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  ABSTRACT   Resveratrol, a polyphenol derived from 
red grapes, berries, and peanuts, exerts antiinflamma-
tory, antioxidant, and immunomodulatory effects. The 
objective of this study was to investigate the effects 
of dietary resveratrol supplementation on performance 
and serum and egg yolk antioxidant status in quail 
(Coturnix coturnix japonica). A total of 150 five-week-
old quails were allocated randomly to 1 of 3 dietary 
treatments: basal diet and basal diet supplemented 
with 200 or 400 mg of resveratrol/kg of diet. Each diet 
was offered to 10 cages of 5 birds in each from 4 to 
16 wk of age. Serum and egg samples were collected 
at the beginning and end the experimental period to 
be evaluated for malondialdehyde (MDA), vitamin A, 
and vitamin E. Data were subjected to analysis of co-
variance using the MIXED procedure. There was no 
treatment effect on feed intake, egg production, or egg 
quality parameters related to shell, yolk, and albumen. 
There were no effects of resveratrol supplementation 
on serum and egg yolk vitamin A concentrations. The 

quails supplemented with resveratrol had a lower serum 
MDA concentration (0.56 vs. 0.88 mg/L, P < 0.03) 
and a higher serum vitamin E concentration (5.72 vs. 
3.56 mg/L, P < 0.008) than those not supplemented 
with resveratrol. Moreover, there was a linear decrease 
in serum MDA concentration (P < 0.02) and a linear 
increase in serum vitamin E concentration (P < 0.01) 
as supplemental resveratrol level increased. The treat-
ment groups had less egg yolk MDA concentration than 
the control group (0.21 vs. 0.15 μg/g, P < 0.002). Egg 
yolk MDA concentration decreased linearly in response 
to increasing dietary resveratrol level (P < 0.0003). In 
conclusion, inclusion of resveratrol up to 400 mg/kg 
into quail diets enhanced antioxidant status of birds 
and eggs. Further studies should investigate the car-
ryover effects of dietary resveratrol supplementation on 
product quality with respect to shelf life, antioxidant 
stability, and its nutritive value for human consump-
tion. 
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  INTRODUCTION 
  Resveratrol (trans-3,5,4’-trihydroxystilbene) is a stil-

bene-type aromatic phytoalexin predominantly found 
in grapes, peanuts, berries, and turmeric and it exerts 
numerous biological effects (Frémont, 2000; Pirola and 
Fröjdö, 2008), including cardioprotective, antioxidant, 
antiaging, anticancer and antiinflammatory, immuno-
modulatory, and metabolic modifier activities that are 
considered in the treatment and management of a vast 
array of human diseases. Moreover, deacetylase silent 

information regulation 2/silent information regulation 
2 homolog 1, an enzyme promoting stress resistance and 
aging, is the target of resveratrol (Chen and Guarente, 
2007). Antiaging, anticarcinogenic, and immunostimu-
lant effects of resveratrol are also linked to inhibitions 
of phosphoinositide 3-kinase that cause downregulation 
of insulin-like pathways (Fröjdö et al., 2007) and of 
nuclear factor κB activation and cyclooxygenase-2 and 
matrix metalloprotease-9 activities (Banerjee et al., 
2002; Shakibaei et al., 2009). 

  Lipid oxidation is a process that has significant effect 
on the food industry because it can alter food qual-
ity (rancidity, flavor, odor, and color) and may lead to 
toxic end product accumulation (Lin and Liang, 2002). 
Antioxidant agents and some natural substances (e.g., 
resveratrol) that possess antioxidant potentials are com-
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monly used to control oxidation of polyunsaturated fats 
in foods. Due to rich nutrient contents (triacylglycerols, 
phospholipids, and proteins), egg yolk is widely used as 
an ingredient in various food products and is thus ex-
posed to lipid peroxidation. Dietary supplementation of 
antioxidant nutrients (e.g., vitamin E, vitamin A, and 
lycopene) is one of the effective ways to minimize lipid 
peroxidation in eggs at farm level because these com-
pounds are transferred into egg yolk and meat (Guo et 
al., 2001; Sahin and Kucuk, 2003; Sahin et al., 2008). 
It is also well-established that high dietary antioxidant 
content improves food quality parameters such as color, 
tenderness, and storage properties (Flachowsky et al., 
2002).

Resveratrol exerts antioxidant effect via prevention 
of peroxidation of the apolipoprotein B protein asso-
ciated with low-density lipoprotein (Shakibaei et al., 
2009) and restoration of tissue glutathione and plasma 
total antioxidant capacity and tissue malondialdehyde 
(MDA) and myeloperoxidase activity (Zhong et al., 
1999; Sehirli et al., 2008) through acting as an electron 
donor (Kohnen et al., 2007). Antiinflammatory effects 
of resveratrol are associated with increased proinflam-
matory mediators such as tumor necrosis factor α; in-
terleukins 2, 6, and 12; interferon-γ; and prostaglandin 
E2 (Zhong et al., 1999; Sehirli et al., 2008). To our 
knowledge, this is the first experiment dealing with an-
tioxidant and antiinflammatory effects of resveratrol in 
poultry. The objective of this experiment was therefore 
to examine the effects of resveratrol supplementation 
on egg production, egg quality, and antioxidant and an-

tiinflammatory statuses as reflected by serum and egg 
yolk vitamins (A and E), MDA, and liver heat shock 
protein 70 (Hsp70) levels.

