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Vitamin C and E can alleviate negative effects of heat stress  in Japanese quails
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Abstract

The present study investigates  the effects of vitamin C (L-ascorbic acid) and E (α-tocopherol acetate) supplementation on egg production, egg quality,
apparent digestibility, serum metabolites, and antioxidant status of Japanese quails (Coturnix coturnix japonica) exposed to a high ambient temperature (33
oC). One hundred and twenty laying Japanese quails (45-d-old) were divided into four groups, 30 birds per group. Quails were fed  a basal diet or the basal
diet supplemented with either 250 mg of L-ascorbic acid/kg of diet, 250 mg ofα-tocopherol-acetate/kg of diet, or 250 mg of L-ascorbic acid plus 250 mg α-
tocopherol-acetate/kg of diet. Separately or as a combination, supplemental vitamin C and E significantly increased live weight, feed intake and egg
production (P < 0.05). Separately, dietary supplementation of vitamin C and E improved the egg quality, and the combination of  vitamins C and E resulted in
a greatest egg weight, specific gravity and Haugh unit value, thickest egg shell, and heaviest egg shell weight (P < 0.05). Apparent digestibility of nutrients
(DM, OM, CP, and EE) was increased by supplementation of vitamin C and E (P < 0.05). Separately or as a combination, supplemental vitamin C and E
increased serum concentration of total protein but decreased corticosterone, glucose, and cholesterol concentrations (P < 0.05). Supplemental vitamin C and
E also increased serum vitamin C and E but decreased MDA (malondialdehyde) concentrations (P < 0.05). Results of the present study show that dietary
supplementation of vitamin C and E, particularly as a combination, improved the performance, egg quality and antioxidant status of laying Japanese quails
exposed to heat stress. Such a combination of supplement can offer a potential protective management practice in preventing heat stress-related losses in
performance of laying Japanese quails.
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Introduction
High ambient temperature reduces feed intake, live weight
gain, egg production, and feed efficiency 9,50 in poultry.  Heat
stress causes the release of corticosterone and catecholamines
and initiates lipid peroxidation in cell membranes 11,17,46,48.
Donkoh9 reported that heat stress significantly reduced plasma
protein level and increased blood glucose concentrations.
There are numerous methods to alleviate the negative effects
of high environmental temperature on performance of poul-
try.  Due to the fact that  it is expensive to cool animal build-
ings, such methods are focused mostly on dietary manipula-
tions. For this purpose, vitamin C and E are used in the poultry
diet because of their anti-stress effects and  because their lev-
els is reduced during the heat stress 16,46,51. Many studies have
indicated benefit of dietary vitamin E supplementation to lay-
ing hens during heat stress 3,4,15,43,48,56. Positive effects of vita-
min C supplementation in broiler chickens and laying hens have
been documented 25,27,37,40,47. Vitamin C and vitamin E are pri-
mary antioxidants in biological systems and break the chain of
lipid peroxidation in cell membranes. Overall antioxidant po-
tential has been reported to possibly be more efficient and
crucial than single antioxidant nutrients 21,22,57. In this respect,
vitamin C and vitamin E work together such that vitamin E is
the major chain-breaking antioxidant in lipid phases such as
cellular membrane or low density lipoproteins, and the oxi-
dizing free radical chain reactions are terminated in aqueous
compartments, with vitamin C as terminal reductant 23,52. Re-
garding antioxidant property, there is a positive synergistic
effect of vitamins C and E on the immune response 2, 24. Vita-
min E is mainly found in the hydrocarbon part of membrane
lipid bilayer towards the membrane interface and in close prox-

imity to oxidase enzymes which initiate the production of free
radicals 30,32,58. The objective of this study was to evaluate the ef-
fects of vitamin C and E supplementation on performance, egg
quality, apparent digestibility, serum metabolites, and antioxidant
status of laying Japanese quails reared under heat stress (33oC).

