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Abstract: This experiment was conducted for 70 days on 165 common carp C. 

carpio L. fingerlings which were brought from local fish farms located in Haftaghar, 
north of Iraq. The fishes were distributed among experimental tanks with mean 
initial weight of 24.09 g. They were pre-acclimated to laboratory conditions for 21 
days prior to the feeding trials. The experiment was done by using 15 plastic tanks 
(100 l) representing five treatments with three replicates; each tank was stocked with 
eleven fish. Treatments included 0.0, 2.5, 5.0, 7.5 or 10 g grape by-product/ kg diet). 
A daily cleaning by pumping method was applied to remove remained particles from 
the system. The results demonstrated that the inclusion of black grape by-products to 
fish diet affected the growth performance. It increased the total weight gain, relative 
growth rate and specific growth rate. The average weight gain was significantly (P≤ 
0.05) differed due to both treatments (5 and 7.5 g/ kg diet), while 7.5 g/ kg diet was 
significantly differed from other treatments. In daily growth rate, the treatments 5, 
7.5 and 10 g/ kg diet were significantly higher as compared to other treatments. 
Specific growth rate was also significantly increased due to 0. 2.5 and 5 g/ kg diet 
compared to other treatments, while the increase in relative growth rate was resulted 
from each of 5 and 7.5 g/ kg diet. More significant survival was observed in 0. 2.5, 
5.0 and 7.0 g/ kg diet treatments. However, in terms of feed utilization, the 
treatments 2.5, 5.0 and 10 g/ kg diet were superior. Protein efficiency ratio was 
higher in 2.5, 5.0, 7.5 and 10 g/ kg diets.  
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Introduction  

Aquaculture is one of the fastest growing industries in the world, with an annual growth 
rate of almost 9% and it is estimated that roughly half of all seafood consumed in the world is 
now farm raised (Habib et al., 2008). Aquaculture, is an increasingly important option in 
animal protein production, this activity requires high quality feeds with high protein content, 
which should contain not only necessary nutrients but also complementary additives to keep 
organisms healthy and achieve favor growth. Some of the most utilized growth-promoting 
additives include hormones, antibiotics, ionophores and some salts (Gongora, 1998). Though 
these substances do promote growth, their improper use can result in adverse effects in the 
animal and the final consumer, as well as leading to resistance in pathogenic bacteria in the 
case of antibiotics (Lara-Flores et al., 2003).  

Grapes are one of the world’s leading fruit crops, with production rates at more than 50 
million tons a year (Schieber et al., 2001). Grape seeds, which are by-products of wine and
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the grape juice industries, contain large quantities of phenolic compounds such as gallic acid 
and monomeric flavoides catechin, epicatechin, gallocatechin, epigallocatechin, and 
epicatechin- 3-O-gallate, as well as dimeric, trimeric and polymeric proanthocyanidins (Shi et 
al., 2003). 

The use natural feed additive is becoming useful for fish feeding rather than classic 
chemical feed additives due to the fact that accumulative effect of the chemical components 
induces deterrent effects on human health (El-Dakar et al., 2008; Zhai et al., 2014).  

A supplemented grape seed powder (GSPs) in the diet of tilapia Oreochromis niloticus 
fingerlings improved the growth performance and body composition, and confirms the 
beneficial effects on serum biochemical parameters. Further studies will be necessary in order 
to determine the optimal supplementation level of GSPs in tilapia diet (Zhai et al., 2014).   

As far as researcher knew, few data are available on the effect of grape seed on nutritional 
physiology, health and immune responses as well as meat quality in fishes. Such 
comprehensive study on the subject has not been performed on common carp. Therefore, the 
present investigation was aimed to assess the effect of certain levels of dietary grape by-
products, which are locally available, on the growth performance and feed utilization of the 
common carp. 
 
Materials and Methods 
Experimental fish: The experiment was conducted for 70 days on 165 common carp C. 

carpio fingerlings which were brought from local fish farms located in Haftaghar north of 
Iraq. The weight of these fishes varied between 22.45-25.72 g. The fishes were distributed 
among experimental tanks with a mean initial weight of 24.09 g. They were pre-acclimated to 
laboratory conditions and fed with commercial pellets for 21 days prior to the feeding trials. 
Fifteen plastic tanks (100 l) were used in this trial representing five treatments with three 
replicates each. Each tank was provided with a proper continuous aeration by air compressor 
type ACO-318 (55 watt). Each tank was stocked with eleven fishes. The tanks (replicates) 
were randomly allocated to minimize differences among treatments. The continuous water 
flow discharged non-consumed feed and feces particles from the tanks. In addition, a daily 
cleaning by siphoning method was applied to remove remained particles from the system. 

