
Hajati et al. 
  

Iranian Journal of Applied Animal Science (2018) 8(1), 109-117 

 
  

109

 
               The Effect of Grape Seed Extract Supplementation on Performance, 

               Antioxidant Enzyme Activity, and Immune Responses  
                       in Broiler Chickens Exposed to Chronic Heat Stress 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  INTRODUCTION 
 

Heat stress is one of the most challenging environmental 
conditions especially on summer days in many countries. 
Regarding the finishing period, the suitable ambient tem-
perature for poultry is between 16 ˚C and 25 ˚C (Sahin et 
al. 2001). It has been well documented that exposing broiler 
chickens to continuously high temperature during the fin-

isher period causes chronic heat stress (Sahin et al. 2003; 
Ahmad et al. 2008). Previous studies have shown that heat 
stress suppresses performance and immune system in 
broiler chickens (Sohail et al. 2010; Quinteiro-Filho et al. 
2010). The hypothalamic–pituitary–adrenal (HPA) and the 
sympathetic–adrenal-medullar (SAM) axes constitute the 
main pathways through which the immune response can be 
altered (Lara and Rostango, 2013). In a recent study, Sohail 

 

The effect of grape seed extract (GSE) feed supplementation on performance, antioxidant enzyme activity, 
and immune responses in broiler chickens suffering from heat stress were investigated in this study. Ex-
perimental diets including control diet (with no additive), 3 levels of GSE (150, 300, 450 mg/kg), and one 
level of vitamin C (300 mg/kg) as a positive control were fed to the birds from 1 to 42 d of age. The chronic 
heat stress (34±1 ˚C temperature for 5 hours per day) was provided from 29 to 42 d of age. The GSE sup-
plementation up to 300 mg/kg diet increased the average daily gain of broiler chickens compared to the 
control group prior to heat stress (1-28 d). During the heat stress condition, dietary GSE at the rate of 300 
and 450 mg/kg diet improved feed conversion ratio. The GSE supplementation at 300 mg/kg diet increased 
IgG titer as a primary and secondary response to sheep red blood cell (SRBC) injection. In addition, birds 
fed diet with GSE (150, 300, 450 mg/kg diet), or vitamin C (300 mg/kg diet) had higher levels of IgG titers 
as a secondary responses to SRBC. The GSE supplementation at the rate of 300 and 450 mg/kg diet reduced 
heterophil percent, heterophil/lymphocyte ratio, and increased the percentage of lymphocyte of broilers 
under heat stress. Supplementation of diet with GSE (300, 450 mg/kg diet) increased glutathione peroxidase 
(GPx) activity in birds under heat stress condition. The GSE or vitamin C supplementation did not affect the 
results of cutaneous basophil hypersensitivity (CBH) response, and relative weights of spleen and bursa of 
fabricius in chickens under heat stress. However, supplementation of diet with GSE (300, 450 mg/kg diet) 
or vitamin C (300 mg/kg diet) increased relative weight of thymus in birds under heat stress condition. 
Thus, GSE supplementation could alleviate the detrimental effects of heat stress in broiler chickens better 
than vitamin C and it is preferable for the health and economic goals since it is a natural waste by-product. 
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et al. (2010) reported that broilers subjected to chronic heat 
stress had significantly reduced feed intake (-16.4%), lower 
body weight (-32.6%), and higher feed conversion ratio 
(FCR) (+25.6%) at d 42. Exposure to high temperatures 
may depress the activity of the mitochondrial respiratory 
chain in broiler chickens.  

This results in overproduction of reactive oxygen species, 
which caused oxidative injury and significant difference in 
the activities of superoxide dismutase and glutathione per-
oxidase enzymes (Tan et al. 2010). High ambient tempera-
ture not only has negative effects on livability, perform-
ance, and product quality of birds, but it also may suppress 
welfare and health status of birds.  

It is well known that nutrition has a strong effect on heat 
stress. In addition, insufficient intake of antioxidants, a high 
intake of pro-oxidants, or both, may lead to oxidative stress 
(Voljc et al. 2011). In this regard, using proper herbal addi-
tives with antioxidant activity may help broiler chickens to 
overcome the condition in an organic manner to respect 
animal welfare.  

Grape seed extract is a by-product derived from the grape 
seeds (Vitis vinifera) originating from grape juice and wine 
processing that is extracted, dried and purified to produce a 
polyphenolic compound-rich extract (Lau and King, 2003). 
The total extractable phenolics present in grape are about 
10% or less in the pulp, 60-70% in the seeds, and 28-35% 
in the skin. The phenol content of seeds may range from 
5% to 8% by weight. The most abundant phenolics isolated 
from grape seeds are catechins (catechin, epicatechin, and 
procyanidins) and their polymers (Shi et al. 2003). The 
benefits derived from phenolic compounds in grape seeds 
are closely related to their antioxidant and singlet oxygen 
quenching ability. These phenolic compounds are able to 
trap and quench free radicals, and it has been shown that 
their antioxidant potentials to be four to five fold higher 
than that in vitamin C or E (Shi et al. 2003). They are also 
very potent metal chelating agents (Shi et al. 2003). Some 
researcher reported that 300 mg ascorbic acid/kg of broiler 
chickens feed gave the best result in terms of birds per-
formance and total revenue. Therefore, the objective of the 
present study was to evaluate the effects of GSE supple-
mentation in feed on performance, antioxidant enzyme ac-
tivity, and immune response in broiler chickens suffered 
from heat stress. 

