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Summary
The experiment was conducted to evaluate the effects of vitamin E (dl-a-tocopherol acetate) supplementation
at various concentrations (0-control-, 250, 500, 750 mg/kg of diet) on the feed intake, egg production, plasma
enzymes, electrolytes and metabolites of laying quails (Coturnix coturnix japonica) exposed to chronic heat
stress at a mean temperature of 31°C from 13 to 17 weeks of age. The quails were randomly assigned to
4 treatment groups, 3 replicates of 15 birds each. Body weight, feed intake and egg production were not affected
by vitamin E supplementation. Plasma total cholesterol, total protein, alkaline phosphatase (ALP), blood urea
nitrogen (BUN), inorganic P and Mg concentrations did not differ among the groups. Plasma creatinine was
higher in the 750 mg/kg vitamin E supplemented group than in other vitamin E supplemented groups. Plasma
glucose concentrations decreased as dietary vitamin E increased up to 500 mg/kg of the diet. A higher glucose
concentration and activity of glutamic-oxaloacetic transaminase (GOT) were stated in the control group.
Triglyceride concentration was the highest whereas albumin and Ca concentrations were higher in the control
group than for the 250 and 750 mg/kg vitamin E supplemented groups. Plasma glutamic pyruvic transaminase
(GPT) activity was the lowest in control group.
These results indicate that the supplementation of 500 mg vitamin E/kg to the diet may offer a potential
protective management practice for preventing heat stress-related damages in laying quails.
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High environmental temperature is one of the most
serious factors affecting the production performance of
laying hens in both tropical and temperate countries.
The adverse effects of chronic heat stress on laying
hens depress feed intake (20), egg production (30), egg
weight (31) and shell quality (14, 31). There have been
many reports of attempts to alleviate the consequences
of heat stress by nutritional manipulation (10, 25-27).
Laying hens represent a more complex situation, as
the egg cycle consists of a period of massive protein
secretion followed by periods of massive calcium and
bicarbonate secretions. The effect of ambient temperature on eggshell quality is most likely to be mediated through changes in ionised calcium and bicarbonate (11, 14, 23). The diminished ability of duodenal
cells to transport calcium may be a critical factor in
the detrimental effects of heat stress on egg production and eggshell characteristics in laying hens (14).
Furthermore the effects of chronic heat stress on
intestinal morphology are decreased villus heights and
wet and dry weights per unit length of jejunum (20).

Vitamin E, one of the most powerful intercellular
and intracellular antioxidants, has been included into
the animal feed to improve performance and alleviate
the effects of chronic heat stress in laying hens (3, 17,
27, 30). Evidence was obtained that the depression of
egg production during heat stress is a reduction in the
circulatory supply of yolk precursors, particularly
vitellogenin (3, 30) and very low density lipoprotein
(triglyceride) (3). The beneficial effect of vitamin E
was associated with increased plasma concentrations
of these precursors and it has also been speculated that
vitamin E supplementation may have raised the synthesis of these precursors in the liver by protecting the
liver from lipid peroxidation and damage to cell membranes by acting as a membrane-bound antioxidant
and maintaining the necessary properties for transport
mechanisms across membranes (3, 30). On the other
hand, it has been reported that high temperature (mean
26.7 and 29.4°C) did not affect egg production (5)
except in older hens (16 to 18-months-of-age) exposed to 35°C and 60% relative humidity (31). It has been
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indicated that acute heat stress had no adverse effects
on dietary amino acid digestibility (13); moreover, heat
stress did not significantly affect egg weight or feed
conversion (22).
The evaluation of blood composition can be a useful method for detecting changes due to heat stress.
Blood composition changes as a result of metabolism,
nutrition and cellular damage. Thus blood levels of
metabolites such as glucose, blood urea nitrogen, minerals, enzymes, and proteins will be greatly affected
by metabolism, nutrition and organ functioning. These
changes can be measured and related to the altered
metabolism (6).
The aim of this study was to evaluate the effect of
vitamin E differing in the diet on the feed intake, egg
production, plasma enzymes, electrolytes and metabolites of laying quails during chronic heat stress.
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All data were subjected to analysis of variance and
Duncans multiple range test by using statistical analysis
system (SPSS, Release 9.0; SPSS, Inc., Chicago, IL, USA).
Significance was set at p < 0.05.