The experimental trial included five treatments with three replicates; each contains ten 
fishes per tank as follows: 

T1: control without any supplement, T2: 2.5 g grape by-product/ kg diet, T3: 5 g grape by-
product/ kg diet, T4: 7.5 g grape by-product/ kg diet and T5: 10 g grape by-product/ kg. 

Experimental diets composed of a standard commercial ingredients type found in Kirkuk 
markets, enriched with grape by-product. The chemical composition of the different diets are 
shown in Table 1. The ingredients were mixed with water to obtain dough. Then, the dough 
was passed through an electrical mincer for pelleting by using Kenwood multi-processors. 
The pellets were dried at room temperature for few days and crushed to yield fine particles (4 
mm). Fishes were fed twice a day at 9:00 AM and 2:00 PM with a ratio of 3% of body weight, 
but after a week, it was adjusted to 2%. Fishes were individually weighed every two weeks. 
The feeding amount was then recalculated according to new weights. The feeding trial 
continued for 10 weeks. Their composition is explained in table 2. 
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           Table 1: Chemical composition of the ingredients components by NRC (1993). 

Ingredients Dry 
Matter (%) 

Crude  
Protein (%) 

Crude  
Fat (%) 

Crude  
Fiber (%) 

Gross energy 
 (Kcal/ kg) 

Animal protein concentrate 92.9 40 5 2.2 2107 
Yellow corn 89 8.5 3.6 2.2 3350 
Soybean meal 89 44 1.1 7 2230 
Barely 89 11 1.9 5.5 2640 
Wheat bran 89 15.7 4 11 1300 

 
           Table 2: Composition of experimental ingredients. 

Ingredients  Percentage (%) 
Yellow corn 15  
Wheat bran 18 
Soya bean meal 48% 40 
Concentration protein  10 
Barley 15 
Vitamins + Minerals Mix** 2 
Total 100 

Calculated chemical composition 
Crud protein 29.011 
Metabolisable energy (kcal/kg feed) 2304.7 
%Arginine 0.2394 
%Lysine 0.25375 
%Methionine + cysteine 0.12872 
%Threonine 0.017 
%Tryptophan 0.029 

**Premix: vitamins: Vit. A: 6000 U.I; Vit. D3: 1000 U.I; Vit. E: 60 U.I.; Vit. K: 12 U.I.; Vit. B1: 24 
mg/ kg: Vit. B2: 24 mg/ kg; Pantothenic acid: 60 mg/ kg; Niacin: 120 mg/ kg; Vit. B6: 24 mg/ kg; 
Biotin: 0.24 mg/ kg; Folic acid: 6 mg/ kg; Choline chloride: 540 mg/ kg; Vit. B12: 0.024 mg/ kg. 
Minerals (mg/ kg) include: Fe: 50; Cu; 3: Mn; 20; Zn; 50; I: 0.1; Co: 0.01 and Se: 0. 
 

Growth and feed utilization parameters: For calculating these parameters, fishes were 
individually weighed (g) for all treatments, once each two weeks and readjusted according to 
the obtained biomass at every two weeks interval. 
Weight gain (WG) (g/ fish) = W2 - W1, where W2: fish weight (g) at the end of experimental 
period (T2) and W1: fish weight (g) at the beginning of the experimental period (T1). 
Daily weight gain (DWG) (g/ day) = Weight gain/ experimental period= W2 - W1/ T2 - T1. 
Relative weight gain (RWG %) = Weight gain/ initial weight x 100= W2 - W1/ W1 x 100.  
Specific growth rate (SGR) = [ln final body weight- ln initial body weight] x 100/ 
experimental period (days) = [Ln W2 - Ln W1] x 100/ T2 -T1 (days). 
Feed conversion ratio (FCR) = Total feed fed (g)/ total wet weight gain (g).  
Feed efficiency ratio (FER) = Total weight gain (g)/ total feed fed (g).  
Protein efficiency ratio (PER) = Total weight gain (g)/ protein fed (g).  
 