MATERIALS AND METHODS

Birds, Diets, and Management
One hundred fifty 5-wk-old Japanese quails (Coturnix 

coturnix japonica), provided by a commercial company 
(Insanay AY Kanatli Hayvan Uretim Paz. Tic. Inc., 
Elazig, Turkey) were used in accordance with ani-
mal welfare regulations at the Veterinary Control and 
Research Institute of Elazig, Turkey. All quails were 
hatched from a large group of the parent stock that 
were of identical age.

Birds were fed a diet containing no resveratrol during 
the pretest period (0 to 4 wk). After grouping homog-
enously by BW, the quails were assigned randomly to 
1 of 3 diets (Table 1) for 12 wk: basal diet not supple-
mented with resveratrol and basal diet supplemented 
with 200 or 400 mg/kg of resveratrol (50%, Resveratrol, 
Solgar, Istanbul, Turkey). Resveratrol contained natu-
rally derived resveratrol from Polygonum cuspidatum. 
The diets were prepared in batches and stored in black 
plastic containers at 4°C to avoid photooxidation.

Each diet was replicated in 10 cages (300 cm2/bird), 
each containing 5 quails. During the experimental pe-
riod (12 wk), the quails were exposed to a 17-h daily 
photoperiod and had free choice of feed and water.

Performance Variables and Egg Quality
Feed consumption was measured weekly and egg pro-

duction was recorded daily during the experimental pe-
riod. Egg samples collected randomly (1 egg from each 
cage; 10 per treatment) at the beginning (wk 4) and 
end (wk 16) of the experimental periods were analyzed 
to assess egg quality, using the following formulas as 
summarized by Ergün et al. (1987): shape index (%) 
= (egg width, cm/egg length, cm) × 100; albumen in-
dex (%) = (albumen height, mm/average of albumen 
length, mm and albumen width, mm) × 100; yolk in-
dex (%) = (yolk height, mm/yolk diameter, mm) × 
100; and Haugh unit = 100 × log (H + 7.57 − 1.7 × 
W0.37), where H = albumen height, mm (TLM-N1010, 
Saginomiya, Tokyo, Japan) and W = egg weight, g. 
Yolk color was determined by using a commercially 
available yolk color fan according to the CIE standard 
colorimetric system (F. Hoffman-La Roche Ltd., Basel, 
Switzerland).

Sample Collections  
and Laboratory Analyses

At the end of the pretest (wk 4) and experimental 
(wk 16) periods, blood samples were taken from the 
axillary vein of 1 bird from each cage (10 samples per 
treatment in both periods) and put into additive-free 

Table 1. Ingredients and nutrient composition of the basal 
diet1 

Item Amount

Ingredient, %
 Corn 53.76
 Soybean meal, 44% CP 29.27
 Soy oil 4.85
 Salt 0.31
 dl-Methionine 0.20
 Limestone 9.50
 Dicalcium phosphate 1.76
 Vitamin and mineral premix2 0.35
Nutrient composition  
 ME,3 kcal/kg 2,830
 CP, % 17.95
 Ca, % 3.96
 P, % 0.63
 Methionine, % 0.42
 Lysine, % 1.05

1Resveratrol [200 and 400 mg/kg of resveratrol (50%, Resveratrol, Sol-
gar, Istanbul, Turkey)] was added to basal diet at the expense of corn.

2Per kilogram contained the following: vitamin A, 8,000 IU; vitamin 
D3, 3,000 IU; vitamin E, 25 IU; menadione, 1.5 mg; vitamin B12, 0.02 
mg; biotin, 0.1 mg; folacin, 1 mg; niacin, 50 mg; pantothenic acid, 15 
mg; pyridoxine, 4 mg; riboflavin, 10 mg; thiamin, 3 mg; copper (copper 
sulfate), 10.00 mg; iodine (ethylenediamine dihydriodide), 1.00 mg; iron 
(ferrous sulfate monohydrate), 50.00 mg; manganese (manganese sulfate 
monohydrate), 60.00 mg; zinc (zinc sulfate monohydrate), 60.00 mg; and 
selenium (sodium selenite), 0.42 mg.

3Calculated value according to tabular values listed for the feed ingre-
dients (Jurgens, 1996).
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vacutainers. After letting samples stand for 1 h, they 
were centrifuged at 3,000 × g for 10 min and aliquots 
were transferred to microfuge tubes. The sera were kept 
on ice and protected from light to avoid any artifac-
tual oxidation during sampling and were then stored at 
−80°C until analyses. One egg from each cage was also 
collected at the end of the pretest and experimental 
periods and stored at −80°C until analyses. Blood sera 
and egg yolk were analyzed for vitamins (A and E) and 
MDA.

