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Abstract

This study was conducted to investigate the effects of dietary vitamin E levels on the concentration of vitamin E of egg yolk
and plasma, TBARS (thiobarbituric acid reactive substance) of egg yolk during refrigerated storage of 1 or 42 days and productive
performance of laying hens exposed to heat stress (30 °C). Twenty four week old, 128 Lohman LSL hybrids layers divided into 8
groups. Half of the groups were kept at normal poultry-house conditions (20 °C) and the other half were exposed to heat stress (30
0C). In both poultry-houses, former groups were fed on basal diets and 2nd, 3rd, and 4th groups were fed on the vitamin added
rations which were 45, 65, 85 IU/kg vitamin E respectively.

Supplementation of vitamin E caused a very significant increase in the egg yields. Egg production was significantly greater
(P<0.01) with 85 TU /kg vitamin E (81%) as compared to control hens. On the other hand the average egg yields were significantly
decreased (approximately 14%) by the heat stress. A higher concentration of vitamin E reduced TBARS values in eggs. Concentration

of vitamin E in the yolk and plasma linearly increased as the dietary vitamin E increased.
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INTRODUCTION

Vitamin E is the most active natural antioxidant used
in animal diets. It exhibits an antioxidant activity at low
concentration and prooxidant activity at high concentration [1].
Bollengier-Lee et al. [2-3] speculated that vitamin E protected
the liver from lipid peroxidation and damage to cell membranes.
Tengerdy [4] reported that vitamin E supplementation could
reduce the negative effects of corticosterone induced by stress.
Jiang et al. [5]; Surai et al. [6] and Meluzzi et al. [7] reported
that dietary o —tocopherol increases the content of vitamin E
in the egg yolk in a dose dependent manner. Halliwell and
Gutheridge [8] and Yu [9] reported that vitamin E was as an
excellent biological chain-breaking antioxidant that protects
cell and tissue from lipoperoxidative damage induced by free
radicals. It was found that hens supplemented with dietary o
—tocopherol had a significant reduction in TBARS values,
as an indicator of lipid peroxidation, in eggs and liver tissue
[10]. Surai et al. [11] indicated that an increased vitamin
E supplementation of the maternal diet can substantially
increased vitamin E concentration in the developing tissues of
the chick and significantly decreased their susceptibility to lipid
peroxidation.

Chan and Decker [12] found that chickens cannot synthesize
vitamin E; therefore, vitamin E requirements must be met from
dietary sources. It has been known that heat stress has negative
effect on laying hens feed intake by reducing in laying hens
exposed to heat stress [13]. Putpongsiriporn et al. [14] and
Lin et al. [15] reported that feed intake, egg production, egg
weight and shell quality were decreased in heat- stressed birds.
Therefore, the purpose of this experiment was to determine the

effects of four dietary doses of vitamin E in the yolk and plasma,
on lipid stability of fresh and stored eggs and on performance in
laying hens exposed to heat stress.

MATERIAL AND METHODS

Trial was designed to determine the effects of dietary
vitamin E levels on the concentration of vitamin E of egg yolk
and plasma, TBARS (thiobarbituric acid reactive substance)
of egg yolk during refrigerated storage of 1 or 42 days and
productive performance of laying hens exposed to heat stress
(30 oC). The experimental design consisted of a 2 x 4 factorial
arrangement using two heat level and four dietary treatments.
Twenty four week old, 128 Lohman LSL hybrids layers were
used this experiment. Birds were randomly assigned to 8 groups
at equally (n=16), each of which included 4 cages (50 x 46 x 46
cm) with four animals. Half of the groups (4 groups) were kept
at normal poultry-house conditions (20 oC) and the other half
exposed to heat stress (30 oC and 60% RH). In both poultry-
houses, the first groups were fed on basal diets (contained 6
IU vitamin E/kg, OE) (Table 1), and 2, 3, 4 th, groups were fed
on the vitamin added rations at 45 (45 E), 65 (65 E), 85 (85 E)
IU/kg vitamin E (Rovimix® E- 50 SD) respectively.

During this study, hens were fed and watered ad libitum.
Egg production, feed conversion ratio and feed consumptions
were recorded daily from each cage. Egg weight was recorded
biweekly. Birds were weighted at the beginning and end of the
study in order to calculate live weight changes. At the end of this
research, blood samples (3 ml) were taken from the branchial
vein of two hens from each replicate cage. These samples
were then, transferred to heparinsed tubes and placed on ice.