Statistical analyses: The experimental work was conducted by using the Completely 
Randomized Design (CRD) and General Linear Models (GLM) procedures of XLSTAT, 
Programed, 7.5 One way (ANOVA). Duncan’s test was used to compare between means of 
the experiment treatments.  
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Results and Discussion 
The present study proved that the inclusion of black grape by-products to fish diet has 

affected the growth performance as it increased the total weight gain, relative growth rate and 
specific growth rate as shown in Table 3. No significant differences were observed in initial 
weights, the average weight gain in T3 and T4, were 10.163 and 11.153, respectively, which 
were significantly (P≤ 0.05) different in comparison with other treatments. In daily growth 
rate, T3, T4 and T5 were significantly higher as compared to other treatments. In specific 
growth rate, T1, T2 and T3 were significantly better in growth than other treatments, while 
the relative growth rate in each of T3 and T4. More significant survival rates were observed in 
T1 and T2.   

 
 Table 3: Effect of adding black grape by products on growth parameters of common carp reared in indoor plastic tanks. 

Treatment Mean initial 
weight (g) 

Mean weight 
gain (g) 

Daily growth 
rate (g/ fish/ 

day) 

Specific growth 
rate (%/ day) 

Relative 
growth rate (g/ 

day %) 

Survival rate 
(%) 

T1  
(control) 23.757±0.06a 9.230±0.04bc 0.219±0.023b 0.352±0.104ab 37.916±0.080bc 100.000±0.00a 

T2  
(2.5g grape/ kg) 24.270±0.06a 8.770±0.01c 0.244±0.012b 0.365±0.030ab 34.827±0.022c 96.970±0.054a 

T3  
(5g grape/ kg) 24.153±0.02a 10.163±0.003ab 0.324±0.093a 0.413±0.059a 42.441±0.011ab 87.879±0.119ab 

T4  
(7.5g grape/ kg) 23.547±0.03a 11.153±0.07a 0.275±0.187ab 0.307±0.003b 48.343±0.072a 90.909±0.100ab 

T5  
(10g grape/ kg) 24.423±0.05a 9.732±0.011bc 0.254±0.004ab 0.343±0.039b 40.390±0.036bc 75.758±0.069b 

Mean values with different superscripts within a column are significantly (P≤0.05) different. 
 

The results in Table 4 show no effect of black grape by-products on feed conversion ratio. 
T2, T3 and T5 were the best in terms of feed utilization. Protein efficiency ratio were 
significantly higher in T2, T3, T4 and T5. 
 
  Table 4: Effect of adding black grape by products on feed utilization of C. carpio reared in indoor plastic tanks. 

Treatment Food conversion ratio Food efficiency ratio (%) Protein efficiency ratio 

T1 (control) 2.644±0.033a 0.380±0.037b 1.525±0.034b 

T2 (2.5gm grape /kg) 2.305±0.034a 0.435±0.049ab 1.933±0.063ab 

T3 (5gm grape/ kg) 2.343±0.165a 0.520±0.027a 2.292±0.101a 

T4 (7.5gm grape/ kg) 2.581±0.043a 0.385±0.055b 2.007±0.187ab 

T5 (10gm grape/ kg) 2.267±0.055a 0.445±0.079ab 1.783±0.056ab 

    Mean values with different superscripts within a column differ significantly (P≤0.05). 
 

It is possible that the increase in the gain in feed ratio of pigs administered grape seed and 
grape marc extract (GSGME) was due to an improvement of the digestibility of nutrients, and
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based on the observations in broilers, the effects on the microflora could contribute to the 
beneficial effects of GSGME (Viveros et al., 2011). With the improvement observed in 
common carp growth performance in the present study, several studies have shown that 
dietary polyphenols are able to influence nutrient uptake into intestinal cells (Johnston et al., 
2005) and the present improvement could be attributed to this finding. Moreover, it is possible 
that dietary polyphenols exert beneficial effects in intermediary metabolism, which could 
contribute to an increased efficiency of nutrients for animal growth (Fiesel et al., 2014). 

Previously, growth depression results have been reported due to addition of polyphenols in 
poultry diets (Lau & King, 2003; Hughes et al., 2005). In these studies, 90.2% total 
extractable polyphenols were added to diet at 30g/ kg, and this concentration was high enough 
to depress the growth of birds. Results of the present study are consistent with the findings of 
Goñi et al. (2007) who did not report growth depression in birds fed diet supplemented with 
grape pomace concentrate up to 30 g/ kg. Similarly, Brenes et al. (2008, 2010) and Ali et al. 
(2010) did not report growth depression in broilers when fed diet supplemented with grape 
pomace, grape seed extract and GPP, respectively. 