The diet protein content was analyzed using the 
Kjeldahl method (AOAC, 1990) and energy, mineral 
(calcium and phosphorus), and amino acid (methionine 
and lysine) contents were calculated from tabular val-
ues listed for the feedstuffs (Jurgens, 1996). Contents of 
vitamins (Franchini et al., 2002) and MDA (Karatepe, 
2004) in serum and egg yolk were determined using 
the fully automatic HPLC (Shimadzu, Kyoto, Japan), 
consisting of a pump (LC-20AD), a UV-visible detec-
tor (SPD-20A), an inertsil ODS-3 C18 column (250 
× 4.6 mm, 5 m), a column oven (CTO-10ASVP), an 
autosampler (SIL-20A), a degasser unit (DGU-20A5), 
and a computer system with LC solution software (Shi-
madzu). Intra- and interassay CV were 4.5 and 5.8% 
for vitamin E, 3.5 and 4.9% for vitamin A, and 2.9 and 
4.2% for MDA.

After blood sampling, the quails were killed to assess 
Hsp70 in the liver using the Western blot technique. 
Briefly, after homogenization in PBS with protease 
inhibitor cocktail (Calbiochem, San Diego, CA), the 
supernatants (20 mg of protein per lane) were mixed 
with sample buffer, boiled for 5 min, separated by SDS-
PAGE (12%) under denaturing conditions, and then 
electroblotted onto nitrocellulose membranes. Nitrocel-
lulose blots were washed in PBS and blocked with 1% 

BSA in PBS for 1 h before application of the primary 
antibody. Chicken antibodies against Hsp70 antibody 
(ab6535) were commercially available (Abcam, Cam-
bridge, UK). Primary antibody was diluted (1:1,000) 
in the same buffer containing 0.05% Tween-20. The ni-
trocellulose membrane was incubated overnight at 4°C 
with proteins’ antibody. The blots were washed and 
incubated with horseradish peroxidase-conjugated goat 
anti-rabbit or anti-mouse IgG (Abcam). Specific bind-
ing was detected using diaminobenzidine and H2O2 
as substrates. Protein loading was controlled using a 
monoclonal mouse antibody against β-actin antibody 
(A5316, Sigma, St. Louis, MO). Protein levels were 
analyzed densitometrically using an image analysis sys-
tem (Image J, National Institutes of Health, Bethesda, 
MD).

Statistical Analyses
In sample size calculation, a 10% improvement in egg 

MDA concentration was considered to be significant 
at type I error of 0.05 with the power of 0.85. Data 
were subjected to 1-way analysis of covariance using 
the PROC MIXED procedure (SAS, 2002). The linear 
model to test the effects of dietary resveratrol supple-
mentation on performance and egg quality as well as 
serum and egg yolk vitamins and MDA concentrations 
was yij = μ + b0 + Ri + ej, where y = response vari-
able; μ = population mean; b0 = covariate, measure-
ments obtained at the end of the pretest period; R = 
resveratrol supplementation; and e = residual error be-
ing N (σ, μ; 0, 1). The model also included orthogo-
nal and polynomial contrast to determine resveratrol 
supplementation effect and changes in response vari-
able with increasing dietary resveratrol supplementa-

Table 2. Effect of resveratrol supplementation on performance and egg quality in quails 

Response variable1

Resveratrol,2 mg/kg

SEM

Contrasts,3 P <

0 200 400 C vs. R LR QR

Performance        
 Feed intake, g/d 31.9 32.8 32.3 0.97 0.61 0.76 0.81
 Egg production, % 92.0 93.0 93.0 1.54 0.78 0.81 0.87
Egg quality        
 Egg weight, g 12.41 12.12 11.68 0.31 0.19 0.11 0.84
 Eggshell weight, g 1.097 1.133 1.086 0.029 0.73 0.79 0.26
 Shell thickness, mm·10−2 3.027 3.123 3.016 0.094 0.71 0.94 0.38
 Shape index, % 77.76 77.17 77.19 1.08 0.66 0.71 0.82
 Albumen height, mm 0.460 0.500 0.480 0.019 0.21 0.47 0.21
 Albumen width, mm 4.210 4.110 4.100 0.113 0.45 0.50 0.75
 Albumen index, % 21.93 24.54 23.63 1.15 0.14 0.30 0.22
 Haugh unit, % 57.00 57.88 58.31 0.47 0.07 0.06 0.70
 Yolk color 6.60 6.10 6.50 0.30 0.42 0.81 0.23
 Yolk height, cm 1.180 1.200 1.140 0.023 0.72 0.22 0.16
 Yolk diameter, cm 2.460 2.400 2.300 0.052 0.10 0.04 0.76
 Yolk width, cm 2.610 2.560 2.520 0.026 0.04 0.02 0.88
 Yolk length, cm 3.360 3.320 3.270 0.042 0.22 0.14 0.92
 Yolk index, % 48.12 50.16 49.66 1.16 0.22 0.35 0.38

1Haugh unit = 100 × log(H + 7.57 − 1.7 × W0.37), where H = albumen height, mm, and W = egg weight, g.
2Values are least squares means for 10 cages, each containing 5 quails.
3C vs. R = resveratrol effect, contrasting control vs. resveratrol; LR = linear effect of resveratrol supplementation; QR = quadratic effect of res-

veratrol supplementation.
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tion, respectively. Correlations among independent and 
dependent variables were determined using the CORR 
procedure (SAS, 2002). Statistical significance was de-
clared at probability value less than 0.05.

