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ABSTRACT: The main goals of recent poultry production sectors are to enhance the immune response of the birds,
improve the performance, reduce mortalities and reduce stressors. These goals are achievable with dietary supplemen-
tationof vitamins. Vitamin E is one of the fat-soluble vitamin that has been used from last decades for different poultry
production types. The inoculation level of vitamin E in the diet of poultry depends on several factors. Low or high level
of vitamin E can induce severe adverse economic losses in poultry industry. Vitamin E has been regarded as a potent
chain-breaking antioxidant as well as immuno-stimulator for both cell-mediated and humoral immunity. Vitamin E is
added to the diet of broilers, layers and breeders especially those under heat stress conditions. Inbroilers, vitamin E can
improve the health conditions, feed efficiency and immunity. However, in layers and breeders, it enhances the egg’s
quantity and quality as well as the fertility; respectively. Moreover, vitamin E proves its efficacy in modifying the car-
cass trait or meat quality of broilers. Therefore, this review article aimed to investigate the forms and inoculation levels
vitamin E, the role of this vitamin in the biological process as well as its effect on different poultry production types,
carcass qualityand hematological parameters.
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INTRODUCTION

he best and efficient strategy to enhance the pro-

duction performance, disease resistance and the
immune response of poultry is the nutrients modifi-
cation of poultry farming (Liu et al., 2014).Vitamins
are organic substances with a complex nature that are
found in a very small amount in feed. They are very
important for the performance and body’s physiolog-
ical functions. Vitamins supplied to poultry ration to
improve the viability, reduce stressors and enhance
the growth performance parameters and antioxidant
properties (Attia et al., 2017; Surai, 2020). Vitamins
are divided into fat and water soluble types.

Vitamin E is considered as a fat-soluble vita-
minthat has been discovered in1920s (Evans and
Bishop, 1922). It is crucial for humans and animals
and poultry species.The natural form of vitamin E
(Da-tocopherol) is the most common and superior
form in being retained in serum and tissues (Yang
et al., 2009). The inoculation levels of vitamin E in
poultry diets is recommended by NRC (NRC, 1994),
however, the ideal levels are still controversial due to
several factors (Kuttappan et al., 2012). Either defi-
ciency or excess levelsof vitamin E is associated with
severe adverse economic losses in poultry industry.

Vitamin E is necessary for the functions of im-
mune, reproductive, nervous, respiratory, muscular
and circulatory systems.Moreover, dietary supple-
mentation of this vitamin is a common in poultry
practice to improve both cell-mediated and humor-
al immunity (Konieczka et al., 2017; Pompeu et al.,
2018) as well ascounteract the deteriorative effects of
oxidative stress (Surai et al., 2019; Pirgozliev et al.,
2020). It has been recorded that vitamin E plays an
important role for broilers production (Pal, 2017; Pi-
targue et al., 2019) as well as for layers and breeders
production and reproduction (Asl et al., 2018; Nawab
et al., 2018; Aamir et al., 2019). The carcass trait and
meat quality are also positively affected by inocula-
tion of vitamin E in broiler diet during rearing (Fel-
lenberg and Speisky, 2006; Rey et al., 2015; Pitargue
et al., 2019).

Accordingly, the objectives of the current review
article were to investigate the forms and inoculation
levels vitamin E, the role of this vitamin in the biolog-
ical process as well as its effect on different poultry
production types, carcass quality and hematological
parameters.

Forms of vitamin E

Chroman-6-ols collectively tocochromanols (to-
copherols and tocotrienols) are emerged as vitamin E
molecules. However, 8 substances have been detected
to have the activity of vitamin including 4 tocopherols
(a-, B-, y- and &-tocopherols) and 4 tocotrienols (a-,
B-, y- and d-tocotrienols) (Panda and Cherian, 2014) ;
only tocopherol can met the requirements of animals
to vitamin E. They present in the fat sources of the
diet as they absorbed in the intestine after ingestion
and transformed into non-esterified form (Colombo et
al., 1998). The form a-tocopherol is considered as the
most common studied form of vitamin E, while tocot-
rienols form is still under investigations. Vitamin E is
commonly added to poultry diet in the natural form
(Da-tocopherol) that being retained in the blood and
tissue (Yang et al., 2009). The form of vitamin E de-
termines its bioavailability. Vitamin E is measured in
international units by defining one mg of all-rac-a-to-
copherol acetate as 1 IU, as D-a-tocopherol has a bio-
activity of 1.49 IU (Machlin, 1991).

