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High ambient temperature reduces feed intake, live
weight gain, feed efficiency (Donkoh, 1989), thus nega-
tively influences the performance of broilers. Hurwitz et
al. (1980) suggested that decrease in growth rate was due
partly to the decrease in feed intake. Animals stressed un-
der improper environmental conditions or subjected to
an artificial stress via ACTH and epinephrine injections
are found to have reduced α-tocopherol, retinol, and
ascorbic acid concentrations in plasma and blood cells
(McDowell, 1989), whereas lipid peroxidation levels
were found to be high in plasma and tissues due to in-
creased production of free radicals (Naziro�lu et al.,
2000). Moreover, heat stress impairs absorption of vita-
mins A, E and C, and thus, increases the requirement of
these vitamins (Naziro�lu et al., 2000; Sahin et al., 1999;
Klasing, 1998 ) On the other hand, stress causes reduc-
tion in plasma and tissue concentrations of minerals
such as Fe, Zn and Cu which are related to immune sys-
tem (Beisel, 1982).

Several methods are available to alleviate the effect of
high environmental temperature on performance of
poultry. Since it is expensive to cool animal buildings,

such methods are focused mostly on the dietary manip-
ulation. In this respect, vitamin E is used in the poultry
diet because of the reported benefits of vitamin E sup-
plementation to laying hens during heat stress (White-
head et al., 1998; Bollengier-Lee et al., 1998, 1999), also
because of the fact that vitamin E synthesis is reduced
during the heat stress (Feenster, 1985; Whitehead et al.,
1998; Sahin et al., 1999; Boliengier-Lee et al., 1999; Na-
ziro�lu et al., 2000). Vitamin E is known to be a lipid
component of biological membranes and is considered a
major chain-breaking antioxidant (Halliwell and Gut-
teridge, 1989). Vitamin E is mainly found in the hydro-
carbon part of membrane lipid bilayer towards the
membrane interface and in close proximity to oxidase en-
zymes which initiate the production of free radicals (Put-
nam and Comben, 1987; McDowell, 1989; Packer, 1991).
Vitamin E, therefore, protects cells and tissues from oxi-
dative damage induced by free radicals (Gallo-Torres,
1980). Determination of some blood parameters has a
substantial merit in understanding metabolic changes in
heat-stressed poultry fed with dietary vitamin E. There-
fore, the objective of this study was to evaluate the ef-
fects of dietary vitamin E supplementation on serum
and liver MDA, vitamin E, and vitamin A status and se-
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rum Fe, Zn, and Cu concentrations in broilers reared un-
der heat stress (32°C).
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One hundred and fifty 1 day-old Cobb-500 male
chicks obtained from Koy-Tur Company, Elazi�, Turkey,
were used in the study. The birds were randomly as-
signed, according to their initial body weights, to 5 treat-
ment groups, 3 replicates of 10 birds each. All pens
were bedded with a wood-shavings litter and equipped
with feeders and waterers in environmental chambers
with 24.4 cm2 per bird. The birds received either a basal
diet or basal diet supplemented with vitamin E (dl-α-to-
copherol acetate) either 62.5, 125, 250, or 500 mg/kg of
diet. 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 birds
were fed a starter diet until 21 d of age followed by a
finishing diet from day 21 to day 42. Ingredients and
chemical composition of the starter and grower diets are
shown in Table 1. The basal diets were formulated using
NRC (1994) guideline and contained 20–23% (grower-
starter) protein and 3200 kcal/kg ME. The diets and
fresh water were offered ad libitum. During the experi-
ment, light was provided continuously (24 hours). Aver-
age room temperature was 32°C. Relative humidity
inside the hen house was 42%. The experiment was con-
ducted between July 28 and September 7.