RESULTS

Performance and Egg Quality
Dietary resveratrol supplementation affected neither 

feed intake nor egg production (Table 2). The mean 
daily feed intake and egg production were 32.3 g and 
92.7%, respectively. Overall, resveratrol supplementa-
tion did not affect egg quality parameters, except for 
yolk width. Comparing with the quails fed the basal 
diet, the quails supplemented with resveratrol pro-
duced eggs with narrower egg yolk (2.61 vs. 2.54 cm, P 
< 0.04; Table 2). Moreover, egg yolk width decreased 

linearly as the amount of supplemental resveratrol in-
creased (P < 0.02; Table 2). Haugh unit tended to be 
higher (P < 0.07), whereas egg yolk diameter tended 
to be lower (P < 0.10) for the quails supplemented 
with resveratrol than for those not supplemented with 
resveratrol (Table 2). As the amount of supplemental 
resveratrol increased (Table 2), there was a tendency of 
linear increase in Haugh unit (P < 0.06) and a linear 
decrease in egg yolk diameter (P < 0.04).

Serum and Egg Yolk Antioxidant Status
There were no differences in the pretest serum MDA 

(0.87 ± 0.25, mg/L; P < 0.95), vitamin A (1.56 ± 0.20, 
mg/L; P < 0.89), and vitamin E (3.55 ± 0.93, mg/L; P 
< 0.91) concentrations (mean ± SE). Dietary resvera-
trol supplementation did not affect serum vitamin A 
concentration (Figure 1). The quails supplemented with 

Figure 1. Effects of dietary resveratrol supplementation on serum malondialdehyde (MDA), vitamin A, and vitamin E levels in quails. Prob-
abilities of significance for basal diet versus diet supplemented with resveratrol and linear effect of resveratrol supplementation were less than 0.03 
and 0.02 for serum MDA, 0.15 and 0.47 for serum vitamin A, and 0.008 and 0.01 for serum vitamin E, respectively. There was no quadratic effect 
of resveratrol supplementation on serum measurements.
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resveratrol had lower serum MDA (0.88 vs. 0.56 mg/L, 
P < 0.03) concentration and had higher serum vitamin 
E concentration (3.56 vs. 5.72 mg/L, P < 0.008) than 
those fed the basal diet. With increasing the amount of 
supplemental resveratrol in the diet (Figure 1), serum 
MDA (P < 0.02) concentration decreased linearly and 
serum vitamin E concentration increased linearly (P < 
0.01).

The pretest egg yolk MDA (0.20 ± 0.03, μg/g; P < 
0.82), vitamin A (2.16 ± 0.18, μg/g; P < 0.83), and vi-
tamin E (91.42 ± 3.09, μg/g; P < 0.93) concentrations 
were also similar across the experimental groups (mean 
± SE). Egg yolk vitamin A concentration was not af-
fected by dietary resveratrol supplementation (Figure 
2). The egg yolk MDA concentration for quails supple-
mented with resveratrol was lower than for those not 

supplemented with resveratrol (0.21 vs. 0.15 μg/g, P 
< 0.002). Moreover, egg yolk MDA concentration de-
creased linearly with increasing dietary resveratrol level 
(P < 0.0003; Figure 2). Overall, there was no difference 
in egg yolk vitamin E concentrations between quails fed 
the basal diet and quails supplemented with resveratrol 
(92.57 vs. 85.27 μg/g, P < 0.18), but it tended to de-
crease with increasing the amount of dietary resveratrol 
supplementation (P < 0.08; Figure 2).

Liver Hsp70 protein (Figure 3) content was 25% low-
er for the control quails than for those supplemented 
with resveratrol (P < 0.0001) and it decreased linearly 
to 60% (P < 0.0001).

Resveratrol intake was correlated positively with se-
rum (r = 0.59; P < 0.01) and egg yolk (r = −0.42; P 
< 0.01) vitamin E concentrations and negatively corre-

Figure 2. Effects of dietary resveratrol supplementation on egg yolk malondialdehyde (MDA), vitamin A, and vitamin E levels in quails. 
Probabilities of significance for basal diet versus diet supplemented with resveratrol and linear effect of resveratrol supplementation were less than 
0.002 and 0.0003 for egg yolk MDA, 0.22 and 0.30 for egg yolk vitamin A, and 0.18 and 0.08 for egg yolk vitamin E, respectively. There was no 
quadratic effect of resveratrol supplementation on egg yolk measurements.
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lated with serum (r = −0.53; P < 0.05) and egg yolk (r 
= −0.72; P < 0.01) MDA concentrations. Serum MDA 
concentration was correlated positively with serum vi-
tamin A (r = 0.59; P < 0.01) and egg yolk MDA (r = 
0.44; P < 0.10) concentrations and negatively corre-
lated with serum vitamin E concentration (r = −0.46; 
P < 0.10) (Table 3). Serum vitamin A concentration 
was not correlated with any variables, but there was a 
negative correlation between serum vitamin E and egg 
yolk MDA (r = 0.44; P < 0.10) concentrations. There 
was also a negative correlation between egg yolk MDA 
and vitamin E (r = −0.42; P < 0.10) concentrations. 
Serum and egg yolk concentrations of MDA and vita-
mins (A and E) were not correlated with yolk color and 
yolk index.

