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SUMMARY

The current study aimed to investigate the effects of extra dietary supplementations of vitamins A, E
and Selenium and their interactions on the performance of laying hens during summer months. A total
of 243 Bovans laying hens 42 weeks old were randomly distributed into a factorial design experiment
(3x3x3); including 3 levels of vitamin A (0, 8000, 16.000 [U/kg diet), 3 levels of vitamin E (0, 250, 500
mg/kg diet) and 3 levels of inorganic-selenium, (0, 0.25, 0.50 mg/kg diet).

Results obtained showed that most values of live body weight and change in live body weight did
not significantly differ due to A, E and Se supplementations and their interactions at all ages studied.
Increasing the level of supplementations was associated with the decrease in feed intake and improving
feed conversion. The effects of supplementations and their interactions were highly significant (P<0.01)
on feed intake and feed conversion. Increasing the level of vitamin A up to 16000 [U/kg diet had the
highest (P<0.05) monthly egg number and egg mass. Vitamin A increased (P<0.05 and 0.01) each of
egg length at 46 and 50 weeks of age and haugh units at 54 weeks of age. The higher level of
supplemented dietary vitamin E led to a significant (P<0.05) decrease in shell thickness and haugh
units. Most of the egg quality traits fluctuated significantly (P<0.05 and 0.01) with the high level of Se.
The interactions among supplementations did not significantly affect egg quality traits.

In conclusion, the results of the present study demonstrate that it may be suggested use each of
vitamins A and E (together) at extra levels up to 16000 1U/kg diet of vitamin A and 500 mg/kg diet of
vitamin E. Se levels need more investigations to detect its suitable level alone or with vitamin E in
laying diets to reduce the negative effects of summer months.
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INTRODUCTION mineral deficiency therefore, increased its

requirements (Siegel, 1995 and Sahin et al.,

Stress, which is the factor that increases the
need for vitamins and minerals, has been an
important issue. High ambient temperature and
relative humidity, as stress factors adversely
affect the performance of the domestic fowl,
especially their egg production and egg quality
traits (Roland, 1988; Grizzle et al., 1992;
Mahmoud et al., 1996; Sahin and Kucuk, 2001
and Franco-Jimenez et al., 2007). Whereas,
elevated environmental temperature causes
disorders of the body-heat regulating
mechanism in poultry (Harmeyer and von
Grabe, 1981).When the ambient temperature
exceeds 30-32 °C, signs of heat stress are
likely to appear.

High environmental temperature, in
summer, season causes negative effects on the
performance of laying hens (Bollengier-Lee et
al., 1999 and Kirunda, et al, 2001), in live
body weight (Yardibi and Tiirkay, 2008), feed
intake (Marsden and Morris, 1987), egg
production, egg weight and shell quality
(Andrade De et al., 1977; Deaton et al., 1981).
Stress in general increases mineral and vitamin
mobilization from tissues and their execration,
thus may exacerbate a marginal vitamin and

2002).

Several methods were conducted to
alleviate the effects of high environmental
temperatures on  poultry  performance.
However, using vitamins and minerals
together, in layers diets, to alleviate the
negative effects of heat stress is a rarely
practiced method.

In this respect, vitamin A is involved in
several functions in the body including vision,
differentiation of epithelial cells, growth, and
reproduction (Brody, 1993). In poultry, as well
as in other animals, vitamin A deficiency is
closely associated with increased susceptibility
to infections. The exact manner in which
vitamin A deficiency affects the host immune
system is attributed to the destruction of
mucosal epithelium that act as the first defense
barrier (Bains, 1988). The requirements of
vitamin A might be changed in heat-stressed
hens, and an investigation of the adequate
supplemental level of vitamin A under these
conditions is needed (Lin et al., 2002).
However, vitamin A, being a fat soluble
vitamin, can be stored in liver of birds, and
storage pools may affect requirements.
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Vitamin E supplementation is suggested to
be very effective for animals and poultry
(Tengerdy, 1989), because vitamin E can
reduce the negative effects of corticosterone
induced by stress (Whitehead ef al, 1998,
Bollengier-Lee et al., 1999 and Naziroglu et
al., 2000). Vitamin E is known to be a lipid
component of biological membranes and is
known to be a major chain-breaking
antioxidant (Gallo-Torres, 1980 and
McDowell, 1989). Vitamin E is mainly found
in the hydrocarbon part of membrane lipid
bilayer towards the membrane interface and in
close proximity to oxidase enzymes which
initiate the production for free radicals (Packer,
1991). Vitamin E protects cells and tissues
from oxidative damage induced by free
radicals.

The relationship between vitamin A and
vitamin E has been proposed in a way that
vitamin E appears to have an important effect
on the utilization and perhaps absorption of
vitamin A, and vitamin E protects vitamin A
from oxidative breakdown (Gallo-Torres,
1980). Chickens, cannot synthesize vitamin E;
therefore, vitamin E requirements must be met
from dietary sources (Chan and Decker, 1994).

Selenium (Se) is an essential element for
laying hens. It is essential for proper function
of the antioxidant enzyme glutathione
peroxidase, which protects the cell by
destroying free radicals (Rotruck et al., 1973).
Selenium plays an effective and important role
in the protection of cells against the damage
that originates from free radicals (Rayman,
2002; Sahin et al., 2002; Daniels, 2004).
Selenium and vitamin E display a synergic
antioxidant activity in the prevention of lipid
peroxidasis (Sahin and Kucuk, 2001; Sahin ef
al., 2002).

The aim of the current study was to
investigate the effects of extra dietary
supplementations of vitamins A, E and
Selenium and their interactions on the
performance of laying hens during summer
months.

