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This review highlights the huge challenges heat stress pose to profitable production of broiler chickens
during the hot-dry season. It also enumerates the negative effects of heat stress due to excess
production of reactive oxygen species (ROS) in broiler chickens. It emphasizes that administration of
betaine and/or ascorbic acid is highly beneficial to broiler chickens, subjected to high ambient
temperature and high relative humidity, characteristic of hot-dry season in the Northern Guinea
Savannah zone of Nigeria. In conclusion, supplementation of betaine and ascorbic acid to broiler
chickens during the hot-dry season may improve health and production, decrease mortality and
increase their productivity.
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INTRODUCTION
The hot-dry season in the Northern Guinea Savannah
zone of Nigeria is thermally stressful to poultry (Sinkalu
and Ayo, 2008). Meteorological factors, such as high
ambient temperature and high relative humidity, exert
adverse effects on poultry production (Chen et al., 2013).
They are known to cause heat stress in poultry during the
hot-dry season (Rhoads et al., 2013). It is considered that
animals are under heat stress when there is an
imbalance between heat production within the body and
heat loss. Reactive oxygen species (ROS) are produced
in excess of what the body can cope with under heat
stress condition (Kikusato and Toyomizu, 2013).

Exposure of broiler chickens to acute heat stress
depresses the mitochondrial respiratory chain activity,
which, in turn, leads to the excess production of ROS,
and, consequently, induces lipid peroxidation (Yang et
al., 2010). The increased ROS production induced by
chronic heat stress occurs in the mitochondria of skeletal
muscle cells through the elevation of membrane potential
due to increase in oxygen consumption, especially at the
initial phase of heat exposure (Azad et al., 2010b). This
causes continuous lipoperoxidation of polyunsaturated
fatty acids, and consequently, the destruction of cell
membranes (Sunil-Kumar et al., 2011).
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The production of broiler chickens under heat stress
conditions results in reduction of feed intake (Azad et al.,
2010a). The decrease in live performance of birds reared
under high ambient temperature, exceeding the thermoneutral zone of the birds, is due to decrease in feed
conversion to meat (Lagana et al., 2007). Heat stress
damages the intestinal barrier in broilers due to oxidative
stress (Gu et al., 2012), and negatively influences the
welfare of broilers kept under pre-slaughter conditions
(Vieira et al., 2011). It induces a rise in serum
corticosterone concentration, mortality, and a reduction in
the percentage of phagocyticizing macrophages. It
causes mild multi-focal acute enteritis, demonstrated by
an increase in concentration of lymphocytes and
plasmocytes in the lamina propria of the jejunum
(Quinteiro-Filho et al., 2012).
Antioxidant supplementation reduces the negative
consequence of ROS activity such as ascites syndrome
in broilers (Rajani et al., 2011). Betaine is an oxidative
by-product of choline which serves as an osmo-regulator
and is a substrate in the betaine-homocysteine
methyltransferase reaction, which links choline and
betaine to the folate-dependent one-carbon metabolism.
Betaine is an important source of one-carbon units
(Ueland, 2011). It has osmo-protective property and is a
donor of methyl group (Hruby et al., 2005). Betaine is
used by cells to defend against changes in osmolarity
(Klasing et al., 2002).
Betaine supplement may stimulate protection of
intestinal epithelium against osmotic disturbance;
improve digestion, absorption and nutrient utilisation in
broiler chickens (Mahmoudnia and Madani, 2012).
Ascorbic acid is a potent antioxidant, as evidenced by the
capacity to increase the level of enzymatic and nonenzymatic antioxidants of heat-stressed broiler chickens
(Ismail et al., 2013). Ascorbic acid supplementation
improves immunity of broiler chickens under heat stress
conditions (Motasem, 2012).
The aim of the present review was to evaluate the
ameliorative effects of betaine and ascorbic acid
administration to broiler chickens during the hot-dry
season in Zaria, located in the Northern Guinea
Savannah zone of Nigeria.

POULTRY INDUSTRY IN NIGERIA
Agriculture, including poultry production is the most
important sector of the Nigeria economy, providing
employment for about 75% of the populace (CBN, 2007).
In Nigeria, poultry production is a major contributor to
animal protein. Nigeria has poultry population of 114.3
million, comprising 82.4 million chickens and 31.9 million
other poultry, including pigeons, ducks, guinea fowls and
turkeys (Abdullahi et al., 2006). The predominant
systems of poultry production in Nigeria are subsistent

and commercial systems. The commercial system is
further sub-divided into small - (100 to 20,000 birds),
medium - (20,001 to 50,000 birds) and large - (> 50,000
birds) scale poultry farming. These birds are kept under
intensive system of management at a stocking density of
22 to 25 birds/m2 (Dafwang, 2002). However, subsistent
farming comprises indigenous breeds that are allowed to
roam about to scavenge for feeds (Adeyemo and
Onikoyi, 2012). In the tropical and subtropical regions of
the world, including Nigeria, production performance of
broiler chickens is adversely affected by high ambient
temperature (Cahaner and Leenstra, 1992). Heat stress
results in decreased feed intake, feed efficiency, body
weight and flock activities.
These factors consequently result in increased
mortality, increased pulse, respiratory and panting rates
(Ubosi, 2001; Yunusa, 2002). Adverse effects of heat
stress may result in 100% mortality in poultry farms in
Nigeria (Obeng, 1985). Heat stress in broiler chickens
has been associated with increased generation of ROS
(Lin et al., 2006), ameliorated by antioxidants (Surai,
2006). Antioxidants such as ascorbic acid, singly or in
combination with vitamin E, has been used to ameliorate
the adverse effects of heat and transport stresses in
Northern Guinea Savannah zone of Nigeria, during the
hot-dry season in laying chickens (Ajakaiye et al., 2010)
and broiler chickens (Onu, 2009).

POULTRY PRODUCTION AND ITS CHALLENGES
Production of chickens (Gallus gallus) for human
consumption dates back to 4000 years ago. Since then,
there has been a continuous selection for specific desired
traits through selective breeding of parent stock to
achieve the desired results (Kalmar et al., 2013). G.
gallus is the major ancestor species, but Gallus sonneratii
has also contributed to the genetic make-up of the
modern domestic chicken. Furthermore, the knowledge of
gene sequencing has accelerated the identification of
causal mutations, determining major morphological
differences between wild Gallus and domestic breeds
(Job et al., 2011). The advantages of poultry production
are ease of management, high turn-over, fast returns on
investment, and its wide acceptance for human
consumption (Haruna and Hamidu, 2004). Domestic
chickens are also considered an important biological
model for research in the biomedical field (Rubin et al.,
2010).
The poultry enterprise is becoming complex as a result
of the rapid strides in technology, changing market
dynamics and growing scale of production. Due to some
factors, starting from the procurement of chicks to their
final disposal, entrepreneurs are faced with numerous
constraints (Swu et al., 2012). Factors such as acute heat
stress at marketing age, especially in broiler chickens
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raised in open houses with poor ventilation impairing heat
exchange, result in economic losses (Hassan and
Reddey, 2012). Some considerations should be given to
the microclimate within the broiler houses as birds
experience heat stress (Lallo et al., 2012). Heat stress is
one of the most important environmental stresses
confronting poultry production worldwide. Understanding
and controlling environmental conditions are crucial to
successful poultry production and welfare (Lara and
Rostagno, 2013). Some of the challenges faced in poultry
production, especially in developing countries, include
poor government support and management practices,
high mortality and cost of feed (Amos, 2006). Evidence
has shown that the critical issues of low production and
inefficiency in resource allocation and utilisation in poultry
production have adversely affected farmers in Nigeria
(Ezeh et al., 2012). Population, urbanization and rising
incomes are expected to double the demand for livestock
products, including broiler meat in developing countries
(Mammo, 2012). There is a shift in emphasis to broiler
chickens for poultry meat, from spent layers (laying birds
which have reached the end of egg production) in
developing countries (Oluyemi and Roberts, 2000). There
have also been significant improvements in poultry meat
production in Nigeria due to efforts made in the use of
improved breeds for production and the intensification of
management systems of poultry (Ikani and Annalte,
2000). Poultry meat is affordable because it is relatively
cheap for purchase by consumers (Damisar and Hassan,
2009). Broiler production is profitable because it has a
positive net return on investment (Heidari et al., 2011),
whereas broiler meat has gained wide acceptance
because it is a healthier alternative to red meat (Shini et
al., 2010).
RELATIONSHIP
FACTORS AND
CHICKENS