 

  MATERIALS AND METHODS 
Animals, diets, and management 
This experiment was carried out using a total of 300 Cobb-
500 male broiler chicks. One-day-old chicks (initial weight 
(g), 36.28±0.38) were obtained from a local hatchery and 
were divided into 25 groups of 12 birds each. All proce-

dures for the use and the care of animals were conducted 
after approval by the Ferdowsi University of Mashhad. 
There were 5 experimental diets including negative (0), and 
150, 300, 450 mg GSE/kg diet, and 300 mg vitamin C/kg 
diet as a positive control. The vitamin C (L-ascorbic acid, 
99%) was purchased from Sigma Aldrich Company. The 
feeding program consisted of a starter (1 to 10 d), grower 
(11 to 22 d), and finisher diet (23 to 42 d). 

The basal diet was in mash form and prepared with the 
same batch of ingredients for starter, grower, and finisher 
periods and was formulated to meet the nutrient require-
ments according to Cobb-500 rearing guidelines (Cobb, 
2012).  

All birds had free access to feed and water during the 
whole rearing period. The ingredients and chemical compo-
sition of the basal diets are shown in Table 1. Each desired 
level of GSE and ascorbic acid was added to 100 mL water, 
well mixed and sprayed on the basal diet. The feed was 
prepared weekly and stored in airtight containers. The tem-
perature was initially set at 34 ˚C on d 1 and decreased 
linearly by 0.5 ˚C per day up to 28 d. A chronic heat stress 
under 34 ± 1 ˚C temperature with 65-70% relative humidity 
for 5 hours was imposed on birds from 29 to 42 d of age. 
During the study, the birds received a lighting regimen of 
23 L:1 D from 1 to d 42. 

 
Grape seed analysis 
Black grape (Vitis vinifera) samples were collected on Sep-
tember of 2012 from Sari, Mazandaran, Iran. After collec-
tion, berries were snipped from the cluster. The seeds from 
berries were manually separated from the pulp, washed 
with tap water and air dried. The composition of grape 
seeds was measured by AOAC procedures (AOAC, 1990). 
 
Preparation of grape seed extract 
Grape seeds were grounded, and extracted with ace-
tone:methanol:water (60:30:10v/v/v) for 12 h with shaker 
incubator. Solvents were removed by rotary evaporator. 
Then, the extract was dried in a vacuumed oven and kept in 
the freezer under -20 ˚C. 
 
Grape seed extract analysis 
The chromatographic analysis was carried out on a Knauer 
HPLC system (Berlin, Germany) equipped with a Triathlon 
auto sampler, a K-1001 pump and a UV–visdetector (K-
2600). A reversed-phase C18 Nucleosil 100 (12.5 cm×5.0 
mm×5.0 µm) column was used for the separation of sample 
components. Analysis of catechin, epicatechin, procyanidin 
B1, B2, C1 performed according to the method of Iacopini 
et al. (2008). Standards of catechin, epicatechin, procya-
nidin B1, B2, C1 were purchased from Sigma-Aldrich (St. 
Louis, USA). 
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Birds performance 
The experimental period lasted 42 d. On d 1, 28, and 42, 
birds were pen weighed, and feed consumption was re-
corded. The FCR was calculated for each period. 
  
Antioxidant enzyme activity 
Blood hemolysate of chicken was prepared on d 28 and 42. 
The methodology of Paglia and Valentine (1967) was used 
for measurements of GPx activity in blood hemolysate. 
Samples were assayed with commercially available GPx 
kits (Randox, Crumlin, UK) following the instructions of 
the kit manufacturer and absorbance was monitored at 340 
nm wavelength using a spectrophotometer. 
 
Immunological measurements 
Toe web swelling test 
The cutaneous basophilic hypersensitivity response to 
phytohemagglutinin P (PHA-P; Sigma Chemical Co., St. 
Louis, MO), as an indicator of a T-cell-induced delayed-
type hypersensitivity reaction, was assessed as described 
previously (Corrier and DeLoach, 1990).  

The CBH response to PHA-P was measured in 2 birds 
from each pen at d 42 which received 100 µg of PHA-P in 
0.1 mL of sterile phosphate-buffered saline (0.15 M at 
pH=7.4), that was injected intra-dermally in interdigital 
skin between the second and third toes of the right foot. The 
left foot was injected with 0.1 mL of phosphate-buffered 
saline (PBS) as a sham control.  

The thickness of each injection site was measured using a 
pressure-sensitive micrometer before injection and at 4, 8, 
12 and 24 h after injection. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Table 1 Ingredients and nutrient composition of basal experimental diets

Ingredient (%) 1-10 d 11-22 d 23-42 d 

Corn, ground 56.2 59.9 63.34 

Soybean meal 37.11 32.55 28.71 

Soybean oil 2.26 3.3 3.94 

Dicalcium phosphate 1.92 1.86 1.74 

Oyster shell 1.16 1.12 1.06 

Common salt 0.3 0.3 0.3 

Minerals premix1 0.25 0.25 0.25 

Vitamins premix2 0.25 0.25 0.25 

DL-methionine 0.31 0.26 0.23 

L-lysine hydrochloride 0.24 0.21 0.18 

Calculated composition    
Metabolizable energy (ME) (kcal/kg) 3000 3105 3180 

Crude protein (CP) (%) 21.23 19.46 18 

Ca (%) 1 0.96 0.9 

Available phosphorus (%) 0.50 0.48 0.45 

Lysine (%) 1.32 1.19 1.06 

Methionine + cystine 0.98 0.89 0.82 
1 Mineral premix supplied the following per kg of diet: Cu: 20 mg; Fe: 100 mg; Mn: 100 mg; Se: 0.4 and Zn: 169.4 mg.  
2 Vitamins premix supplied the following per kg of diet: vitamin A: 18000 IU; vitamin D3: 4000 IU; vitamin E: 36 mg; vitamin K3: 4 mg; vitamin B12: 0.03 mg; Thiamine: 
1.8 mg; Riboflavin: 13.2 mg; Pyridoxine: 6 mg; Niacin: 60 mg; Calcium pantothenate: 20 mg; Folic acid: 2 mg; Biotin: 0.2 mg and Choline chloride: 500 mg. 