Recommended vitamin E levels in poultry diets

Several factors as bird’s physiological and meta-
bolic functions as well as the environmental stressors
can control the actual requirements for vitamin E. The
fatty acid contents, pelleting and storage conditions of
the diets can mainly affect on the required amount of
vitamin E. In addition, genetic variations among birds
that lead to differences in vitamin E absorbability and
degradation in the intestinal tract. Therefore, the ideal
inclusion levels of vitamin E in poultry diets are still
controversial (Kuttappan et al., 2012).

Poultry cannot synthesize vitamin E. Birds can ob-
tain their requirements for this vitamin from fat sourc-
es and then stored by the body, so there is no need
to be consumed daily (Colombo, 2010). Vitamin E is
regarded as one of the most expensive vitamins for
poultry. Under normal conditions, the standard rec-
ommended dose of vitamin E for poultry according to
NRCranges from 5-25 [U/kg of feed (NRC, 1994). To
meet the poultry requirements, 10 IU/kg of the ration
is also suitable. Studies of Rebolé¢ et al. (2006) ; Singh
et al. (2006) ; Hashizawa et al. (2013) ; Habibian et al.
(2014) and Ismail et al. (2014) successfully used the
basal level of vitamin E as adequate or to marginally
exceed the minimum requirements of broilers. How-
ever, vitamin E requirements may increase especial-
ly in broilers to alleviate the negative effects of high
temperature condition that affects on feed efficiency
(Guo et al., 2003; Niu et al., 2009). Liu et al. (2014)
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suggested that using of vitamin E as 25 times up to
NRC requirement to enhance the antibody titer in tur-
keys. It has been suggested that poultry fed on 100 mg
vitamin E/kg diet may prevent vitamin E deficiency
(Aamir et al., 2019).The recommended dietary level
of vitamin E to maintain bird’s fertility differs accord-
ing to the age, breed and the health of the bird as well
as the composition of vitamin E. However, a concen-
tration of 10 mg /kg of diet vitamin E is beneficial to
maintain the fertility (Biswas et al., 2007; Hooda et
al., 2007; Pekmezci, 2011; Khan et al., 2012b).

Deficiency of vitamin E in poultry

Vitamin E deficiency produces severe adverse
economic losses in the poultry industry.There are
some interaction of vitamin E and other nutrition-
al elements aspolyunsaturated fatty acids (PUFAs),
sulfur-containing amino acids and selenium. The de-
ficiency of vitamin E with PUFAsis associated with
nutritional encephalomalacia in chicks, while with
selenium and sulfur-containing amino acids deficien-
cies induce exudative diathesis and enzootic muscle
dystrophy; respectively (Beck, 2007; Guetchomet
al., 2012; Michalczuket al., 2016). Reproductive dis-
orders, hock disorders and retardation of growth are
also forms of vitamin E deficiency in poultry (Niu et
al., 2009). Besides, depletion of lymphocytes (Dietert
et al., 1983) and growth depressant effect of thymus,
bursa and spleen (Marsh et al., 1986) have been re-
corded as a result of vitamin E deficiency.

Hypervitaminosis with vitamin E in poultry

High dietary levels of vitamin E resulting in re-
ticulocytosis, decreased hematocrit value, lowered
thyroid activity and increased vitamins D and K re-
quirement in chicks (March et al., 1973). Also, sup-
plementationwith high levels of tocopherol alleviated
hypervitaminosis with vitamin A in chicks (Mc Cuaig
and Motzok, 1970; Sklan and Donoghue, 1982).
Though, decreases the level of vitamin A in the blood
and liver may adversely affects on the bone ash and
plasma calcium level of birds (Aburto and Britton,
1998).