The present results agree with those of Zhai et al. (2014) in which the final body weight 
and weight gain in tilapia, O. niloticus fed GSPs were significantly higher than those of the 
control group. Huang et al. (2012) also reported that the extract from composite plants 
containing grape seed (the GSPs and grape seed extract level was not presented) could 
significantly improve the growth of hybrid Crucian carp. At present time, there are not many 
researches on GSPs supplemented diets on fish diets and the mechanisms of GSPs growth 
enhancement are not clear. From the results of previous related researches, it could be 
concluded that the growth promoting effect of GSPs might be due to the increase of intestinal 
digestive enzymes activity in hybrid Crucian carp (Huang et al., 2012), weaned piglets (Xie et 
al., 2012), immune ability of green feet broiler (Zhou et al., 2013), antioxidant ability of 
tilapia O. niloticus (Lu & Zhai, 2014) and in broiler chickens (Wang et al., 2008). The 
modification of the gut morphology and intestinal microflora and increase of the biodiversity 
degree of intestinal bacteria in broiler chicks might be another important reason (Viveros et 
al., 2011). Further studies are needed to reveal the detail mechanisms of GSPs promoting 
growth of fishes. 

In the present study, the inclusion of grape by-products concentrate has changed the weight 
gain compared with fishes fed the control diets. However, feed efficiency was improved by 
the addition of grape pomace concentrate in comparison with fishes fed control diets (as 
observed in tables 3 and 4). Similar results have been reported by Goñi et al. (2007) and 
Brenes et al. (2008) with a dietary inclusion up to 60 g/ kg of grape pomace concentrate in 
chicken. However, Brenes et al. (2010) reported that the inclusion of a lower concentration of 
grape seed extract, up to 3.6 g/ kg, in chicken diets did not change the growth performance. 
The poor response obtained in the current experiment of increasing concentration of the grape 
by-products could be explained by a higher concentration of this by-product in the diet. The 
growth depression observed in birds fed the GSE diet compared with those fed the GPC diet 
could be attributed to the presence of a pure form of polyphenols in the GSE diet despite 
containing similar concentrations of extractable polyphenols (Viveros et al., 2011).  

Polyphenols bind to protein is due to the interaction of their reactive hydroxyl groups with 
the carbonyl groups of protein. As a consequence of this complexation, protein and amino 
acid digestibility were reduced by the inclusion of sorghum and faba bean polyphenols mainly 
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condensed tannins, of these ingredients (Jansman et al., 1989; Ortiz et al., 1993; Brenes et al., 
2010).  

The nutritional effects of polyphenols would be a consequence of the absorbed monomers 
and aromatic acid, the interaction of unabsorbed polyphenols with components of the 
intestinal tract, or both. The increase in the antioxidant activity of grape polyphenols in the 
excreta suggests that parts of extractable polyphenols are degraded by intestinal microflora 
(Brenes et al., 2010). Goñi et al. (2005) reported that intestinal bacteria showed a high 
capacity to degrade extractable polyphenols in rats. Dèprez et al. (2000) and Ward et al. 
(2004) also reported that major polyphenolic constituents of grape polyphenols (polymeric 
proanthocyanidins) were degraded by human colonic microflora into smaller compounds 
including phenolic acids that could be absorbed and metabolized. 

According to the digestibility of extractable polyphenols (EP) obtained by Goñi et al. 
(2007) which was 32.8%, a higher amount of EP was available in the intestinal tract of the 
animal-fed diet containing grape pomace (GP), which could be partially absorbed in the small 
intestine. However, the antioxidant capacity of serum from GP-fed birds did not show 
significant differences compared with the other dietary groups.  

Brenes et al. (2010) reported a linear increase in antioxidant activity in grower and finisher 
diets as well as in excreta of birds fed on grape seed extracts. However, they reported a 
depression in intestinal length in birds fed on diet containing grape seed extracts. They also 
reported increased spleen weight along with immune boosting action of these extracts as main 
cause of increased spleen weight. Data are scarce concerning the possible effect of grape seed 
by-products on chicken intestinal epithelium. Several authors have shown changes in the 
intestinal morphology by the addition of grape by-products in rats (Lopez-Oliva et al., 2006), 
piglets (Sehm et al., 2007) and humans (Laurent et al., 2005). 
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