BETWEEN
ENVIRONMENTAL
THE WELFARE OF BROILER

The town of Zaria (11°, 12/; 7°E, 38/E) is located in the
Northern Guinea Savannah zone of Nigeria. It has annual
ambient temperature, ranging between 18.0 ± 3.7 and
31.8 ± 3.2°C, and has harmattan (the cold-dry period of
the year) (November-February), hot-dry (March-May) and
rainy (June-October) seasons (Ayo et al., 2011; Dzenda
et al., 2013). The meteorological factors, such as ambient
temperature and high relative humidity (particularly during
the hot-dry season), directly influence production of
broiler chickens (Genc and Portier, 2005). During hot
conditions, characterized by high ambient temperature,
relatively humidity and radiant energy, there is a
decrease in the ability of animals to dissipate heat. This
initiates compensatory and adaptive mechanisms to
return the body to homeostasis (Daramola et al., 2012).
When hot conditions persist, the difference between
ambient temperature and body temperature of broiler
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chickens decreases, causing a reduced rate of sensible
heat loss, which further results in mortality due to
hyperthermia (Azoulay et al., 2011).
It is necessary to assess the environmental parameters
of rearing broilers because they affect their performance
(Kumar et al., 2011). For instance, heat stress, resulting
from high ambient temperature and relatively humidity
negatively affects poultry performance in the tropical and
subtropical regions of the world (Sohail et al., 2010). The
temperature-humidity index, an index of thermal comfort
integrating the effects of ambient temperature and
relative humidity (Purswell et al., 2012), is used to
evaluate the degree of thermal stress in livestock
(Dikmen and Hamsen, 2008).
THERMO-NEUTRAL ZONES OF BROILER CHICKENS
The thermo-neutral zone is the range of ambient
temperature, which does not affect regulatory changes in
metabolic heat production or evaporative heat loss in
birds (Kingma et al., 2012). In the tropics, the diurnal
ambient temperature fluctuations usually exceed the
thermo-neutral zone of chickens, resulting in heat stress
(Dei and Bumbie, 2011). Ambient temperatures outside
the thermo-neutral zone of birds, irrespective of age, may
negatively affect their energy balance and fitness (Ardia,
2013).
Metabolic disorders such as ascites and sudden death
syndromes may occur in broilers reared above the
temperature of thermal comfort in the first week of life of
the birds (Fernandes et al., 2013). Broiler chickens
subjected to heat stress show elevated corticosterone
levels and lower levels of thyroid hormones (Mahmoud et
al., 2014). Elevated temperature negatively affects
production, reproductive potential, immune responses
and health status of livestock (including broilers)
(Nardone et al., 2010). Holik (2009) reported that the
thermo-neutral zone for poultry in the tropics is between
18 to 24°C and between 12 to 26°C in temperate regions,
while Kingori (2011) showed that the most favourable
temperature range for poultry is between 12 to 26°C.
Broiler chickens exhibit different behavior in response to
daily variations in the thermal environment. Wingspreading and beak-opening are some important
adaptations to thermal environments (Fernandes et al.,
2013). Since adaptation of animal (including birds) to
their thermal environment requires regulation of body
temperature, measurement of that adaptation through the
energy the animal expends, provides an indicator of the
extent and energy cost of adaptation (Nienaber et al.,
2009).
RESPONSES OF BROILER CHICKENS TO HEAT
STRESS
The state of well-being of animals may be assessed by
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the health, physiological and behavioral responses
(Earley et al., 2010). An increase in oxidative damage
and alterations in amino acid concentrations in the
diencephalon may contribute to the physiological,
behavioral and thermoregulatory responses of heatexposed chicks (Chowdhury et al., 2014). Behavioral
responses such as posture, orientation, shelter seeking,
huddling and dispersion are some means by which
broilers seek to regulate their body temperature under hot
ambient conditions (Kadzere et al., 2002). Heat tolerance
in broilers may be enhanced by increasing sensible heat
loss, which is determined by the difference between
surface temperature and ambient temperature. It is more
useful than the evaporative heat loss, which causes
dehydration (Yahav et al., 2005). In addition to the
damages that occur at cellular level due to oxidative
stress, a number of signaling pathways, consisting of
certain proteins (for example: apoptosis signal-regulating
kinase 1, c-Jun NH2-terminal protein kinase, signal
transducers and activators of transcription) are
modulated by heat shock protein 90 to improve tolerance
to stress (Pandmini and Rani, 2011). Biochemical
responses may be used to evaluate welfare of broiler
chickens under hot conditions (Wang et al., 2013b). Heat
tolerance in chickens may be assessed using
biochemical parameters, especially during the early
period of heat stress, owing to the close association
between heat tolerance and biochemical indices (RunShen et al., 2011). Elevated ambient temperature is a
limiting factor to poultry production in hot regions
(Melesse et al., 2011). Though broiler chickens, to some
extent, may acclimatize to some levels of oxidative
stress, resulting from heat stress (Pamok et al., 2009),
they experience some organ damage due to lipid
peroxidation caused by hyperthermia (Mete et al., 2012).
Physiological responses to heat stress, which may be
determined by their genetic make-up (Felvet-Gant et al.,
2012), include decrease in antioxidant capacity,
increased respiratory rate and rectal temperature (Ali,
2010). Heat stress decreases feed consumption
(Chowdhury et al., 2012) and, consequently, reduces
weight gain and growth. This further constitutes a major
challenge in broiler production in the tropics (Widjastati
and Hernawan, 2012). Heat stress also causes high
water and electrolyte excretion, which impairs the ability
for heat dissipation and alters acid-base homeostasis
(Sayed and Downing, 2011).
Certain
hormones
like
glucocorticoids
and
catecholamines are released in response to stressful
conditions to enable the body cope with stress (Mostl and
Palme, 2002). Two regulators of neuronal hormone
regulators,
arginine-vasotocin
and
corticotrophinreleasing adreno-corticotrophic hormones (ACTH), in
addition to plasma corticosterone are also involved in
stress responses (Cornell et al., 2013). High-affinity
mineralocorticoid receptors ensure the maintenance of

homeostasis, while the low-affinity glucocorticoid
receptors mediate the recovery from stress. Hence, it is
important to maintain balance between these systems for
cellular homeostasis, performance and health (Dekloet,
2004). Glucocorticoids cross the blood-brain barrier to
interact with certain receptors, located mainly at the
hippocampus and the frontal lobes, consequently
influencing learning and memory (Lupien et al., 2007).
Acute heat stress activates corticotrophic-releasing
hormone, resulting in impairment of memory
consideration (Roozendaal et al., 2002). Increased
plasma corticosterone may also down-regulate
testosterone and progesterone concentration in plasma
of chickens, impairing reproduction in broiler breeders
(Rettenbacher et al., 2013). Finally, heat stress may
result in redistribution of body resources (such as protein
and energy) at the expense of growth, reproduction,
production and health, to ensure survival (Gupta et al.,
2013).
BIOMARKERS
CHICKENS

