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SUMMARY

A study was carried out to investigate the replacement effect of vitamin E with grape
polyphenols (GPP) on antioxidant status, immune response, and organs histopathology in
broilers from 1- to 35-d age. One-day-old Hubbard broiler chicks (n = 280) were randomly
divided into 28 study units of 10 chicks each. A starter control diet was formulated having
22.5% CP, 3,200 kcal/kg ME, and 100 ppm vitamin E50 [50 IU DL-α-tocopheryl acetate
(CON)]. Other dietary treatments were obtained by replacing vitamin E on wt:wt ratio, with
25 [low GPP (LGPP)], 50 [medium GPP (MGPP)], and 75 ppm [high GPP (HGPP)] GPP.
Likewise, a control finisher diet (20% CP and 3,200 kcal/kg ME) and LGPP, MGPP, and HGPP
diets were formulated having the same proportions of GPP and vitamin E as in the respective
starter diets. Each dietary treatment was randomly assigned to 7 replicate pens. As a result
of this study, by increasing GPP level in place of vitamin E, total phenolic contents in breast
and leg muscles increased linearly (P < 0.05) whereas thiobarbituric acid reactive substances
decreased quadratically with MGPP showing the lowest value (P < 0.05). Antibody titers against
Newcastle disease virus were higher (P < 0.05) in broilers fed the LGPP and HGPP diets than
in those fed the control diet. Antibody titers against infectious bursal disease virus were higher
(P < 0.05) in broilers fed the HGPP diet than in all of the remaining dietary treatment groups.
Histopathological examination of kidney and liver tissues showed no changes in birds fed
LGPP and MGPP diets; however, mild effects were observed in some birds fed HGPP diet.
Replacement of vitamin E with GPP resulted in lower cost per kg broiler feed. In conclusion,
replacement of 75 ppm vitamin E with GPP improved antioxidant status and immune response
of broilers at lower feed cost without any significant effect on histopathology of organs.
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DESCRIPTION OF PROBLEM

Grapes (Vitis vinifera) are one of world largest
fruit crop with annual production of 61 mil-
lion metric tons. The destemming, crushing, and
pressing of grapes during processing for ethanol
and wine production results in huge quantities
of byproducts including stems, skins, seeds, and
peels. These byproducts are rich in a wide range
of polyphenols like flavonoids, monomeric phe-
nolic compounds, catechins, and epicatechins
[1]. The grape polyphenols (GPP) have the
capacity to act as powerful antioxidants by scav-
enging free-radicals and terminating oxidative
reactions [1–4]. Many researchers have supple-
mented broilers diets with grape seed extracts
or grape pomace alone or in combination with
vitamin E. Positive effects on antioxidant status,
relative organs weight, and intestinal length have
been reported [1, 3–5]. Various plant polyphe-
nolic compounds have also been studied widely
due to their antioxidant and antimicrobial ac-
tivities. Plant extracts rich in these polyphe-
nols have been successfully used to help protect
against diseases caused by many pathogens [6].
Specifically, quercetin, hydroxytyrosol, resvera-
trol, and some other phenolic compounds have
been reported to protect against infection by
several pathogenic microorganisms in animals
[7]. Therefore, GPP present in grape byproducts
could be effectively used as a feed supplement
to improve antioxidant status and immunity of
birds.

Vitamin E has a vital role as an antioxi-
dant and immunomodulator in animal species,
especially in very young and old immuno-
incompetent birds [8]. However, due to its syn-
thetic nature, bio-efficiency problems, uneven
distribution in tissues, and economic reasons,
the researchers continuously search for cost ef-
fective natural alternatives, and GPP, due to their
strong antioxidant properties and less prices,
could be such an alternative. However, very lit-
tle work has been done on the replacement of
vitamin E with GPP in broiler diets and their
subsequent effect on immune and histopatholog-
ical responses. In addition, the previously con-
ducted studies have shown inconsistent results
because the grape seed extracts or grape pomace
was used instead of purified polyphenols. These
by products may vary in contents of different

polyphenols. Therefore, the present study was
planned to investigate the replacement effects of
vitamin E with GPP on antioxidant status, im-
mune response, and histopathology of various
organs of broilers from 1- to 35-d age.

MATERIALS AND METHODS

The study protocol was approved and con-
ducted in accordance with the guidelines of
Directorate of Research, University of Agricul-
ture, Faisalabad.

Birds, Housing, and Feeding Management

One-day-old Hubbard broiler chicks (n =
280; initial BW, 39 ± 0.79 g) were randomly
divided into 28 study units of 10 chicks each.
Birds in each experimental unit were placed in
separate pens measuring 5 × 2.5 ft. The birds
were vaccinated against Newcastle disease (ND)
virus on d 7 (eye drops) and 28 (drinking water),
and against infectious bursal disease (IBD) virus
on d 9 and 21 (drinking water). The birds were
kept under standard management conditions of
temperature, light, and ventilation. Fresh, clean
drinking water was provided ad-libitum to the
birds round the clock.