The role of vitamin E in the biological process

Antioxidant

Vitamin E plays a major antioxidant role by pre-
vention of lipid peroxidation of PUFAs in plasma
membranes of cells and sub-capsular organs (Fusco
et al., 2007; Khan et al., 2012a; SuraiandKochish,
2019), therefore protecting cells from free radicals

toxicity (free radicals scavenger) during normal meta-
bolic status and inflammation (Colombo, 2010; Khan,
2011; Rizvi et al., 2014). Vitamin E can mediate free
radicals signal transduction and finally modulates the
genes expression that are regulated by free radical sig-
naling (Packer and Suzuki, 1993). In addition, ithas a
negative effect on the production ofreactive oxygen
species (ROS) which activate unsaturated phospho-
lipids and critical sulfthydryl group oxidation (Tra-
ber and Atkinson, 2007). Particularly, phospholipids
membranes are more prone to oxidative stress, being
positively correlated with thedegree of PUFAs. Vita-
min E has been classified as a reducing agent for ROS
molecules. Nowadays, the bioactive contents of some
phytobiotics plant react synergistically with vitamin E
toenhance the antioxidant potential of vitamin E (So-
nam and Guleria, 2017).

Immunity

It has been documented that vitamin E is essential
for the ontogeny of the bird’s immune response (Gore
and Qureshi, 1997; Silva et al., 2011). Vitamin E sig-
nificantly increased Sephadex-elicited inflammatory
exudate cells as well as the macrophages percentage
of chickens in a dose of 10 IU (Gore and Qureshi,
1997). Dietary vitamin E increases the T helper cells,
and in turn improves responsiveness to immunologic
stimuli (Erf et al., 1998). The dietary level of vitamin
E may alter the innate cellular oxidative immunity
(Perez-Carbajal et al., 2010). Besides, vitamin E is
regarded as immuno-potentiator via delaying the pro-
duction of ROS in lipid membranes (Pekmezci, 2011;
Tufarelliand Laudadio, 2016; Aslet al., 2018).1t has
been shown that vitamin E reduces the generation of
MDA, decreases the total antioxidant capacity levels
in the liver which is consistent with enhancing hepat-
ic a-tocopherol content; resulting in improvement of
the antioxidant capacity (inhibit lipid peroxidation) of
immunosuppressed broilers (Cheng et al., 2017).

Vitamin E acts on the immune organs either direct-
ly or indirectly through the affection of metabolic and
endocrine parameters (Gershwin et al., 1985; Marsh
et al., 1986; Leshchinsky and Klasing, 2001; Loha-
kare et al., 2005; Pompeu et al., 2018). As an antiox-
idant, vitamin E may reduce plasma concentrations
of corticosterone (Puthpongsiriporn et al., 2001). It
can modulate cyclooxygenase and lipoxygenase path-
ways which reflects on the synthesis of leukotrienes
and prostaglandins (Leshchinsky and Klasing, 2001,
2003).
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It is not exactly known whether vitamin E directly
increases production of antibodies by altering B cells
or indirectly through T cells (Lee and Han, 2018).

As vitamin E acts as an antioxidant, it may pre-
vent the oxidation of arachidonic acid involved in the
biosynthesis pathway of prostaglandins which has
immunosuppressive effects at elevated levels (Shefty
and Schultz, 1979). Modulation of arachidonic acid
metabolism via cyclo-oxygenase and lipoxygenase
pathways lead to synthesis of prostaglandins and
leukotriens, respectively (Leshchinsky and Klasing,
2001).The inhibition of lipid peroxidation and pro-
tection of mitochondria and microsomes of the liver
against oxidative stress may be another possible im-
munomodulatory role of vitamin E (Leshchinsky and
Klasing, 2001). In addition, Gore and Qureshi (1997)
suggested that higher levels of vitamin E may main-
tain the integrity of macrophage membrane that need-
ed for phagocytosis. Broilers fed on excess vitamin
E showed an increase in the phagocytosis process of
peritoneal macrophages as a result of increasing the
expression of Fc receptors of antibodies on macro-
phages membranes (Konjufca et al., 2004). Elevated
numbers of macrophages displayed an increased abil-
ity to opsonize sheep red blood cells (SRRCS). Khan
et al. (2014) suggested that vitamin E may affect mac-
rophage cell viability and function by regulating lev-
els of free radicals to maintain normal cell functions.