OF

HEAT

STRESS

IN

BROILER

Modern commercial broilers appear to have a
compromised immune status, higher mortality and lower
resistance to stresses, like heat stress (Khan et al.,
2012). Heat stress induces hyperthermia in poultry
(Syafwan et al., 2011). The health status of animals may
be evaluated by measuring haemotological parameters
(Talebi et al., 2005). Skin temperature, measured by
thermography could be used as an index of welfare for
domestic birds (Marelli et al., 2012). Erythrocyte osmotic
fragility (EOF) may be used as an indirect measure of
lipid
peroxidation
(Minka
and
Ayo,
2013).
Heterophil/lymphocyte ratio is used as an indicator of
heat stress (Prieto and Campo, 2010). The EOF is an
important biomarker of oxidative stress, which may be
utilised as a biomarker for heat stress in laying hens
(Sinkalu et al., 2014). It may be used in broiler chickens
to diagnose oxidative stress, having been demonstrated
to serve as a biomarker of transport-induced oxidative
stress, under high ambient temperature conditions, and
as a reliable method for diagnosis of oxidative stress in
quails (Minka and Ayo, 2013) and rabbits (Ayo et al.,
2014). Furthermore, high levels of cortisosterone and
heat-shock protein 70 may indicate levels of heat
stressed (Zulkifli et al., 2009), and could result in high
intensity levels of fear responses, evidenced by long tonic
immobility in heat-stress broiler chickens (Al-Aquil et al.,
2009).
REACTIVE OXYGEN SPECIES AND THEIR ROLES IN
HEAT STRESS IN BROILER CHICKENS
In the eukaryotic cells, mitochondria are the site of
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aerobic energy production. Electron transfer from
respiratory substrates is coupled to oxygen to produce
ATP; however, this transfer may lead to the formation of
oxygen radicals and other (ROS) (Venditti et al., 2013).
ROS are also generated in the mitochondria of skeletal
muscles of heat-stressed broiler chickens (Azad et al.,
2010a; Kikusato et al., 2010). The continuous generation
of ROS and the inability to manage their negative burden
result in oxidative stress and cellular damage due to lipid
peroxidation, occurring in the membranes (Singh et al.,
2013). Disease ensues due to a decrease in immune
function of the body (Ambrozova et al., 2011). The ROSmediated damages of erythrocyte membrane results in
haemolysis (Eroglu et al., 2013), which is responsible for
erythrocyte fragility (George et al., 2012).
Damage to the cytoskeleton is common in neuronal cell
death and is an early event in oxidant-induced cell
injuries (Tiogo et al., 2011). Oxidative stress causes
depletion in energy, accumulation of cytotoxic mediators
and cell death (Lee et al., 2009). Excessive ROS
production is involved in the pathogenesis of contractile
dysfunction in heart-failure (Kubio et al., 2011) and in
carcinogenesis (Quan et al., 2011), due to the fact that
cancer cells (like in Marek’s disease) require elevated
ROS levels to maintain their high multiplication rate (Sosa
et al., 2013). It is also implicated in intermittent hypoxiainduced hypertension (Del Rio et al., 2010).

REACTIVE OXYGEN SPECIES
THEIR ROLE IN THE BODY

SIGNALING

AND

ROS, which can be generated by the activities of
mitochondrial respiratory chain, nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase, xanthine
oxidase, lipoxygenase, uncoupled nitric oxide synthase
and myeloperoxidase enzymes, play both physiological
(such as cell growth and stress adaptation) and
pathological roles (such as cellular damage and
attenuation of cell function) at different levels (Sugarmura
and Keaney, 2011). ROS are regarded as signaling
molecules, propagating information regarding cellular
pathways and the overall redox and cell metabolic
activities in the mitochondria (Ghouoleh et al., 2011).
ROS, under pro-oxidant conditions, are regarded as
essential triggers and modulators of cell-signaling and
cell behavior. Hence, antioxidant compounds may
interfere with cell signal transduction by interrupting ROS
at critical levels of signaling pathways (Lee et al., 2009;
Leonarduzzi et al., 2010).
Thus ROS, hitherto considered a toxic by-product of
aerobic respiration, are now known to be cardinal factors
in cell-cell signaling because they play numerous
signaling roles from bacteria to mammalian cells (Mittler
et al., 2011). ROS signaling explains the mechanotransduction of calcium ion (Ca2+) discharge in the heart,
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both in healthy and pathological states, depending on the
rate of discharges. This offers the possibility for new
therapies (Prosser et al., 2011). The interaction of the
sphingosine - 1- phosphate and its receptors controls the
assembling of progenitor cells through the stimulation of
ROS signaling on bone marrow stromal cells,
haematopoietic progenitors and stromal cell-derived
factor 1 release (Golan et al., 2012).

ANTIOXIDANT SYSTEM OF THE BODY
In response to oxidative stress, organs and tissues
possess distinct antioxidant systems. The knowledge of
antioxidant defense systems serves as a guide for
establishing the most effective nutrient supplementation
to reduce oxidative stress. Such approach enhances
bird’s health and welfare, product quality, and increase
economic returns of broiler production (Panda and
Cherian, 2013). The body protects itself against the
negative effects of ROS by two mechanisms, namely:
through the regulation of membrane permeability and its
antioxidant potentials (Lushchak, 2011). The copper-zinc
superoxide dismutase enzyme is an important cellular
defense against ROS (Klooppel et al., 2010). The tumor
necrotic factor- raises the basal levels of glutathione by
up-regulating γ-glutamyl cystein synthetase synthesis
and stabilising potentials in cells (Persson and Vainikka,
2010).
The suppression of nuclear factor erythroid 2-related
factor 2 (Nrf 2), an important transcription factor in
antioxidant regulation system, occurs during oxidative
stress in poultry (Kim et al., 2012), as evidenced by
changes in levels of activities of superoxide dismutase,
catalase, glutathione and thiobarbituric acid-reactive
substances (Liu et al., 2013). The skeletal muscle
mitochondria of broilers produce superoxide anions
during heat stress (Mujahid et al., 2005). The life-span of
erythrocytes, which may function in antioxidant defenses,
decreases by 50%, when the cells are exposed to
excessive ROS production. This may be due to protein
and/or amino acid degradation (such as tryptophan) in
their cytoskeleton (Olszewska et al., 2012). It may further
be due to post-translational modification of proteins,
destroying the fate and functions of the erythrocytes
(Pandey and Rizvi, 2013).

