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Abstract 
The effects of green tea extract (GTE) on growth performance and immune response 

were investigated. In a completely randomized design, three hundred sixty Ross 308 

strain broiler chicks was assigned to 6 treatments, 4 replicates and 15 chicks in each 

experimental unit. The experimental treatments were added to the basal (starter, 

grower and finisher) diets as follows: (1) basal diet,without additives and received only 

basal diets; (2) basal diets plus 20 IU/kg Vit. E; (3) basal diets plus 3ml/l drinking 

water GTE with 20 IU/kg Vit. E; (4) basal diets plus 3ml/l drinking GTE; (5) basal 

diets plus 5ml/l drinking water GTE and (6) basal diets plus 5ml/l drinking water GTE 

with 20 IU/kg Vit. E. The chicks were fed diet supplied with 3 ml/l GTE (treatment 4) 

significantly (P<0.05) had higher final body weight, daily weight gain, daily feed 

intake and better feed conversion ratio. Treatment 6 (5ml/l drinking water GTE with 

20 IU/kg Vit. E), non-significantly had higher blood Newcastle antibody titer 

compared with other treatments. Treatment 5 and 6 had significantly (P<0.05) higher 

and treatment 4 had a lower Influenza antibody titer, respectively. Non-significantly 

higher antibody titer against SRBS was observed for treatment 2 (20 IU/kg Vat. E). 

Adding GTE was not able to improve total antioxidant capacity (TAC) and treatment 2 

(20 IU/kg Vit. E) had significantly (P<0.05) higher serum TAC concentration 

compared with other treatments. The results indicated that the addition of 3 ml/l 

drinking water GTE had the most positive effects on growth performance traits and 

application of 5 ml/l GTE alone or in combination with 20 IU/kg diet Vit. E may have 

a complementary effect on the serum antibody titers against Influenza and had the 

potential in replacing antibiotics in broiler chicks. 
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Introduction 
 

Farm animals in intensive farming operations are 

frequently subjected to different stresses. Nutrition 

plays a significant role in the modulation and the 

function of the immune response of chicks (Klasing, 

1998; Kidd, 2004). Any deficiencies of natural 

protective substances or severe exposure to stimulators 

of reactive oxygen metabolites production (Miller et al., 

1993) could increase damage of important biological
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macromolecules e.g. lipids, proteins and DNA, 

interfering their normal function and consequently 

leading to reduced performance (Valko et al., 2007). 

Poultry possesses limited natural resistance against 

pathogenic organisms. Therefore, the poultry industry 

has relied on the use of antibiotics to improve health 

and productivity. Owing to the outbreaks of resistant 

bacteria and residues of antibiotics in animal products, 

using antibiotics is regulated by governments in the 

world. In addition, the use of antibiotics in animal 

production is under severe public scrutiny because 

livestock production activities have been linked to the 

development of antibiotic-resistant bacteria within the 

human population (Radcliff, 2000; Phillips et al., 2004). 

The poultry industry is compelled to find alternatives to 

the use of antibiotics in order to maintain and enhance 

markets for safe poultry products. There are several 

kinds of alternatives developed and used recently, 

among which readily noticeable natural substances for 

customers and medicinal plants with excellent 

physiological activity are drawing attention of the 

researchers (Hernandez et al., 2001). The important 

medicinal herbs include are green tea, artemisia, garlic 

and others (Yang et al., 2003; Kwon et al., 2005). 

Beneficial activity of plant extracts has contributed to 

the content of different secondary metabolites such as 

polyphenols, carotenoids, triterpens and essential oils. 

These polyphenols capture free radicals, chelate metal 

ions and inhibit lipoxygenase, so they can be used as 

natural preservatives inhibiting the onset of 

peroxidation of oils (Ramadan et al., 2003; Papuc et al., 

2007 & 2008).This property could be attributed to the 

essential oil content that have antimicrobial, antifungal 

and antioxidant activities, thus could improve the birds 

dietary nutrient utilization (Williams and Losa, 2001). 