MATERIALS AND METHODS

The present study was carried out for 3
consecutive months (from July to September)
at the Poultry Research Farm, Poultry
Department, Faculty of Agriculture, Zagazig
University, Zagazig, Egypt.

A total of 243 42 weeks old of Bovans
laying hens were randomly distributed into a
factorial design experiment (3x 3x 3)
including three levels of vitamin A as vitamin
A acetate 100% (0, 8000, 16000 IU/kg diet),
three levels of vitamin E as DL-a-Tocopherol
acetate 50% (0, 250, 500 mg/kg diet) and three
levels of inorganic-Se as sodium selenite 4.5%

(0, 0.25, 0.50 mg/kg diet) in order to study the
effects of these dietary supplementations
(which were mixed with the basal diet) and
their interactions on the performance of
Bovans laying hens during summer months.
Twenty seven treatment groups of 9 hens in
each with 3 replicates in each group (3 hens
per replicate) were used. Hens of all
experimental groups had nearly the same initial
average live body weight. Hens were reared
during the experimental period in battery cages
(40%x40%40 cm) in an open house, and there
were three hens in each cage.

A basal experimental diet was formulated
to cover the nutrients requirements of laying
hens at the production period as recommended
by NRC (1994). The Composition and
calculated analysis of the experimental basal
diet is presented in Table 1. The basal diet was
supplemented with vitamins A or E or
selenium or their combinations at the
previously  mentioned  levels.  Dietary
supplementations were bought from Multivita
Company in Sixth of October City, Egypt.

All hens were kept under the same
managerial and hygienic conditions. Hens were
exposed to 16 hours of light per day and were
fed ad-libitum and the fresh water was
available during the experimental period. The
average indoor ambient temperature (°C) and
the average relative humidity (%) during
summer months were 31.35, 58.17 during July
(42-46 weeks of age), 31.57 and 58.73 during
August (47-50 weeks of age) and 30.69 and
52.45 during September (51-54 weeks of age).

Investigated measurements:

Live body weight: Hens were individually
weighed at 42 and 54 weeks of age to the
nearest 5.00 gram in early morning before
feeding and watering. Change in live body
weight (g) was calculated.

Feed intake was recorded and feed
conversion ratio (g feed: g egg) was also
calculated. Feed intake and feed conversion
ratio were recorded at the periods; 42 — 46, 46
—50, 50 — 54 and 42 — 54 weeks of age.

Egg production traits: Egg number was
recorded. Egg weight (g) was recorded
individually to the nearest 0.05 gram from the
beginning of the experiment and for three
months. Egg mass (g) was calculated by
multiplying egg number by the average egg
weight. Egg number and egg mass were
recorded at the periods; 42-46, 46-50, 50-54
and 42 — 54 weeks of age.

Egg quality traits were conducted at 46, 50
and 54 weeks of age. Three randomly laid eggs
were collected from each treatment each time.
Egg quality traits (Egg length, width and egg
shape index, shell, yolk and albumen weights,
shell thickness and albumen height) were
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measured as described by Shehata (2000).
Economic evaluation was calculated.

Haugh units were calculated by the
equation stated by Yalcin et al (1990) and
Altan et al. (1998) as follows:

Haugh units (HU) = 100 log (H + 7.57 —
1.7 W 7).

Where: H = Albumen height (mm) and W =

Egg weight (g).

Data were analyzed statistically using the
statistical ~analysis system (SAS, 1998).
Duncan’s multiple range test (Duncan, 1955)
was used to separate the means when
significance existed. The statistical model was:

Yija = 1+ A; + Ej+ Sei + (AE);; + (ASe)y +
(ESe)j + (AESe)sj +eijm

Where: Yj = any observation, p =
general mean, A; = fixed effect of i vit. A
level (i = 0, 8000 or 16000 IU/kg); E; = fixed
effect of j™ vit. E level (j =0, 250 or 500
mg/kg); Sey = fixed effect of k™ Selenium level
(k =0, 0.25 or 0.50 mg/kg), (AE); = interaction
effect of i™ vit. A level with j" vit. E level;
(ASe)y = interaction effect of i vit. A level
with k™ Selenium level; (ESe);x = interaction
effect of j™ vit. E level with k™ Selenium level;
(AESe);j = interaction effect of i vit. A level
with j vit. E level and k™ Selenium level and
ejji= error of the model.

RESULTS AND DISCUSSION

Productive performance:
Live body weight and change in live body
weight:

Data presented in Table 2 show that there
are insignificant differences in live body
weight and change in live body weight due to
supplementations of vitamin A, vitamin E, Se
and their interaction. However, live body
weight at 54 weeks of age was significantly
(P<0.05) higher for the group that received
vitamin E supplementation in comparison to
those received 250 mg/kg feed.

The present findings are in accordance with
the results reported by kaya et al. (2001) and
Desoky (2008) who found insignificant
differences in live body weight due to dietary
supplementations of vitamins A and E. Abd El-
Maksoud (2006) found that the level of
Vitamin E supplementation up to 250 mg/kg
diet had no significant effect on final (36 week
of age) body weight (1931 g) and body weight
changes (329.33 g) comparing to the control
group (1817 g and 223.33 g, respectively).
Abdel Galil and Abdel Samad (2003) found
that supplementing diets of laying hens during
hot climate conditions with vitamin E and
Selenium sustained hens to maintain its body
weight higher than control group.

Feed intake and conversion:

Generally, it was noticed that the higher
level of supplementations was associated with
decrease in feed intake and improve feed
conversion at all periods studied (Table 3). The
intermediate level of Se (0.25 mg/kg diet) had
the lowest values of feed intake at all periods
of the experiment. The effects of
supplementations and their interactions were
highly significant (P<0.01) on feed intake and
feed conversion, except during the whole
period from 42 — 54 weeks of age (Table 3).
The improvement in feed utilization is
attributed to the beneficial effects of these
manipulations (Gallo-Torres, 1980; Watson
and Petro, 1982 and Daniels, 2004). However,
Bollengier-Lee et al. (1998) stated that high
environmental temperature might cause liver
dysfunction through increased membrane lipid
peroxidation, cell liver damage and other
organs. This effect might reduce nutrient
metabolism and feed utilization. They added
that, vitamin E might play an important role
through the protection of liver or other organs
against oxidative damage.