ANTIOXIDANT SUPPLEMENTATION
CHICKEN PRODUCTION

IN

BROILER

The amelioration of hyperthermia in poultry, due to heat
stress, could be achieved by reducing the thermal load
via increasing the dissipation potentials, reducing heat
production levels or altering the daily malproduction
pattern (Syafwan et al., 2011). Supplementations with

2300

Afr. J. Biotechnol.

anti-stress agents in poultry are used to alleviate negative
effects of stressors, especially heat stress (Pandurang et
al., 2011).
Antioxidants decrease the deterioration of meat quality
due to lipid peroxidation and stabilize meat oxidation after
slaughter (Yasin et al., 2012). They also improve
erythrocytic indices of broiler chickens subjected to heat
stress (Majekodunmi et al., 2013).

a) Ascorbic acid as an antioxidant
It has been demonstrated that supplementation with Lascorbic acid, both singly and in combination with dltocopherol acetate, is beneficial to heat-stressed layer
hens (Ajakaiye et al., 2011). Ascorbic acid may be
supplemented at 40 mg/bird/day in drinking water to
reduce significantly the impact of heat stress and improve
the productivity of broiler chickens (Vathana et al., 2002),
due to its ability to improve the breast meat of broilers
under heat stress (Abioja et al., 2010). During heat
stress, endogenous ascorbic acid, produced by the
kidneys of birds is not sufficient to mitigate the negative
effects of the stress.
The adverse effects, resulting from heat stress, include
reduction in immunity, feed intake, weight gain, egg
production, number of chicks per hen, hatchability of
fertile eggs, and of egg and carcass quality. It may also
cause mineral imbalance, increase in panting and
mortality, hence, necessitating the administration of
supplemental ascorbic acid (Abidin and Khatoon, 2013).
It has been shown that the body temperature, which is
the net effect of heat production and heat loss, is reduced
in chickens administered with ascorbic acid during
exposure to high environmental temperature (Mckee and
Harrison, 2013).
The physiological and biochemical potentials of
ascorbic acid, an electron donor, are due to its ability to
donate one or two electrons, making it a potent reducing
agent and an antioxidant (Du et al., 2012). Its
supplementation alleviates the negative effects of
oxidative stress (Sujatha et al., 2010). Ascorbic acid has
been demonstrated to decrease lipid peroxidation, and it
improves protein concentration and iron status of broilers
(Wang et al., 2011).
Glutathione activity is important for the maintenance of
ascorbic acid metabolism by regulating the expression of
ascorbic acid transporter and function (Mardones et al.,
2012). Its supplementation to broiler chickens enhances
the metabolic response to heat stress (Imik et al., 2013);
improving performance and decreasing antioxidant status
due to heat stress (Sahin, 2003). 2-0--GlucopyranosylL-ascorbic acid, a derivative of ascorbic acid protects
dermal fibroblast from oxidative stress and cellular
senescence. Therefore, it may be used as an anti-ageing
agent (Taniguchi et al., 2012).

b) Betaine administration in livestock production
Betaine, a trimethyl derivative of glycine, is present in
animal tissues. As a methyl group donor (Dilger et al.,
2007), it is involved in transmethylation reactions as it
donates its labile methyl group during metabolism.
Betaine, widely found in animals, plants (wheat bran,
spinach), microorganisms and seafood (from marine
invertebrates) is known to protect cells, protein and
enzymes from environmental stress (like high ambient
temperature, low water and high salinity), because it is an
osmolyte (Craig, 2004). It is also a metabolite of choline
degradation and exerts an osmoregulatory role in cells
(Hruby et al., 2005; Ratriyanto et al., 2009); especially in
intestinal cells during heat stress (Metzler-Zebeli et al.,
2009). As an osmolyte, betaine regulates water balance,
resulting in the stability of tissue metabolism, especially in
the gastro-intestinal tract (Lipinski et al., 2012). Betaine
decreases lipid peroxidation in the breast muscles of
broiler chickens, and, hence, the quality of broiler meat
(Alirezaei et al., 2012). It may also exert free-radicalscavenging ability against lipid peroxidation, as well as
maintaining myocardial energy (ATP) status via
sustaining the enzyme activities in the Krebs cycle
(Ganesan et al., 2007).
Betaine supplementation reduces the abdominal fat
and facilitates the even distribution of lipid in geese (Su et
al., 2009). The effects of betaine on fat may be due to its
influence on mRNA expression and the promoter CpG
dinucleotide methylation profiles of chicken’s lipoprotein
lipase gene (Yi et al., 2009; Xing et al., 2011). It further
influences levels of plasma homocysteine, which could
be used as a marker of methyl deficiency (Lever and
Slow, 2010). Plasma homocysteine is reduced with
betaine administration (Atkinson et al., 2009). In the
transfer of its methyl group, methioine, a key
intermediate, is converted to S-adenosyl methionine, and
subsequently, to homocysteine. Homocysteine and
methionine accumulate during methyl-donor deficiency
(like in betaine deficiency), making the metabolites
potentially toxic to the body (Waldroup et al., 2006). It
also induces expression of spot-14 (S14), which responds
to thyroid hormones, located in hepatic nuclei, and
functions to relay hormone and nutrient-related signals to
genes involved in lipid metabolism (Su et al., 2009).
Methionine is a limiting amino acid in poultry (Kalbande
et al., 2009). It is involved in vital functions such as
methylation reactions of DNA (Swennen et al., 2011) and
histones (Tesseraud et al., 2011). Osmolytes, like
betaine, decrease inflammatory responses due to
hyperosmolarity. This is because a high osmolytic state
triggers
pro-inflammatory
cytokine
release
and
inflammation (Brocker et al., 2010). Betaine also prevents
the up-reglation of HSP 70 (Oliva et al., 2011). Osmolyte
accumulation is necessary for the viability of cells of renal
medulla. This is because renal medulla is exposed to
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diverse ionic and osmotic compositions in their
environment, which may result in ROS production
(Rosab-Rodriguez and Valenzaela-Soto, 2010). Betaine,
also known as N,N- dimethylglycine, may be included at
1 to 10 g/kg of feed without inducing toxicity or impairing
performance in broilers (Kalmar et al., 2012).
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reticulum (Martinez et al., 2013). It is conceivable that the
negative effects of heat stress on the sustainable growth
of broiler production in the tropical and subtropical
regions may be alleviated by betaine administration in
drinking water (Mahmoudnia and Madani, 2012).

CONCLUSION REMARKS
PHYSIOLOGICAL
ROLES
OF
METHYLATION
PROCESS IN THE WELL-BEING OF BROILER
CHICKENS
The expression of HSP is influenced by high
temperature, which may be strongly associated with the
DNA methylation pattern in the HSP70 promoter (Gan et
al., 2013). HSPs are methylated in response to stress.
Methly donors, like methionine and betaine increase
development of breast muscle as evidenced by the
expression of myostatin, Myf5, and Mef2B genes (Wen et
al., 2014). Traits for growth are vital in the poultry
industry, and they have been shown to be related to DNA
methylation of chicken muscle (Hu et al., 2012). DNA
methylation down-regulates the expression of a growth
factor receptor responsible for tumor formations (Luo et
al., 2013). Furthermore, brain-derived neutrotropic factor,
which determines the susceptibility or resistance of
chickens to Marek’s disease, plays some roles in
neuronal
survival,
cholesterol
metabolism,
cell
differentiation and tumor formation (Yu et al., 2009).
Tumor formation in chickens could be mediated by
epigenetic alterations and genetic variation via the
modification of DNA methylation, catalysed by DNA
methyltransferase (Yu et al., 2008; Luo et al., 2012).
Generally, DNA methylation is the key factor of gene
suppression (Useni et al., 2009). It functions in gene
silencing by methylation of specific gene promoter
sequences of the host genome against retrovirus and
transcriptional suppression of transgenes (Jang et al.,
2013). The difference in the expression of gene-mediated
epigenetic processes could result in broad phenotypic
expression in animals. DNA methylation may influence
the extent to which the gene expression varies and also
the modification of epigenetic mechanism (Nätt et al.,
2012).
Furthermore, methyl-donor deficiency results in liver
steatosis and, consequently, in a metabolic syndrome
due to hypomethylation of the organic cation transporter
PGC-1, reduced binding with peroxisome proliferatorsactivated receptor γ (PPAR-γ), co-activator- and hepatic
nuclear oxidation. This links methyl donor deficiency and
epigenomic deregulation of energy metabolism (Pooya et
al., 2012). Such deficiency may also result in increased
risk of cardiovascular diseases due to hyperhomocysteinemia. Consequently, it increases prohibin
and
decreases
-crystallin
,
which
indicate
mitochondrial injury and stress to the endoplasmic