It has been appeared that vitamin E can boost
booth cell mediated and humoral immune response
to various antigens. It enhances IFN-y production,
induces proliferation of immune cells and modulates
chemotaxis and bactericidal properties of polymor-
phonuclear cells (Boxer, 1986). Quantitatively and
qualitatively augments of lymphocyte and monocyte
mediated responses have been shown after dietary
supplementation with vitamin E. For instance, feeding
of broiler chickens with 80 IU/kg or 40 IU/kg of vi-
tamin E following vaccination with infectious bursal
disease virus (IBDV) vaccination induced significant
increase in peripheral blood CD4+ and CD8+ T cells
(Abdukalykova et al., 2008). Similarly, an increase in
lymphocytes populations of the thymus as well as the
number of plasma cells in spleen, cecal tonsils and
ileum of broiler chickens have been observed follow-
ing feeding on higher levels of vitamin E (Khan et al.,
2008). Dalia et al. (2018) detected that inclusion of
vitamin E (100 mg/kg) along with inorganic selenium
(0.3 mg/kg) effectively improved the immune system
through regulation of some cytokines expression and

immunoglobulin levels.

Vitamin E can benefit the immune response of
poultry via anti-inflammatory effects. It has an es-
sential role in balancing cytokine responses, which
could be critical in cases of inflammation. It has been
found that broiler chickens fed on 220 IU/kg of vita-
min E showed significant decrease in the level of IL-6
mRNA in spleen (Kaiser et al., 2012) as vitamin E
controls inflammatory responses when pro-inflamma-
tory cytokine production is elevated. Broilers fed on
vitamin E supplemented feed (100 mg/kg) and kept
under heat stress showed significant decrease in liver
expression IL-6 and heat shock protein 70 (Jang et al.,
2014). Recent study of Pitargue et al. (2019) revealed
that broiler chickens received vitamin E showed de-
crease in inflammatory (IFN-y, IL-1p and IL-6) and
anti-inflammatory (IL-4, IL-10 and TGF-B) cytokines
in the intestine. Inclusion of arginine in a vitamin
E-supplemented diet in broiler chickens enhanced re-
sponses to phytohemagglutinin as assessed by the cu-
taneous basophil hypersensitivity test (Abdukalykova
and Ruiz-Feria, 2006).

The findings of Lin and Chang (2006) suggest-
ed that moderate supplementation of vitamin E may
enhance immune responses to selective antigens in
breeders. Supplementation with vitamin E at level of
(100IU/kg) to the diet of broilers breeders resulting
in enhancing the immune response to bronchitis vi-
rus vaccine (Khan et al., 2014). In the same context,
broiler chickens supplemented with 200IU/kg of vita-
min E and 0.2 mg/kg of selenium and vaccinated with
Newcastle disease virus (NDV) vaccine developed
significant higher vaccine-specific antibodies when
compared with control (Singh et al., 2006). Simi-
larly, Ismail et al. (2014) demonstrated significant
increase in the titers of antibodies against NDV and
avian influenza disease virus in the plasma of vitamin
E supplemented broiler chickens (300 mg/ kg diet).
Significant elevation of antibody titers was observed
in broilers after primary and secondary immunization
with SRBCS and feeding on vitamin E (Niu et al,,
2009; Habibian et al., 2014).Chickens infected with
IBDV and fed on vitamin E (178 IU/kg) showed re-
duced mortalities and high body weight gain (Mcllroy
etal., 1993).

Broiler chickens received a diet containing 100 [U/
kg of vitamin E and infested with E. tenella oocysts
revealed significant resistance indicated by decreas-
ing in mortalities and increasing in body weight gain
(Colnago et al., 1984). Perez-Carbajal et al. (2010)
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demonstrated that supplementation of chickens with
vitamin E and arginine improved the phagocytic ac-
tivity of heterophils and monocytes. Similar effects
were also seen when chickens were challenged with
Salmonella enterica serovar Typhimurium (Liu et
al., 2014).Recently, Liu et al. (2019) assessed the ef-
fects of feeding laying hens on 30 IU/kg of vitamin E
on antibody levels, pro-inflammatory cytokines and
mortalities after challenge with Sal/monella enteriti-
dis. The results proved increasing IgA, IgM and IgY
levels, while decreasing in IL-1p, IL-6 and mortalities
at 2 weeks post-challenge.