Results and discussion
Reduction in feed intake (10, 16) and body weight
(5, 16) in response to heat stress were observed in birds.
Increased supplemental vitamin E to the diet of layers
increased feed intake (10, 26) and live weight gain (26).
The changes in feed intake were not observed due to
vitamin E supplementation in quails reared under the
temperature of 31°C (tab. 1) confirms results of
earlier studies in laying hens (3, 21, 25) as well as body
weight (25). Plasma vitamin E concentrations were
significantly increased by increasing dietary supplementation of vitamin E (tab. 2).
Egg production and feed intake were higher in
laying
quails reared under a thermo neutral zone (22°C)
Material and methods
in
comparison
to heat stressed (34°C) quails and were
One hundred eighty, 13-week-old Japanese quails (Co32.8
g

73.5%
and 29.2 g  64.3%, respectively (24).
turnix coturnix japonica) were used in this study. The birds
were randomly assigned to 4 treatment groups, 3 replicates The decrease of egg production in layers related to high
of 15 birds each. The quails were fed ad libitum either temperature was presented in some reports (10, 16,
a basal diet (2700 kcal ME/kg, 17.90% CP, 3.2% Ca, 0.7% P, 22, 30). However, significant differences were not
8000 IU vitamin A/kg, 1500 IU vitamin D3/kg, 15 IU vita- determined in a percent of hen-day egg production at
min E/kg,10 IU vitamin B12/kg, 4 IU vitamin B2/kg, 2 IU a mean temperature of 29.4°C in cycling chambers (5)
vitamin K3/kg) which is based on soybean meal and corn, and the changes in temperature (35°C) in laying hens
or a basal diet supplemented with 250, 500, 750 mg of except for older hens exposed to 60% relative humidia-tocopherol-acetate/kg of diet for 4 weeks. The basal diet ty (31).
met all nutrient requirements for laying quails (1).Vitamin
A decrease in vitellogenin (Vg), egg yolk precursor,
E was specifically produced by a commercial company synthesis in the liver, likewise, more importantly, an
(Roche, Istanbul, Turkey) as a source of vitamin E for feed. inhibition in the release of Vg from liver (30) or deThe mean value of daily temperature in the quail house crease in feed consumption (16) are the reasons for
was 31°C, average relative humidity was 60%, and light the depression of egg production during heat stress.
period was 17 h/d.
Plasma protein concentration decreased in broilers
The quails were weighed at the beginning and at the end during exposure to 30°C (32), but did not change in
of the study. Egg production was recorded daily, feed laying hens exposed to 38°C (12).
intake was measured weekly. At the end of the experiment,
Vitamin E appears to act during heat stress by faci13 birds were randomly chosen from each treatment group
litating
the release of Vg from liver and thus increand slaughtered; blood samples were taken to heparinized
asing
the
circulatory supply of precursor protein for
tubes. Plasma glucose, BUN, creatinine, total cholesterol
yolk
formation.
Dietary supplementation of vitamin E
and protein, triglyceride, albumin, ALP, GOT, GPT, Ca,
minimised
the
depression
in egg production brought
Mg, inorganic phosphorus were measured using a biocheabout
by
heat
stress
(4,
10,
30).
Vitamin E supplemenmical analyzer kit (Olympus AU 5200). Plasma vitamin E
tation
at
different
levels
(125,
250,
and 500 mg/kg of
concentration was measured by high pressure liquid chrodiet)
had
no
significant
effects
on
the
measured values
matography (19).
under thermo neutral conditions
Tab. 1. Effects of dietary vitamin E supplementation on body weight, feed intake (22°C); however, it improved the perand egg production of Japanese quails reared under a temperature of 31°C for formance (namely live weight, feed
4 weeks (x ± SEM)
intake, egg production and feed
efficiency as well as egg quality) in
V itamin E supplementation, mg/kg of diet
P erformance
laying Japanese quails reared under
parameters
0 (C ontrol)
250
500
750
heat stress (34°C) (28). On the other
B ody w eight, g
hand, Mori et al. (21) stated that high
vitamin E supplementation declined
xxx13 w eeks
1 9 8 .5 0 ± 5 .0 2
1 9 2 .4 3 ± 5 .8 0
1 9 9 .3 2 ± 3 .8 6
2 0 4 .9 1 ± 4 .2 7
egg production in laying hens.
xxx17 w eeks
2 2 2 .2 3 ± 5 .0 4
2 1 1 .1 6 ± 5 .3 7
2 1 5 .4 2 ± 3 .0 1
2 1 4 .2 3 ± 4 .0 1
Egg production results of laying
Feed intake, g d1
2 4 .1 5 ± 1 .1 6
2 3 .3 8 ± 1 .1 1
2 3 .2 5 ± 0 .9 0
2 3 .5 0 ± 1 .9 2
quails in the control group aged 13
Egg production,
and 17 weeks were higher (86.812 0 .6 5 ± 0 .0 2
2 0 .6 0 ± 0 .0 2
2 0 .6 4 ± 0 .0 2
2 0 .6 4 ± 0 .0 2
e g g s p ro d u c e d h e n d  1
-87.83%, respectively) in thermo
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Tab. 2. Effects of dietary vitamin E supplementation on some blood plasma parameters of Japanese quails reared under
a temperature of 31°C for 4 weeks (x ± SEM)
B lood parameters
V itamin E, µmol L1
B lood urea nitrogen, mmol