At the end of day 42, 10 birds randomly chosen from
each treatment were slaughtered and blood was collect-
ed. Blood samples were centrifuged at 3000 × g for
10 min and sera were collected and stored at –20°C.
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Chemical analysis of the diet were run using interna-
tional procedures of AOAC (1990). Lipid peroxidation
as thiobarbituric acid-reactive substances (TBARS)
were determined in serum and liver samples by method
of Placer et al. (1966) as modified by Matkovics et al.
(1989). The values of TBARS material were expressed in
terms of malondialdehyde (µmol/ml serum or µmol/g liv-
er). Vitamins E and A concentrations in serum and liver
samples were determined via a modification of the meth-
od described by McMurray et al. (1980). Fluorimetric
detection of vitamin A used excitation and emission
wavelengths of 330 and 480 nm, respectively. The rele-
vant wavelengths for vitamin E detection were 292 and
330 nm. Calibration was performed using standard solu-
tions of all trans retinal and α-tocopherol in methanol.
Fe, Zn, and Cu concentrations of serum were measured

at specific wavelengths for each element by using atomic
absorption spectrometer (Shimadzu AA-660). Calibra-
tions for the mineral assays were conducted with a se-
ries of mixtures containing graded concentrations of
standard solutions of each element.

The data were analyzed using the GLM procedure of
SAS (1989). Linear, quadratic and cubic polynomial con-
trasts were used to evaluate treatment effects.
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The effects of supplemental dietary vitamin E during
heat stress on serum and liver MDA, vitamins E and A
of broilers are shown in Tables 2 and 3. Increased sup-
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plemental vitamin E linearly increased serum and liver
vitamins E and A, but decreased (P = 0.001) MDA con-
centrations (P = 0.001). Dietary vitamin E had significant
effects on minerals measured at the present study (Ta-
ble 4). Serum copper concentration decreased linearly
(P = 0.001) while, iron and zinc concentrations increased
linearly (P = 0.001) when dietary vitamin E supplementa-
tion increased.

	�%�
%%���

In the present study, effects of dietary vitamin E sup-
plementation on serum and liver MDA, vitamins E, A
and serum Fe, Zn, and Cu concentrations in broilers
reared under heat stress (32°C) were investigated. This
study suggests that lipid peroxides formed under heat
stress conditions can be partially counteracted by di-
etary inclusion of antioxidants such as vitamin E. To the
authors’ knowledge, this is the first study carried out
on the ability of vitamin E to reduce the prooxidative ef-
fects of heat stress in broilers. It is known that vitamin E
diminishes the peroxidation of polyunsaturated lipids
via scavenging free radicals (McDowell, 1989; Packer
and Landvik, 1990). Vitamin E is also an important struc-
tural component of biological membranes, contributing
to their stability (Gallo-Torres, 1980). The methyl groups
of tocopherol interact with the cis double bounds of the
fatty acids to form a stable complex in membrane phos-
pholipids (McDowell, 1989; Packer and Landvik, 1990).

It is well known that heat stress causes an increased
production of MDA (Naziro�lu et al., 2000; Halliwell
and Gutteridge, 1989). On the other hand, heat stress re-
duces the concentrations of vitamins E, C, A, and some
minerals such as Fe and Zn in serum and liver (Klasing,
1998; Feenster, 1985). In the present study, serum and
liver MDA level decreased, while vitamins E and A
concentrations increased when dietary vitamin E was in-
creased. It has been speculated that vitamin E supple-
mentation may have reduced synthesis of MDA in liver
by protecting liver from lipid peroxidation and cell mem-
branes from damage. Vitamin E is the first line of defense
against lipid peroxidation (McDowell, 1989). By its free
radical quenching activity, it breaks chain propagation
and thus terminates free radical attack at an early stage;
such an effect of vitamin E is on polyunsaturated fatty
acids of biomembranes (McDowell, 1989) The concen-
tration of tocopherol in tissues is inversely correlated to
lipid peroxidation (Kornburst and Mavis, 1980). Similar
to the results of the present study, Morrissey et al.
(1997) reported that dietary supplementation of chicken
diets with α-tocopherol increased tissues α-tocopherol
concentrations, while markedly decreased MDA con-
centration. Liver damage is detected by the measure-
ment of the activities of plasma enzymes that have been
released in to blood from the cells. According to antioxi-
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dant theory (McDowell, 1989; Gallo-Torres, 1980), when
the concentrations of antioxidant vitamins decreases,
lipid peroxidation increases in the plasma and tissues
leading to damage of cell membranes. Bollengier-Lee et
al. (1999) have shown that dietary supplementation of vi-
tamin E (250 mg/kg) can alleviate the negative effects of
heat stress by increasing serum and liver vitamin E levels.