Inclusion of green tea (Camellia sinensis)  powder has 

shown beneficial effects on egg quality traits (Biswasa 

et al., 2000) and lowered cholesterol and triglyceride 

content of eggs (Biswas and Wakita, 2001; Koo and 

Noh, 2007). The green tea extract increased body 

weight, feed efficiency, carcass weight and dressing 

percentage (Guray et al., 2011). The broilers in green 

tea extract supplemented groups consumed more feed 

than the control birds throughout the entire 

experimental period. Green tea inclusion in broiler diets 

had positive effects on growth performance and lean 

meat production of broilers (Kaneko et al., 2001). 

Vitamin E is the most active natural antioxidant, 

which has been used in animal feed to enhance 

performance, strengthens immunological status and 

possibly to increase the vitamin content of food of 

animal source and thus increase the vitamin E intake of 

consumers (McDowell, 1989; Flachowsky, 2000). 

Vitamin E like other nutritional elements, affects the 

development and maintenance of immunocompetence 

through multiple functions by affecting directly on 

immune cells or by indirectly altering metabolic and 

endocrine parameters, thus influencing immune 

function (Gershwin et al., 1985). As an antioxidant, 

vitamin E reduces free radical-induced pathology 

during both normal metabolic states and inflammation. 

In addition, vitamin E modulates the metabolism of 

arachidonic acid through cyclooxygenase and 

lipoxygenase pathways (Blumberg, 1994), which in 

turn leading to the synthesis of prostaglandins and 

leukotrienes respectively. It has been reported that the 

immunity of chickens increased against Newcastle 

(Boren and Bond, 1996), Escherichia coli and Brucella 

abortus (Tengerdy and Nockels, 1975).   

The objectives of the current study were to 

determine the effects of green tea extract and vitamin E 

on productive performance and immune response of 

broiler chicks. 

 

Materials and Methods 
 

A total of three hundred sixty one day-old broiler 

chicks (Ross 308) were obtained from local market and 

divided into 24 groups (15 chicks per cage with similar 

body weight). An experiment was conducted as a 

completely randomized design and six dietary 

treatments were utilized. The composition of the starter, 

grower and finisher diets is presented in Table 1. The 

diets were formulated according to the Ross company 

recommendation to meet nutrient requirements of the 

chicks and were fed for days 0-42. Experimental 

treatments were as follows: basal diet, without additives 

and received only basal diets; basal diets plus 20 IU/kg 

Vitamin E, basal diets plus 3ml/l drinking water GTE 

with 20 IU/kg Vitamin E, basal diets plus 3ml/l 

drinking water GTE, basal diets plus 5ml/l drinking 

water GTE and basal diets plus 5ml/l drinking water 

GTE with 20 IU/kg Vitamin  E. Strict sanitation 

practices were maintained in the house before and 

during the course of study. The chicks were housed in  

a temperature controlled  room  with continuous 

lighting and feed and water were provided ad libitum 

throughout the experiment. Mortality was recorded 

daily. Chickens were weighed every 2 weeks and feed 

consumption calculated for every 2 weeks. Body weight 

(BW, g) and feed intake (hen-day; g/h/d) by replicate 

were determined for every experimental period for all 

birds. Average daily gain (ADG, g/day) feed 

conversion ratio (FCR g/g) was then calculated. FCR 

was corrected for mortality. Birds were vaccinated 

against Gamboro, Newcastle (Lasota), Influenza and 

Bronchitis according to laboratory recommendations.  

Fresh green tea leaves were provided from a local 

factory. In order to destroy the activity of polyphenol 

oxidase, the fresh leaves were put in boiling water for 3 

min. Then the leaves were dried indoor and grounded. 