DISCUSSION
Resveratrol was first isolated in 1940 as a constitu-

ent of the roots of white hellebore (Veratrum grandi-
florum O. Loes) but has since been found in various 
plants, including grapes, berries, and peanuts. It exerts 
a wide range of biological effects, of which antioxidant 
(Kasdallah-Grissa et al., 2007; Bujanda et al., 2008; 
Shakibaei et al., 2009) and antiinflammatory effects 
(Donnelly et al., 2004) may be pertinent to improving 
quality of poultry products.

Biological effects of resveratrol have been enormously 
tested in in vivo experiments involving laboratory ani-
mals and in vitro experiments as well as retrospective 
clinical trials involving humans. To our knowledge, how-
ever, there is no production report coping with dietary 
resveratrol supplementation to poultry and its meta-
bolic fate in poultry species in the literature. The oral 
bioavailability of resveratrol is independent from dose 
and aqueous solubility (Das et al., 2008). Juan et al. 
(2002) tested a very high dose of oral supplementation 
of resveratrol to rats (20 mg/kg for 20 d), 1,000 times 
the amount consumed by a 70-kg person taking 1.4 g of 
trans-resveratrol/d, and reported no adverse effects on 
growth, water and feed intakes, and hematological and 
biochemical variables as well as histopathological alter-
ation. Pharmacokinetic studies revealed that the target 
organs of resveratrol are liver and kidney, where it is 
concentrated after absorption and is mainly converted 
to a sulfated form and a glucuronide conjugate (Vitrac 
et al., 2003; Wenzel et al., 2005) and excreted via fe-
ces and urine (Wenzel and Somoza, 2005). No phenolic 
degradation products were detected in urine or tissues 
indicating that unlike flavonoids, resveratrol does not 
serve as a substrate for colonic microflora (Abd El-
Mohsen et al., 2006). In this experiment (Table 2), feed 
intake, egg production, and outer and inner egg quality 
indicators were not affected by dietary resveratrol sup-
plementation. Egg production was expected to increase 
because resveratrol was shown to have estrogenic activ-
ity through binding to estrogen receptor α and stimu-
lating Michigan Cancer Foundation-7, a breast cancer 
cell line proliferation (Schmitt et al., 2002). Resveratrol 

may also augment calcium metabolism. Using ovariec-
tomized rats, Liu et al. (2005) showed that resveratrol 
(0.7 mg/kg) supplementation increased bone mineral 
density and inhibited femur calcium loss associated 
with estrogen deficiency. In this experiment, however, 
eggshell thickness was not affected by resveratrol sup-
plementation (Table 2).

Studies to improve oxidative stability of eggs and 
meat via dietary antioxidant enrichments (Cherian et 
al., 1996; Guo et al., 2001; Sahin et al., 2008) reveal an 
inverse relationship between levels of dietary antioxi-
dant and MDA contents in egg yolk, meat, and blood 
serum, a lipid peroxidation indicator in the poultry 
products. Despite its well-known antioxidant and hy-
polipidemic effects, antioxidant parameters in poultry 
species supplemented with resveratrol are lacking. In 
this experiment, serum and egg yolk resveratrol content 
were not assayed. However, decreases in both serum 
(Figure 1) and egg yolk (Figure 2) MDA level may 
indicate validity of antioxidant effects of resveratrol in 
poultry species. A decrease in serum and egg yolk MDA 
level could also be related to reduction of serum and 
egg yolk cholesterol level (Zhu et al., 2008), which were 
not measured. Resveratrol is an effective scavenger of 
hydroxyl, superoxide, and metal-induced radicals (Fré-
mont et al., 1999; López-Vélez et al., 2003) and increases 
activities of antioxidant enzymes (Young et al., 2000), 
such catalase, superoxide dismutase, glutathione per-
oxidase, NADPH quinone oxidoreductase, and glutathi-
one S-transferase, as well as activates erythroid-derived 

Figure 3. Effects of dietary resveratrol supplementation on liver 
heat shock protein (Hsp70) content. Probability of significance was 
less than 0.0001 for resveratrol supplementation effect and linear res-
veratrol supplementation effect. Different letters above bars indicate 
significant difference (P < 0.05).
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nuclear factor, a major transcription factor regulating 
antioxidant response (Rubiolo et al., 2008). Resveratrol 
is highly hydrophilic and lipophilic; hence, it is likely to 
be more effective than some other antioxidants, such as 
vitamin E and C (Chanvitayapongs et al., 1997; Mur-
cia and Martinez-Tome, 2001). In other experiments 
involving rats, reversed oxidative stress by resveratrol 
was shown upon exposure to H2O2 (De Almeida et al., 
2008) and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(Lu et al., 2008) in brain tissue and CCl4 in liver (Vita-
glione et al., 2009). Hypolipidemic effect of resveratrol 
through suppressing hepatic lipogenesis (Zern et al., 
2003; Tian, 2006; Cho et al., 2008) and inducing apop-
tosis in adipocytes (Park et al., 2008; Rayalam et al., 
2008a,b) was shown to be accompanied by decreased 
plasma and hepatic TBA reactive substances, another 
lipid peroxidation indicator, and increased serum su-
peroxide dismutase, glutathione peroxidase, and cata-
lase activities (Zhu et al., 2008).