In agreement with the present results, Lin
et al. (2002 & 2004) found that the
supplementation of vitamin A and E was
advantageous to the laying performance in feed
intake of heat-stressed hens. Also, Osman et al.
(2010) stated that the treatment with Se (0.1 or
0.2 mgkg diet) improved (P<0.01) feed
conversion of laying hens.

In contrast, Coskun et al. (1998), Meluzzi
et al. (2000), Siam et al. (2004) and El-Mallah
et al. (2011) reported no significant differences
in feed intake of laying hens fed diets
supplemented with vitamins A, E and Se.
Abdel Galil and Abdel Samad (2003) found
that hens fed diets with Se consumed more
feed with high feed efficiency than vitamin E.
Abdalla et al. (2009) stated that feed intake of
Bandarah layers was not significantly affected
by vit. A supplementation at 0, 4000, 14000 or
24000 IU/ kg diet during the period from 18 to
48 weeks of age.

Reproductive performance:
Egg number and Egg mass:

An overview of the averages of egg number
and egg mass as affected by extra dietary
supplementations of A, E and Se, it could be
seen from the results found in Table 4. There
are no significant differences in egg number
and egg mass due to the effects of
supplementations of A, E and Se at all ages
studied, except for the effect of vitamin A on
egg number at 50 - 54 weeks of age and egg
mass at 50 - 54 and 42 - 54 weeks of age which
was significant (P<0.05) as presented in Table
4. Increasing the level of vitamin A up to
16000 TU/kg diet had the highest (P<0.05)
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monthly egg number and egg mass (from 50-
54 weeks of age). Most of interactions did not
significantly affect egg number and egg
weight. During the whole period (42 54 weeks
of age), egg number changed (P<0.05 and
0.01) due to the interaction between A and Se
and the interaction between E and Se, while
egg mass was differed (P< 0.01) due to the
interaction between A and Se and the
interaction among A, E and Se at the same
period.

Vitamin A supports the viability of the
reproductive system (Brody, 1993); so, it is
usually added to the commercial layer diets.
Coskum et al. (1998) reported that vitamin A
levels above the NRC recommendations of
3000 TU/kg had no significant effect on the
laying performance of hens under normal
conditions. However, when the birds suffered
stress, the situation might change. The later
authors added that the results of their
experiment do not indicate that laying hens do
not require dietary vitamin A, but may provide
some evidence that the vitamin A content of
the ingredients itself, particularly that of corn,
can meet the vitamin A requirements of laying
hen so that extra supplementation might not be
required.

Scheideler (1996), Bollengier-Lee et al.
(1998) and Siam et al., (2004) demonstrated
that vitamin E supplementation at high levels
can improve egg production performance in
hens exposed to heat stress and overcame a
diverse high environmental temperature,
during summer season. Heat stress stimulates
the  release = of  corticosterone  and
catecholamines and initiates lipid peroxidation
in cell membranes (Freeman and Crapo, 1982).
So, vitamin E can reduce the negative effects
of corticosterone induced by stress (Watson
and Petro, 1982). Vitamin E has been reported
as an excellent biological chain-breaking
antioxidant that protects cells and tissues from
lipoperoxidation damage induced by free
radicals (Halliwell and Gutteridge, 1989; Yu,
1994). Chickens, however, cannot synthesize
vitamin E; therefore vitamin E requirements
must be met from dietary sources (Chan and
Decker, 1994). Results of Lin et al. (2002 &
2004) showed that the supplementation of
vitamin A and E was advantageous to the
laying performance in feed intake, egg number
and egg weight of heat-stressed hens. The
same authors added that for the different
responses of the hens, the possible reason
might be that the susceptibility of laying
performance was different in stressed hens at
different laying stages.

On the other hand, adding Se to laying diets
improves productivity and can also be a natural
way to produce functional food respectively
the production of egg enriched with Se

(Yaroshenko et al., 2003 and Sara et al., 2008),
which represents a commercially valuable use
for the future.

Puthpongsiriporn et al. (2001), Abdel Galil
and Abdel Samad (2003) and Desoky (2008)
indicated that laying hens supplemented with
vitamin E and Se had higher egg production
and heavier egg weight than hens of control
groups during heat stress. Recently, El-Mallah
et al. (2011) reported that supplementing vit. E
to laying hens' diet up to 40 mg/kg diet
resulted in better values (P<0.05) of egg
weight (60.94 g) as compared to the control

group (60.85 gm).

Egg quality traits:

It's evident from the results presented in
Tables 5 and 6 that vitamin A significantly
(P<0.05 and 0.01) increased both of egg length
(at 46 and 50 weeks of age) and haugh units (at
54 weeks of age). The group of hens received
level of 16000 IU/kg diet produced longer eggs
at 46 and 50 weeks of age (57.99 and 58.10
mm, respectively). The best values of haugh
units were observed at 54 weeks of age. The
same level of vitamin A was significantly (P<
0.01) associated with the decrease in thin
albumen height at 46 weeks of age and egg
shape index at 46 and 50 weeks of age.