Poultry production in the Northern Guinea Savannah
zone of Nigeria is important in meeting the high demand
for safe and wholesome poultry meat in Nigeria, and
indeed Africa. Owing to high ambient temperature and
high relative humidity, which induce heat stress, broiler
chicken production is greatly hampered, especially during
the hot-dry season. This is because heat stress increases
production of oxidants, causing oxidative stress and lipid
peroxidation of cell membranes. During heat stress,
broilers respond physiologically and behaviorally to
combat the negative effects of the stress. This channels
useful energy of the birds to coping with heat stress by
attempting to return the body to homeostasis at the
expense of weight gain and, consequently, production.
Heat stress causes decreases in feed intake, conversion
of feed to meat, poor weight gain and high mortality,
resulting in huge economic losses.
The administration of potent antioxidants, such as
ascorbic acid and betaine, ameliorate the negative effects
of heat stress. The properties of ascorbic acid as an
electron donor, and betaine, as methyl donor and an
osmolyte, make their administration to broiler chickens,
raised during the hot-dry season, beneficial in heat stress
alleviation.
It is concluded that supplementation of betaine (1 to 10
g/kg of feed) and ascorbic acid (40 mg/bird/day in
drinking water) to broiler chickens during the hot-dry
season may improve health and production, decrease
mortality and increase their productivity. It is
recommended that further studies be conducted to
elucidate the molecular and genetic mechanisms
underlying the responses of broiler chickens to oxidative
stress due to heat stress, with the aim of combating its
negative effects.

Conflict of Interests
The author(s) have not declared any conflict of interests
REFERENCES
Abdullahi AR, Sokunbi OA, Omisola OO, Adewumi NK (2006). Interrelationship measurements in domestic rabbits (Oryctolagus
th
cunniculuc). Proceedings of the 28 Annual Conference of Nigeria
Society for Animal Production. 28:133-136.
Abidin Z, Khatoon A (2013). Heat stress in poultry and the beneficial
effects of ascorbic acid supplementation during periods of heat

2302

Afr. J. Biotechnol.

stress. World's Poult. Sci. J. 69:135-152.
Abioja MO, Osinowo OA, Smith OF, Enirbetine D, Agiono JA (2010).
Evaluation of cold water and vitamin C on broiler growth during hotdry season in South-West, Nigeria. Arch. Zootech. 60:1095-1103.
Adeyemo AA, Onikoyi MP (2012). Prospects and challenge of largescale commercial poultry production in Nigeria. Agric. J. 7(6):388393.
Ajakaiye JJ, Ayo JO, Ojo SA (2010). Effects of heat stress on some
blood parameters and egg production of Shika Brown layer chickens
transported by road. Biol. Res. 43:183-189.
Ajakaiye JJ, Perez-Bello A, Mollineda-Trujillo A (2011). Impact of heat
stress on egg quality in layer hens supplemented with l-ascorbic acid
and dl-tocopherol acetate. Vet. Arhiv. 81:119-132.
Al-Aquil A, Zulkifli I, Sazili AQ, Omar AR, Rajion MA (2009). The effects
of the hot, humid tropical climate and early age feed restriction on
stress and fear responses, and performance in broiler chickens.
Asian Australas J. Anim. Sci. 22:1581-1586.
Ali MN, Qota EMA, Hassan RA (2010). Recovery from adverse effects
of heat stress on slow-growing chicks using natural antioxidants
without or with sulphate. Int. J. Poult. Sci. 9:109-117.
Alirezaei M, Gheisari HR, Ranjbar VR, Hajibemani A (2012). Betaine: a
promising antioxidant agent for enhancement of broiler meat quality.
Br. Poult. Sci. 53:699-707.
Ambrozova G, Pekarova M, Lojek A (2011). The effect of lipid
peroxidation products on reactive oxygen species formation and nitric
oxide production in lipopolysaccharide stimulated RAQW 264.7
macrophagers. Toxicol. In-vitro 25:145-152.
Amos TT (2006). Analysis of backyard poultry production in Ondo State,
Nigeria. Int. J. Poult. Sci. 5:247-250.
Ardia DR (2013). The effects of nestbox thermal environment on
fledging success and haematocrit in tree swallows. Avian Biol. Res.
6:99-103.
Atkinson W, Slow S, Elinshie J, Lever M, Chambers ST, George PM
(2009). Dietary and supplementary betaine: effects on betaine and
homocysteine concentrations in male. Nutr. Metab. Cardiovasc. Dis.
19:767-773.
Ayo JO, Obidi JA, Rekwot PI (2011). Effects of heat stress on the wellbeing, fertility and hatchability of chicken in the Northern Guinea
Savannah zone of Nigeria: a review ISRN Vet. Sci. vol. 2011.
Ayo JO, Minka NS, Hussein KA (2014). Effect of ascorbic acid
administration on erythrocyte osmotic fragility in rabbits (Oryctolagus
cuniculus) subjected to road transportation. J. Appl. Anim. Res.
Azad MKA, Kikusato M, Maekawa T, Shirakawa H, Toyomizu M
(2010a). Metabolic characteristics and oxidative damage to skeletal
muscle in broiler chickens exposed to chronic heat stress. Comp.
Biochem. Phys. 155:401-406.
Azad MAK, Kikusato M, Sudo S, Amo T, Toyomizu M (2010b). Time
course of ROS production in skeletal muscle mitochondria from
chronic heat-exposed broiler chicken. Comp. Biochem. Phys.
157:266-271.
Azoula Y, Druyan S, Yadgary L, Hadad Y, Cahaner A (2011). The ability
and performance under hot conditions of feather loss broilers versus
fully feathered broilers. Poult. Sci. 10:19-29.
Brocker C, Thompson DC, Vasilion V (2010). The role of hyperosmotic
stress inflammation and disease. Biomol. Concepts 3:345-364.
Cahaner A, Leenstra F (1992). Effects of high temperature on growth
and efficiency of male and female broilers from lines selected for high
weight gain, favorable feed conversion and high or low fat content.
Poult. Sci. 71:1237-1250.
Central Bank of Nigeria (CBN) (2007). Annual report and statement of
st
account for the year ended 31 December, 2007. Published by the
Central Bank of Nigeria (CBN), Abuja.
Chen XY, Wei PP, Xu SY, Gen ZYT, Jiang RS (2013). Rectal
temperature as an indicator for heat tolerance in chicken. Anim. Sci.
J. 84:737-739.
Chowdhury VS, Tomonaga SS, Nishimura S, Tabata S, Furuse M
(2012). Physiological and behavioral responses of young chicks to
high ambient temperature. J. Poult. Sci. 49:212–218.
Chowdhury VS, Tomonaga S, Ikegami T, Erwan E, Ito K, Cockrem JF,
Furuse M (2014). Oxidative damage and brain concentrations of free
amino acid in chicks exposed to high ambient temperature. Comp.