Feeding of vitamin E to breeder hens can passive-
ly transferred antibody-mediated response against
diseases in their progeny. When broiler breeder hens
supplemented with vitamin E (150 TU/kg) or (450 TU/
kg) in feed before inoculation with Brucella abortus
antigens, their chicks that received more vitamin E
showed higher antigen-specific antibody titers (Jack-
son et al.,, 1978). Supplementation of breeders on
0.03% total vitamin E in their diet for 3 weeks prior to
immunization with Newcastle disease virus vaccine
induce high antibody levels in their progeny at 1 and 7
days old as compared with controls (Haq et al., 1996).
Inoculation of 10 mg of vitamin E in embryonated
chicken eggs increased cellular and humoral immuni-
ty in newly hatched chickens with (Gore and Qureshi,
1997). In addition, these chicks showed higher phago-
cytic activity when inoculated with sheep red blood
cells at 7 days of age as well as higher antibody titers
to SRBC were also detected at 14 and 21 days of age.
The same research also tested the effect of inoculat-
ing three doses of vitamin E into embryonated turkey
eggs 3 days prior hatching. The results revealed that
inoculation of 20 and 30 IU of vitamin E resulting in
significant reduction of hatchability, while 10 IU in-
duced slight higher hatchability. Furthermore, 7 days
old turkey poults showed higher level of IgM antibod-
ies against sheep red blood cells than controls at 7 and
14 days post-inoculation. The number of phagocytic
macrophages at 7 weeks post hatch were also signifi-
cantly higher in the group inoculated with 10 U of
vitamin E.

The effect of vitamin E supplementation in poultry
production

Broilers

Improvement in feed efficiency has been recorded
in broilers after feeding on vitamin E at levels of 60,
90 and 120 IU/kg of diet (Serman et al., 1992). Addi-

tion of both vitamins E and C at levels of 150 mg/kg
and 200 mg/kg ration, respectively enhanced chick-
en’s growth and immune response to vaccination (Ra-
jmane and Ranade, 1994).Moreover, improvement in
broilers feed efficiency has been observed after ad-
dition of 75 ppm of vitamin E/kg in diet (Aravind et
al., 2001). Villar-Patino et al. (2002) recorded an en-
hancement of the live body weight of broilers supple-
mented by 75 mg of vitamin E/kg of diet.

Erf et al. (1998) reported that inoculation of vita-
min E at levels beyond those needed to enhance the
optimal growth is efficient forincreasing the immu-
no-competence of growing broilers. It has been doc-
umented that supplementation of vitamin E induced
significant increase in the relative weight of spleen
which indirectly has a benefit for the broilers’ immune
system (BasmaciogluMalayoglu et al., 2009). Koniec-
zka et al. (2017) detected an increase in the relative
weight of bursa Fabricius of chickens supplement-
ed with dietary 300 IU/kg vitamin E as compared to
those fed diets containing 50 1U/kg. Moreover, vita-
min E at 100 and 200 mg/kg of the diet could improve
the performances and have immune potentiating ef-
fect in broiler chickens (Desoky, 2018).Vitamin E has
a significant role in enhancing the health conditions
through the positive influence on both humoral and
cell-mediated immune response of birds (Zhao et al.,
2011; Lu et al., 2014; Rizvi et al., 2014). Moreover,
it can induce protective immunity in broiler chickens
through amelioration of the immuno-suppressive ef-
fect of lipopolysaccharide (Zhang et al., 2010), Esch-
erichia coli, Eimeriatenella, T2 toxins (Jaradat et al.,
20006), as well as heat stress (Niu et al., 2009).

It has been documented that heat stress increas-
es the serum and liver concentrations of malondial-
dehyde (MDA), while vitamin E decreases the pro-
duction of MDA in the liver by acting against lipid
peroxidation and cell damage (McDowell, 2012)
and results in the enhancement of the bird’s perfor-
mance (Sahin and Kucuk, 2001; Sahin et al., 2001).
Several reports showed the positive effect of vitamin
E supplementation alone or with other elements on
broiler performance under heat stress condition. Both
vitamin E and vitamin C at levels of 250 mg/kg of
the dietinduced the highest productive performance
of Japanese quails reared under heat stress (Sahin
and Kucuk 2001; Sahin et al., 2003). Habibianet al.
(2014) confirmed that heat stressed broiler chickens
supplemented with combined levels of vitamin E and
selenium at 250 mg/kg and 0.5 mg/kg, respectively
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showed an improvementof both health and immune
response to sheep red blood cells (SRBCs). Broiler
chickens fed on dietary vitamin E at 30-50mg/kg un-
der heat stress pressure showed reduced lipid peroxi-
dation that can be detected by reduced levels of MDA
(Daldlio et al., 2015). Furthermore, dietary concen-
tration of zinc at 30-60 mg/kg has synergistic positive
action with vitamin E on the productive performance
of broilers under heat stress climate (Kim et al., 1998;
Salgueiro et al., 2000).