At the cellular level, different stress factors includ-
ing chemical and physiological stress factors (i.e., heat, 
radiation, toxins, viral infections, ethanol, arsenite, and 
gene transfer) increase heat shock protein synthesis. In-
creased heat shock protein protects cells against the 
additional stress via making the cells resistant to harm-
ful insults and apoptosis (Lindquist and Craig, 1988; 
Morimoto et al., 1997; Wang and Edens, 1998). Consti-
tutive expression of Hsp70, a major heat shock protein, 
mediates the protection against cell lysis induced by 
the toxic effect of NO, a reactive oxygen intermedi-
ate created through oxygen-derived free-radical action 
(Bellmann et al., 1996). Resveratrol activates the vita-
gene system, which encodes for cytoprotective Hsp70 
and heme oxygenase 1, as well as thioredoxin reductase 
and sirtuins (Calabrese et al., 2008). Through these 
mechanisms, resveratrol also activates the silent infor-
mation regulation 2 homolog 1 and 5′ adenosine mono-
phosphate-activated protein kinase that are related to 
extending lifespan and improving metabolic disease 
(Ajmo et al., 2008). The quails in this experiment were 
not subjected to any stress-causing practices. However, 
Hsp70 content decreased by 40% in response to increas-
ing dietary resveratrol supplementation (Figure 3).

In conclusion, the inclusion of resveratrol into diets 
could enhance antioxidant status in quails, as reflected 
by dose-dependent decreases in serum MDA and liver 
Hsp70 levels and an increase in serum vitamin E level. 
Moreover, supplemental resveratrol or perhaps its deg-
radation product(s) in the body reduced egg yolk MDA 
content, which may prolong shelf life benefit consum-
ers.

ACKNOWLEDGMENTS

We thank the Veterinary Control and Research In-
stitute of Ministry of Agriculture, Elazig, Turkey, for 
providing the research facility.

REFERENCES
Abd El-Mohsen, M., H. Bayele, G. Kuhnle, G. Gibson, E. Debnam, 

S. K. Srai, C. Rice-Evans, and J. P. E. Spencer. 2006. Distribu-
tion of [H-3]trans-resveratrol in rat tissues following oral admin-
istration.  Br. J. Nutr.  96:62–70.

Ajmo, J. M., X. Liang, C. Q. Rogers, B. Pennock, and M. You. 
2008. Resveratrol alleviates alcoholic fatty liver in mice.  Am. J. 
Physiol.  295:G833–G842.

AOAC. 1990. Official Methods of Analysis. 15th ed. AOAC Int., 
Washington, DC.

Banerjee, S., C. Bueso-Ramos, and B. B. Aggarwal. 2002. Sup-
pression of 7,12 dimethylbenz(a)anthracene-induced mammary 
carcinogenesis in rats by resveratrol: Role of nuclear factor-κB, 
cyclooxygenase 2, and matrix metalloprotease 9.  Cancer Res.  
62:4945–4954.

Bellmann, K., M. Jaattela, D. Wissing, V. Burkart, and H. Kolb. 
1996. Heat shock protein hsp70 overexpression confers resistance 
against nitric oxide.  FEBS Lett.  5:185–188.

Bujanda, L., E. Hijona, M. Larzabal, M. Beraza, P. Aldazabal, N. 
García-Urkia, C. Sarasqueta, A. Cosme, B. Irastorza, A. González, 
and J. I. Arenas Jr. 2008. Resveratrol inhibits nonalcoholic fatty 
liver disease in rats.  BMC Gastroenterol.  8:40

Calabrese, V., C. Cornelius, C. Mancuso, G. Pennisi, S. Calafato, 
F. Bellia, T. E. Bates, A. M. Giuffrida-Stella, T. Schapira, A. 
T. Dinkova-Kostova, and E. Rizzarelli. 2008. Cellular stress re-
sponse: A novel target for chemoprevention and nutritional neu-
roprotection in aging, neurodegenerative disorders and longevity.  
Neurochem. Res.  33:2444–2471.

Chanvitayapongs, S., B. Draczynska-Lusiak, and A. Y. Sun. 1997. 
Amelioration of oxidative stress by antioxidants and resveratrol 
in PC12 cells.  Neuroreport  8:1499–1502.

Chen, D., and L. Guarente. 2007. SIR2: A potential target for calorie 
restriction mimetics.  Trends Mol. Med.  13:64–71.

Cherian, G., F. W. Wolfe, and J. S. Sim. 1996. Feeding dietary oils 
with tocopherols: Effects on internal qualities of eggs during stor-
age.  J. Food Sci.  61:15–18.

Cho, I. J., J. Y. Ahn, S. Kim, M. S. Choi, and T. Y. Ha. 2008. Res-
veratrol attenuates the expression of HMG-CoA reductase mRNA 
in hamsters.  Biochem. Biophys. Res. Commun.  367:190–194.

Das, S., H. S. Lin, P. C. Ho, and K. Y. Ng. 2008. The impact of 
aqueous solubility and dose on the pharmacokinetic profiles of 
resveratrol.  Pharm. Res.  25:2593–2600.

De Almeida, L. M., M. C. Leite, A. P. Thomazi, C. Battu, P. Nardin, 
L. S. Tortorelli, C. Zanotto, T. Posser, S. T. Wofchuk, R. B. Leal, 
C. A. Gonçalves, and C. Gottfried. 2008. Resveratrol protects 
against oxidative injury induced by H2O2 in acute hippocampal 
slice preparations from Wistar rats.  Arch. Biochem. Biophys.  
480:27–32.