The CBH response to PHA-P was calculated using the 
following formula: swelling index= [(thickness of left toe 
web after PHA-P injection−initial thickness of left toe web) 
− (thickness of right toe web after PBS injection−initial 
thickness of right toe web)]. 
 
Antibody response to SRBC 
Sheep red blood cells (SRBC) were used as T-dependent 
antigens to quantify the antibody response. Two broiler 
chickens from each pen (marked with a red color) were 
injected with SRBC (5% suspension in PBS, 0.5 mL/bird) 
intramuscularly at 28 d of age, followed by the second in-
jection 7 d later. Blood samples were collected 7 d after the 
first and second injections. The serum of samples was col-
lected, heat inactivated at 56 ˚C for 30 min and then ana-
lyzed for total antibody, IgG (mercaptoethanol-resistant), 
IgM (mercaptoethanol-sensitive) anti-SRBC antibodies as 
described by Cheema et al. (2003). 
 
Hematological parameters 
At d 28 and 42, two birds from each replicate were selected 
and their blood samples were collected using sterile sy-
ringes (2 mL) to draw blood from the wing vein. Samples 
were collected in ethylenediaminetetraacetic acid (EDTA)-
containing tubes. Blood smears were prepared on slides and 
painted by Giemsa method. The white blood cell counts 
were determined by an improved Neubauer hemocytometer 
method (Jain, 1986). 
  
Immune organs 
Two birds per pen were selected at random and humanely  
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killed by cervical dislocation for carcass yield and organ 
sampling (spleen, bursa, and thymus) on 28 or 42 d. Organ 
weights were expressed as a percentage of body weight 
(BW). 
 
Statistical analysis 
Data were analyzed by analysis of variance using GLM 
procedure (SAS, 2001). Means were compared using Dun-
can's new multiple range test (Duncan, 1955). The level of 
significance was reported at P < 0.05. 

 

  RESULTS AND DISCUSSION 
Grape seed composition and extract analysis 
The chemical composition (crude fat, crude protein, total 
carbohydrate, fiber, calcium, total phosphorus and ash) and 
extract analysis (catechin, epicatechin and procyanidins) of 
the grape seed are shown in Table 2. 
 
Growth performance 
The effects of dietary supplementation of GSE or vitamin C 
on growth performance of broiler chickens before or under 
chronic heat stress condition are shown in Table 3. Prior to 
heat stress (1-28 d), GSE at the level of 300 mg/kg diet 
increased average daily feed intake (ADFI) (75.5 g) com-
pared to the control birds (72.3 g).  

Besides, GSE at the level of 150 and 300 mg/kg diet in-
creased average daily gain (ADG) of broiler chickens (48.5 
and 48.8 g, respectively) compared to the control birds 
(44.6 g; P<0.05).  

However, there was not any difference between FCR of 
the birds. During the heat stress condition (29-42 d), there 
was not a significant difference between AFDI of the broil-
ers with the different diets (P>0.05). The GSE supplemen-
tation at the level of 300 mg/kg diet increased ADG of 
broilers (P<0.05).  

Dietary GSE at the level of 300 and 450 mg/kg diet de-
creased FCR of birds compared to control group. The GSE 
supplementation at the level of 300 and 450 mg/kg diet 
improved broilers FCR, during the whole rearing period (1-
42 d; P<0.05). 
 
Antioxidant enzyme activity 
Data of the glutathione peroxidase activity in blood hemo-
lysate of birds is shown in Table 4. There was not a signifi-
cant difference between the GPx activities of birds prior to 
heat stress (at 28 d), however, dietary supplementation of 
GSE (150, 300 mg/kg diet) increased GPx activity of broil-
ers compared to control group during the chronic heat stress 
(at 42 d) (P<0.05). 
 
 

Immunological measurements 
Toe web swelling test 
Dietary GSE or vitamin C did not affect the CBH response 
(4 h, 8 h, 12 h, 24 h after PHA-P injection) in broilers at 42 
d of age (Table 4). 
 
Antibody response to SRBC 
The GSE supplementation at the level of 300 mg/kg diet 
increased IgG titer as a primary response to SRBC injection 
(P<0.05). Broiler chickens fed the diet with GSE at the rate 
of 300 or 450 mg/kg had higher total antibody titer against 
SRBC as a secondary response compared to the control 
birds. Also, birds fed diets contained GSE (150, 300, 450 
mg/kg diet), or vitamin C (300 mg/kg diet) had higher lev-
els of IgG titers as a secondary response to SRBC (Table 
4). 
  
Haematological parameters 
As shown in Table 5, dietary GSE or vitamin C did not 
affect white blood cell number, the percentages of hetero-
phil, lymphocyte, monocyte, eosinophil, basophil, and het-
erophil/lymphocyte ratio of birds prior to heat stress (28 d 
of age, Table 5). However, the GSE supplementation at the 
levels of 300 and 450 mg/kg diet reduced heterophil per-
cent, heterophil/lymphocyte ratio, and increased the per-
centage of lymphocyte of broilers under heat stress (42 d of 
age, Table 5). 
 
Immune organs 
As shown in Table 6, the GSE or vitamin C supplemented 
diet did not have a significant effect on spleen, bursa of 
fabricius, and thymus relative weight of birds prior to heat 
stress (28 d). Dietary GSE or vitamin C did not affect the 
relative weights of spleen and bursa of fabricius of broilers 
during heat stress condition (42 d, Table 6). However, sup-
plementation of GSE (300 and 450 mg/kg diet) or vitamin 
C (300 mg/kg diet) increased the relative weight of thymus 
in birds under heat stress condition compared to the control 
birds (Table 6; P<0.05). 
 