20 S. C. Boliikbasi et al / JABS, I (3): 19-23, 2007

Plasma samples were prepared by centrifugation of blood at
1500 g for 5 min, frozen immediately and stored at — 20 oC
until analyzed. Also, yolks were sampled from two hens of each
cage (totally eight yolks from each group) in order to determine
TBARS (thiobarbituric acid reactive substance) and vitamin E
contents. All samples were stored 40C until the analyses. The
a-tocopherol content in plasma and yolk was determined by
HPLC [16, 17- 18] and the TBARS were measured using the
method described by Cherian et al. [10].

Differences between groups were analysed by one-way and
two way analysis of variance (ANOVA), using the statistical
package SPSS for Windows [19], version 10.0. Statistical
differences between means were tested using Duncan’s multiple
range tests [20].

Table 1. Composition of the diets used in the experiments.

Ingredient (%)  Chemical Composition (%)
Maize 35 Dry matter 90
Wheat 17.5 Crude Protein 16
Wheat bran 12.5 Crude fiber 6
Soya bean meal 17 Crude ash 12
Sunflower meal 5 Ash dissolved in HCL 1
Meat bone meal 2.5 Lysine 0.7
Marble meal 7.5 Methionin 0.33
Limestone 2.4 Calcium 34
NaCl 0.3 Phosphorus 0.7
Vitamin Premix’ 0.2

Mineral Premix? 0.1

' Supplied per kilogram of diet: 6400 U Vit. A, 1600 IU Vit. D., 6 IU Vit.
E, 3000 mg K, 1500 mg BI. 4000 mg B,, 0.4 mg Nicotinamide, 4.8 mg
Cal-D, 2 mg B6, 160 mg choline, 0.8 mg D-Biyotin, 0.28 mg Ca

2 Supplied per kilogram of diet: 80 mg Mn, 90 mg Zn, 50 mg Fe, 12 mg
Cu, 1.5 mg Se, 2.5 g sodium chloride.

RESULTS

The effects of dietary treatment were significant (P< 0.01)
on feed intake in birds in normal poultry house and the highest
feed intake was determined in birds fed 45 IU vitamin E/kg.
However, feed intake of the groups was not significantly (P>
0.05) different in birds exposed to heat stress. The changes in
feed intake was significant (P<0.01) between the heat and normal
condition groups. Feed intake reduced significantly in heat stress
group compared to normal condition group (Table 2).

In the present study, the dietary treatment had no effects on
feed conversion ratio in both poultry houses. It was found that
feed conversion rate did not change significantly (P>0.05) in
both groups, heat stressed and normal conditions (Table 2). The
egg weight of groups did not change in heat stressed and not
heat stressed hens. Egg production in laying hens in both poultry
conditions (heat stress and normal) increased significantly
(P<0.05) with the supplementation of dietary vitamin E.

At overall effects evaluation, exposure of hens to high
temperature resulted in a significant (P<0.01) decrease in egg
production and egg weight (Table 2).

The results of this study showed that supplementing diets
of laying hens with a relatively high concentration of vitamin
E (85 IU/kg) can reduce the detrimental effect of heat stress
upon egg production. The effects of dietary treatment were not
significant on weight changes in birds in both poultry houses.
It was determined that in the animals kept under heat stress
weight change was significantly different (P<0.05) compared to
those in normal condition. The interactions between heat stress
and vitamin E were significant in terms of feed intake and egg
production.

The effects of vitamin E on the thiobarbituric acid reactive
substance (TBARS) values of egg yolk during the storage period

Table 2. Influence of Heat Stress and Dietary Vitamins E on Performance of Laying Hens

Feed

Vitamin E (IU Feed conversion Egg. Welghtl Egg
ke") Intake rate production change weight
0, 0,
® (erke’) %) %) ®
0E 99.40 1.99 63.00 b° -13.20 54.90
45E 100.30 2.05 67.80 b -16.80 58.00
Heat stress 65E 99.50 2.02 68.70 b -17.00 56.20
85E 99.50 1.97 7840 a -15.20 57.30
SED' 11.5 0.70 10.10 1.09 3.3
P NS NS o NS NS
0E 114.60° 2.00 82.00° 3.20 62.20
45E 119.309° 2.30 83.70° 6.00 63.60
Normal 65E 116.304° 1.94 88.10° 6.40 63.30
condition 85E 116.50° 1.88 85.40° 5.75 66.40
SEM 12.00 0.50 9.80 1.23 3.70
P o NS o NS NS
OVERALL EFFECTS
Heat stress 99.80 2.00 70.72 -15.55 56.60
Heat Normal 116.68 2.03 84.80 533 68.87
0 107.00 1.99° 75.00° -10.00 38.55°
- 45 105.05 2.18° 75.75° -10.80 60.80"
Vitamin E 65 107.90 2.02° 78.40° -10.60 59.75°
(IU kg™ 85 108.00 1.93° 81.90° 9.45 61.85°
Heat x Vitamin E * NS * NS NS