Materials and Methods

Animals, diets and experimental design: Forty five-d-old 120
Japanese quails (Coturnix coturnix japonica) obtained from a
commercial company were used in the study. The birds were fed
either a basal diet containing 17.65% CP and 2780 kcal/kg ME or
the basal diet supplemented with either 250 mg of L-ascorbic acid/
kg of diet, 250 mg of α-tocopherol acetate/kg of diet, or 250 mg
of L-ascorbic acid plus 250 mg of α-tocopherol acetate /kg of
diet. Vitamin C (ROVIMIX® STAY-C® 35;specifically produced
for use as a stabilized source of vitamin C in feed) and vitamin E
(ROVIMIX® E-50 SD; fairly stable source of vitamin E in feed)
were provided by a commercial company (Roche, Levent-Istanbul,
Turkey). The basal diet was formulated using NRC guidelines 36.
Ingredients and chemical composition of the basal diet are shown
in Table 1. Small amounts of the basal diet were first mixed with
the respective amounts of vitamin C and E as a small batch, then
with a larger amount of the basal diet until the total amount of the
respective diets were homogeneously mixed. The birds were ran-
domly assigned to caging units, 30 birds each. Each subcage unit
(19 cm x19 cm x19 cm) contained two birds. Water and the diets
were offered ad libitum throughout the experiment. The bird house
was lit for 17 h per day. During the experiment, hen house’s tem-
perature and humidity were measured four times a day (06.00,
12.00, 18.00, and 24.00). Average ambient relative humidity in-
side the hen house was 41 ± 6%. The mean value of daily tempera-
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ture in the hen house was 33 ± 4oC. The experiment was carried
out between the  June 30 to September 20.

Performance variables and egg quality: Body weights were re-
corded at the beginning and at the end of the study to determine
body weight changes. Feed consumption was measured weekly.
The number of eggs and egg weights were recorded daily. Egg qual-
ity measurements were conducted monthly using all eggs of one
day from all treatments. Parameters included for egg quality meas-
urement were specific gravity, egg shell thickness, egg shell
weight, and Haugh unit. Specific gravity of eggs was determined
by using the saline flotation method of Hempe et al.20. Salt solu-
tions were made in incremental concentrations of 0.005 in the
range from 1.065 to 1.120. Haugh units were calculated using the
HU formula 12 based on the height of albumen determined by a
micrometer and egg weight (Saginomiya, TLM-N1010, Japan).
Shell thickness was determined measuring the thickness mean
values taken at three locations on the egg (air cell, equator, and
sharp end) by using a dial pipe gauge (Mitutoyo, 0.01-20 mm, Ja-
pan).

Sample collection and laboratory analysis: From day 55 to 60,
forty birds were placed into individual battery cages and distrib-
uted into four treatments, 10 birds each, for apparent digestibility
[Dry matter (DM), organic matter (OM), crude protein (CP), and
ether extract (EE)]. Apparent digestibility of nutrients was meas-
ured by collecting excrement samples twice a day. The composited
excrement samples were oven-dried at 60 oC for 48 h then were
ground and subsampled (1 g) for chemical analysis. Apparent di-
gestibility of nutrients was measured using Cr2O3 described by
Petry and Rapp 41. At the end of the study, 10 birds randomly cho-
sen from each treatments were slaughtered and blood samples were
collected, centrifuged at 3000 x rpm for 10 min and sera was col-
lected and stored at -200C. Sera samples were thawed at room
temperature, and corticosterone concentration were determined.
Radioimmunoassay for corticosterone concentration was per-
formed using a commercially available kit (IMMULITE 2000, No.
L2KAC2). Serum glucose, total protein, and cholesterol concen-
trations were measured using biochemical analyzer (Technicon
RA-XT, New York, USA).  Chemical analysis of the diets and ex-
crement samples were run using international procedures of AOAC
1. In order to estimate protein digestibility, excrement N was
chemically analyzed according to the method of Terpstra and de
Hart53. Lipid peroxidation as thiobarbituric acid-reactive sub-
stances (TBARS) were determined in serum samples by method
of Placer et al. 42 as modified by Matkovics et al. 31. The values of
TBARS material were expressed in terms of malondialdehyde
(MDA, nmol/ml serum). Serum vitamin E concentration was de-
termined by a modification of the method described by McMurray
et al.34. The relevant wavelengths for vitamin E detection were 292
and 330 nm. Calibration was performed using standard solutions
of all trans-retinol and β- tocopherol in methanol. Serum ascor-
bic acid concentration was measured as described by Kway 28

method (Fosfotungstat) with spectrophotometer.