Growth performance 
In the present study, GSE supplementation at the levels of 
300 and 450 mg/kg diet improved average daily gain of 
broiler chickens compare to control group. Chamorro et al. 
(2013) investigated the effect of inclusion of GSE at 0.025, 
0.25, 2.5 and 5.0 g /kg in a wheat soybean control diet on 
growth performance of broiler chickens. Chamorro et al. 
(2013) reported that incorporation of GSE in chicken diets 
up to 2.5 g/kg had no adverse effect on growth perform-
ance.  
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However, Brenes et al. (2010) reported that the supple-
mentation of GSE (contained 45.5% extractable polyphe-
nols) up to 3.6 g/kg did not affect growth performance (0 to 
3, or 3 to 6 weeks of age). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In contrast with our results, Hughes et al. (2005) and Lau 
and King (2003) reported a growth depression with the use 
of GSE containing 90.2% of total phenolics, expressed as 
gallic acid equivalent by the Folin method, and incorpo-

Table 2 Composition of the grape seed analyzed by AOAC methods and analysis of the grape seed extract by HPLC method 
Grape seed Grape seed extract  (mg/100 g) 
Dry matter (%) 90.93 Catechin  1420 

Gross energy (kcal/kg) 3292 Epicatechin  1080 

Crude fat (%) 24.83 Procyanidine B1 830 

Crude protein (%) 10.17 Procyanidine B2  770 

Nitrogen free extract (%) 17.86 Procyanidine C  530 

Crude fiber (%) 35.39 - - 

Calcium (%) 0.56 - - 

Phosphorus (%) 0.31 - - 

Ash (%) 2.68 - - 

Table 3 Effects of grape seed extract and vitamin C on growth performance of broilers at different periods

 Grape seed extract (mg/kg) 
Pr > F 

 
SEM Vitamin C 

450 300 150 
Control Performance 

        1 to 28 d 
0.0067  0.163 74.2ab 71.3c 75.5a 74.0ab 72.3bc ADFI (g) 

0.0030  0.257 46.4bc 46.1c 48.8a 48.5ab 44.6c ADG (g) 

0.0707  0.047 1.59 1.54 1.54 1.52 1.62 FCR (g/g) 

        29 to 42 d 
0.2135  0.776 189.9 171.2 191.4 181.9 177.2 ADFI (g) 

0.0193  0.610 82.0b 77.8b 94.7a 77.3b 74.1b ADG (g) 

0.0007  0.070 2.32ab 2.20b 2.02c 2.36ab 2.40a FCR (g/g) 

        1 to 42 d 
0.0403  0.446 112.8a 104.6b 114.1a 110.0ab 107.3ab ADFI (g) 

0.0028  0.364 58.3b 56.7b 64.1a 58.1b 54.4b ADG (g) 

0.0003  0.047 1.93a 1.84bc 1.78c 1.89ab 1.97a FCR (g/g) 
ADFI: average daily feed intake; ADG: average daily gain and FCR: feed conversion ratio. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 4 Effects of grape seed extract and vitamin C on blood glutathione peroxidase (GPx) activity, cutaneous basophil hypersensitivity (CBH) re-
sponse, and antibody titer (log2) against sheep red blood cell (SRBC) in broiler chickens 

 Grape seed extract (mg/kg) 
Pr > F 

 
SEM Vitamin C 

450 300 150 
Control Items 

       GPx activity, 

 U/L of hemolysate 
0.2233  1.313 453 442 494 463 431 28 d 

0.0012  1.366 503bc 492bc  608a  547ab 470c  42 d 

        Hypersensitivity (mm), d 42  
1  0.095 0.810 0.814 0.816 0.810 0.808 4 h after 

0.9999  0.095 0.824 0.834 0.824 0.832 0.816 8 h after 

0.9982  0.094 0.690 0.712 0.726 0.690 0.688 12 h after 

0.9939  0.096 0.610 0.638 0.646 0.604 0.588 24 h after 

       SRBC injection, d 28 

7 d after injection 
0.0680  0.205 2.4 2.4 3.8 3.4 2 Total anti-SRBC 

0.0445  0.186 1b 1.2b 2.6a 1.6ab 1b IgG 

0.2027  0.145 1.4 1.2 1.2 1.8 1 IgM 

       SRBC injection, d 35 

7 d after injection 
0.0449  0.207 4ab 4.4a 4.8a 4ab 2.6b Total anti-SRBC 

0.0112  0.203 2.6a 3a 3.6a 2.4a 1b IgG 

0.8283  0.157 1.4 1.4 1.2 1.6 1.6 IgM 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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rated in diet at the rate of 30 g/kg. Quinteiro-Filho et al. 
(2012) stated that long-term heat stressors (31±1 ˚C and 
36±1 ˚C for 10 h/d) applied to broiler chickens from d 35 to 
42 of life decreased performance, also acute 31˚C heat 
stress applied for 10 h on the 35th day of life decreased per-
formance variables. Seven et al. (2008) observed that high 
doses of propolis rich in phenolics and vitamin C could 
partially overcome the depression in growth and carcass 
quality caused by heat stress in broilers, which was similar 
to our study. Interestingly, GSE supplementation at the lev-
els of 300 and 450 mg/kg diet improved FCR by 15.8 and 
8.3%, respectively. Akbarian et al. (2013) reported that a 
mixture of herbal extracts at the level of 200 and 400 mg/kg 
diet did not affect broilers performance under chronic heat 
stress condition. In our study, the GSE supplementation at 
the level of 300 mg/kg diet improved average daily gain 
and FCR in the whole period (1-42 d). Xing et al. (2004) 
reported that four factors may affect the effectiveness of 
phytobiotic additives: 1) plant parts and their physical 
properties, 2) source, 3) harvest time, and 4) compatibility 
with the other ingredients in the feed, which may also ex-
plain why difference in body weight gain (BWG) and FCR 
could happen when different kinds of phytobiotics are used 
in chicken diet. 
 