Study Diets

A starter control diet was formulated hav-
ing 22.5% CP, 3,200 kcal/kg ME, and 100 ppm
vitamin E50 [50 IU DL-α-tocopheryl acetate
(CON)]. The other dietary treatments were ob-
tained by replacing vitamin E on wt:wt ratio,
with 25 [low GPP (LGPP)], 50 [medium GPP
(MGPP)], and 75 ppm [high GPP (HGPP)] GPP
[9] in control diet. For this purpose, a vitamin
premix with zero level of vitamin E and GPP
was prepared and vitamin E and GPP were added
to this premix to arrive at the required amounts.
Likewise, a control finisher diet (20% CP and
3,200 kcal/kg ME) and LGPP, MGPP, and HGPP
diets were formulated having the same propor-
tions of GPP and vitamin E as in the respective
starter diets. GPP concentrate contained 7.7%
CP, and greater than 3.85 and 2.7% total polyphe-
nols and proanthocyanidins, respectively [10].
The starter and finisher control diets were
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Table 1. Ingredient and nutrient composition of
starter and finisher control diets.

Ingredients (%) Starter diet Finisher diet

Maize 42.00 45.00
Rice tips 20.00 21.00
Corn gluten meal 60% 3.72 3.56
Soybean meal 48% 23.00 20.00
Fish meal 60% 5.00 5.00
Limestone 1.17 1.00
Dicalcium phosphate 0.38 0.37
L-Lysine sulfate 0.29 0.25
DL-Methionine 0.17 0.08
Common salt 0.27 0.24
Sunflower oil 3.50 3.00
Vitamin/mineral premix1 0.50 0.50
Total 100 100
Nutrient composition (%)
ME (kcal/kg) 3,200 3,200
CP 22.5 20.0
Crude fiber 3.73 3.48
Calcium 1.00 0.90
Phosphorus 0.50 0.44
Lysine 1.10 1.00
Methionine 0.50 0.40

1Supplied per kg of diet: Vitamin A (as retinyl acetate),

4,360 IU; vitamin D3 (as cholecalciferol), 1,000 IU; vitamin

K (menadione sodium bisulfite), 2.8 mg; thiamine, 1.5 mg;

riboflavin, 6 mg; niacin, 30 mg; pantothenic acid, 14 mg;

pyridoxine, 1.5 mg; cyanocobalamin, 0.016 mg; folic acid,

1 mg; biotin, 0.1 mg; manganese, 600 mg; zinc, 200 mg;

ferrous, 150 mg; copper, 30 mg; sodium chloride, 1,500 mg.

formulated using Win Feed 2.6 [11] and their
nutrient composition either met or exceeded the
NRC [12] recommendations, except for CP dur-
ing starter period (Table 1). Each dietary treat-
ment was randomly assigned to 7 replicate pens.
Starter and finisher diets were fed at ad-libitum
from d 1 to 21 and d 22 to 35, respectively.

Data Collection and Analysis

On the last day of the study, 2 birds/pen were
selected and slaughtered to obtain breast and
thigh tissue samples. The samples were stored
in polyethylene zipper bags at −20◦C until ana-
lyzed for antioxidant activity at d 7 storage. To-
tal phenolic contents of homogenized mixtures
of breast and leg muscles were calculated us-
ing the Folin–Ciocalteu method as described by
Blainski et al. [13]. The free-radicals scaveng-
ing activity was measured by thiobarbituric acid
reactive substances, measured in μg malonalde-

hyde per g meat, as described by Rababah et al.
[14]. Two birds/pen were also selected for taking
blood samples from wing vein. After coagula-
tion, the serum was collected and stored refrig-
erated for further analysis. Harvested serum was
used to assess antibody titer of the birds against
ND through hemagglutination inhibition test fol-
lowing method reported by Numan et al. [15]
with some modifications and IBD through indi-
rect hemagglutination (IHA) following method
of Rahman et al. [16]. In first test, after making
2-fold serial dilution of serum to be tested up to
the 10th well, 4 haemagglutination units of ND
virus were added up to the 11th well and kept at
25 to 30◦C for 25 to 30 min. Then 1% chicken
red blood cell (RBC) suspension was added into
each well. The samples showing peculiar central
button shaped setting of RBCs were recorded as
positive and maximum dilution of each sample
causing hemagglutination inhibition was consid-
ered as the end. In the second test, after making
2-fold serial dilution of serum to be tested, an
equal quantity of sensitized sheep RBCs (1%)
was added to each well. The plates were gently
tapped to ensure even dispersion of erythrocytes
and then kept at 37◦C for 30 min for incuba-
tion. In comparison to the negative RBC, de-
gree of agglutination (reticulum setting) in each
row was recorded. The indirect hemagglutina-
tion titer of each sample was described as re-
ciprocal of its end dilution. Tissue samples from
liver and kidney of slaughtered birds were also
taken at the end of trial. These samples were
preserved in neutral buffered formalin until pro-
cessed through paraffin method for the detection
of any histopathological changes [17]. The as-
sessment was done under light microscope [18].
The economical evaluation was done in terms of
feed cost and cost per kg live weight gain during
the overall study period.