NS not significant *: P< 0.05 **:P<0.01

abe  Column means with no common superscript differ significantly

1

Weight change during the 10- week experimental period
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(1 and 42 days) were presented in Table 3. The dietary treatment
and storage time affected TBARS values in both heat stressed
and normal condition hens. Inclusion of vitamin E resulted in a
significant (P<0.01) reduction in the TBARS values in eggs at
1 and 42 storage in heat stressed hens and normal hens (Table
3). Pooled data show that TBARS values of eggs of the heat-
distressed hens were higher than the normal hens. Level of
vitamin E significantly reduced TBARS values in yolk. It was
found that supplementation of vitamin E causes to an increase
in the deposition of a-tocopherol and thus inhibits the chain
reaction of peroxidation in yolk of hens exposed to heat stress.
The interaction between heat stress x day and heat stress x days
x vitamin E was important with respect to TBARS.

Plasma a-tocopherol levels were increased by increasing
the level of dietary vitamin E in heat stressed and normal hens.
The greatest accumulation of a-tocopherol was observed in
the group with 85 E (Table 4). It was observed that the plasma
vitamin E levels of heat stressed groups were significantly lower
than the normal condition group at overall effects evaluation.
The interaction between heat stress x vitamin E was important
in terms of plasma a-tocopherol levels (Table 4).

21

Table 5 shows the a-tocopherol contents of fresh and stored
eggs. The dietary treatment and storage time had effects on a-
tocopherol of egg yolk in both heat stressed and normal condition
hens. Supplementation of laying hen’s diet with vitamin E was
anovel way of increasing the intrinsic concentration of vitamin
E in eggs. The greatest concentration of vitamin E in yolk was
obtained by increasing vitamin E. The content of yolk vitamin
E was significantly (P<0.01) decreased during the refrigerated
storage (from 1 to 42 days) in all dietary treatments in heat
stressed and normal condition hens. Pooled data show that
at the egg yolk, a-tocopherol contents of the group exposed
to heat stress were lower than those of the normal group. At
each sampling time, the yolk concentration of a-tocopherol
increased depended on the dose in hen diets. The interactions
between vitamin E x days were important with respect to egg
a-tocopherol levels.

DISCUSSION

Feed intake did not change by supplemental vitamin E
level in the present study. Controversial results were reported
by Puthpongsiriporn et al. [14] in accordance with our study.

Table 3. Influence of Dietary Vitamins E and Days of Refrigerated Storage on TBARS Values of the Egg

Yolk (mg malondialdehyde per kg).

Normal hens

Heat distressed hens

Storage days 1 days 42 days 1 days 42 days
0E 0.04¢ 0.06* 0.04¢ 0.07¢
45 E 0.04¢ 0.05° 0.04¢ 0.07¢
65E 0.03¢ 0.05° 0.03¢ 0.05"
385 E 0.03¢ 0.04¢ 0.03¢ 0.05°
SEM 0.001 0.001
P ®% k%
OVERALL EFFECTS
Heat distressed hens 0.05
Heat Normal hens 0.04
P *
1 0.04
Days of storage 42 0.06
P wk
0 0.06*
Vitamin E level 45 0'05%
" 65 0.04¢
(U kg™) 85 0.04¢
P ek
Heat x Days *
Heat x Days x Vit E *

* P<0.05 ™:P<0.01 NS: Not significant

*f: Means with no common superscript differ significantly

Table 4. Influence of Dietary Vitamins E on a-tocopherol Content (ng/g) of the Plasma of Hens.

Heat-distressed hens

Normal hens

OE 2.39¢ 2.58¢
45 E 3.57¢ 5.53%
65E 4.29° 7.40°
85E 5.56% 7.49 %
SEM 0.048 0.068
P o ok
OVERALL EFFECTS

Heat distressed hens 3.95
Heat Normal hens 5.75

P £

0 2.48¢
Vitamin E level 45 4'55;

" 65 5.84

(U kg™) 85 6.52¢

P *%
Heat x Vitamin E *

NS: not significant * P<0.01

+be: Column means with no common superscript differ significantly
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Table 5. Influence of Dietary Vitamins E and Days of Refrigeration on a-tocopherol content

(ng/ g) of the Egg Yolk.