Biochem. Phys. 169:70-76.
Cornell LC, Kang SW, Kuenzel WJ (2013). A possible mechanism
contributing to the synergistic action of vasotoacin (vt) and
corticotropin-releasing hormone (cph) receptors in corticosterone
release in birds: a review. Gen. Comp. Endocrinol. 188:46-53.
Craig SAS (2004). Betaine in human nutrition. Am. J. Clin. Nutr. 80:539549.
Dafwang II (2002). Broilers and broiler production in Nigeria. Poultry
Production in Nigeria. National Training Workshop on Poultry
st
th
Production in Nigeria, 1 -6 September, 2002. pp. 95-114.
Damisar MA, Hassan MB (2009). Analysis of factors influencing the
consumption of poultry meat in the Zaria emirate of Kaduna State,
Nigeria. Eur. J. Educ. Stud. 1:1-5.
Daramola JO, Abioja MO, Onagbesan OM (2012). Heat stress impact
on livestock production. In: Environmental Stress and Amelioration in
Livestock Production, Springer Berlin Heidelberg, Germany. pp. 53-73.
Dekloet ER (2004). Hormones and stressed brain. Ann. N. Y. Acad. Sci.
1018:1-15.
Dei HK, Bumbie GZ (2011). Effect of net feeding on growth
performance of broiler chickens in a hot climate. Br. Poult. Sci. 52:8285.
Del Rio R, Moya EA, Hurriage R (2010). Carotid body and
cardiorespiratory alterations in intermittent hypoxia: the oxidative link.
Eur. Respir. J. 36:143-150.
Dilger RN, Garrow TA, Baker DH (2007). Betaine can partially spare
choline in chicks but only when added to diets containing a minimal
level of choline. J. Nutr. 137:2224-2228.
Du J, Gullen JJ, Buettner GR (2012). Ascrobic acid: chemistry, biology
and the treatment of cancer. Biochim. Biophys. Acta 182:443-457.
Dikmen S, Hansen PJ (2008). Is the temperature-humidity index the
best indicator of heat stress in lactating dairy cows in sub-tropical
environment? J. Diary Sci. 92:109-116.
Dzenda T, Ayo JO, Lakpini CAM, Adelaiye AB (2013). Seasonal, sex
and liveweight variations in feed and water consumptions of adult
captive African giant rat (Cricetomys Gambianus, Waterhouse-1840)
kept individually in cages. J. Anim. Phys. Anim. Nutr. 97:465-474.
Earley B, Buckham-Sporer K, Gupta S, Pang W (2010). Biologic
responses of animals to husbandry stress with implications for
biomedical models. Open Access Anim. Physiol. 2:25-42.
Eroglu S, Pandir D, Uzun FG, Bas, H (2013). Protective role of vitamins
C and E in dichlorivos inducted oxidative stress in human erythrocyte
in vitro. Biol. Res. 46:33-38.
Ezeh CI, Anyiro CO, Chukwu JA (2012). Technical efficiency in poultry
broiler production in Umuahia capital territory of Abia State, Nigeria.
Greener J. Agric. Sci. 2:1-7.
Felvet-Gant JN, Mack LA, Dennis RI, Eicher SD, Cheng HW (2012).
Genetic variations alter physiological responses following heat stress
in 2 strains of laying hens. Poult. Sci. 91:1542-1551.
Fernandes JM, Scapini LB, Gottardo ET, Burin Jr AB, Marques, FE,
Gruchouskei L (2013). Thermal conditioning during the first week on
performance, heart morphology and carcass yield of broilers
submitted to heat stress. Acta Sci. 35:311-313.
Gan JK, Zhang DX, He DL, Zhang XQ, Chen ZY, Luo QB (2013).
Promoter methylation negatively correlated with mRNA expression
but not tissue differential expression after heat stress. Genet. Mol.
Res. 12:809-819.
Ganesan B, Rajesh R, Anandan R, Dhandepani N (2007). Biochemical
studies on the protective effects of betaine on mitochondrial function
in experimentally induced myocardial infection in rats. J. Health Sci.
53: 671-681.
George A, Pushkaran S, Konstantinidis DG, Koochaki S, Malik P,
Mohandas N, Zheng Y, Joiner CH, Kalfa TA (2012). Erythrocyte
NADPH oxidase activity modulated by Rac gtpase, pkc and plasma
cytokines contributes to oxidative stress in sickle cell disease. J. Am.
Soc. Hematol. 121:2099-2107.
Genc L, Portier KM (2005). Sensible and latent heat productions from
broilers in laboratory conditions. Turk. J. Vet. Anim. Sci. 29:635-643.
Ghouleh IA, Khoo NKH, Knaus UG, Griending KK, Toayz RM,
Thannickal VJ, Barchowsky A, Nauseef WM, Kelley EE, Bauer PM,
Darley-Usman V, Shira S, Cifuentes-Pagano E, Freeman BA, Gladwin
MT, Pagan PJ (2011). Oxidases and peroxidases in cardiovascular

Ayo et al.

and lung disease: new concepts in reactive oxygen species signaling.
Free Radic. Biol. Med. 51:1271-1288.
Golan K, Vagina Y, Kudin A, Itkin J, Cohen-Gur S, Kalinkorich A, Kollet
O, Kim C, Schajnovitz A, Ovadya Y, Lapid K, Shivtiel S, Morris AJ,
Ratajczk MZ, Lapidot T (2012). SIP promotes immune progenitor cell
egress and mobilization via sip mediated ROS signaling and SDF-1
release. Blood 11:2478-2488.
Gu XH, Hao Y, Wang XL (2012). Over-expression of heat shock protein
70 and its relationship to intestine under acute heat stress in broilers:
intestinal oxidative stress. Poult. Sci. 91: 790-799.
Gupta M, Kumar S, Dangi SS, Jangir BC (2013). Physiological,
biochemical and molecular responses to thermal stress in goats. Int.
J. Livest Res. 3:27-28.
Haruna U, Hamidu BM (2004). Economic analysis of turkey production
th
in the western agricultural zone of Bauchi. Proceedings of the 9
Annual Conference of Animal Science Association of Nigeria,
September 13-16, 2004 pp. 166-168.
Hassan AM, Reddy PG (2012). Early age thermal conditioning improves
broiler chick's response to acute heat stress at marketing age. Am. J.
Anim. Vet. Sci. 7:1-6.
Heidari ND, Omid M, Akram A (2011). Energy efficiency and
econometric analysis of broiler production farmers. Energy 36:55386541.
Holik V (2009). Management of laying hen to minimize heat stress.
Lohmann Info. 44:16-29.
Hruby M, Ombabi A, Schlagheck A (2005). Natural betaine maintains
layer performance in methionine/choline chloride reduced diets.
th
Proceedings of the 15 European Symposium on Poultry Nutrition,
Balatonfured, Hungary, 25-29 September, 2005, pp. 507-509.
Hu CH, Wang DG, Pantt Y, Zheng WB, Zuo AY, Liu JX (2012). Effects
of coli stem and leaf on broiler performance, skin pigmentation,
antioxidant function, and meat quality. Poult. Sci. 91:2229-2234.
Ikani E, Annalte AI (2000). Improving the performance of local chickens.
Poult. Series (Extension Bulletin) National Agricultural Extension and
Research Liaison Services, Ahmadu Bello University, Zaria, 6: 30.
Imik H, Kaynar O, Ozkanlar S, Gumus R, Polat H, Ozkanlar Y (2013).
Effects of vitamin C and -lipoid acid dietary supplementations on
metabolic adaptation of broilers to heat stress. Rev. Med. Vet.
164:52-59.
Ismail IB, Al-Busadah KA, El-Bahr SM (2013). Oxidative stress
biomarkers and biochemical profile in broilers chicken fed zinc
bacitracin and ascorbic acid under hot climate. Am. J. Biochem. Mol.
Biol. 3:202-214.
Jang HJ, Lee MO, Kin S, Kim SK, Song G, Womack JE, Han JY (2013).
Biallelic expression of the L-arginine; glycine amidino transferase
gene with different methylation status between male and female
primordial germ cells in chickens. Poult. Sci. 92:760-769.
Job D, Pelletier G, Pernollet J (2011). Chicken domestication: from
archeology to genomics. C. R. Biol. 334:197-204.
Kadzere CT, Murphy MR, Silanikove N, Maltz E (2002). Heat stress in
lactating cows: a review. Livest. Prod. Sci. 77:59-91.
Kalbande NH, Ravikanth K, Maini S, Rekhe SS (2009). Methionine
supplementation options in poultry. Int. J. Poult. Sci. 8(6):581-591.
Kalmar ID, Vanrompay D, Janssens GPI (2013). Broiler asities
syndrome: collateral damage from efficient feed to meat conversion.
Vet. J. 192:169-174.
Kalmar ID, Verstegen MW, Maenner K, Zentek J, Meulemans G,
Janssens GP (2012). Tolerance and safety evaluation of N,Ndimethylglycine, a naturally occurring organic compound, as a feed
additive in broiler diets. Br. J. Nutr. 107:1635-1644.
Khan RU, Rahman ZU, Nikousefat Z, Javdani M, Tufarelli V, Dario C,
Selvaggi M, Laudadio V (2012). Immunomodulating effects of vitamin
E in broilers. World's Poult. Sci. J. 68:31-40.
Kikusato M, Toyomizu M (2013). Heat stress-induced overproduction of
mitochondrial reactive oxygen species is down-regulated in layingtype chickens. Energy and Protein Metabolism and Nutrition in
Sustainable Animal Production, 134:267-268.
Kikusato M, Ramsey JJ, Amo T, Toyomizu M (2010). Application of
modular kinetic analysis of mitocondria oxidative phosphosylation in
skeletal muscle of birds exposed to acute heat stress. FEBS Lett.