Statistical Analysis

The data were analyzed by using ANOVA
technique in a completely randomized design
and means were compared by Duncun’s multiple
range test [19]. Regression analyses were also
done to estimate the birds’ response to various
dietary treatments.
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Table 2. Antioxidant activity in breast and leg muscles of broilers fed diets
containing different levels of vitamin E and grape polyphenols.1

Study diets2 Probabilities3

Parameters Con LGPP MGPP HGPP SEM L Q

Total phenolic content (mg/g)

Breast 98.0d 107.2c 118.7b 128.0a 0.18 ∗ NS
Leg 97.0d 105.1c 114.3b 122.7a 0.41 ∗ NS

Thiobarbituric acid reactive substances (μg/g)

Breast 1.10a 1.00b 0.80d 0.90c 1.22 ∗ ∗
Leg 1.18a 1.10b 0.90d 0.95c 1.25 ∗ ∗
a–dMeans within a row with different superscripts differ significantly (P < 0.05).
1Mean of seven replicates with 2 birds from each replicate.
2Con: = Control (100 ppm vitamin E + 0 ppm GPP); LGPP = Low grape polyphenols (75 ppm

vitamin E + 25 ppm GPP); MGPP = Medium grape polyphenols (50 ppm vitamin E + 50 ppm

GPP); HGPP = High grape polyphenols (25 ppm vitamin E + 75 ppm GPP).
3L and Q = linear and quadratic response, respectively, to increasing grape polyphenols level;

NS = Nonsignificant (P > 0.05); Asterisk = Significant (P < 0.05).

Table 3. ND and IBD antibody titers of broilers fed diets containing different levels of
vitamin E and grape polyphenols.1

Experimental diets2 Probabilities3

Parameters Con LGPP MGPP HGPP SEM L Q

ND antibody titer4 918.2b 1,388.7a 1,059.8a,b 1,461.8a 26.5 ∗ ∗
IBD antibody titer5 9.09b 11.98b 14.11b 63.38a 8.53 ∗ NS

a–bMeans within a row with different superscripts differ significantly (P < 0.05).
1Mean of seven replicates with 2 birds from each replicate.
2Con: = Control (100 ppm vitamin E + 0 ppm GPP); LGPP = Low grape polyphenols

(75 ppm vitamin E + 25 ppm GPP); MGPP = Medium grape polyphenols (50 ppm vitamin E

+ 50 ppm GPP); HGPP = High grape polyphenols (25 ppm vitamin E + 75 ppm GPP).
3L and Q = linear and quadratic response, respectively, to increasing grape polyphenols level; NS

= Nonsignificant (P > 0.05); Asterisk = Significant (P < 0.05).
4Geometric mean hemagglutination inhibition values for each sample.
5Geometric mean indirect hemagglutination values for each sample.

RESULTS

Replacement of vitamin E with GPP resulted
in improved antioxidant status in breast and leg
muscles of the birds. The total phenolic con-
tents increased linearly (P < 0.05) with increased
GPP level in the diet whereas a quadratic re-
sponse was observed in thiobarbituric acid re-
active substances level with MGPP showing the
lowest (P < 0.05) value (Table 2). GPP showed
immune boosting effects when proportionally
used in place of vitamin E up to 75%. Anti-
body titers against ND virus were higher (P <

0.05) in broilers fed the LGPP and HGPP di-
ets than in those fed the control diet. Antibody

titers against IBD virus were higher (P < 0.05)
in broilers fed the HGPP diet than in all of the re-
maining dietary treatment groups (Table 3). The
livers and kidneys of some birds fed the HGPP
diet showed mild discoloration and congestion.
When observed microscopically, livers of those
birds showed mild vacuolation, mononuclear
cell infiltration in the portal area, and newly
formed bile ducts (Figure 1). Similarly, kidneys
of birds in the HGPP group exhibited several
vacuolar degenerations of tubular epithelium and
mild to moderate congestion (Figure 2). Re-
placement of vitamin E with GPP resulted in
lower feed cost and cost per kg live weight gain
(Table 4).
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Figure 1. Photomicrograph of liver of birds fed HGPP diet, showing mild vacuolation and mononuclear cell infiltration
at portal area (X-200).