Other literatures revealed no effect of vitamin E on
broiler performance. Sosnowka-Czajka et al. (2005)
found that dietary supplementation of broilers with
both 40 mg/kg of vitamin C and 70 mg/kg of vitamin
E failed to increase the resistance of birds to high tem-
perature stressor. This result may be due to low doses
of the vitamins or presence of factor interfere with the
vitamins bioavailability. Feeding of dihydroquercetin
(antioxidant) or vitamin E improved different parame-
ters of antioxidant status of broiler chickens, although
it did not affect growth performance parameters and
energy or nutrient availability (Pirgozliev et al., 2020).

Layers

Laying hens supplemented by 6% semi-refined
sunflower oil and 150 mg/kg vitamin E showed sig-
nificant increase in egg production performance
(Narimany-Rad et al., 2011).A concentration of 60
IU vitamin E /kg feed revealed an increase in egg
production, yolk and albumin weights, and vitelline
membrane strength of layer chickens (Parolini et al.,
2015). In addition, vitamin E at levels 125-300 mg/kg
has been found to minimize the egg production losses,
eggshell density and feed efficiency (Cherian, 2015).
Dietary supplementation of 125 to 300 mg vitamin E
/kg feed improved the feed efficiency rate, egg pro-
duction and egg shell thickness of layers (Karadas et
al., 2017).

It has been observed that addition of vitamin E
to the diets of layer hens appeared to be beneficial
especially during the heat stress, probably, due to its
concurrent function as fertility factor (Bollingier-Lee
et al., 1999; Sahin et al., 2002a; Attia et al., 2016).
Numerous studies have investigated the beneficial
effects of vitamin E supplementation in laying hens
under heat stressed conditions. For example, Kirunda
and Scheideler (2001) found that vitamin E supple-
mentation in the diet of heat stressed hens was able to
alleviate egg quality deterioration. Ciftci et al. (2005)
found that vitamin E can improve the egg quantity

and quality of laying chickens reared under heat stress
conditions. It has been demonstrated that vitamin E at
250 mg/ fed of layer hens may decrease the harmful
stress effects of high temperature (Chung et al., 2005).
Besides, dietary concentration of zinc at 30-60 mg/
kg has synergistic positive action with vitamin E on
the health and egg production of laying hens (Onder-
ci et al., 2003; Sahin and Kucuk, 2003; Kucuk et al.,
2008).Sahin and Kucuk (2001) observed a greatest
performance of Japanese quails after supplementation
with a combined treatment with vitamin C (200 mg)
and vitamin E (250 mg) under chronic heat stress.
Also, supplementation with150 mg vitamin C and/or
150 mg vitamin E to the diet improved the production
performance in heat stressed layer chickens (Joachim
Ajakaiye et al., 2011).Dietary vitamin E and vitamin
C at levels of 65 IU/kg and 1, 000 ppm; respective-
ly enhanced the in vitro lymphocyte proliferations of
layer hens under bad environmental conditions (Jiang
et al., 2013).

The role of vitamin E in improving the egg produc-
tion under heat stress may be through the protection
of liver from lipid peroxidation and damage of cell
membrane that resulted in increasing in plasma egg
yolk precursors as very low density lipoprotein and
vitellogenin (Bollingier-Lee et al., 1999).Addition of
vitamin E to diets containing high levels of PUFAs
may prevent feed oxidation as well as may contribute
to egg formation as these evidenced by increasing in
the egg/bird/day and improving the feed intake and
efficiency. Moreover, vitamin E protects the tissue
from lipid peroxidation due to production of ROS and
consequently affects the egg quality in layers (Lin et
al., 2004; Khan et al., 2017).

