lipids (Yilmaz and Toledo, 2004). Moreover, 

(-)-epicatechin is able to scavenge hydroxyl radicals, peroxyl radicals, superoxide 

radicals (Yilmaz and Toledo, 2004). Procyanidins are reported to have potent 

antioxidant activity both in vitro and in vivo (Simonetti et al., 2002). In this study, 

(+)-catechin, (-)-epicatechin and procyanidins were also found in GSP which are 
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consistent with other studies (Oszmianski and Sapis, 1989; Escribano-Bailon et al., 

1992 and Fuleki and Ricardo da Silva, 1997). It is possible that these active 

principles in GSP may increase the activity of antioxidant enzymes, which act as 

antimicrobial and cause sterilization of gastrointestinal tract (Abdel-Azeem, 2005) 

or to tannin effect by reducing intestine movement which may be led to better 

absorption of nutrients, that reflected on body weight gain (Ismail et al., 2003). The 

present results are in line with those of body weight and daily body weight gain 

reported by Goni et al., (2007) and Brenes et al., (2008) on broiler chickens. The 

possible reasons are that natural antioxidants can protect the intestinal mucosa 

against oxidative damage and pathogens and limit peristaltic activity in digestive 

disorders preventing diarrhea (Kermauner and Laurenčič, 2008).  

Table (4). Means of growth performance and economical efficiency of growing 

rabbits fed experimental diets containing different levels of Grape seed 

powder (GSP). 

Items 
Experimental diets  

Sig. Control  0.5%GSP 1.0%GSP 1.5%GSP 

Growth performance 

Initial body weight (g/rabbit) 
760.50 

±38.28 

761.67 

±36.15 

762.50 

±22.76 

744.17 

±21.75 
NS 

Final body weight (g/rabbit) 
2236.25

b 

±38.34 

2374.17
ab 

±57.20 

2435.83
a 

±70.42 

2281.25
ab 

±56.09 
* 

Average daily weight gain 

(g/rabbit/day) 

26.35
b 

±0.73 

28.80
ab 

±0.80 

29.88
a 

±0.92 

27.45
ab 

±1.15 
* 

Average daily feed intake 

(g/rabbit/day) 

97.37
a 

±0.62 

95.56
a 

±1.04 

98.39
a 

±1.34 

87.99
b 

±0.59 
** 

Feed conversion  (g feed/g gain) 
3.73

a 

±0.11 

3.34
b 

±0.90 

3.33
b 

±0.11 

3.27
b 

±0.14 
* 

Economical efficiency 

Average total weight gain/ rabbit, (kg) 1.475 1.612 1.673 1.537  

Total revenue /rabbit, (LE)
(1)

 33.93 37.07 38.50 35.35  

Total feed intake/rabbit, (Kg) 5.45 5.35 5.51 4.93  

Price of feeding/kg, (LE) 2.30 2.28 2.28 2.27  

Total cost of feed/rabbit (LE( 12.54 12.20 12.56 11.19  

Net revenue/rabbit (LE)
(2)

 21.39 24.87 25.94 24.16  

Economical efficiency 
(3)

 
 

1.71 2.04 2.07 2.16  

Relative economical efficiency 100.00 119.30 121.05 126.32  
a,b, Mean values with the same letter within the same row did not differ significantly (P>0.05). 

(1)  Price of one Kg/ live body weight on selling was 23 LE. 

(2) Net revenue = Total revenue (LE) – Total feed cost (LE). 

(3) Economic efficiency = Net revenue / Total feed cost (LE). 
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Rabbits group fed 1.5% GSP diet had least (P<0.05) feed intake (87.99 

g/rabbit/day) compared to the other tested groups. On the other hand, adding GSE 

to rabbit diets at each tested level improved (P<0.05) the FCR compared to the 

control group. This improvement may be due to the antioxidative effect of GSE. In 

this respect, those antioxidants improved feed conversion ratio of heat stressed 

broilers (Vikili et al., 2010).  