Statistical analyses: The data were analyzed using the GLM pro-
cedure of SAS45. Significant differences (P < 0.05) among treat-
ment means were determined using Duncan’s new multiple range
test.

Results
The effects of supplemental dietary vitamin C and E during heat
stress on performance of laying Japanese quails are shown in Table

2. Combination of vitamin C and E, rather than each separately,
provided the highest results. Supplemental vitamin C and E sig-
nificantly  increased live weight and feed intake (P < 0.05). Egg
production was also highest  (P < 0.05) with each supplemental
compared with the control, but was the highest with the combina-
tion of supplemental vitamin C and E. Egg quality of laying Japa-
nese quails is shown in Table 3. Egg weights were significantly
different among treatments (P < 0.05), being highest with the com-
bination of vitamin C and E and being lowest with the control diet.
Separately, dietary supplement of vitamin C and E improved the
egg quality, but a combination of supplemental vitamin C and E
resulted in a higher specific gravity, thickest egg shell, and heavi-
est egg shell weight (P < 0.05). Haugh unit was also higher (P <
0.05) with each supplemental group compared with the control,
but was the highest with the combination of vitamin C and E. Sepa-
rately or as a combination, supplemental vitamin C and E increased
apparent digestibility of nutrients (DM, OM, CP, and EE) (P <
0.05) (Table 4). The effects of vitamin C and E supplementation
on serum corticosterone, glucose, cholesterol, and total protein
are shown in Table 5. Separately or as a combination, supplemen-
tal vitamin C and E increased serum concentration of total protein
but decreased corticosterone, glucose, and cholesterol concen-
trations (P < 0.05). Supplemental vitamin C and E also increased
serum vitamin C and E concentrations (Table 3). Serum MDA con-
centrations, however, decreased (P < 0.05) upon  vitamin C and E
supplementation.

Discussion
In the present study, vitamin C and E supplementation improved
the performance namely live weight, egg production as well as
egg quality in laying Japanese quails reared under high ambient
temperature. With respect to dietary ascorbic acid supplementa-
tion under heat stress, in terms of a better performance of poul-
try, results of the present study are in agreement with the findings
of many researchers 25,37,27,38. It is well known that growth rate and
egg production decrease when ambient temperature goes above
thermo-neutral zone 14. At temperatures above or below
thermoneutral zone, corticosteroid secretion increases as a re-
sponse to stress 5. Kutlu and Forbes 27 reported that ascorbic acid
reduces the synthesis of corticosteroid hormones in birds. By
decreasing synthesis and secretion of corticosteroids, vitamin C
alleviates the negative effects of stress32. It has been also postu-
lated that the improved performance of poultry results from a de-
crease in protein-derived gluconeogenesis 40. Similar to results
of the present study, El-Boushy et al. 13 reported that dietary vita-
min C supplementation increased egg production, egg shell
strength, and interior egg quality in stressed-laying hens. Ascor-
bic acid plays a role in bone maturation by improving hydroxypro-
line production which is required for collagen formation. Accord-
ingly, in birds, it was postulated that ascorbic acid stimulates 1,2,5
dihydrox-cholecalciferol and together with it increases calcium
mobilization from bone, suggesting that  vitamin C has an impor-
tant role in egg shell formation 8,10. In the present study, dietary
vitamin E inclusions resulted in a better performance, egg quality,
and apparent digestibility. Dietary vitamin E supplementation is
common in laying hens in the literature. Causing oxidative dam-
age on membrane of hepatic cells, heat stress has been shown to
decrease plasma egg yolk precursor proteins, vitellogenin and
tryglyceride 3. This kind of negative effect of heat stress was alle-
viated by dietary vitamin E supplementation56. It was speculated
that the positive influence of vitamin E supplementation on egg
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Table 3. Effects of supplemental vitamin C and E on egg quality of of laying  Japanese quails reared at high
ambient temperature , (n=30)