DISCUSSION

Few references exist in literature in relation
to feeding grape by products to chickens. In the
present study, the antioxidant status of birds fed
GPP diets was improved. This might be due to
the presence of flavonoids including proantho-
cyanidins, catechin, and epicatechin monomers
and oligomers in GPP, which have been reported
to exhibit strong antioxidant properties [1]. In
addition, they also restabilize the vitamin E uti-
lized against oxidants and improve its function-
ality. Konowalchuk and Speirs [20] reported that
grape seed proanthocyanidins show up to 50
times more antioxidant activity than vitamin E.
The present results were in agreement with the
findings of Brenes et al. [3] who reported that
grape seed extracts exhibit higher free-radicals
scavenging activity in both starter and finisher
periods. Other researchers also reported grape
seed extracts to have better antioxidant prop-

erties and free-radical scavenging activity than
vitamin E [2, 5].

The inclusion of GPP in place of vitamin E
in broiler diets resulted in improved antibody
titers against ND and IBD virus. Immunity is
influenced by oxidative stress and improving
antioxidant status of the animal may enhance
their immunity. In addition, the GPP extracted
from stems, seeds and peels of grapes are rich
in a polyphenol called resveratrol (RV). RV has
been reported to show strong antiviral properties
against a wide variety of viruses in mice and hu-
mans including influenza virus [21], herpes sim-
plex virus Type 1 [22], and polyomavirus [23]. A
low dose of RV has also been reported to enhance
immune response in mice [24]. RV might have
stopped the replication of ND and IBD virus,
and stimulated birds’ immune response resulting
in prolonged antibody titers. Several researchers
have also reported polyphenols’ action against
many bacterial species in poultry [4, 6, 7].
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Figure 2. Photomicrograph of the kidneys of birds fed HGPP diet, showing several vacuolar degeneration in the
epithelium and mild congestion (X-200).

Table 4. Economic evaluation of different dietary
treatments containing various levels of vitamin E and
grape polyphenols from 1- to 35-d age.

Study diets3

Parameters Con LGPP MGPP HGPP

Cost of feed1 44.16 44.14 44.13 44.11
Cost per kg live weight2 72.42 72.38 71.93 71.90

1Rs. per kg feed.
2Rs. per kg live weight gain.
3Con: = Control (100 ppm vitamin E + 0 ppm GPP); LGPP

= Low grape polyphenols (75 ppm vitamin E + 25 ppm

GPP); MGPP = Medium grape polyphenols (50 ppm vitamin

E + 50 ppm GPP); HGPP = High grape polyphenols (25 ppm

vitamin E + 75 ppm GPP).

However, Srikhun et al. [25] reported no impact
of tamarind seed coat extracted polyphenols on
ND titer of heat stressed broilers.

Regarding histopathological examination, no
changes were observed in the livers and kid-
neys of birds fed LGPP and MGPP diets. Sim-
ilarly, mild changes in the livers and kidneys
of birds fed HGPP diet suggested that even
higher polyphenols levels are relatively nontoxic

to birds. No such results have been reported pre-
viously on histopathology of organs in broilers
fed on GPP; however, Haseeb et al. [26] re-
ported protective effects of grape seed extract
against aluminum toxicity in rats. Similarly, Sun
et al. [27] also reported alleviating effects of
grape polyphenols on chronic ethanol induced
morphological changes in rats. Grape seed ex-
tract was reported to have many other beneficial
effects like the hepato-protection [28], protec-
tion for silica-induced pulmonary fibrosis [29],
and ethanol-induced oxidative damage and ulcer
[30].

Replacement of vitamin E with GPP resulted
in reduced feed cost. In the present study, the
growth performance was not affected with higher
GPP levels [31]. The study averages for feed
intake, weight gain, and FCR were 3,019 g,
1,840 g, and 1.64, respectively (data not shown).
The cost per kg live weight gain was also re-
duced during overall study period. The highest
economic returns were observed in group fed
HGPP diet which indicated that its use is bene-
ficial for economical broiler production.
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CONCULSION AND APPLICATION

1. In conclusion, GPP could be used as re-
placement of vitamin E in broiler diets. Re-
placement of 75 ppm vitamin E with GPP
improved antioxidant status and immune re-
sponse of broilers at a lower feed cost with-
out any significant effect on physiology or
health of birds.

2. The results also suggested that a combina-
tion of a base level of vitamin E with higher
GPP is a more efficient and economical way
to obtain optimal results.

3. Further research is needed to determine the
effect of individual GPP and their various
dose rates on broiler performance.
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