L 1

C reatinine, µmol L1

V itamin E supplementation, mg/kg of diet
0 (C ontrol)

250

500

750

1 3 2 6 0 9 .4 2 ± 1 8 5 .4 4 a

1 3 6 2 1 0 .3 0 ± 1 9 0 .5 0 b

1 3 9 6 7 9 .0 1 ± 2 6 3 .1 7 c

1 4 6 4 1 2 .6 5 ± 4 6 7 .6 6 d

0 .5 0 ±

0 .0 5 a

0 .5 2 ±

0 .0 5 a

0 .4 3 ±

0 .0 4 a

0 .5 0 ± 0 .0 6 a

7 0 .0 4 ± 3 .6 7 a b

6 5 .2 8 ± 3 .0 9 a

6 2 .5 6 ± 2 .5 4 a

7 4 .8 0 ± 2 .7 6 b

Total cholesterol, mmol L1

5 .8 2 ± 0 .4 7 a

5 .6 7 ± 0 .6 1 a

5 .1 2 ± 0 .4 9 a

5 .7 2 ± 0 .2 9 a

Triglyceride, mmol L1

6 .5 0 ± 0 .9 7 a

2 .0 5 ± 0 .4 1 b

2 .6 1 ± 0 .4 9 b

2 .3 3 ± 0 .4 3 b

1 2 3 7 .8 0 ± 1 2 1 .0 7 a

1 2 0 1 .5 0 ± 1 0 3 .3 1 a

1 2 3 0 .7 5 ± 1 5 9 .8 a

1 3 4 5 .2 0 ± 9 1 .5 2 a

2 4 6 .7 6 ± 1 1 .8 1 b

2 1 7 .6 9 ± 9 .8 7 a b

2 0 5 .6 9 ± 1 0 .5 2 a

2 3 0 .6 1 ± 1 0 .1 7 a b

G lutamic pyruvic transaminase, U L1

1 0 .4 6 ± 0 .9 6 a

2 1 .7 6 ± 2 .4 4 b

2 0 .6 9 ± 0 .9 4 b

2 7 .3 0 ± 2 .6 5 c

A lbumin, g L1

1 5 .9 2 ± 1 .2 4 b

1 1 .3 0 ± 0 .6 7 a

1 3 .6 1 ± 0 .9 5 a b

1 2 .1 5 ± 0 .7 3 a

Total P rotein, g L1

3 7 .3 8 ± 1 .4 1 a

3 6 .4 6 ± 2 .8 0 a

3 6 .4 6 ± 1 .2 4 a

3 5 .5 3 ± 1 .3 2 a

G lucose, mmol L1

1 6 .9 7 ± 0 .4 6 b

1 5 .7 8 ± 0 .6 5 a b

1 4 .7 6 ± 0 .3 0 a

1 6 .2 1 ± 0 .2 6 b

C a , mmo l L 1

4 .1 3 ± 0 .3 8 b

2 .8 4 ± 0 .1 7 a

3 .4 3 ± 0 .3 1 a b

2 .9 3 ± 0 .1 8 a

Inorganic P , mmol L1

1 .3 8 ± 0 .1 6 a

1 .3 9 ± 0 .0 5 a

1 .3 2 ± 0 .1 4 a

1 .2 4 ± 0 .0 9 a

Mg , mmo l L 1

1 .8 5 ± 0 .1 4 a

1 .8 1 ± 0 .1 2 a

1 .6 6 ± 0 .1 3 a

1 .5 4 ± 0 .0 8 a

A lkaline phosphatase, U L1
G lutamic-oxaloacetic transaminase, U L1

Explanations: means in a row with a different letter differ significantly at p < 0.05