Donnelly, L. E., R. Newton, G. E. Kennedy, P. S. Fenwick, R. H. 
Leung, K. Ito, R. E. Russell, and P. J. Barnes. 2004. Anti-inflam-
matory effects of resveratrol in lung epithelial cells: Molecular 
mechanisms.  Am. J. Physiol.  287:L774–L783.

Ergün, A., S. Yalçın, İ. Çolan, T. Dikicioğlu, and S. Yıldız. 1987. 
Utilization of vetch by laying hens.  J. Fac. Vet. Med. Univ. An-
kara  34:449–466.

Flachowsky, G., D. Engelman, A. Sunder, I. Halle, and H. P. Sall-
mann. 2002. Eggs and poultry meat as tocopherol sources in de-
pendence on tocopherol supplementation of poultry diets.  Food 
Res. Int.  35:239–243.

Franchini, A., F. Sirri, N. Tallarico, G. Minelli, N. Iaffaldano, and 
A. Meluzzi. 2002. Oxidative stability and sensory and functional 
properties of eggs from laying hens fed supranutritional doses of 
vitamins E and C.  Poult. Sci.  81:1744–1750.

Frémont, L. 2000. Biological effects of resveratrol.  Life Sci.  66:663–
673.

Frémont, L., L. Belguendouz, and S. Delpal. 1999. Antioxidant ac-
tivity of resveratrol and alcohol-free wine polyphenols related 
to LDL oxidation and polyunsaturated fatty acids.  Life Sci.  
64:2511–2521.

Fröjdö, S., D. Cozzone, H. Vidal, and L. Pirola. 2007. Resveratrol 
is a class IA phosphoinositide 3-kinase inhibitor.  Biochem. J.  
406:511–528.

RESVERATROL AND EGG YOLK LIPID PEROXIDATION 1197
D

ow
nloaded from

 https://academ
ic.oup.com

/ps/article-abstract/89/6/1190/1546820 by guest on 25 January 2019



Guo, Y., Q. Tang, J. Yuan, and Z. Jiang. 2001. Effects of supplemen-
tation with vitamin E on the performance and the tissue peroxi-
dation of broiler chicks and the stability of thigh meat against 
oxidative deterioration.  Anim. Feed Sci. Technol.  89:165–173.

Juan, M. E., M. P. Vinardell, and J. M. Planas. 2002. The daily oral 
administration, of high doses of trans-resveratrol to rats for 28 
days is not harmful.  J. Nutr.  132:257–260.

Jurgens, M. H. 1996. Animal Feeding and Nutrition. 8th ed. Kend-
all/Hunt Publishing Co., Dubuque, IA.

Karatepe, M. 2004. Simultaneous determination of ascorbic acid and 
free malondialdehyde in human serum by HPLC/UV.  LC-GC 
North Am.  22:362–365.

Kasdallah-Grissa, A., B. Mornagui, E. Aouani, M. Hammami, M. 
El May, N. Gharbi, A. Kamoun, and S. El-Fazaâ. 2007. Resvera-
trol, a red wine polyphenol, attenuates ethanol-induced oxidative 
stress in rat liver.  Life Sci.  80:1033–1039.

Kohnen, S., T. Franck, P. Van Antwerpen, K. Z. Boudjeltia, A. 
Mouithys-Mickalad, C. Deby, N. Moguilevsky, G. Deby-Dupont, 
M. Lamy, and D. Serteyn. 2007. Resveratrol inhibits the activity 
of equine neutrophil myeloperoxidase by a direct interaction with 
the enzyme.  J. Agric. Food Chem.  55:8080–8087.

Lin, C. C., and J. H. Liang. 2002. Effect of antioxidants on the oxi-
dative stability of chicken breast meat in a dispersion system.  J. 
Food Chem. Toxicol.  67:530–533.

Lindquist, S., and E. A. Craig. 1988. The heat shock proteins.  Annu. 
Rev. Genet.  22:631–677.

Liu, Z. P., W. X. Li, B. Yu, J. Huang, J. Sun, J. S. Huo, and C. X. 
Liu. 2005. Effects of trans resveratrol from Polygonum cuspida-
tum on bone loss using the ovariectomized rat model.  J. Med. 
Food  8:14–19.

López-Vélez, M., F. Martínez-Martínez, and C. Del Valle-Ribes. 
2003. The study of phenolic compounds as natural antioxidants 
in wine.  Crit. Rev. Food Sci. Nutr.  43:233–244.

Lu, K. T., M. C. Ko, B. Y. Chen, J. C. Huang, C. W. Hsieh, M. C. 
Lee, R. Y. Chiou, B. S. Wung, C. H. Peng, and Y. L. Yang. 2008. 
Neuroprotective effects of resveratrol on MPTP-induced neuron 
loss mediated by free radical scavenging.  J. Agric. Food Chem.  
56:6910–6913.

Morimoto, R. I., M. P. Kline, D. N. Bimston, and J. J. Cotto. 1997. 
The heat-shock response: Regulation and function of heat-shock 
protein and molecular chaperones . Essays Biochem.  32:17–29.