                                                                                            T  r  e   a  t  m  e  n  t  s*

Item C Vit C Vit E Vit C + E SEM
Egg weight, g 10.3 a 11.6 b 11.4 b 12.3 c 0.4
Specific gravity, 1.07x 5a 7b 7b 9c 0.01
Egg shell  thickness, µm 21.3 a 22.1 b 22.0 b 23.2c 0.02
Egg shell weight, g 1.03a 1.15b 1.13b 1.25c 0.03
Haugh unit 87.2a 90.5b 90.2b 93.4c 1.5

a,b,c,d:Mean values within a row with no common superscript differ significantly (P < 0.05).
*C: control (basal) diet, Vit C: control diet + 250 mg of L-ascorbic acid/kg of diet,  Vit E: control diet +250 mg of  β-tocopherol acetate /kg of diet,  Vit C+E: control diet + 250 mg of L-ascorbic acid/kg +
250 mg of 250 mg of β-tocopherol acetate /kg of diet

Table 4. Effects of supplemental vitamin C and E  on apparent digestibility in laying  Japanese quails reared
              at high ambient temperature , % (n=10).
                                                                                         T  r  e   a  t  m  e  n  t  s*

Nutrients C Vit C Vit E Vit C+E SEM
Dry matter 62.0a 63.1b 62.9b 63.8c 0.05
Organic matter 65.5a 66.8b 66.6b 67.5c 0.08
Crude protein 66.9a 67.8b 67.9b 70.8c 0.52
Ether extract 67.5a 68.6b 68.5b 70.3c 0.50
a,b,c,d:Mean values within a row with no common superscript differ significantly (P < 0.05).
*C: control (basal) diet, Vit C: control diet + 250 mg of L-ascorbic acid/kg of diet,  Vit E: control diet +250 mg of β-tocopherol acetate /kg of diet,  Vit C+E: control diet + 250 mg of L-ascorbic acid/kg +
250 mg of 250 mg of   β-tocopherol acetate /kg of diet

a,b,c,d:Mean values within a row with no common superscript differ significantly (P < 0.05).
*C: control (basal) diet, Vit C: control diet + 250 mg of L-ascorbic acid/kg of diet,  Vit E: control diet +250 mg of  β- tocopherol acetate /kg of diet,  Vit C+E: control diet + 250 mg of L-ascorbic acid/kg + 250 mg of

250 mg of  β- tocopherol acetate /kg of diet ; **   : Dry matter intake  ;  *** : kg of feed consumed for egg production/kg of egg production

Table 2. Effects of supplemental vitamin C and E on performance of  laying  Japanese quails reared at high
ambient temperature (n=30).

1Mix supplied per kg of diet: retinyl acetate, 1.8 mg; cholecalciferol, 0.025 mg; dl-β-tocopheryl acetate, 1.25 mg;  menadione sodium bisulfite, 2.5 mg; thiamine-hydrochloride, 1.5 mg; riboflavin, 3 mg; d-pantothenic
acid, 5 mg; pyridoxine hydrochloride,  2.5 mg; vitamin B-12, 0.0075 mg; folic acid, 0.25 mg; niacin, 12.5 mg., Mn  (MnSO4-H2O), 50 mg; Fe (FeSO4-7H2O), 30 mg; Zn (ZnO), 30 mg; Cu (CuSO4-5H2O), 5 mg;
I (KI), 0.5 mg;  Se (Na2SeO3), 0.15 mg; Co (CoCl2-6H2O), 0.1 mg; choline chloride, 125 mg.
2ME : Metabolizable energy, Calculated from the tabular values (22).
3Analyzed value.

Table 1. Ingredients and chemical composition of the basal diet fed to laying Japanese quails.
Ingredients

Ground Corn
Soybean Meal
Vegetable Oil
Limestone
Dicalcium Phosphate
Vitamin+Mineral Premix1

DL-methionine
Sodium Chloride
ME, MJ/kg2

Chemical Analyses, Dry matter (DM) basis
Crude Protein3, %
Calcium3, %
Phosphorus3, %

g kg-1

58.62
26.72
3.80
8.60
1.6 0
0.25
0.10
0.35
12.4

17.00
3.53
0.65

                                                                                            T  r  e   a  t  m  e  n  t  s*

 Item C Vit C Vit E Vit C + E SEM

Live wt, g
Final 218a 228b 226b 237c 2.4
DMI**, g/d 25.1 a 29.5 b 28.3 b 33.0c 1.5
Hen-day  egg production, % 68.3a 75.3b 74.1b 81.6c 1.6