Four grams of grounded sample were autoclaved (80 – 
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Table 1: Composition (%) of basal diets fed to broiler 

chickens 

Finisher 

(29-49) 

Grower 

(15-28) 

Starter 

(1-14d) 

Ingredients 

62.01 58.14 56.06   Corn 

31.89 35.93 37.98 Soybean meal 

2.46 2.12 1.55 Soya oil 

1.10 1.15 1.35 Monocalcium phosphate * 

1.39 1.45 1.75 Calcium carbonate 

0.35 0.35 0.35 Salt 

0.21 0.28 0.31 DL -Methionine 

0.13 0.12 0.19 L-Lysine HCl 

0.25 0.25 0.25 Vitamin premix** 

0.25 0.25 0.25 Mineral premix*** 

   Nutrient content 

3017 2950 2879 ME (Kcal/Kg) 

19.73 21.20 22.00 Crude protein  

0.80 0.84 0.99 Calcium  

0.40 0.42 0.47 Available phosphorus  

0.86 0.97 1.01 Methionine+ cysteine 

1.19 1.29 1.40 Lysine 

*Contained Ca 15% and phosphorous 23%  ** Provided per 

2.5 kilogram :Vitamin A,9000000 IU; Vitamin D3,2000000 

IU; Vitamin E, Vitamin E, 18000mg; Vitamin K3, 2000mg; 

Thiamine,1800 mg; Riboflavin, 6600mg;Pantothenic acid, 10 

g; Niacin, 30g; Pyridoxine, 3000mg;Cobalamin,15mg;Biotin, 

100 mg; Folic acid,1000mg; Choline chloride 500mg; 

Antioxidant, 100g. *** Provided per 2.5 kg: Manganese, 

100g; Zinc, 100g; Iron, 50g; Copper, 100g; I,1000mg; 

Selenium, 200 mg. 

 

120
o
C) for 20 min with 40 ml distilled water in order 

to obtain green tea extract. Humoral immunity was 

measured as antibody response to the injection of 1 

ml of 10% solution of washed sheep red blood cells 

(SRBC) on day 25 (wing vein of 2 birds from each 

replicate) followed by agglutination assay on day 5 

after the injection.  Blood samples were taken from 

wing vein on day 30 for serum antibody titer 

analysis. The hemagglutination (HI) assay was 

performed as described by Singh et al.  (2006) for 

SRBC, Newcastle and Influenza. The antibody titer 

was expressed as the log 2 of the reciprocal of the 

highest titer with 50% agglutination (Brugh, 1978; 

Nelson et al., 1995). At the end of the experiment (42 

d), 2 birds from each replicate were bled by wing 

vein and plasma was used for total antioxidant 

capacity (TAC) according to the method described 

by Akhlaghi et al. (2014). 

Analysis of variance was performed on the data 

using the General Linear Method of SAS software 

(1996). Means were compared using Duncan’s multiple 

range test. Level of significance used in all results was 

0.05. 
 

Results  
 

The main effects of treatments on performance, 

antibody titers and TAC of broiler chicks are presented 

in Table 2. Chicks body weight significantly (P<0.05) 

differed between the experimental treatments during the 

whole experiment and treatment 4 (3ml/l GTE) had 

higher body weight with no significant difference 

between treatments 4 and 2. Daily gain was 

significantly (P<0.05) higher in treatment 4 with no 

significant difference with treatments 5 and 6. 

Treatment 4 had significantly (P<0.05) higher daily 

feed intake though there was no significant difference 

between treatment 4, 5 and 6. Feed conversion ratio 

was affected (P<0.05) by treatments and was lowest 

(better) in treatment 4 with significant difference 

between treatment 3 and 4. Antibody titer (log 2) 

against Newcastle did not differ between treatments, 

though tended to be higher in treatment 6. Antibody 

titer against influenza was influenced (P<0.05) by 

dietary treatments and treatments 5 and 6 had the 

highest value compared to the other treatments. The 

antibody titer against SRBC was not affected by dietary 

treatments, but treatment 2 tended to be higher 

compared with other treatments. TAC level was 

different (P<0.05) between treatments and treatment 2 

was significantly higher than other treatments except 

treatment 1.  