neutral conditions (9) when compared to presented data
of the quails aged 17 weeks reared in high environmental temperature (tab. 1). Moreover, egg production was not changed significantly by supplementing
vitamin E to the diet in this investigation (tab. 1) which
is in agreement with other reports (8, 25). According
to above explanations unchanged feed intake and
plasma total protein levels by heat stress and adding
vitamin E caused no significant difference in egg
production (tab. 1, 2).
An acute heat stress period in laying hens (38°C)
did not affect blood plasma glucose, uric acid and
creatinine (12). Glucose concentration of blood was
decreased insignificantly as dietary vitamin E concentration increased (250 and 750 mg/kg) in this study.
There was a significant increase in the glucose of the
control group, especially compared with the 500 mg/
kg vitamin E supplemented group (tab. 2). This may
be explained by the possible disability of the cells to
metabolize carbohydrates and use proteolysis as an
alternative process for energy production in heat stress
(15). Plasma triglyceride levels of the unsupplemented group was the highest compared with vitamin E
supplemented groups (tab. 2). Heat stress tended to
elevate blood corticosterone and ACTH levels and it
resulted in increased serum glucose and triglyceride
concentrations (26, 27), as determined in the quails of
the control group in this study. These results may probably be due to the greater catabolic effect (or concentration) of ACTH, yielding more glucose and triglycerides in the serum and may have an influence on the
lowered effects of heat stress with greater supplementation of vitamin E (26).

In normally hydrated fowls, heat stress did not
significantly affect blood constituents. Water deprivation increased SGPT, and hyperthermic dehydration
increased BUN, uric acid in the fowl (Gallus domesticus) (2).
The significant increase in plasma GOT activity,
creatinine and BUN strongly suggest an increased permeability of cell membranes and damage to muscle
cells under heat stress (42-44°C) (15). In this study,
creatinine was significantly higher in the 750 mg vitamin E supplemented group than other vitamin E supplemented groups. GOT activity was significantly
higher but BUN presented a tendency for higher
values in the control group compared with the group
feeding 500 mg vitamin E/kg of diet (tab. 2). These
results may be explained in that the damage of the
muscle cells of laying quails in the temperature of 31°C
was not too severe. On the other hand, Sahin et al.
(26) reported that activities of SGOT and SGPT remained unchanged but blood cholesterol level decreased, activity of serum ALP increased with increasing
vitamin E supplementation in broilers reared under heat
stress (32°C). Although plasma ALP activity and total
cholesterol level were not significantly different among
the groups in the present study (tab. 2), it may be suggested that liver tissue was not damaged by heat stress
as reported by Marder et al. (15). Increasing vitamin E
concentration caused an increase in GPT activity in
this study.
Exposure of laying hens to an acute heat stress
period (38°C) produced a decrease in blood plasma
magnesium (12). Inorganic P and Mg levels normally
increase during renal failure (6). In the present study,
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plasma Mg and inorganic P were not affected by the
supplementation of vitamin E to the diet in quails
reared under the temperature of 31°C (tab. 2). Ca uptake by duedonal epithelial cells was decreased by
exposure to high environmental temperature (35°C)
and this may be a critical factor in detrimental effects
of heat stress on egg production (14). Contrarily,
Samara et al (29) reported that neither blood concentration of ionized Ca nor total plasma Ca was affected
by temperature and the supply of Ca available in blood
for shell deposition is not diminished in hens acclimatized to high environmental temperature (21 to 39°C).
The disagreement could be due to differences in heat
stress treatments or the type or age of birds used. It has
been observed that plasma Ca and P concentrations
increased in heat stressed Japanese quails (34°C) and
broilers (32°C) fed a diet supplemented with vitamin
E (26, 27). Horowitz and Adler (7), explained that
plasma volume was maintained via the maintenance
of adequate albumin mass, while heat acclimation
(34°C) resulted in a 48% reduction in albumin synthesis. The Ca bound to albumin 80% and globulin 20%
is an important reservoir of Ca (18). It was confirmed
in our results that significantly increased albumin concentration of plasma is responded to by an increase in
Ca concentration of the unsupplemented group compared with the 250 and 750 mg vitamin E supplemented groups (tab. 2). This may indicate that increasing
dietary vitamin E levels (250 and 750 mg/kg) decreased plasma albumin and total plasma Ca levels in
quails reared under a mean temperature of 31°C. However, in terms of albumin and Ca concentration, the
group with 500 mg vitamin E/kg of diet supplementation responded similarly as the unsupplemented group.
According to explanations above (7, 29) Ca and albumin concentrations may differ due to the maintained
plasma volume since egg production was not affected
by giving vitamin E supplementation to quails reared
under 31°C temperature.
In conclusion, although egg production and feed intake were not different, some parameters in the blood
changed indicating cell damage which is a result of
heat stress. Supplementing 500 mg vitamin E/kg of
diet may offer a potential protective management practice for preventing heat stress-related damages in
laying quails.
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