Vitamin E did not significantly influence
any of the egg quality traits, except shell
thickness at 50 weeks of age and haugh units at
46 weeks of age. Increasing the level of
supplemented dietary vitamin E led to a
decrease (P<0.05) in shell thickness and haugh
units. Haugh units are indicative of egg
quality, specifically as quality relates to
albumen functionality in foods. Se had a
significant (P<0.05 and 0.01) effect on yolk
and albumen weights and yolk, albumen and
shell percentages at 46 weeks of age, on egg
weight, length and width and shell thickness at
50 weeks of age and on egg length, width and
haugh units at 54 weeks of age (Table 6). No
interactions were observed for egg quality
traits.

The insignificant results, in the present
study, are similar to those reported by Grobas
et al. (2002). They confirmed that high dietary
vitamin A concentration decreases vitamin E
absorption. It has been suggested that the
antagonism between vitamin A and E can be
attributed to the competition during the
digestive processes, as the antagonism is
markedly reduced when vitamin E s
administered parenterally (Frigg and Broz,
1984). Mezes and Hidas (1992) indicated that
during egg shell formation, excess amounts of
vitamin E (100 and 200 mg/bird) inhibited
prostaglandins  biosynthesis. Prostaglandins
may regulate ovulation and are correlated with
reproduction.



Egyptian J. Anim. Prod. (2012) 173

Abdel Galil and Abdel Samad (2003),
Radwan et al. (2008), Ramalho et al. (2008),
Yardibi and Turkay (2008), and El-Sheikh and
Salama  (2010)  indicated that diets
supplemented with vitamin E and Se improved
egg weight, shell weight, yolk weight %, yolk
index, egg shape index and shell thickness.
They added that supplementing diets with both
vitamin E and Se enhanced shell quality
parameters.

Economic evaluation (EE):

Data presented in Table 7 showed that, the
higher levels of vitamins A and E (16000 and
500, respectively) and O level of Se had the
highest economic  efficiency  (89.91%)
followed by the level of 8000 of vitamin A and
0 levels of E and Se (88.31%).

In conclusion, the supplementation of
vitamins A and E may be advantageous for the
laying performance of stressed hens. The
results of the present study suggested using
each of vitamins A (as vitamin A acetate
100%) and E (DL-a-Tocopherol acetate 50%)
together at extra levels up to 16000 [U/kg diet
of vitamin A and 500 mg/kg diet of vitamin E.
Se levels need more investigations to detect the
suitable level either alone or with vitamin E in
laying diets to reduce the negative effects
under Egyptian summer conditions.
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Table 1. Composition and calculated analysis of the experimental basal diet

Ingredient Quantity %
Yellow corn 63.14
Soybean meal (44 % CP) 27.10
Di-Calcium phosphate 1.50
Limestone 7.60
Vitamins and Minerals mixture* 0.30
NaCl (salt) 0.30
DI-Methionine 0.06
Total 100.00
Calculated analysis**

Crude protein, % 16.82
Metabolism energy, (kcal / kg diet) 2721.70
Ether extract, % 2.81
Available phosphorus, % 0.41
Calcium, % 3.27
Lysine, % 0.95
Methionine, % 0.36
Methionine + Cystine, % 0.64

* One kilogram of feed contained the following according to the premix supplier (BASU-Mineralfutter GmbH,
Bad Sulza, Germany): vitamin A (retinol acetate) 12,000 IU, vitamin D (cholecalciferol) 0.008 mg, vitamin E (dl-
a-tocopherol acetate) 42 IU, vitamin K3 (menadione) 2 mg, vitamin B1 (thiamine) 2 mg, vitamin B2 (riboflavin)
6.6 mg, vitamin B6 (pyridoxine) 5 mg, vitamin B12 (cyanocobalamin) 0.02 mg, biotin 0.15 mg, folic acid 1 mg,
niacin 99 mg, calcium d-pantothenate 15 mg, choline chloride 0.7 g, Ca 2.3 g, Cu 5 mg, Zn 51 mg, Fe 60 mg, Mn
71 mg, 10.6 mg, Se 0.2 mg.

**Calculated analysis according to NRC (1994).

Table 2. Average (X +SE) Live body weight and Chang in live body weight of Bovans laying
hens as affected by dietary supplementation of vit. A, vit E and Se.

Live Body weight at (g) Chang n live body
. weight (g)
Variable Level from 42 1o 54 s of
42 weeks 54 weeks rom Oage weeks o
Vit. A IU/kg NS NS NS
0 vav.edxydde YVeY.47+30.16 -94.63
8000 VY. ++1£37.92 VI4Y £A+34.17 -126.47
16000 YV11.A£+30.59 V164 YV430.48 +10.36-1.¢Y
Vit. E mg/kg NS * NS
0 YV1..4Y£32.93 YWEE v 1£30.03 -16.86
250 YYYe V443478 YUY EAP 429 58 -88.71
500 YYAY.31+£32.53 1664.26™ £32.23 -123.7

Se mg/kg NS NS NS

0 YVYY).Y4£31.09 VUIAT €A4£29.98 -23.81
0.25 YY1 ¥a+£35.81 V1YA A4+34.92 -97.40
0.50 1776.48+33.32 1174.€€431.19 -107.04
Interaction
AXE NS NS NS
AXSC NS NS NS
EXSC NS NS NS
AXEXSC NS NS NS

Means in the same column within each classification bearing different letters are significantly different (P < 0.05).
NS = not significant and * (P < 0.05).