Antioxidant enzyme activity 
Antioxidant nutrients and enzyme defenses are fundamental 
protectors against all forms of stress (Ojha et al. 2010). Shi 
et al. (2003) reported that the antioxidant potential of grape 
seed is twenty and fifty fold greater than vitamins E and C, 
respectively, arising from increased levels of polyphenols 
proanthocyanidins and oligomers of flavan-3-ol units, espe-
cially catechin and epicatechin present in GSE. Reactive 
oxygen species (ROS) are metabolic products of the respi-
ratory chain. Under normal circumstances, ROS are elimi-
nated by cellular enzymatic and non-enzymatic antioxidant 
defenses. Within the enzymatic mechanisms, GPx metabo-
lizes hydrogen peroxide into water and oxygen. If ROS are 
not effectively eliminated, they can cause oxidative cell 
injuries, such as peroxidation of lipids (membranes and 
organelles), proteins (receptors and enzymes) and DNA 
(Zal et al. 2012). In the present study, GSE or vitamin C 
supplementation did not affect GPx activity in birds prior to 
heat stress (28 d), however, GSE supplementation at the 
level of 300 and 450 mg/kg diet increased GPx activity in 
birds under heat stress condition (42 d). This is in agree-
ment with the findings of Brenes et al. (2010) and Zal et al. 
(2012), who reported an increase in antioxidant activity in 
diet and excreta of broilers fed diet contained GSE at 21 
and 42 days of age. The principal defense systems against 
oxygen-free radicals are SOD, GSH, GPx, GR, catalase and 
antioxidant nutrients. Vitamins also directly scavenge ROS 

and up-regulate the activities of antioxidant enzymes (Zal et 
al. 2012). Bautista-Ortega and Ruiz-Feria (2010) reported 
that antioxidant vitamins might have played synergistic 
roles to increase NO bioavailability and reduce oxidative 
stress damage. Vitamin C is a cytosolic antioxidant that 
restores the antioxidant capability of oxidized Vitamin E 
(Guney et al. 2007). Vitamin C restores VE (Serbecic and 
Beutelspacher, 2005), most likely by recycling the toco-
pheroxyl radical (Nagaoka et al. 2007). Ojha et al. (2010) 
stated that the intracellular level of glutathione, which helps 
to maintain the redox potential of the cell decreased with 
the increased concentration of vitamin C. They also re-
ported that the activities of other enzymes related to glu-
tathione metabolism such as glutathione reductase, glu-
tathione peroxidase, and glutathione-S-transferase also de-
creased. This is in contrast with the findings of the present 
study. Vitamin C functions either as an antioxidant or pro-
oxidant is determined by at least 3 factors: 1) the redox 
potential of the cellular environment; 2) the pres-
ence/absence of transition metals; and 3) the local concen-
trations of ascorbate (Gonzalez et al. 2005). 
 
Immunological measurements 
Toe web swelling test 
The GSE has many pharmacological and health benefits 
that include antioxidant, anti-microbial, cardio protective, 
hepatoprotective, neuroprotective, anti-inflammatory, ef-
fects (Mesquita and Nascimento, 2009; Xia et al. 2010). 
Results of the present study indicated that although dietary 
supplementation of GSE or vitamin C increased CBH re-
sponse numerically, they did not have a significant effect 
on CBH response in birds (P>0.05). This is in contrast with 
the findings of Hashemipour et al. (2013), who reported 
that phenolic compound such as thymol and carvacrol sup-
plementation increased hypersensitivity response of broiler 
chickens. However, some researcher reported that mice that 
received either 0.5 or 1.0% grape seed proanthocyanidins 
(w/w) in diet exhibited a significant reduction in UVB-
induced suppression of the local contact hypersensitivity 
response. The various results of CBH responses reported by 
several researchers may be due to discrepancy in site of 
injection, PHA-P dose, and time of measuring the response 
of birds. 
 
Antibody response to SRBC 
In poultry production, it is very important to improve im-
munity to prevent infectious diseases. A variety of factors 
such as vaccination failure, infection by immune-
suppressive diseases, and abuse of antibiotics can induce 
immunodeficiency (Hashemipour et al. 2013). Use of im-
mune stimulators is one solution to improve immunity and 
to decrease susceptibility to infectious disease.  
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Herbs that are rich in flavonoids extend the activity of vi-
tamin C, act as antioxidants, and may therefore enhance 
immune functions (Acamovic and Brooker, 2005). In the 
present study, the GSE supplementation at the rate of 300 
mg/kg diet increased primary titer of IgG in birds. The sec-
ondary total antibody response against SRBC antigen in-
creased in broilers fed diet with GSE at the rate of 300 or 
450 mg/kg was higher than control group. In addition, birds 
fed diets containing GSE (150, 300,450 mg/kg diet), or 
vitamin C (300 mg/kg diet) had higher levels of IgG titers 
as a secondary responses to SRBC. Thus, it seems that GSE 
could help to improve bird’s response to SRBC antigen and 
it is more effective than vitamin C, which used as a positive 
control. This is in agreement with the previous reports of 
improving antibody response caused by herbal depravities 
(Khaksar et al. 2012; Hashemipour et al. 2013), but con-
trasted the findings of Khalaji et al. (2011). 
 
Haematological parameters 
As mentioned, dietary GSE or vitamin C did not affect 
white blood cell numbers and their differentiation, in birds 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
prior to heat stress (28 d of age). This is in agreement with 
(Hashemipour et al. 2013). Jain (1993) reported that corti-
costeroid induced lymphopenia attributed to lympholysis in 
blood and lymphoid tissue, increased shift of lymphocytes 
from blood to other body compartments.  