It could be suggested that dietary supplementation of (GSP) may be useful to 

improve health and overall growth performance in growing rabbits. The present 

results also confirm that polyphenols present in GSP were absorbed at sufficient 

levels to contribute and modulate the antioxidant activity for rabbits. 

The effects of dietary supplementation of GSP on economical efficiency are 

shown in Table 4. The results showed that the best economical efficiency and 

relative economic efficiency were recorded by rabbits group fed (1.5% GSP). 

These results indicated that the total feeding cost reduced by 1.54% by increasing 

the level of GSP when summer caused stress in rabbits. Grape seed powder at 1.5% 

of rabbit’s diet proved to be more economical than the other treatments included 

control group. While the rabbit fed 1% GPS achieved the best net revenue followed 

by 0.5% and 1.5% while the lowest one was the control group.  

It could be concluded that there was an improvement of the economical 

efficiency of diets contained 0.5, 1, 1.5% GSP compared with the control one, due 

to the improvement of performance of rabbits. Although feed intake and growth 

performance are reduced through high temperature conditions, the addition of 

grape seed powder as a natural antioxidant under conditions of oxidative stress 

where free radical production dramatic increases led to prevent damage to major 

organs and systems and economically justified, also enhance the antioxidant 

capacity by optimizing the dietary intake of antioxidants (Ayyat et al., 2004, Abdel-

Khalek, 2010, Dogan and Celik, 2012). 

 

Carcass traits 

Results of carcass traits are shown in Table 5, it could be noticed that GSP 

supplementation in the diet did not significantly affect all of carcass traits studied, 
except for carcass weights, rabbits group fed 1.0% GSE recorded higher carcass 

weight than that of 1.5% GSE (1557.25 vs. 1387.0 g) higher carcass weights could 

be attributed to higher live body weight of rabbits groups in the present study. In 

this connection, Cavani et al., (1988) claimed that the grape seed meal influenced 

neither the dressing percentage nor the carcass composition.  
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Table 5.Carcass characteristics of rabbit groups fed the experimental diets. 

Items 
Experimental diets  

Sig. Control  0.5%GSP 1.0%GSP 1.5%GSP 

Pre-slaughter weight (g) 
2214.00

ab
 

±34.22 

2320.00
ab

 

±82.05 

2407.00
a 

±108.97 

2200.00
b
 

±35.04 

* 

Carcass weight (g) 
1426.36

ab
 

±30.15 

1505.62
ab 

±63.55 

1557.25
a 

±96.96 

1387.00
b
 

±30.21 

* 

Dressing % 
64.41 

±0.61 

64.84 

±0.51 

64.48 

±1.29 

63.05 

±0.42 

NS 

Edible Giblets %
(1)

 
3.74 

±0.07 

3.94 

±0.08 

3.84 

±0.06 

3.96 

±0.07 

NS 

Total edible parts %
(2)

 
68.15 

±0.53 

68.77 

±0.48 

68.32 

±1.29 

67.01 

±0.46 

NS 

Total Non edible parts % 
31.85± 

0.55 

31.22± 

0.46 

31.68± 

1.21 

32.99± 

0.46 

NS 

a, b, Mean values with the same letter within the same row did not differ significantly (P>0.05). 
(1) Edible Giblets %= (liver+ kidney + heart) / Pre-slaughter weight (g)*100  
(2) Total edible parts %= (carcass wt. + edible giblets wt.) / Pre-slaughter weight (g)*100.  