Egyptian J. Anim. Prod. (2012) 177

Table 3. Feed intake and feed conversion (X + SE) of Bovans laying hens as affected by the dietary supplementation of vit. A, vit. E and Se and their interactions

Variable Level Feed intake (g/day) Feed conversion (g feed/g egg)
42-46 weeks 46-50 weeks 50-54 weeks 42 — 54 weeks 42-46 weeks 46-50 weeks 50-54 weeks 42 — 54 weeks
Vit. A IU/kg wek %k %% % %% %% %% Ns
0 95.04°%+2.08 113.24%2.97 117.95°+2.02 99.80+1.80 2.06%£0.025 2.60°£0.033 2.69%:0.061 2.26+0.06
8000 91.36°+1.48 113.96*+1.37 119.86°+2.23 99.34°+0.69 1.98+0.054 2.49+0.025 2.70%£0.052 2.1840.05
16000 96.44+2.04  110.63°+1.77 117.23%+0.98 100.12%:1.06 2.07°+0.030 2.49°+0.047 2.57°+0.041 2.13+0.04
Vit_ E mg/kg ek %% ek ek ek %% %k NS
0 100.40%£1.51 116.35%42.36 118.56°+1.93 103.69°+1.28 2.11%40.034 2.59%£0.028 2.76%£0.056 2.2740.05
250 93.50°+1.15 111.26°+1.84 120.37*£2.01 99.06*+1.04 2.11%+0.034 2.50°+£0.021 2.65°+0.058 2.18+0.04
500 88.94°+2.24  110.22°+2.06 116.12°¢1.43 96.51°¢1.05 1.90*+0.035 2.49°+0.053 2.56°0.037 2.1240.05
Se mg/kg e %% £33 ek ek %% * vk NS
0 95.46+2.01  114.93%+2.74 118.72°+1.96 101.95%1.21 1.97°+0.042 2.52Y40.053 2.60°£0.064 2.23+0.07
0.25 93.24°%+1.25 111.09°+2.15 116.42°+1.53 98.45+1.01 2.07%£0.017 2.55%£0.026 2.67°+0.043 2.25+0.05
0.50 94.13%+2.35 111.81°+1.27 119.90%2.06 98.86%+1.44 2.08%£0.048 2.51°+£0.027 2.70%:0.048 2.24+0.04
Interaction
AxE 92.07)" (112.71y" (120.73)" ok (1.99)" (2.46)" (2.64)" *
AxSe (94.67)" (113.85)" (120.52)" ok (2.09)” (2.54)" @H” ok
ExSe (90.30)" (110.70)" (119.05)" ok (2.03)” Q25" (2.65)" NS
AxExSe (92.36)" (11527" (123.19)" ok (2.04" (2.53)" 2.70)" NS

Means in the same column within each classification bearing different letters are significantly different (P < 0.05).
NS = not significant, * (P <0.05) and ** (P < 0.01).
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Table 4. Egg number and egg mass (X + SE) of Bovans laying hens as affected by dietary supplementation of vit. A, vit. E and Se and their interactions

Mahrose et al.

. Egg number Egg mass (g)
Variable Level 46 woeks  46-50 woeks  50-54 weeks 42 — 54 weeks 42-46 weeks 46-50 weeks 50-54 weeks 42— 54 weeks
Vit. A IU/kg NS NS * NS NS NS * *
0 25.11+£0.39  23.26+0.57  21.52°+0.52  69.89+1.08 1455.55+29.40 1357.14+41.53 1284.81°+38.10  4099.31°+82.18
8000 25.93+0.45  24.44+034  21.63°+0.52  72.00+1.17 1519.30+31.23 1429.60+31.80 1278.14°+35.81  4230.20°°+86.72
16000 25.81+0.53  24.37+0.48  22.89°+0.43 73.07+1.22 1516.41+39.15 1460.25+35.33 1376.71°429.06  4355.57*+86.74
Vit. E mg/kg NS NS NS NS NS NS NS NS
0 26.19+0.43  23.59+0.53  21.44+0.47 71.22+1.17 1543.92+30.04 1411.53+38.62 1301.00436.52  4258.66+84.73
250 25.19+0.52  24.19+0.43  22.44+0.58 71.81+1.17 1467.50+39.71 1417.89+35.77 1326.93£36.94  4215.65+90.75
500 25.48+0.42 24304053  22.15+0.43 71.93+1.21 1497.84429.39 1417.55+37.79 1311.73+£33.18  4210.75+86.86
Se mg/kg NS NS NS NS NS NS NS NS
0 26.04+0.42  23.96+0.60  22.07+0.47 72.07+1.18 1507.99+36.10 1410.47+37.44 1342.82435.10  4268.12+87.93
0.25 25.30+0.55  23.89+0.43  21.56+0.51 70.74+1.20 1466.59£34.90 1373.19+35.99 1278.95£38.88  4120.6389.73
0.50 25.5240.39  24.2240.46  22.40+0.52 72.15+1.16 1516.69+29.95 1463.33+36.68 1317.89£31.44  4296.32+80.90
Interaction
A%E (25.70)™° (24.72)"° (23.17) NS (1504.48)" (1462.12)™8 (1329.55)"8 NS
AxSe (25.50)™ (24.25)N8 (22.06)” ok (1504.44)" (1437.79)° (1301.56)" ok
ExSe (25.09)" (4.1 (22.19) * (1469.85)™ (1403.84)™8 (1298.98)% NS
AxXExSe (25.42) (24.50)" (22.25)8 NS (1497.82)" (1450.52)" (1306.68)° o