 
Table 2: The main effects of treatments on performance, antibody titers and TAC of broiler chicks at day 42 

Treatments* Parameters 

SD** 6 5 4 3 2 1 

0.13 2.90 b 2.91 b 3.37 a 2.94 b 3.05 a 2.99 b Final body weight (kg) 

6.20 64.20ab 68.70ab 79.20a 59.00b 62.70b 56.10b Daily gain (g/day) 

7.93 131.30 ab 131.90 ab 150.40 a 133.70 ab 128.50b 118.10ab Daily feed intake( g/day) 

0.12 2.05 ab 1.94 b 1.90 b 2.31 a 2.09 ab 2.22 ab Feed convertion ration (g/g) 

0.32 4.62 3.87 4.12 4.00 4.12 4.12 Newcastle 

0.28 5.25 a 5.37 a 3.50 b 3.75 b 3.75 b 4.25 b Influenza 

0.31 8.88 8.75 8.62 8.50 9.12 8.87 SRBC 

0.058 0.39 b 0.41 b 0.45 b 0.51 b 0.67 a 0.52 ab TAC (µ mol/ml) 

*1): basal diet, without additives and received only basal diets; 2): basal diets plus 20 IU/Kg Vit. E 3): basal diets plus 3ml/L 

drinking water GTE with 20 IU/Kg Vit. E; 4): basal diets plus 3ml/L drinking water GTE; 5): basal diets plus 5ml/L drinking 

water GTE and 6) : basal diets plus 5ml/L drinking water GTE with a ,b: values in the same row that share different superscript 

(s) are statistically different (P<0.05).** SD = standard deviation. 
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Discussion 
 

Supplementing diets with 3 ml/l GTE in drinking 

water (treatment 4) was more effective on body weight 

than other treatments, though there was no significant 

difference between treatment 4 and treatments 5 and 6. 

The increasing GTE from 3 to 5 ml/l to diets, decreased 

body weight (3.37 vs 2.91 kg). These results were 

similar to findings of Kaneko et al. (2001) who reported 

that 1.0, 2.5 and 5.0% of green tea in broiler diets 

linearly reduced body weight gain of the chicks. 

Uuganbayar (2004) reported that 1.0 to 1.5% green tea 

supplement in broiler diet had reduced effect on body 

weight gain of chicks. Vitamin E alone or combination 

with 3ml/l GTE was not able to increase body weight 

gain compared with 3ml/l GTE. High level of tannin in 

green tea decreases the activities of several enzymes 

important to the digestion of carbohydrates, protein, 

lipids and nucleic acid. Soaking and extracting green 

tea were able to ameliorate the negative effects of 

tannin on performance of chicks (Biswas et al., 2001). 

It has been reported that the addition of 0.5 and 1.5% 

green tea to the diet of broiler chicks decreased the 

daily weight gain (Sarker et al., 2010) which is not in 

agreement with the result of the present experiment for 

daily weight gain as found in treatment 4 (3ml/L GTE). 

Kaneko et al. (2001) reported that 0.5 to 1.0 and 1.0 to 

5.0% green tea supplementation in broiler diets reduced 

daily feed intake which is not in agreement with the 

findings of our results. Also, Kojima and Yoshida 

(2008) reported no significant changes in feed intake 

when layer diet was supplied by 1% green tea powder, 

which is in contrast to our results. Panja (2005) reported 

decreased feed intake when layer diet was supplied with 

green tea and a non-significant effect on feed 

consumption and feed conversion ratio when the diet 

was supplied with green tea and vitamin E. Guray et al. 

(2011) reported increased body weight, feed conversion 

ratio and carcass weight of broiler chicks when the diet 

was supplied with 1 to 4% alcoholic GTE. Compared to 

other treatments, chicks received 3ml/l GTE in the diet 

had the lowest feed conversion ratio. This is not in 

agreement with results of Uuganbayar et al. (2005) who 

reported no significant differences in feed conversion 

ratio among layers fed diets containing 1, 1.5 and 2.0 % 

green tea powder and the control group. Sarker et al. 

(2010) reported no improvement in feed conversion 

ratio in broilers fed 1 and 2% green tea powder which is 

not in agreement with our findings. 