Ojha et al. (2010) reported that vitamin-C boosts immu-
nity by keeping disease-fighting white blood cells in-
creased, thus, the body is better able to stave off infections. 
Heckert et al. (2002) reported that heterophil/lymphocyte 
(H/L) ratio is a common indicator of stress in poultry, and 
the blood leukocyte profile is influenced by stress. Reduc-
tion of lymphocytes and monocytes and enhancement in the 
numbers of heterophils, which leads to a higher H/L ratio, 
have been reported for stressed animals. 

In the present study, GSE supplementation at the level of 
300 and 450 mg/kg diet reduced heterophil percent, H/L 
ratio, and increased the percentage of lymphocyte in broil-
ers under heat stress. This is in contrast with the results of 
Tayer et al. (2012). The researchers stated that green grape 
leaves increased heterophil percent and H/L ratio in broil-
ers. 

 

Table 5 Effects of grape seed extract and vitamin C on hematological parameters in broiler chickens 

 Grape seed extract (mg/kg) 
Pr > F 

 
SEM Vitamin C 

450 300 150 
Control Items 

        Hematology, d 28 
0.8790  0.207 11.4 11 11.6 11.2 11 White blood cells (106/mm3) 

0.1666  0.301 29.4 28.6 28 29.4 31.6 Heterophil 

0.3743  0.336 61 61.4 62.6 61.8 59 Lymphocyte 

0.9735  0.207 3.6 3.7 3.3 3.4 3.8 Monocyte 

0.9695  0.164 3.4 3.5 3.5 3.2 3.4 Eosinophil 

0.9646  0.2524 2.6 2.8 2.6 2.2 2.2 Basophil 

0.1470  0.0461 0.48 0.46 0.44 0.47 0.53 Heterophil/lymphocyte (H/L) 

        Hematology, d 42 
0.6654  0.230 16.4 16.4 15.8 16 17 White blood cells (106/mm3) 

0.0129  0.306 37.2ab 33.8b 34.3b 36.6ab 39.2a Heterophil 

0.0136  0.316 52.4bc 56.2a 55.9ab 53.8abc 50.6c Lymphocyte 

0.9751  0.209 4.2 4.4 4.2 4 4.4 Monocyte 

0.8716  0.164 3.4 3.4 3.2 3.2 3.6 Eosinophil 

0.9653  0.241 2.8 2.2 2.4 2.4 2.2 Basophil 

0.0073  0.052 0.706ab 0.604c 0.624bc 0.689abc 0.775a Heterophil/lymphocyte (H/L) 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 6 Effects of grape seed extract and vitamin C on relative weights (g/100 g of BW) of immune organs in broiler chickens at 28 or 42 d

 Grape seed extract (mg/kg) 
Pr > F 

 
SEM Vitamin C 

450 300 150 
Control Items 

        28 d 
0.8921  0.024 0.198 0.191 0.199 0.192 0.195 Spleen 

0.3738  0.023 0.227 0.212 0.218 0.214 0.225 Bursa of fabricius 

0.9983  0.038 0.362 0.358 0.365 0.361 0.364 Thymus 

        42 d 
0.2495  0.027 0.129 0.146 0.150 0.131 0.127 Spleen 

0.9738  0.027 0.068 0.068 0.064 0.070 0.063 Bursa of fabricius 

0.0240  0.053 0.308a 0.313a 0.292a 0.228ab 0.174b Thymus 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 



Supplementation of Herbal Extract Under Heat Stress  
  
  

Immune organs 
Data of the present study showed that supplementation of 
GSE or vitamin C did not affect the relative weight of im-
mune organs prior to impose heat stress (28 d), however, 
the GSE (300, 450 mg/kg diet) or vitamin C (300 mg/kg 
diet) increased the relative weights of thymus in birds under 
chronic heat stress condition (42 d).  

This is in agreement with the findings of Hosseini-
Vashan et al. (2012). They reported that the relative weight 
of spleen in broiler chickens fed diet with different levels of 
turmeric rhizome powder revealed no significant differ-
ences among treatments pre and post heat stress. Regarding 
the present study, it seems that GSE may be helpful to 
broilers by suppressing the atrophy effect of heat stress on 
lymphatic organs. 

 

  CONCLUSION 
In conclusion, GSE improved growth performance, antioxi-
dant enzyme activity, and immune response of birds ex-
posed to chronic heat stress. We recommend the addition of 
300 mg GSE/kg diet to improve performance of broiler 
chickens exposed to chronic heat stress during finisher pe-
riod. The heat stress alleviating effects of GSE may be as-
sociated with increased antioxidant enzyme activity, ele-
vated immunoglobulin production and immune organ de-
velopment. It seems that further study is needed to intro-
duce grape seed extract as an efficient antioxidant feed ad-
ditive for poultry suffering from chronic heat stress condi-
tion. 
 

  ACKNOWLEDGEMENT 
The authors are grateful to the office of the vice president in 
research at Ferdowsi University of Mashhad, Iran, for ap-
proving (3/22886) and providing the facilities and financial 
support of the experiment. 
 

  REFERENCES 
Acamovic T. and Brooker J.D. (2005). Biochemistry of plant sec-

ondary metabolites and their effects in animals. Proc. Nutr. 
Soc. 64, 403-412. 

Ahmad T., Khali T., Mushta T., Mirz M.A., Nadee A., Babar M.E. 
and Ahmad G. (2008). Effect of potassium chloride supple-
mentation in drinking water on broiler performance under heat 
stress conditions. Poult. Sci. 87, 1276-1280. 