2303

584: 3143-3148.
Kim DK, Lillehoj HS, Lee KW, Jang SI, Neumann AP, Siragusa GR,
Lillehoj EP, Hong YH (2012). Genome-wide differential gene
expression profiles in broiler chickens with gangrenous dermatitis.
Avian Dis. 56:670-679.
Kingma B, Frijns A, Lichtenbalt WV (2012). The thermoneutral zone:
implication for metabolic studies. Front. Biosci. 4:1975-1985.
Kingori AM (2011). Review of the factors that influence egg fertility and
hatchability in poultry. Int. J. Poult. Sci. 10:483-492.
Klasing KC, Adler KL, Remus JC, Calvert CC (2002). Dietary betaine
increases intraepithelial lymphocytes in the duodenum of coccidiainfected chicks and increases functional properties of phagocytes. J.
Nutr. 132:2274-2282.
Klooppel C, Michels C, Zimmer J, Hermann JM, Riemer J (2010). Yeast
redistribution of sod1 to the mitochondrial intermembrane space
provides protection against respiration derived oxidative stress.
Biochem. Biophys. Res. Comm. 403:114-119.
Kubio A, Skoumal R, Tavi P, Konyi A, Perjes A, Leskine H, Ruskoaho
H, Szokodi I (2011). Role of reactive oxygen species in the regulation
of cardiac contractility. J. Mol. Cell. Cardiol. 50:884-893.
Laganá C, Ribeiro ALM, Kessler AM, Kratz LR, Pinheiro CC (2007).
Effects of the reduction of dietary heat increment on the performance,
carcass yield, and diet digestibility of broilers submitted to heat
stress. Rev. Bras. Ciênc. Avíc. 9:45-51.
Lallo CHO, Williams M, Campbell M, Palmer DW (2012). The effect of
stocking density on the performance and economic implications for
broilers grown to 42 days in open sided house in Trinidad. J. Trop.
Agric. Sci. 89:170-180.
Lara LJ, Rostagno MH (2013). Impact of Heat Stress on Poultry
Production: review. Animals, 3:356-369.
Lee MS, Yaar M, Eller MC, Runger TM, Geo Y, Gilchrest BA (2009).
Telemetric DNA induces p53-depednent reactive oxygen species and
protects against oxidative damage. J. Dermatol. Sci. 56:154-162.
Leonarduzzi G, Sottero B, Poli G (2010). Targeting tissue oxidative
damage by means of cell signaling modulators: the antioxidant
concept revised. Pharmacol. Ther. 128:336-374.
Lever M, Slow S (2010). The clinical significance of betaine, an
osmolyte with a key-role in methyl group metabolism. Clin. Biochem.
43:732-744.
Lin H, Decuypere E, Buyse J (2006). Acute heat stress induces
oxidative stress in broiler chickens. Comp. Biochem. Physiol. 144:1117.
Lipinski K, Szramko E, Jerochi H, Matasexicius P (2012). Effects of
betaine on energy utilization in growing pigs - a review. Ann. Anim.
Sci. 12: 291-300.
Liu R, Chen H, Bai H, Zhang W, Wang X, Qui X, Zhang X, Li W, Liang
X, Hay C (2013). Suppression of nuclear factor erythroid 2-related
factor 2 via extracellular signal-regualted kinase contributes to
bleomycin-induced oxidative stress and fibrogenesis. Toxicol. Lett.
220:15-25.
Luo J, Chang S, Zhang H, Li B, Song J (2013). DNA methylation downregulates EGFR expression in chickens. Avian Dis. 57:366-371.
Luo J, Yu Y, Chang S, Tian F, Zhang H, Song J (2012). DNA
methylation fluctuation included by virus infection differs between mdresistant and susceptible chickens. Front. Gen. 23:20-35.
Lupien SJ, Maheu F, Tu M, Fiocco A, Schramer TE (2007). The effects
of stress and stress hormones on human cognition : implications for
the field of brain and cognition. Brain Cogn. 65:209-237.
Lushchak V (2011). Adoptive response to oxidative stress: bacteria,
fungi, plants and animals. Comp. Biochem. Physiol. 153:175-190.
Mahmoud UT, Abdel-Rahman MAM, Hosny MAD (2014). Effects of
Propolis, ascorbic acid and vitamin E on thyroid and corticosterone
hormones in heat stressed broilers. J. Adv. Vet. Res. 4(1): 18-21.
Mahmoudnia N, Madani Y (2012). Effect of betaine on performance and
carcass composition of broiler chicken in warm weather - a review.
Int. J. Agric. Sci. 2:675-683.
Majekodunmi BC, Sokunbi OA, Ogunwole OA, Adebiyi OA (2013).
Influence of erythrocytes and ascorbic acid supplementation on
serum and erythrocytic indices of broiler chickens reared in a hot
environment. Afr. J. Agric. Res. 18:701-706.

2304

Afr. J. Biotechnol.