Murcia, M. A., and M. Martinez-Tome. 2001. Antioxidant activity 
of resveratrol compared with common food additives.  J. Food 
Prot.  64:379–384.

Park, H. J., J. Y. Yang, S. Ambati, M. A. Della-Fera, D. B. Haus-
man, S. Rayalam, and C. A. Baile. 2008. Combined effects of 
genistein, quercetin, and resveratrol in human and 3T3–L1 adi-
pocytes.  J. Med. Food  11:773–783.

Pirola, L., and S. Fröjdö. 2008. Resveratrol: One molecule, many 
targets.  IUBMB Life  60:323–332.

Rayalam, S., M. A. Della-Fera, and C. A. Baile. 2008a. Phytochemi-
cals and regulation of the adipocyte life cycle.  J. Nutr. Biochem.  
19:717–726.

Rayalam, S., J. Y. Yang, S. Ambati, M. A. Della-Fera, and C. A. 
Baile. 2008b. Resveratrol induces apoptosis and inhibits adipo-
genesis in 3T3–L1 adipocytes.  Phytother. Res.  22:1367–1371.

Rubiolo, J. A., G. Mithieux, and F. V. Vega. 2008. Resveratrol pro-
tects primary rat hepatocytes against oxidative stress damage: 
Activation of the Nrf2 transcription factor and augmented activi-
ties of antioxidant enzymes.  Eur. J. Pharmacol.  591:66–72.

Sahin, K., and O. Kucuk. 2003. Heat stress and dietary vitamin 
supplementation of poultry diets.  Nutr. Abstr. Rev. Ser. Livest. 
Feeds Feed.  73:41R–50R.

Sahin, N., F. Akdemir, C. Orhan, O. Kucuk, A. Hayirli, and K. 
Sahin. 2008. Lycopene enriched quail egg as functional food for 
humans.  Food Res. Int.  41:295–300.

SAS. 2002. SAS User’s Guide, Version 6.12. SAS Institute Inc., Cary, 
NC.

Schmitt, E., L. Lehmann, M. Metzler, and H. Stopper. 2002. Hor-
monal and genotoxic activity of resveratrol.  Toxicol. Lett.  
136:133–142.

Sehirli, O., A. Tozan, G. Z. Omurtag, S. Cetinel, G. Contuk, N. Ge-
dik, and G. Sener. 2008. Protective effect of resveratrol against 
naphthalene-induced oxidative stress in mice.  Ecotoxicol. Envi-
ron. Saf.  71:301–308.

Shakibaei, M., K. B. Harikumar, and B. B. Aggarwal. 2009. Res-
veratrol addiction: To die or not to die.  Mol. Nutr. Food Res.  
53:115–128.

Tian, W. X. 2006. Inhibition of fatty acid synthase by polyphenols.  
Curr. Med. Chem.  13:967–977.

Vitaglione, P., B. Ottanelli, S. Milani, F. Morisco, N. Caporaso, and 
V. Fogliano. 2009. Dietary trans-resveratrol bioavailability and 
effect on CCl4-induced liver lipid peroxidation.  J. Gastroenterol. 
Hepatol.  24:618–622.

Vitrac, X., A. Desmoulière, B. Brouillaud, S. Krisa, G. Deffieux, N. 
Barthe, J. Rosenbaum, and J. M. Mérillon. 2003. Distribution of 
[14C]-trans-resveratrol, a cancer chemopreventive polyphenol, in 
mouse tissues after oral administration.  Life Sci.  72:2219–2233.

Wang, S., and F. W. Edens. 1998. Heat conditioning induces heat 
shock proteins in broiler chickens and turkey poults.  Poult. Sci.  
77:1636–1645.

Wenzel, E., T. Soldo, H. Erbersdobler, and V. Somoza. 2005. Bioac-
tivity and metabolism of trans-resveratrol orally administered to 
Wistar rats.  Mol. Nutr. Food Res.  49:482–494.

Wenzel, E., and V. Somoza. 2005. Metabolism and bioavailability of 
trans-resveratrol.  Mol. Nutr. Food Res.  49:472–481.

Young, J. F., L. O. Dragsted, B. Daneshvar, S. T. Lauridsen, M. 
Hanson, and B. Sandström. 2000. The effect of grape-skin extract 
on oxidative status.  Br. J. Nutr.  84:505–513.

Zern, T. L., K. L. West, and M. L. Fernandez. 2003. Grape polyphe-
nols decrease plasma triglycerides and cholesterol accumulation 
in the aorta of ovariectomized guinea pigs.  J. Nutr.  133:2268–
2272.

Zhong, M., G. F. Cheng, W. J. Wang, Y. Guo, X. Y. Zhu, and J. 
T. Zhang. 2009. Inhibitory effect of resveratrol on interleukin 6 
release by stimulated peritoneal macrophages of mice.  Phyto-
medicine  6:79–84.

Zhu, L., X. Luo, and Z. Jin. 2008. Effect of resveratrol on serum and 
liver lipid profile and antioxidant activity in hyperlipidemia rats.  
Asian-australas. J. Anim. Sci.  21:890–895.

SAHIN ET AL.1198
D

ow
nloaded from

 https://academ
ic.oup.com

/ps/article-abstract/89/6/1190/1546820 by guest on 25 January 2019