 

Blood plasma biochemical values  

The effects of dietary supplementation of GSP on blood plasma 

biochemical components are showed in Table 6. Total plasma protein has been 

reported as an indication of the protein retained in the animal body (Akinola and 

Abiola, 1991; Esonu et al., 2001). The obtained results revealed that the plasma 

total protein and globulin of the rabbits group fed 1.5% GSP diet was significantly 

(P<0.05) higher than those fed 0.5 and 1.0% GSP diets. However, albumin 

/globulin ratio had the lowest value of 0.95 in rabbits fed diet supplemented with 

1.5% GSP compared to the other tested supplemented diets included the control 

group. The results herein also revealed insignificant differences among 

experimental groups fed diets containing 0.5, 1.0 and 1.5% GSP and the control 

group. It is known that globulins are carrier proteins for steroid and thyroid 

hormones and play a vital role in natural and acquired immunity to infection 

(Ganong, 2005). The observed increase in globulins could be attributed to the 

presence of an infection or due to individual differences in the rabbits fed higher 

levels of GSP diet (1% and 1.5%). However, the present results concerning blood 

parameters were found within the normal range for the healthy rabbits. However, 

plasma glucose levels of rabbits fed the GSP levels (0.5, 1.0 and 1.5 %) were lower 

than those of the control group. The blood plasma glucose level was observed to 

move up constant with increasing dietary levels of GSP (0.5, 1.0 and 1.5 %), 

respectively.  

There were no significant (P>0.05) differences in the plasma urea nitrogen 

and creatinine values among the rabbit groups fed the different tested levels of 

GSE. The presence of constant blood urea level observed in this study as the 

dietary levels of GSP increased in the diet is an indication that the animal may be 

in a state of equal nitrogen balance. This could be attributed to the presence of 

some of bioactive compounds contained in GSP as shown in Table 3. which has the 
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ability to help the energy metabolic pathway, thus making it easy for the animals to 

meet their energy requirement. This is in line with Kenneth and Carol (1998) who 

reported that in a state of equal nitrogen balance, the body protein (mainly muscles 

and liver proteins) are being built and used as energy. However, increase serum 

urea concentration may suggest an increase in activities of urea enzymes 

ominthine, carbonyl transferase and orginase (Ajagbonna et al., 1999). Moreover, 

Creatinine content has been shown to depend on the quantity and quality of dietary 

protein (Esonu et al., 2001).  

The blood plasma ALT level of growing rabbits fed control diet was 

significantly (P<0.05) higher compared to those of GSP 0.5, 1.0 and 1.5% diets, 

respectively. The plasma total lipids levels of growing rabbits fed GSP (0.5, 1.0 and 

1.5%) diets were significantly (p<0.05) lower than those of the control group. The 

blood plasma total lipids level was observed to move down constant with 

increasing dietary levels of GSP (0.5, 1.0 and 1.5%), respectively. Nevertheless, 

plasma total cholesterol, triglycerides, HDL, LDL and vLDL levels were 

insignificant among rabbit groups fed the different tested experimental diets.  

Plasma cholesterol and triglycerides levels of rabbits fed GSP 0.5, 1.0 and 

1.5% diet were not significant (p>0.05) compared to the control diets. However, 

the results showed that plasma cholesterol and triglycerides maintained a 

downward trend as the inclusion rate of GSP in the diet increased. 
  

The blood plasma HDL level of rabbits fed the control diet was not significant 

(P>0.05) affected relative to those fed GSP 0.5, 1.0 and 1.5% diets, respectively. The 

blood plasma HDL level was observed to increase constant by supplementing different 

levels of GSP. The blood plasma LDL and vLDL level of rabbits fed the control diet 

were not significantly (P<0.05) affected relative to those on GSP 0.5, 1.0 and 1.56% 

diets, respectively. The blood plasma LDL and vLDL of growing rabbits were 

decreased slightly by increasing the supplemented GSP at 0.5, 1.0 and 1.5% in diets.  