Means in the same column within each classification bearing different letters are significantly different (P < 0.05).
NS = not significant, * (P <0.05) and ** (P <0.01).
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Table S. External egg quality traits (X + SE) of Bovans laying hens as affected by dietary supplementation of vit. A, vit. E and Se and their interactions
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Variable Level Eg(ggv:':l‘,l)ght Eg(gnlli;l)gth Eg(gmv:;ll()ith Egg shape index
At 46 weeks of age
Vit .A 1U/kg NS e NS %
0 57.95+0.749 56.48°+0.341 42.75+0.195 0.757°+0.0042
8000 58.56+0.527 56.78°+0.218 42.78+0.145 0.754*+0.0052
16000 58.66+0.745 57.99*+0.325 42.62+0.170 0.735+0.0035
Vit. E mg/kg NS NS NS NS
0 58.95+0.627 57.17+0.384 42.98+0.145 0.749+0.0046
250 58.16+0.781 56.99+0.385 42.71+0.201 0.750+0.0049
500 58.06+£0.619 57.10+£0.341 42.66+0.163 0.784+0.0046
Se mg/kg NS NS NS NS
0 57.82+0.839 56.46+0.409 42.64+0.209 0.756+0.0048
0.25 57.93+0.558 57.19+0.287 42.59+0.159 0.745+0.0043
0.50 59.83+0.577 57.61+0.394 42.924+0.130 0.746+0.0047
At 50 weeks of age
Vit. A NS * NS %
0 58.24+0.831 56.96°+0.371 42.68+0.195 0.750*+0.0039
8000 58.40+0.681 57.06°+0.310 42.74+0.185 0.749*+0.0035
16000 59.90+0.743 58.10°+0.308 42.60+0.177 0.733%+0.0031
Vit. E mg/kg NS NS NS NS
0 59.77+0.735 57.55+0.346 42.97+0.202 0.747+0.0044
250 58.50+0.824 57.45+0.381 42.56+0.183 0.741+0.0037
500 58.26+0.708 57.11+0.360 42.49+0.157 0.744+0.0032
%% % £33 NS
0 58.87%+0.593 57.50+0.285 42.64%™+0.160 0 .742+0.0034
0.25 57.35"+£0.856 56.69°+0.375 42.32°+0.194 0.747+0.0040

0.50

60.32°+0.720

57.93%40.325

43.06+0.174

0.74440.0038
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Table. 5 (Continued)

At 54 weeks of age
Vit. A NS NS NS NS
0 59.61+0.808 57.57+0.272 42.73+0.239 0.743£0.0043
8000 59.08+0.885 57.87+0.368 42.60+0.220 0.737+0.0038
16000 60.13+0.587 57.74+0.250 42.79+0.199 0.724+0.0044
Vit. E mg/kg NS NS NS NS
0 60.54+0.760 57.91+£0.329 42.91+0.185 0.741£0.0038
250 59.17+0.833 57.74+0.302 42.58+0.242 0.783+0.0051
500 59.11+0.691 57.52+0.268 42.64+0.223 0.742+0.0034
Se mg/kg NS * *x NS
0 60.76+0.752 58.38°+0.271 43.20°+0.189 0.740+0.0035
0.25 59.15+0.774 57.57°+0.333 42.42°+0.219 0.737+0.0054
0.50 58.91+0.746 57.23+0.250 42.50°+0.219 0.743£0.0033
Overall mean
Vit. A
0 58.60 57.00 42.72 0.750
8000 58.68 57.24 42.71 0.747
16000 59.56 57.94 42.67 0.731
Vit. E
0 59.75 57.54 42.95 0.746
250 58.61 57.39 42.62 0.758
500 58.48 57.24 42.60 0.757
Se
0 59.15 57.45 42.83 0.746
0.25 58.14 57.15 42.44 0.743
0.50 59.69 57.59 42.83 0.744

Means in the same column within each classification bearing different letters are significantly different (P < 0.05).
NS = not significant, * (P <0.05) and ** (P <0.01).
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Table 6. Internal egg quality traits (X + SE) of Bovans laying hens as affected by dietary supplementation of vit. A, vit. E and Se and their interactions
Thick Thin . Yolk Albumin Shell Shell .
Variable Level albumin albumin Yolk height weight weight weight thickness Haugh units Stn/ell Alb;mm Y;lk
height (mm) _ height (mm) (mm) (gm) (gm) (gm) (mm) 0 0 0
At 46 weeks of age
Vit .A IU/kg NS wk NS NS NS NS NS NS NS NS NS
0 10.70+£0.198  2.80°+0.165  15.05£0.207  14.04+0.29  37.10£0.50  6.81+0.15  0.39+0.010 72.73+2.29 11.75 64.04 24.20
8000 10.57£0.104  2.54°+0.087 14.72£0.171  14.43£020  37.20£0.48  6.93£0.18  0.38+0.008 72.88+2.19 11.83 63.50 24.67
16000  10.31£0.163  221°+0.121  14.74£0.203  14.70£0.20  37.27£0.69  6.69+0.13  0.41+0.011 69.70+2.12 11.41 63.42 25.17
Vit. E mg/kg NS NS NS NS NS NS NS * NS NS NS
0 10.68+0.177  2.68+£0.170  14.93+0.195  14.64+0.26  37.52+0.46  6.80+0.14  0.39+0.008 74.77°£2.96 11.53 63.64 24.83
250 10.43+0.149  2.43+0.108 14.84+0.221  14.22+0.22  37.06+0.68  6.88+0.18  0.41+0.011 73.21%°+1.10 11.81 63.65 24.54
500 10.47+0.157  2.44+0.117 14.75+0.145  14.32+0.22  37.00+0.52  6.75+0.14  0.37+0.008 67.33°+2.14 11.65 63.68 24.67
Se mg/kg NS NS NS * ok NS NS NS wk ok *
0 10.54+0.192  2.53%£0.175 14.96£0.220  14.91°+0.28 35.86°+0.62  7.05+0.17  0.37+0.008 73.88+2.23 12.19° 61.99 25.82°
0.25 10.48+0.154  2.67+0.125 14.67+0.182  14.07°+0.17 37.19°+0.51 6.7140.14  0.38+0.010 70.67+2.12 11.57° 64.10° 24.33°
0.50 10.45+0.136  2.36+0.089 14.89+0.181  14.19°+0.22  38.52°+0.41 6.66+0.15  0.38+0.010 70.76+2.25 11.22° 64.88" 23.89"
At 50 weeks of age
Vit. A IU/kg NS NS NS NS NS NS NS NS NS NS NS
0 10.57+0.358  3.23+0.502 14.91+0.212  14.54+0.33  37.45+0.58  6.25+0.14  0.38+0.008 72.20+1.74 10.71 64.31 24.98
8000 10.49+£0.091  2.86+0.366  14.85+£0.151  15.12+0.11 36.98+0.58  6.30+0.13  0.38+0.008 76.79+1.62 10.77 63.26 25.97
16000  10.77+0.183  2.44+0.153 15.12+0.195  15.41+0.18  36.54+1.71  7.95+1.64  0.39+0.006 75.49+1.51 13.26 60.97 25.76
Vit. E mg/kg NS NS NS NS NS NS * NS NS NS NS
0 10.51£0.356  3.43+0.613 15.10+£0.199  15.20+£0.23  36.52+1.72  8.05+1.64  0.39°+0.006 77.60+1.54 13.44 61.08 25.49
250 10.65+0.164  2.48+0.109 14.85+0.216  15.06£0.23  37.15£0.57  6.28+0.11  0.38"+0.006 74.28+1.40 10.74 63.51 25.75
500 10.68+0.130  2.62+0.115 14.93+0.141  14.81+0.23  37.29+0.59  6.16+0.13  0.37°+0.008 72.61+1.51 10.57 63.96 25.47
Se mg/kg NS NS NS NS NS NS * NS NS NS NS
0 10.68+0.166  2.38+0.124  15.03+£0.202  14.90+0.27  37.67+0.54  6.31+0.14  0.38+0.006 76.78+2.09 10.70 63.94 25.36
0.25 10.29+0.329  3.40£0.594  14.76+0.187  14.9240.24  36.22+0.61  6.21+0.11  0.37°+0.008 73.08+1.10 10.82 63.13 26.05
0.50 10.87+0.171  2.74+£0.180  15.09+0.171  15.25+0.19  37.08+1.71  7.98+1.64  0.39°+0.006 74.63+1.06 13.23 61.47 25.31
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Table. 6 (Continued)