Breeders

There are several factors that have a great hazard-
ous effect on the semen and sperm quality (Rengarajet
al., 2015; Nawabet al., 2018).Antioxidant feed sup-
plementationreduces these effects by lipid peroxida-
tion (Richard et al., 2008).As a result of neutralization
of free radicals and inhibition of lipids membranes
oxidation, vitamin E is regarded as chain-breaking
antioxidant (Raederstorff et al., 2015). Vitamin E re-
duces the production of ROS molecules in the cells
at their initial phase with destruction of thousands of
PUFAs molecules (Anwar et al., 2016). It has been
found that ROS damages hydroxyl radical, superox-
ide anion radical, singlet oxygen and hydrogen perox-
ide that produced during aerobic cellular metabolism
(Anwar et al., 2016). Nevertheless, these oxidative
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radicalsinducedestruction of healthy cells if they are
not eliminated.Thus, it is necessary to add vitamin E
to poultry ration to increase antioxidant metabolites
in sperms andsemen and consequently helps in im-
proving the quality and motility of sperms (Khan et
al., 2017). Vitamin E reduces the defects in the DNA
of spermsthroughdecreasing free radicals production
and consequently increase the semen volume, sperm
motility and sperm capacity in fertilizing eggs (An-
war et al., 2016).Biswas et al. (2009) demonstrated
that birds supplemented with high doses of vitamin
E (100mg/kg diet) showed good quality semen and
spermatozoa in comparison with those received
10mg/kg of the vitamin. At a level of 20 mg /kg diet
of breeder chickens, vitamin E significantly enhanced
the immune response of SRBCs in comparison with
levels of 0, 80 and 160 mg /kg diet (Lin and Chang,
2006).

Carcass trait

Lipid oxidation is very important process by which
deterioration of meat products can occur as it is initi-
ated at the membrane level in the intracellular phos-
pholipid fractions (Buckley et al., 1995; Cortinas et
al., 2005). Generally, supplementing birds with high
levels of antioxidants in the diets enhances the oxi-
dative stability, sensory quality, shelf life and conse-
quently acceptability of meat (Buckley and Morrissey,
1992). It has been demonstrated that the peroxidation
process begins just after slaughter, so the rate of meat
spoilage is dependent on the concentration of vitamin
E in the tissue (Morrissey et al., 1994). Vitamin E,
in the form of a tocopheryl, is regarded as the major
antioxidant defense and the lipid-soluble antioxidant
that delays and breaks the lipid peroxidation chain in
cell membranes, prevents hydroperoxides formation
(Halliwell, 1987) and improves the quality of poul-
try meat (Pompeu et al., 2018). The level of dietary
a-tocopheryl acetate in the poultry feed determines
its level in the muscle and consequently the oxidative
stability of meat (Carreras et al., 2004; Goiii et al.,
2007). Previous studies of Gao et al. (2010) and Rey
etal. (2015) have suggested that o tocopherol retained
in serum and tissues and improved the meat quality
of broiler chickens. Increasing the levels of a tocoph-
erol levels in poultry diets significantly improved the
feed conversion rate, average body weights, and net
income/bird (Kennedy et al., 1992). In addition, the
higher levels of a tocopherol resulting in high tissue
concentrations, improvement of the cells membranes
structure as well as an increase the oxidative stability

of meat and meat products (Bartov and Frigg, 1992;
Sheehy et al., 1993). It has been found that addition
of a tocopherol to turkey’s ration can improve meat
oxidative stability leading to improving the flavour
and colour (Sheldon et al., 1997). Supplementing
chickens with 20 mg vitamin E/kg diet doubled the
storage time in freezer, however 40 mg vitamin E/kg
diet extended storage time by one day in refrigerated
broiler carcasses (Coetzee and Hoffman, 2001). The
MDA production in the broilers muscles decreased by
addition of vitamin E to the ration, which reflects on
the lipid peroxidation during the storage of chicken
meat (Yesilbag et al., 2011). Brandon et al. (1993)
suggested that feeding on 200 mg o tocopheryl ace-
tate/kg of ration (i.e. 20 times higher than the NRC
requirement) for at least 4-5 weeks, is essential to ob-
tain the protective benefit of the vitamin in processed
meat. However, Nobakht (2012) demonstrated that
inclusion of broilers fat until 6% has no adverse ef-
fects on performance and carcass percent while, sup-
plementing diet with 150 mg/kg of vitamin E is not
recommended.