According present data shown in Table 3, it could be concluded that 

polyphenols and flavonoides of GSP had been able to reduce the total lipids, total 

cholesterol, triglycerides (TG), low density lipoprotein (LDL), and very low density 

lipoprotein (vLDL) concentrations of rabbits exposed to a high ambient temperature. In 

this respect, Yamakoshi et al., (1999) suggested that proanthocyanidins from grape 

seeds might trap reactive oxygen species in plasma and intestinal fluid of the arterial 

wall, thereby inhibiting oxidation of LDL. Also, polyphenol fractions from grape seed 

rich in procyanidins achieved the best compromise between the direct and indirect (i.e. 

cell-mediated) types of action in protecting LDL against oxidation (Shafiee et al., 

2003). These results are in harmony with Attia et al., (2010) who noted that chronic 

heat stress significantly increased plasma triglycerides. Besides, Teissedre and 

Waterhouse (2000) noted a high correlation between the total phenol content and low-

density lipoprotein oxidation. Furthermore, Akbari and Torki (2013) suggested that the 

high concentration of antioxidants might decrease the serum concentration of 

triglycerides. In contrast, Chamorro et al., (2012) found that plasma cholesterol, TG 
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and lipoproteins (HDL, LDL and vLDL) concentrations were not affected by dietary 

grape seed extract.  

 

Table (6). Effect of grape seed powder (GSP) on blood biochemical of growing 

rabbits. 

Items 
Experimental diets  

Sig. Control 0.5%GSP 1.0%GSP 1.5%GSP 

Total protein (g/dl) 
5.43

c
 

±0.17 

5.71
c
 

±0.28 

6.45
b 

±0.17 

7.25
a 

±0.10 
** 

Albumin (g/dl) 
3.33 

±0.09 

3.51 

±0.15 

3.42 

±0.13 

3.52 

±0.06 
NS 

Globulin (g/dl) 
2.10

c
 

±0.12 

2.20
c
 

±0.13 

3.03
b
 

±0.25 

3.73
a
 

±0.14 
** 

Albumin/Globulin ratio 
1.61

a
 

±0.09 

1.60
a
 

±0.05 

1.17
b
 

±0.14 

0.95
b 

±0.05 
** 

Glucose (mg/dl) 
57.25 

±3.57 

53.62 

±1.23 

56.33 

±0.87 

56.51 

±2.54 
NS 

Urea-N (mg/dl) 
64.04

 b
 

±2.05 

74.62
 a
 

±2.68 

68.39
 b 

±3.23 

64.94
 b
 

±3.54 
NS 

Creatinine (mg/dl) 
0.65 

±0.02 

0.62 

±0.01 

0.64 

±0.02 

0.62 

±0.01 
NS 

ALT(ul/l) 
9.00

a 

±1.26 

6.20
b 

±0.20 

7.80
ab 

±0.92 

6.00
b
 

±0.01 
* 

Total lipids (mg/l) 
416.60

a 

±13.41 

328.60
b 

±3.01 

305.60
b 

±2.25 

258.20
c
 

±32.89 
** 

Total cholesterol (mg/dl) 
108.25 

±14.28 

103.17 

±18.58 

99.68 

±10.12 

82.86 

±5.55 
NS 

Triglycerides (mg/dl) 
68.92 

±12.70 

56.23 

±11.46 

44.64 

±5.68 

41.37 

±7.07 
NS 

HDL (mg/dl) 
39.26 

±1.24 

39.07 

±0.93 

39.76 

±0.93 

39.96 

±0.20 
NS 

LDL (mg/dl) 
37.42 

±0.35 

37.05 

±0.23 

36.97 

±0.10 

36.60 

±0.47 
NS 

vLDL (mg/dl) 
13.78 

±2.54 

11.24 

±2.29 

8.93 

±1.13 

9.47 

±2.37 
NS 

a,b, c Mean values with the same letter within the same row did not differ significantly (P>0.05). 