Akbarian A., Golian A., Kermanshahi H., Farhoosh R., Raji A.R., 
De Smet S. and Michiels J. (2013). Growth performance and 
gut health parameters of finishing broilers supplemented with 
plant extracts and exposed to daily increased temperature. 
Spanish J. Agric. Res. 11, 109-119. 

AOAC. (1990). Official Methods of Analysis. Vol. I. 15th Ed. 
Association of Official Analytical Chemists, Arlington, VA, 
USA. 

Bautista-Ortega J. and Ruiz-Feria C.A. (2010). L-arginine and 
antioxidant vitamins E and C improve the cardiovascular per-
formance of broiler chickens grown under chronic hypobaric 
hypoxia. Poult. Sci. 89, 2141-2146. 

Brenes A., Viveros A., Goñi I., Centeno C., Saura-Calixto F. and 
Arija I. (2010). Effect of grape seed extract on growth per-
formance, protein and polyphenol digestibilities, and antioxi-
dant activity in chickens. Spanish J. Agric. Res. 8, 326-333. 

Chamorro S., Viveros A., Centeno C., Romero C., Arija I., and 
Brenes A. (2013). Effects of dietary grape seed extract on 
growth performance, amino acid digestibility and plasma lip-
ids and mineral content in broiler chicks. Animal. 7, 555-561. 

Cheema M.A., Qureshi M.A. and Havenstein G.B. (2003). A 
comparison of the immune response of a 2001 commercial 
broiler with a 1957 random bred broiler strain when fed repre-
sentative 1957 and 2001 broiler diets. Poult. Sci. 82, 1519-
1529. 

Cobb 500. (2012). Cobb Broiler Performance and Nutrient Sup-
plement Guide. Cobb-Vantress Inc., Siloam Springs, Arkan-
sas. 

Corrier D.E. and DeLoach J.R. (1990). Evaluation of cell-
mediated, cutaneous basophil hypersensitivity in young chick-
ens by an interdigital skin test. Poult. Sci. 69, 403-408. 

Duncan D.B. (1955). Multiple range and multiple F-test. Biomet-
rics. 11, 1-42. 

Gonzalez M.J., Miranda-Massari J.R., Mora E.M., Guzman A., 
Riordan N.H., Riordan H.D., Casciari J.J., Jackson J.A. and 
Roman-Franco A. (2005). Orthomolecular oncology review: 
ascorbic acid and cancer 25 years later. Integr Cancer Ther. 4, 
32-44. 

Guney M., Oral B., Demirin H., Karahan N., Mungan T. and De-
libas N. (2007). Protective effects of vitamins C and E against 
endometrial damage and oxidative stress in fluoride intoxica-
tion. Clin. Exp. Pharmacol. Physiol. 34, 467-474. 

Hashemipour H., Kermanshahi H., Golian A. and Veldkamp T. 
(2013). Effect of thymol and carvacrol feed supplementation 
on performance, antioxidant enzyme activities, fatty acid 
composition, digestive enzyme activities, and immune re-
sponse in broiler chickens. Poult. Sci. 92, 2059-2069. 

Heckert R.A., Estevez I., Russek-Cohen E. and Pettit-Riley R. 
(2002). Effects of density and perch availability on the im-
mune status of broilers. Poult. Sci. 81, 451-457. 

Hosseini-Vashan S.J., Golian A., Yaghobfar A., Zarban A., Afzali 
N. and Esmaeilinasab P. (2012). Antioxidant status, immune 
system, blood metabolites and carcass characteristic of broiler 
chickens fed turmeric rhizome powder under heat stress. Afri-
can J. Biotechnol. 11, 16118-16125. 

Hughes R.J., Brooker J.D. and Smyl C. (2005). Growth rate of 
broiler chickens given condensed tannins extracted from grape 
seed. Australian Poult. Sci. Symp. 17, 65-68. 

Iacopini P., Baldi M., Storchic P. and Sebastiani L. (2008). Cate-
chin, epicatechin, quercetin, rutin and resveratrol in red grape: 
Content, in vitro antioxidant activity and interactions. J. Food  

 
 

 711-901, )1(8) 8201(Animal Science Applied  ofIranian Journal   116 

http://www.ncbi.nlm.nih.gov/pubmed?term=Chamorro%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23031407
http://www.ncbi.nlm.nih.gov/pubmed?term=Viveros%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23031407
http://www.ncbi.nlm.nih.gov/pubmed?term=Centeno%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23031407
http://www.ncbi.nlm.nih.gov/pubmed?term=Romero%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23031407
http://www.ncbi.nlm.nih.gov/pubmed?term=Arija%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23031407
http://www.ncbi.nlm.nih.gov/pubmed?term=Brenes%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23031407
http://www.ncbi.nlm.nih.gov/pubmed/23031407


Hajati et al. 
  

      Comp. Anal. 21, 589-598. 
Jain M.C. (1986). Schalm’s Veterinary Haematology. Publisher: 

Lea and Febiger, Philadelphia, Pennsylvania. 

711-901, )1(8) 8201(Animal Science Applied  ofranian Journal I  117 

Jain N.C. (1993). Essential of Veterinary Hematology. Publisher: 
Lea and Febiger, Philadelphia, Pennsylvania.  

Khaksar V., Golian A. and Kermanshahi H. (2012). Immune re-
sponse and ileal microflora in broilers fed wheat-based diet 
with or without enzyme Endofeed W and supplementation of 
thyme essential oil or probiotic PrimaLac®. African J. Bio-
technol. 11, 14716-14723. 

Khalaji S., Zaghari M., Hatami K.H., Hedari-Dastjerdi S., Lotfi L. 
and Nazarian H. (2011). Black cumin seeds, Artemisia leaves 
(Artemisia sieberi), and Camellia plant extract as phytogenic 
products in broiler diets and their effects on performance, 
blood constituents, immunity, and cecal microbial population. 
Poult. Sci. 90, 2500-2510. 