Normal hens

Heat distressed hens

Storage days 1 day 42 day 1 day 42d
0E 18.304% 14.10¢ 13.701 9.80¢
45E 45.40¢ 36.00¢ 34.60¢ 29.30%
65 E 72.90° 67.00% 77.00° 67.30¢
85E 100.60° 92.60% 95.30° 86.60"
SEM 0.257 0.210
P sksk sk
OVERALL EFFECTS
Heat Heat distressed hens 51.70
Normal hens 55.86
P *%
Days of refrigerated storage 1d 57.22
42d 50.33
P *%
Vitamin E level 0 13.97d
3 45 36.32¢
(U kg") 65 71.05 b
85 93.77 a
P ks
Vitamin E x Days *
NS: not significant ~ ":P<0.01 a,b,c : Column means with no common superscript differ significantly

However, supplementation of dietary vitamin E (500 mg/kg)
caused a significant increase (P<0.01) in feed intake of hens [2]
and in Japanese quail [21] exposed to heat stress. The dietary
treatment had no effects on feed conversion ratio in not heat
stressed and control hens in the present study. Similarly, Jerry
et al. [22] reported that supplementation of vitamin E did not
affect feed conversion in male turkey. Feed conversion ratio did
not change significantly (P>0.05) in either of the groups, heat
stressed and not heat stressed, at overall effects evaluation. The
results of these trials were in line with the data suggesting the
supplementation of vitamin E in laying diets for reducing the
negative effects of heat stress reported by Bollenger-Lee et al.
[2] and Sahin et al. [21].

Vitamin E supplementation increased egg production in
heat stressed hens in this experiment. These results agreed with
the findings of Puthpongsiriporn et al. [14] and Bollenger-Lee
et al. [2-3] who showed that supplementation of vitamin E
significantly increased egg production in laying hens exposed
to heat stress. Similarly, Sahin et al. [21] reported that dietary
supplementation of vitamin E increased egg production in
Japan quail exposed to heat stress.

At the present study, TBARS values of eggs of the heat-
distressed hens were higher than not- heat-distressed hens.
Level of vitamin E significantly reduced TBARS values in
yolk. The present data, were in accordance with the findings of
Cherian et al. [10], Puthpongsiriporn et al. [14] and Franchini
et al. [23]. It was found that supplementation of vitamin E leads
to an increase deposition of a-tocopherol and thus inhibits the
chain reaction of peroxidation in yolk of hens exposed to heat
stress. Puthpongsipiron et al. [14] reported that this result is due
to the antioxidant property of vitamin E.

Plasma a-tocopherol levels of heat stressed and not
heat stressed hens increased linearly with the increment of
vitamin E level in this study. These results were similar to
those reported by Franchini et al. [23]. Puthpongsiriporn et

al. [14] reported that supplementation of vitamin E increased
level of a-tocopherol in plasma of hens. The proportions of
a-tocopherol in egg yolk were increased by dietary vitamin
E level. Same situations were reported by earlier findings of
Cherian et al. [10], Puthpongsiriporn et al. [14] and Franchini
et al. [23]. The content of yolk vitamin E significantly
(P<0.01) decreased during the refrigerated storage (from 1 to
42 days) in all dietary treatments in heat stressed and normal
hens. These results were in accordance with the findings of
Franchini et al. [23]. However, Cherian et al. [10] reported
that there was no effect of 42-d of storage on a-tocopherol
content of eggs.

In conclusion, vitamin E supplementation at different levels
(45, 65 and 85 TU/kg of diet) had no significant effects on feed
intake under heat stress, however, it improved egg production
in laying hens in the present study. It was observed that a higher
concentration of vitamin E ameliorated lipid oxidation in eggs.

REFERENCES

[1]. Chen JY, Latshaw JD, Lee HO, Min DB. 1998. a-
tocopherol content and oxidative stability of egg yolk as
related to dietary a-tocopherol. Journal of Food Science,
63:919-922.

[2]. Bollengier-Lee S, Mitcchell MA, Utomo DB, Williams
PE, Whitehead CC. 1998. Influence of high dietary
vitamin E supplementation on egg production and plasma
characteristic in hens subjected to heat stress. British
Poultry Science. 39:106-112.