 

Blood plasma antioxidant constituents 

Beneficial health effects of edible phytochemicals are now considered to be an 

inexpensive, readily applicable, acceptable, and accessible approach to control and 

management a wide variety of effects oxidative stress (Tachibana, 2011). The effects 

of different levels of GSP on blood plasma biochemical (Lipid peroxide 

(malondialdehyde) (nmol/l), total antioxidant capacity (T-AOC) (mmol/l), Superoxide 

dismutase (u/l) and Glutathione peroxidase (u/l) antioxidant enzymes of rabbits are 

presented in Table 7. The obtained results revealed that the blood plasma lipid peroxide 

(malondialdehyde (MDA)) level of rabbits fed the control diet did not significantly 

(p>0.05) differ compared to those fed 0.5, 1.0 and 1.5% GSP treatment diets, 
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respectively. Niki (2008) found that lipid peroxidation represents oxidative 

decomposition of lipids and is an indicator of oxidative stress status in tissues and cells. 

The blood plasma lipid peroxide level was observed to reduce slightly with inclusion 

levels of GSP. The reduced levels of lipid peroxides following supplementation with 

grape seeds may have been associated with increased antioxidant enzyme activity and 

glutathione contents. In this trend, Choi et al., (2010) found that the level of 

malondialdehyde (MDA) was lower in the serum of rabbits fed grape seed extract or 

grape peel powder plus cholesterol than in the serum of rabbits fed cholesterol alone. 

The opposite trend was noticed with plasma T-AOC, SOD and GSH-Px whereas the 

values of their parameters tended to be higher (P<0.05) with feeding rabbits GSP diets 

than of the control group. The results herein coincided with those reported by Alía et 

al., (2003) who found that glutathione peroxidase activity increased after consumption 

of grape seeds and grape skins.   

 

Table (7).  Means (± SE) of Malondialdehyde (MDA), Total antioxidant capacity 

(T-AOC), Superoxide dismutase (SOD) and Glutathione peroxidase 

(GSH-Px) of growing rabbit’s blood plasma as affected by 

supplementing different levels of Grape seed powder (GSP). 

Items 
Experimental diets  

Sig. 
Control  0.5%GSP 1.0%GSP 1.5%GSP 

Malondialdehyde (MDA) (mmol/l) 
14.06 

±0.22 

13.34 

±1.01 

12.94 

±1.89 

9.88 

±0.28 
NS 

T-AOC(mmol/l) 
130.20

d 

±2.13 

145.06
c 

±3.66 

152.32
b 

±7.28 

169.00
a 

±1.67 
** 

Superoxide dismutase (SOD)(u/l) 
24.58

c 

±0.16 

32.98
b 

±1.28 

36.22
a 

±0.68 

36.44
a 

±0.47 
** 

Glutathione peroxidase (GSH-Px) (u/l) 
456.80

c 

±4.99 

561.20
b 

±8.60 

581.00
b 

±10.38 

715.60
a 

±30.33 
** 

a,b,… Mean values with the same letter within the same row did not differ significantly (P>0.05). 
 

It well known that GSP contains 3.80% total phenols and 0.87% flavonoids, 

w/w so it could be a valuable source of natural antioxidants. Also, Sgorlon et al., (2005) 

stated that the effect of grape polyphenols supplementation in New Zealand White rabbit 

diets on total glutathione (GSx), reduced glutathione (GSH) and oxidized glutathione 

(GSSG) increased significantly at 0.03 and 0.15 polyphenols mg/kg as a result of heat 

stress caused by the summer season.  

Some studies were conducted on rats and noticed that old rats exposed to a 

prolonged heat stress, the concentration of total and reduced glutathione showed a 

significant increase instead of the expected depletion (Ozturk and Gumuslu, 2004; Choi 

et al., 2012). These results indicated that grape polyphenols and flavonoides fraction are 

active compounds and act as an effective antioxidants and increases the resistance of 

plasma against oxidative stress through the activation of antioxidant enzyme system.   
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Conclusively, the results suggested that dietary supplementation of GSP at 0.5, 

0.1 and 1.5% levels improved growth performance, economical efficiency and 

antioxidant status of rabbits compared to the control one, Moreover, grape seeds are rich 

source of phenolic and flavonoid compounds which activated the antioxidant enzyme 

system and relived the negative effects of heat stress for growing rabbits. 
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