Food, Agriculture & Environment; Vol. 1(2), April 2003 247

mins. Similarly, Kutlu and Forbes 27 reported that heat stress el-
evated plasma corticosterone concentration which was signifi-
cantly reduced with vitamin C supplementation in a broiler diet.
Pardue et al. 40 and McKee and Harrison 33 reported that supple-
mental vitamin C enhanced weight gain in heat-stressed chickens
that corresponded to reductions in plasma corticosterone. Results
of the present study showed similar trends for effects of vitamin
E to vitamin C for serum concentrations of corticosterone. In the
present study, similar effects of vitamin C and vitamin E existed
as evidence that serum glucose, and cholesterol concentrations
decreased, while protein concentrations increased by supplemen-
tal dietary vitamin C and  E. Serum concentration of corticoster-
one was also lower with supplemental dietary vitamin C and vita-
min E, indicating a lowered response to heat stress with supple-
mentation of these two vitamins. Increasing concentrations of cor-
ticosterone was parallel to increases in serum glucose and cho-
lesterol concentrations. This result was probably due to the greater
catabolic effect (or concentration) of corticosterone, yielding
more of glucose in the serum with supplemental dietary vitamin C
and vitamin E. Sahin et al. 49 reported that vitamin C and E supple-
mentation increased plasma protein concentration while markedly
decreased blood ACTH, glucose and cholesterol concentrations
in heat-stressed (34oC) Japanese quails. Similarly, Kutlu and
Forbes 27 reported that vitamin C supplementation increased
plasma protein concentration while markedly decreased blood
glucose and cholesterol concentrations in heat-stressed (36oC)
broilers. A likely mechanism by which vitamin C causes a reduc-
tion in corticosterone concentration is through inhibitory effect
of vitamin C on glucocorticoid synthesis, and it has been postu-
lated that the improved performance of poultry results from a de-
crease in protein-derived gluconeogenesis 40. Increases in con-
centrations of glucose may be attributed to increased glucocorti-
coid secretion which increases glucogenesis 55. Dietary vitamin C
may reverse these changes, presumably by reducing the secretion
and/or synthesis of glucocorticoids 27. At the present study, di-
etary vitamin C and E caused an increase in serum concentrations
of vitamin C and E but a decrease in serum MDA concentrations.

production and egg quality might be explained by the concentra-
tion of yolk precursor proteins during heat stress 43. Egg yolk
contains three main macromolecular protein components:
lipovitellin, phosvitin and livetin 43,44. Egg yolk also contains very
low density lipoproteins 6. Bollengier-Lee et al. 3 have shown that
dietary supplementation with vitamin E (α-tocopherol acetate)
ameliorated the negative effects of chronic heat stress in laying
hens. A supplement of 500 mg vitamin E/kg increased egg pro-
duction by 7% in heat-stressed hens for 4-week periods at two
different ages and stage of lay compared to heat-stressed birds
fed 10 mg vitamin E/kg diet 3. In addition, Bollengier-Lee et al. 4

reported dietary supplement of 250 mg/kg as an optimum level
provided before, during, and after heat stress in laying hens for
partially alleviating the adverse effects of chronic heat stress.
Sahin and Kucuk 47 reported that 250 mg/kg or 500 mg/kg vitamin
E supplementation in a broiler diet increased feed intake and im-
proved live weight gain of Japanese quails reared under heat stress
(34oC). Results of the apparent digestibility of nutrients of the
present study also support the supplementation of dietary vitamin
C  and E, in terms of alleviating the negative effects of the heat
stress in laying Japanese quails. Wallis and Balnava 54 found that
the digestibility of amino acids was decreased at a high environ-
mental temperature in broilers. Similarly, Zuprizal et. al 59 have
shown that true digestibility of protein and amino acids of two
different protein sources (rapeseed and soybean meals) decreased
as the temperature increased from 21 to 32oC. Hai et al. 18 re-
ported that the activities of trypsin, chymotrypsin, and amylase
decreased significantly by a high temperature (32oC). The reason
for the decrease in digestive enzymes is uncertain. However,
Osman and Tanios 39 speculated that it is because of adjustment of
the pancreas in birds accustomed to a hot environment. Sahin and
Kucuk 47 reported that digestibility of nutrients (DM, OM, CP,
and EE) were higher when vitamin C and vitamin E was included
into diet in broiler Japanese quails reared chronic heat stress.
Serum concentration of corticosterone was lower with supple-
mental dietary vitamin C and  E, probably indicating a lowered
response to heat stress with supplementation of these two vita-