Vitamin A is the precursors of beta-carotene and can
function as an effective radical-trapping antioxidant
(McDowell, 1989). Vitamin A represents a previously
unknown class of biological antioxidants. There is am-
ple evidence that vitamin A is a very effective quencher
of singlet oxygen (McDowell, 1989; Burton and Ingold,
1984). Sahin et al. (1999) reported that serum vitamin A
concentration decreases upon stress conditions. Simi-
larly, McDowell (1989) indicated that stress conditions
cause reduction in conversion of carotene to vitamin A.
Serum and liver vitamin A concentrations increased by
dietary vitamin E in the present study. Similar results
were reported in a previous study (Sunder et al., 1997).
These results confirm the thesis that vitamin E supply
and vitamin A concentration in the liver are correlated
positively (Brubacher et al., 1964). Overall antioxidant
potential has been reported to possibly be more effi-
cient and crucial than single antioxidant nutrients (Tufft
and Nockles, 1991). Dietary vitamin E appear to have an
important effect on the utilization and perhaps absorp-
tion of cartotenoids. It is uncertain whether the vitamin
E contribute directly to efficient absorption of or wheth-
er protect both carotene and vitamin A from oxidative
breakdown.

It has been reported that stress conditions decrease
Fe and Zn but increase Cu concentrations of serum and
tissue in poultry (Butler and Curtis, 1973; Beisel, 1982;
Tufft and Nockles, 1991; Klasing, 1998). In the present
study, increasing dietary vitamin E caused an increase
in serum concentrations of Fe and Zn, but a decrease in
serum Cu concentrations (Table 4). It is known that di-
etary ascorbic acid causes iron release into the serum,
thus increasing the serum iron concentration. Vitamin E
is also thought to have similar effects to those of ascor-
bic acid (Linder, 1991). It has been reported that zinc
stabilizes the red cell membrane against cellular changes
caused by peroxidations and that zinc plays a role simi-
lar to that of vitamin E in reducing peroxidative damage
on cellular membrane (Pond et al., 1995). Frank et al.
(1986) reported that dietary vitamin E did not cause any
change in serum and liver concentrations of zinc under
thermo-neutral conditions. However, our results showed
that dietary vitamin E increased serum zinc and iron
concentrations under heat stress. On the other hand, in
agreement with results of present study, an opposite re-
lation has been reported between dietary Cu and serum
and liver concentrations of vitamin E (Kutsky, 1981; Van
Saun, 1990).

Vitamin E protect the cell from the detrimental effects
of peroxidation. Vitamin E is present in the membrane
components of the cell and prevents peroxide formation
(Mc Dowell, 1989). The absorption of vitamin E is facili-
tated by the formation of micelles which are then solubi-
lized by the action of bile salts and pancreatic juices in
the intestines (Gallo-Torres, 1980; Putnam and Comben,
1987). It is apparent from the results of the present
study that a dietary α-tocopherol acetate supplementa-
tion offers a feasible way to reduce the losses in perfor-
mance of broilers due to the negative effects of heat
stress.

Results of the present study conclude that a 250 mg
of vitamin E provides an optimal performance in broiler
chicks reared under heat stress. Vitamin E supplementa-
tion at such a level can be considered as a protective
management practice in a broiler diet, reducing the neg-
ative effects of heat stress.
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