Lara L.J. and Rostango M.H. (2013). Impact of heat stress on 
poultry production. Animal. 3, 356-369. 

Lau D.W. and King A.J. (2003). Pre and post-mortem use of grape 
seed extract in dark poultry meat to inhibit development of 
thiobarbituric acid reactive substances. J. Agric. Food Chem. 
51, 1602-1607. 

Mesquita J.R. and Nascimento M.S.J. (2009). A food borne out 
break of norovirus gastroenteritis associated with a Christmas 
dinner in Porto Portu-gal, December 2008. Europin Surveill. 
14, 19-21. 

Nagaoka S., Kakiuchi T., Ohara K. and Mukai K. (2007). Kinetics 
of the reaction by which natural vitamin E is regenerated by 
vitamin C. Chem. Phys. Lipids. 146, 26-32. 

Ojha R., Prasad R., Manzoor N. and Ahmad Khan L. (2010). Vi-
tamin C modulates oxidative stress related enzyme activities in 
Candida albicans. Turkiah J. Biochem. 35, 35-40. 

Paglia D.E. and Valentine W.N. (1967). Studies on the quantita-
tive andqualitative characterization of erythrocyte glutathione 
peroxidase. J. Lab. Clin. Med. 70, 158-169. 

Quinteiro-Filho W.M., Ribeiro A., Ferraz-de-Paula V., Pinheiro 
M.L., Sakai M., Sa L.R.M., Ferreira A.J.P. and Palermo-Neto 
J. (2010). Heat stress impairs performance parameters, induces 
intestinal injury, and decreases macrophage activity in broiler 
chickens. Poult. Sci. 89, 1905-1914. 

Quinteiro-Filho W.M., Rodrigues M.V., Ribeiro A., Ferraz-de-
Paula V., Pinheiro M.L., Sa L.R.M., Ferreira A.J.P. and Pal-
ermo-Neto J. (2012). Acute heat stress impairs performance 
parameters and induces mild intestinal enteritis in broiler 
chickens: Role of acute hypothalamic-pituitary-adrenal axis 
activation. J. Anim. Sci. 90, 1986-1994. 

Sahin K., Sahin N. and Kucuk O. (2003). Effects of chromium, 
and ascorbic acid supplementation on growth, carcass traits, 
serum metabolites, and antioxidant status of broiler chickens 

reared at a high ambient temperature (32 ˚C). Nutr. Res. 23, 
225-238. 

Sahin K., Sahin N., Onderci M., Yaralioglu S. and Kucuk O. 
(2001). Protective role of supplemental vitamin E on lipid per-
oxidation, vitamins E, A and some mineral concentrations of 
broilers reared under heat stress. Vet. Med. 46, 140-144. 

SAS Institute. (2001). SAS®/STAT Software, Release 8.2. SAS 
Institute, Inc., Cary, NC. USA. 

Serbecic N. and Beutelspacher S.C. (2005). Anti-oxidative vita-
mins prevent lipid peroxidation and apoptosis in corneal endo-
thelial cells. Cell. Tissue Res. 320, 465-475. 

Seven T.P., Seven I., Yilmaz M. and Ugsims E.K. (2008). The 
effects of Turkish propolis on growth and carcass characteris-
tics in broilers under heat stress. Anim. Feed Sci. Technol. 146, 
137-148. 

Shi J., Yu J., Pohorly J.E. and Kakuda Y. (2003). Polyphenolics in 
grape seeds-biochemistry and functionality. J. Med. Food. 6, 
291-299. 

Sohail M.U., Ijaz A., Yousaf M.S., Ashraf K., Zaneb H., Aleem 
M. and Rehman H. (2010). Alleviation of cyclic heat stress in 
broilers by dietary supplementation of mannan-oli gosaccha-
ride and Lactobacillus-based probiotic: Dynamics of cortisol, 
thyroid hormones, cholesterol, C-reactive protein, and hu-
moral immunity. Poult. Sci. 89, 1934-1938. 

Tan G.Y., Yang L., Fu Y.Q., Feng J.H. and Zhang M.H. (2010). 
Effects of different acute high ambient temperatures on func-
tion of hepatic mitochondrial respiration, antioxidative en-
zymes, and oxidative injury in broiler chickens. Poult. Sci. 89, 
115-122. 

Tayer M., Nobakht A. and Pishjangh J. (2012). Effects of different 
levels of green grape (Vitis vinifera) leaves on performance, 
carcass traits, blood biochemical and immunity parameters of 
broilers. Int. Res. J. Appl. Basic Sci. 3, 103-111. 

Voljc M., Frankic T., Levart A., Nemec M. and Salobir J. (2011). 
Evaluation of different vitamin E recommendations and bioac-
tivity of α-tocopherol isomers in broiler nutrition by measur-
ing oxidative stress in vivo and the oxidative stability of meat. 
Poult. Sci. 90, 1478-1488. 

Xia E.Q., Deng G.F., Guo Y.J. and Li H.B. (2010). Biological 
activities of polyphenols from grapes. Int. J. Mol. Sci. 11, 622-
646. 

Xing X.L. (2004). A comparative study on the effects of different 
Chinese herbal medicinal feed additives in broiler chickens. 
WebMD. http://www.feedtrade.com. Accessed Feb. 2006. 

Zal F., Mostafavi-Pour Z., Amini F. and Heidari A. (2012). Effect 
of vitamin E and C supplements on lipid peroxidation and 
GSH-dependent antioxidant enzyme status in the blood of 
women. Contraception. 86, 62-66. 

 
 

 

http://www.feedtrade.com/