Antibody titer with supplementation of 20 IU 

Vitamin E and 5ml/l GTE was numerically higher than 

other treatments which showed vitamin E and higher 

level of GTE (3 vs 5 ml/l) could play a complementary 

role on antibody response against Newcastle, in which 

higher level of GTE may enhance the effects of vitamin 

E. The same positive and significant (P<0.05) pattern 

was found in antibody response against influenza in 

chicks fed diet containing 5ml/l GTE or 5ml/l GTE plus 

20 IU vitamin E/kg diet (treatments 5 and 6, 

respectively), showed that higher levels of GTE in the 

present experiment was more effective than 3 ml/l GTE 

on the antibody response against influenza. Vitamin E 

alters cytokine production and CD4: CD8 T cell ration 

(Erf et al., 1998) and it can activate B cell levels of 

specific antibodies. Vitamin E supplementation (100 or 

250 IU/kg of diet) was not effective in antibody 

production of chicks, although it increased the number 

of macrophages (Qureshi et al., 1993; Marsh et al., 

1981). No beneficial effects of 12 or 300 IU/kg of 

dietary vitamin E on mortality rate and pathology 

induced by E. coli was reported by Sell et al. (1997). 

The effects of vitamin E on immune response depends 

on a variety of factors such as the strain, genetic 

background (Yang et al., 2000), the amount of vitamin 

E in the basal diet, level of stress (Mcllroy et al., 1993) 

and age of the birds, which may explain the 

discrepancies of reported results. Marsh et al. (1981) 

and Cook (1991) reported that vitamin E is 

immunoregulatory only at low antigen levels. It is 

possible that in this study, the vaccines could have 

created a higher level of antigen. In the present study, 

vitamin E at 20IU/kg failed to increase the antibody 

against Newcastle and Influenza which might be due to 

the above mentioned factors. It has been reported that 

dietary levels of 25-50 mg/kg of vitamin E improved 

immune while a level of 200 IU/kg of vitamin E had a 

dampening effect on T helper cell function or cell 

number (Leshchinsky and Klasing, 2001). Antibody 

production against E. coli and Newcastle disease virus 

was better when vitamin E was supplied at 0 to 10 

mg/kg of feed (Freidman et al., 1998). In the current 

study, 20 IU/kg vitamin E had numerically higher 

antibody production against SRBC than other 

treatments. The SRBC is a T cell dependant antigen, 

which helps B-cells to produce antibodies (Nelson et 

al., 1995). T cells help B cells in producing specific 

antibody through the production of cytokines which 

promote activation and growth of B cells thus enhance 

humoral immunity. The assessment of humoral 

immunity response through the production of 

hemagglutinin antibodies to SRBC commonly used due 

to its rapid and does not involve the use of  pathogenic 

agents. Treatment 2 (20 IU vitamin E/kg feed) had 

higher (P<0.05) TAC level than other treatments. This 

was not surprising since vitamin E is one of the most 

natural antioxidant and could improve production, 

strengthen the immunological status and to increase  the 

vitamin E content of food, thus increase vitamin E 

intake of consumer (Sunder et al., 1997; Flachowsky, 

2000).  Vitamin E supplementation was more effective 

to improve the serum TAC level of broiler chicks than 

GTE (3 and 5 ml/l) or combined with vitamin E. 
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Conclusion 

In summary, the results demonstrated that 

application of 3 ml/L drinking water GTE had the most 

positive effects on growth performance and application 

of 5ml/LGTE alone or combination with 20 IU/kg diet 

vitamin E could increase antibody titers of broiler 

chicks. Dietary vitamin E (20 IU/kg) alone was not 

effective to enhance the antibody response to some 

antigens and may have a complementary effect on the 

serum antibody titers against Influenza and health and 

may have the potential in replacing antibiotics in  

broiler chicks. Further research is needed to find the  

most effective levels of green tea  extract  and vitamin 

E on performance and immunity responses of broiler 

chicks. 
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