At 54 weeks of age
Vit. A IU/kg NS NS NS NS NS NS NS * NS * NS
0 10.65+0.142  2.40+0.112  15.05+0.160  15.21+0.13  38.24+0.62  6.16+0.12  0.37+0.008 71.37°+0.70 10.33 64.09™ 25.58

8000 10.78+0.128  2.53+£0.109  15.13+0.183  15.29+0.11  37.57+0.68  6.23+0.14  0.38+0.008 73.56"+0.98 10.51 63.51° 25.98
16000  10.62+0.094  2.52+0.082  14.99+0.155  15.15+0.11  38.71+0.41  6.26+0.14  0.38+0.008 75.54%+1.88 10.39 64.38" 25.23
Vit. E mg/kg NS NS NS NS NS NS NS NS NS NS NS
0 10.84+0.122  2.49+0.102  15.13+0.162  15.26+0.13  38.93+0.58  6.35+0.13  0.38+0.008 73.45+1.39 10.47 64.26 25.27
250 10.73£0.142  2.55+0.125  15.01+0.174  15.26+0.11  37.69+0.64  6.22+0.14  0.37=0.008 73.45+1.26 10.49 63.63 25.87
500 10.47+0.091  2.41+0.072  15.02+0.162  15.13+0.11  37.89+0.52  6.08+0.13  0.37+0.008 73.57+1.35 10.27 64.08 25.65
Se mg/kg NS NS NS NS NS NS NS *® NS NS NS
0 10.88+0.137  2.57+0.131 15.16£0.142  15.33+0.10  38.98+0.58  6.45+0.13  0.39+0.008 76.53'x1.79 10.59 64.11 25.30
0.25 10.59+0.104  2.79+£0.082  14.83+0.173  15.11+0.12  37.87£0.59  6.16+0.13  0.37=0.008 72.18°+0.63 10.40 63.98 25.62
0.50 10.58+0.118  2.39+0.084  15.18+0.174  15.21+£0.12  37.66+0.56  6.04+0.14  0.37=0.008 71.76°+1.10 10.23 63.89 25.88

Overall mean
Vit. A IU/kg
0 10.64 2.81 15.00 14.60 37.60 6.43 0.38 72.10 10.93 64.15 24.92
8000 10.61 2.64 14.90 14.95 37.25 6.50 0.38 74.41 11.04 63.42 25.54
16000 10.57 2.39 14.95 15.09 37.51 6.97 0.39 73.58 11.69 62.92 25.39
Vit. E mg/kg
0 10.68 2.87 15.05 15.03 37.66 7.02 0.39 75.27 11.81 62.99 25.20
250 10.60 2.49 14.90 14.85 37.30 6.41 0.39 74.17 11.01 63.60 25.39
500 10.54 2.49 14.90 14.75 37.39 6.33 0.37 73.65 10.83 63.91 25.26
Se mg/kg
0 10.70 2.49 15.05 15.05 37.50 6.51 0.38 76.03 11.16 63.35 25.49
0.25 10.47 2.95 14.75 14.70 37.09 6.32 0.38 74.79 10.93 63.74 25.33
0.50 10.66 2.50 15.05 14.88 37.75 4.88 0.39 75.31 11.56 63.41 25.03

Means in the same column within each classification bearing different letters are significantly different (P < 0.05).
NS = not significant, * (P < 0.05) and ** (P <0.01).
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Table 7. Economic evaluation of Bovans laying hens as affected by the interaction of dietary supplementations of vit. A, vit .E and Se during 42-54 weeks of age