Hematology

Vitamin E significantly protected erythrocytes
against high levels of hydrogen peroxide (Calabrase
et al., 1985). In addition, vitamin E prevents oxida-
tion of unsaturated fatty acids as linoleic acid on the
membranes of erythrocytes (Bast et al., 1991) so, the
deficiency of this vitamin increases erythrocytes’ he-
molysis (Levander et al., 1977). The effect of different
dietary levels of vitamin E (100, 200 and 300) ppm
on erythrocyte osmotic fragility and some biochem-
ical parameters were studied in broiler chickens for
7 weeks observation period and the results showed
significant decrease in erythrocyte osmotic fragility
(Arslan et al., 2001).

Excessive supplementation of vitamin E decreases
the plasma cholesterol (Bell, 1971; Clegg et al., 1976)
and triglyceride levels and consequently inhibits ath-
erosclerosis in poultry (Donaldson, 1982; Smith et
al., 1989). Francini et al. (1988) demonstrated that the
addition of vitamin E at level of 325 ppm in the diet
of broilers resulting in decrease in cholesterol and tri-
glyceride levels till 49 days of age. Decreasing the
level of cholesterol was also found in turkeys fed with
vitamin E on the 42nd day (Franchini et al., 1990).
Ismail et al. (2014) found no effects on T4, total lip-
ids, total cholesterol and high density lipoprotein
cholesterol after inoculation of high levels vitamin E
(200, 300 and 400 mg/kg diet) in the diets of broiler
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chickens. However, plasma level of T3 increased sig-
nificantly in response to high level of vitamin E (400
mg/kg diet). Serum concentration levels of of T3 and
T4 were higher in birds treated with dietary vitamin E
(Sahin et al., 2001, 2002b).

It has been declared that dietary supplementation
of birds with vitamin E in high levels increased al-
kaline phosphatase (ALP) levels. Arslan et al. (2001)
demonstrated statistical significant decrease in ALP
level by the 7th week after treatment of broilers with
100, 200 and 300 ppm of vitamin E. In the same line,
no significant difference was also found in the plas-
ma ALP levels of turkeys supplemented with 30, 90,
180, 360 ppm of vitamin E/kg of ration, however, an
increase in plasma ALP levels were increased with in-
creasing the bird’s age (Francini et al., 1990).

In addition, the total protein, calcium (Ca), phos-
phorus (P), aspartate aminotransferase (AST) or ala-
nin aminotransferase (ALT) was not affected by the
treatment with vitamin E by the 5th and 7th weeks of
age (Arslan et al., 2001). In the same context, no sig-
nificant differences were found in Ca and P in broil-
ers treatment with 100 and 200 mg/kg of vitamin E
(Desoky, 2018). One hundred, day old broilers fed on
25 and 10, 000 IU of vitamin E/kg of the diet showed
decrease in plasma P and Ca levels (Murphy et al.,
1981). But Francini et al. (1988) found an increase
in the levels of ALP, Ca and P in birds treated with
excess vitamin E and proposed this result to the osteo-
blastic activity (Francini et al., 1988).

Although AST level has been increased with the
increase in the dietary level of vitamin E in turkey

poults, but decreased in older birds (140 days old)
(Francini et al., 1990). Desoky (2018) observed sig-
nificant decline in AST and ALT activities in the
group of broilers fed with vitamin E at 200 mg/kg.

Dietary supplementation with vitamin E (250 mg/
kg) for Japanese quails under heat stress induce signif-
icant increase in lymphocytes (L) numbers and white
blood cells counts, whereas, heterophils (H) numbers
and H/L ratio was decreased (Abdel Maksoud, 1999;
Ipek et al., 2007).

It has been shown that broilers fed on vitamin E at
levels of 100 and 200 mg/kg had significant increase
in hemoglobin, total proteins and albumin, significant
decrease in the level of glucose and while no signif-
icant differences were found in globulin (Desoky,
2018)

CONCLUSION

As can be seen, vitamins E has measurable ef-
fects as an efficient antioxidant and immuno-stim-
ulant agent. Addition of vitamin E in poultry diet is
essential for growth and health parameters as well
as maintenance and enhancement of immune system
function in broilers. In addition, supplementing layers
and breeders with vitamin E has positive effects on
the quantity and quality of eggs as well as fertility and
hatchability. Improvement of carcass trait and blood
parameters are also the other beneficial aspects of vi-
tamin E.
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