[3]. Bollengier-Lee S, Williams PE, Whitehead CC. 1999.
Optimal diatery consentration of vitamin E for alleviating

the effect of heat stress on egg production in laying hens.
British Poultry Science March 40(1):102-7.



[10].

[11].

[12].

[13].

[14].

S. C. Boliikbasi et al / JABS, 1 (3): 19-23, 2007

Tengerdy RP. 1989. Vitamin E, immune response, and
disease resistence. Annals of the New York Academy of
Sciences 570:335-344.

Jiang YH, McGeachin RB, Bailey CA. 1994. o-
Tocopherol, B-Carotene, and Retinol Enrichment of
Chicken Eggs. Poultry Science.73:1137-1143.

Surai P, Ionov I, Buzhin A, Buzhina N. 1995. Vitamin
E and egg quality. Proceedings of the VI European
Symposium on the Quality of Eggs and Egg Products,
Zaragoza, pp. 387-394.

Meluzzi A, Tallarico N, Manfreda G, Sirri F, Franchini A.
2000 Effect of dietary vitamin E on the quality of table
eggs enriched With N-3 Long Chain Fatty Acids. Poultry
Science.79:539-545.

Halliwell B, Gutteridge JMC. 1989. Lipid Peroxidation: A
Radical Chain Reaction.Pages 188-218 in:Free Radicals
in Biology and Medicine.2nd Ed.Oxford University Pres.
Newyork. NY.

Yu BP. 1994. Cellular defenses againts damage from
reactive oxygen species. Physiological Reviev. 74: 139-
162.

Cherian G, Wolfe FH, Sim JS.1996. Dietary oils withadded
tocopherols:effects on egg or tissue tocopherols, fatty
acids and oxidative stability. Poultry Science 75:423-
431.

Surai PF. 1999. Vitamin E in avian reproduction. Poultry
and Avian Biology Reviews, 10: 1-60.

Chan KM,. Decker EA. 1994. Endogenous skeletal
muccle antiozidants.Critical Reviews and Food Science
Nutrition. 34:403-426.

Smith AJ. 1974. Changes in the average weight and shell
thickness of eggs produced by hens exposed to high
environmental temperatures. A review. Tropical Animal
Health and Production 6: 273-244.

Puthpongsiriporn U, Scheideler SE, Sell JL, Beck MM.
2001. Effects of vitamin E and C suplementation on

[15].

[16].

[17].

[18].

[19].
[20].

[21].

[22].

[23].

23

performance, in vitro lymphocyte proliferation, and
antioxidant status of laying hens during heat stress.
Poultry Science. 80(8):1190-200.

Lin H, Wang LF, Song L, Xie YM, Yang QM. 2002.
Effect of dietary supplemental level og vitamin A on the
egg production and immune responses of heat-stressed
laying hens. Poultry Science. 81:458-465.

Dove CR, Evan RC. 1990. Effect of excess dietary copper,
iron, or zinc on the tocopherol and selenium status of
growing pigs. Journal of Animal Science. 68:2407-2413.

Ahn DU. 1995. Effect of dietary a-lonolenic acid and
strain of hen on the fatty acid composition, storage
stability, and flavor characteristics of chicken eggs.
Poultry Science. 74: 1540-1547.

Sell JL, Soto-Salanova MF, Palo P, Jeffrey M. 1997.
Influence of supplementing corn-soybean meal diets with
vitamin e on performanceand sellectedphysiological traits
of male turkeys. Poultry Science. 76:1405-1417.

SPSS 1999. SPSS for Windows Release 10.0.

Snedecor GW, Cochran WG. 1980. Istatistical Methods,
S.XVII. 507. The lowa State Univ. Press. Ames.

Sahin K, Sahin N, Onderci M. 2002. Vitamin E
supplementation can alleviate negative effects of heat
stres on egg produktion, egg quality, digestibility of
nutrients and egg yolk mineral consentrations of Japanes
quails. Researche in Veterinary Science73(3):307-12.

Jerry L, Sell MF, Soto-Salanova MF, Palo, P, Jeffrey
M. 1997. Influence of supplementing corn-soybean
meal diets with vitamin E on performance and selected
physiological traits of meal turkey. Poultry Science. 76:
1405-1417.

Franchini A, Sirri F, Tallarico N, Mineli G, laffaldano
N, Meluzzi A. 2002. Oxidative stability and sensory
and functional properties of eggs from laying hens fed
supranutritional doses of vitamins E and C. Poultry
Science. 81: 1744-175.