Levels Total feed intake  Cost of kg feed Total feed Total egg mass Egg market Net return Economic
(kg) (LE) cost (LE)* (kg) price (LE)® (LE)€ efficiency (%)"
Vit.A Vit.E Se
0) 0) 0) 12.06 2.40 28.94 3.846 38.458 9.518 32.89
(0.25) 9.93 2.45 24.33 4.162 41.617 17.287 71.05
(0.50) 10.28 2.50 25.70 4.631 46.308 20.608 80.19
) (250) 0) 9.53 2.50 23.83 4.465 44.648 20.818 87.36
(0.25) 7.92 2.55 20.20 3.673 36.733 16.533 81.85
(0.50) 9.78 2.60 25.43 4.301 43.009 17.579 69.13
0) (500) 0) 10.32 2.60 26.83 3.743 37.427 10.597 39.50
(0.25) 8.88 2.65 23.53 4.033 40.247 16.801 71.40
(0.50) 8.13 2.70 21.95 4.025 40.250 18.297 83.36
(8000) 0) 0) 9.75 2.50 24.38 4.591 45911 21.531 88.31
(0.25) 8.91 2.55 22.72 4.064 40.636 17.916 78.85
(0.50) 9.11 2.60 23.69 3.792 37.920 14.230 60.07
(8000) (250) 0) 9.92 2.60 25.79 4.701 47.013 21.223 82.29
(0.25) 10.06 2.65 26.66 3.926 39.262 12.602 47.27
(0.50) 9.80 2.70 26.46 4222 42.220 15.760 59.56
(8000) (500) 0) 8.83 2.70 23.84 4.469 44.690 20.850 87.46
(0.25) 10.20 2.75 28.05 3.844 38.442 10.392 37.05
(0.50) 9.63 2.80 26.96 4.434 44.341 17.381 64.47
(16000) 0) 0) 9.39 2.60 24.41 4.193 41.935 17.525 71.79
(0.25) 10.55 2.65 27.96 4.632 46.322 18.362 65.67
(0.50) 9.98 2.70 26.95 4.398 43.975 17.025 63.17
(16000) (250) 0) 9.42 2.70 25.43 3.750 37.497 12.067 47.45
(0.25) 8.90 2.75 24.48 4.077 40.773 16.293 66.56
(0.50) 10.00 2.80 28.00 4.796 47.956 19.956 71.27
(16000) (500) 0) 8.64 2.80 24.19 4.594 45.939 21.749 89.91
(0.25) 9.82 2.85 27.99 4.657 46.571 18.581 66.38
(0.50) 9.08 2.90 26.33 4.084 40.837 14.507 55.10

A: Total feed cost= Feed intake*Cost of kg.

B: Egg market price= Total egg mass* Cost of kg egg (10 LE).

C: Net return= Difference between egg market price and total feed cost.
D: Economic efficiency= (Net return/ total feed cost)* 100.



184 Mahrose et al.
cimal) ) ggdi DA 2 guialidd) puaic g b o Clinalish ¢pa 4)3ad) LD Gabad) zlaal dladia
@\&Q}W&dﬁud&dﬁﬂcuﬂjﬂé&ﬁ&

EUN ¢ 5 U N drala cde | il LS (e gtl) acd

D5 PP bl zlaall elal e agialudl jaic 5oa o clinlig (e Bllall cliliayl i3 38 e ) 3 jall 38 chisa
T’XT’XT‘A\.\LL{;MJ&J@\.}J\WU&J}‘&H\i\')Asésuahﬂ\);ujﬂ‘chaunubj\‘ivJx;e\_\;.m\(u Canall
("AS/F‘A"AD.. Yo ¢ )_Au.u\_uﬂ;(g_d:;?AS/A_\l}_\m;}\'l~~~ ANvea g )\uubﬁsz-uha\):\i:m\‘)ﬂ
)}Hd)x;uabﬂ\);u)ﬂ\cbﬂ@uy| ¢‘-‘V‘é°a€—\e%d=‘-"—ﬂb(d°e—?-5/e.=h v O v YO c)&)ﬁ)#uﬂ\}(;_ﬂs
Canall

(] el (S B8] G i USRS a3 b il ) (135 o i o e il il el
) g\wuﬁaﬁu\dwajb‘)mmlfbdS;ch_lL\ﬂ\uAl:;)A h})ﬂ\)@Y\&eyud;\ﬂ\dlﬁjﬁM\J_h
LY o3a Ll (LS a8y | A J pail Jalaa o8 et GBS 5 Calall gl 6 ialiails s pama (3 55 Ll o i)
333 ) ol | el Bila) 301yl alaa IS 5 1381 il Jina G S Gl (+0)) Basindl) e Lo Jall
aabj‘_g\unl_é&}ulmji‘k dww@\d}haabj‘;Huuhm&ud\us\ el Ay panll se A4 gina
m@(.,-o)gwwuu\yuwmw‘;u\d,m\da\ )Aﬂ\w&}u\eimuuu\&j#‘_g&}ﬂ
g_\_\\_xsj E}LuLA‘ g;l-"-‘\d)*‘“‘nt“('." }\ ~.~°)h)mmﬂ\pdpuu‘aelauu}u il g_:\.\;}ruBJASJp‘)uﬂ\
g el Al 53 g i alia b Ay ginal) a3 ) Readiuaall LY Jalll il

JSS}L.UQ@ASJSEU}AMA}\W-~~‘r\autcuh}uwiuuu.\éwdie\&u\C\‘)ﬁ‘u&uz\ubﬂlahC.\L\iw
uﬂ&uljﬂ\wuﬂcbﬂe}m‘wu\ JA\JQS)ASLA@..A.U&ALJJLYAAS/€|)AJHA°~~‘_5‘9M_&»U“M
ajaj\u.u.aﬂJM@JLA\u\ﬁN\QDMJJ}AUMMe}\\J)muu\u}u\dw\