Table 5. The effects of supplemental vitamin C and E on some serum metabolites of  laying Japanese quails
reared at high ambient temperature (n=10).

                                                                                                    T  r  e   a  t  m  e  n  t  s*
Item C Vit C Vit E Vit C+ E SEM
Corticosterone, mol/L 2.2c 1.8b 1.7b 1.2a 0.06
Glucose, mg/dl 251c 226b 231b 209a 12
Cholesterol, mg/dl 192c 166b 164b 146a 9
Total protein, g/dl 4.2a 4.5b 4.5b 4.8c 0.02

a,b,c,d:Mean values within a row with no common superscript differ significantly (P < 0.05).
*C: control (basal) diet, Vit C: control diet + 250 mg of L-ascorbic acid/kg of diet,  Vit E: control diet +250 mg of β-tocopherol acetate /kg of diet,  Vit C+E: control diet + 250 mg of L-ascorbic acid/kg
+ 250 mg of 250 mg of  β-tocopherol acetate /kg of diet

Table 6. Effects of supplemental vitamin C and E on  serum MDA, ascorbic acid and vitamin E levels of
laying Japanese quails reared at high ambient temperature, (n=10).

                                                                                                      T  r  e   a  t  m  e  n  t  s*

Item C Vit C Vit E  Vit C+E SEM
MDA, nmol/mL 2.30c 1.90b 1.89b 1.20a 0.07
Ascorbic acid,mg/mL 7.35a 11.53c 8.64b 12.6d 0.09
Vitamin E, mg/mL 0.81a 0.96b 10.23c 11.09d 0.10
a,b,c,d:Mean values within a row with no common superscript differ significantly (P < 0.05).
*C: control (basal) diet, Vit C: control diet + 250 mg of L-ascorbic acid/kg of diet,  Vit E: control diet +250 mg of  β-tocopherol acetate /kg of diet,  Vit C+E: control diet + 250 mg of L-ascorbic acid/kg +
250 mg of 250 mg of β-tocopherol acetate /kg of diet
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vitamin C and/or vitamin E, alleviating the negative effects of heat
stress. More specifically, the combination of vitamin C and E pro-
vided the greatest performance, egg quality, and nutrient digest-
ibility for most parameters measured. It is apparent that a combi-
nation of dietary ascorbic acid and β-tocopherol acetate supple-
mentation offers a feasible way to reduce the losses in perfor-
mance due to heat stress. Overall antioxidant potential has been
reported to possibly be more efficient and crucial than single an-
tioxidant nutrients 22. In this respect, vitamin C and vitamin E work
together or act synergistically such that vitamin E is the major
chain-breaking antioxidant in lipid phases such as cellular mem-
brane or low density lipoproteins, and the oxidizing free radical
chain reactions are terminated in aqueous compartments, with vi-
tamin C as terminal reductant 23,52. In accordance with this finding,
Jacob 21 reported that vitamin C enhances antioxidant activity of
vitamin E by reducing the tocopheroxyl radicals back to their ac-
tive form vitamin E. Similarly, Yin et al. 57 reported that a mixture
of β-tocopherol and ascorbate delayed myoglobulin oxidation. In
addition, vitamin C itself plays an important role not only in re-
acting with all aggressive oxygen species under formation of a
practically inert radical but also in transferring radical equivalents
from lipid phases to aqueous compartments 19,23. Results of the
present study showed that a combination of 250 mg of vitamin C
and 250 mg of vitamin E provides the greatest performance in
Japanese quails reared under heat stress. Such a combination can
be considered as a protective management practice in a poultry
diet, ameliorating the detrimental effects of heat stress.
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