Mammo M (2012). The issue of feed-food competition and chicken
production for the demands of foods of animal origin. Asian J. Poult.
Sci. 6:31-43.
Mardones L, Zuniga FA, Villagrans M, Sotomayor K, Mendoza P,
Esobar D, Gonzales M, Ormazabal V, Maldonado M, Onate G,
Angulo C, Concha II, Reyes AM, Carcamo JG, Barra V, Vera JC,
Rivas I (2012). Essential role of intracellular glutathione in controlling
ascorbic acid transporter expression and function in rat hepatocytes
and hepatoma cells. Free Radic. Biol. Med. 52:1874-1887.
Marelli SP, Redaelli V, Naini Costa L, Cozzi MC, Luzi F (2012).
Thermography, a non invasive method to investigate thermo
th
regulation as welfare indicator in naked neck broiler chickens. 11
International Conference on Quantitative Information for Red
Thermography, 11-14 June , Naples, Italy, 2pp.
Martinez E, Gerard N, Gracia MM, Mazur A, Gueant-Rodriguez R,
Comte B, Gueant J, Brachet P (2013). Myocardium proteome
remodeling after nutritional deprivation of methyl donors. J. Nutr.
Biochem. 24:1241-1250.
McKee JS, Harrison PC (2013). Supplemental ascorbic acid does not
affect heat loss in broiler chickens exposed to elevated temperature.
J. Therm. Biol. 38:159-162.
Melesse A, Maak S, Schmid R, von Lenger Ken G (2011). Effect of
long-term heat stress on key enzyme activities and T3 levels in
commercial layers hens. Int. J. Livest. Prod. 2:107-116.
Mete F, Kilic E, Somay A, Yilmaz B (2012). Effects of heat stress on
endocrine functions and behaviour in the pre-pubertal rat. Indian J.
Med. Res. 135:233-239.
Metzler-Zebeli BU, Eklund N, Mosenthin R (2009). Impact of
osmoregulatory and methyl donor functions of betaine on intestinal
health and performance in poultry: review article. World’s Poult. Sci.
J. 65:419-442.
Minka NS, Ayo JO (2013). Physiological and behavioural responses of
goats to 12-hour road transportation, lairage and grazing periods, and
the modulatory role of ascorbic acid. J. Vet. Behaviour 8:349-356.
Mittler R, Vanderauwera S, Surulei N, Miller G, Togtetti VB, Vandepoele
K, Gollery M, Shutaev V, Breusegen FV (2011). ROS signaling: the
new wave? Trends Plant Sci. 16:300-309.
Mostl E, Palme R (2002). Hormones as Indicators Stress. Domest.
Anim. Endocrinol. 23:67-74.
Motasem A (2012). Effects of vitamin C and zinc on broilers
performance of immunocompetence under heat stress. Asian J.
Anim. Sci. 6:76-84.
Mujahid A, Yoshiki Y, Akiba Y, Toyomizu M (2005). Superoxide radical
production in chicken skeletal muscle induced by acute heat stress.
Poult. Sci. 84: 307-314.
Nardone A, Ronchy B, Lacetera N, Ranieri MS, Bernabucci U (2010).
Effects of climatic changes on animal production and sustainability of
livestock system. Livest. Sci. 130:57-69.
Nätt D, Rubin C, Wright D, Johnsson M, Belteky J, Andersson L,
Jensen P (2012). Heritable genome-wide variation of gene
expression and promoter methylation between wild and domesticated
chickens. BCM Genomics 13:59-61.
Nienaber JA, Deshazer JA, Xin H, Hillman PE, Yen J, Ferrel CF (2009).
Measuring energetic of biological processes. Agric. Biosyst Eng. 233:
73-112.
Obeng JE (1985). The Secrets of Poultry Production, Macmillian
Nigeria. 104pp.
Oliva J, Bardag-Gorce F, Tillman B, French SW (2011). Protective
effect of quercetin, EGCG, catechin and betaine against oxidative
stress induced by ethanol in vitro. Exp. Mol. Pathol. 90:295-299.
Olszewska M, Wiatrow J, Bober J, Stachowska E, Golembiawska E,
Jakubowska K, Stanczyk-Dunaj M, Pietreak-Wowacka M (2012).
Oxidative stress modulates the organization of erythrocyte membrane
cytoskeleton. Postepy Hig. Med. Dosw. 66: 534-542.
Oluyemi JA, Roberts FA (2000). Poultry production in wet climate.
Macmillan Publishers, London. 197p
Onu PN (2009). Growth performance, carcass characteristics and
economic benefits of supplemental ascorbic acid on broiler starters
exposed to heat stress. ARPN J. Agric. Biol. Sci. 4: 19-24.
Padmini E, Rani MU (2011). Heat-shock protein 90 alpha (HSP90α)
modulates signaling pathways towards tolerance of oxidative stress

and enhanced survival of hepatocytes of Mugil cephalus. Cell Stress
Chaperones 16:411-425.
Panda AK, Cherian G (2013). Role of vitamin E in counteracting
oxidative stress in poultry. J. Poult. Sci.
Pandey KB, Rizvi SI (2013). Resveratrial upregulates erythrocyte
plasma membrane redox system and mitiages oxidation induced
alterations in erythrocytes during aging in humans. Rejuvenation Res.
16:232-240.
Pandurang LT, Kul Karni GB, Gangare GR, More PR, Ravihanth K,
Maini S, Deshmukh VV, Yeotikar PV (2011). Overcrowding stress
management in broiler chicken with herbal antistressor. Iranian J.
Appl. Anim. Sci. 1:49-55.
Pamok S, Aengwanichy W, Komutrin T (2009). Adaptation to oxidative
stress and impact of chronic oxidative stress on immunity in heatstressed broilers. J. Therm. Biol. 34:353-357.
Persson HL, Vainikka LK (2010). TNF alpha preserves lysosomal
stability in macrophages: a potential defense against oxidative lung
activity. Toxicol. Lett. 192:261-267.
Pooya S, Blaise S, Garicia MM, Giudielli J, Alberto J, Gueant-Rodriguez
R, Jeonnesson E, Gueguen N, Bressenot A, Nicolas B, Malthiery Y,
David J, Peyrin-Biroulet L, Bronowicki J, Gueant J (2012). Methyldonor deficiency inpairs fatty acid oxidation through PGC-1
hypomethylation and dereased ER- And HNF-4 in the rat liver. J.
Hepatol. 57:344-351.
Prieto MT, Campo JL (2010). Effect of heat and several additives
related to stress levels on fluctuating asymmetry, heterophil:
lymphocyte ratio, and tonic immobility duration in white leghorn
chicks. Poult. Sci. 89:2071-2077.
Prosser BL, Ward CW, Lederer WJ (2011). X-ROS signaling: rapid
mechano-chemotransduction in heart. Science 333:1440-1445.
Purswell JL, Dozier CD, Olarenwaju AA, Davis JD, Yin H, Gates RS
(2012). Effect of temperature-humidity index on live performance in
broiler chickesn grown from 49 to 63 days of age. ASABE
th
Conference Presentation, 9 International Livestock Environment
Symposium, Valencia, Spain. July 8-12, pp. 1-9.
Quan Xi Lim S, Jung G (2011). Reactive oxygen species downregualte
catalase expression via methylation of a cpg island in the oct-1
promoter. Fed. Eur. Biochem. Soc. Lett. 585: 3435-3441.
Quinteiro-Filho WM, Rodriguez MU, Ribeiro A, Ferraz-de-Paula V,
Pinheiro ML, Sa LRM, Ferreira AJP, Palermo-Neto J (2012). Acute
heat stress in paios performance parameters and induces mild
intestinal enteritis in broiler chickens: role of acute hypothalamicpituitary-adrenal axis activation. J. Anim. Sci. 90:1986-1994.
Rajani J, Torshizi MAK, Rahimi S (2011). Control of ascites mortality
and improved performance and meat shelf-life in broilers using feed
adjuncts with presumed antioxidant activity. Anim. Feed Sci. Technol.
170:239-245.
Ratriyanto A, Mosenthin R, Bauer E, Eklund M (2009). Metabolic,
osmoregulatory and nutritional functions of betaine in monogastric
animals. Asian Australas. J. Anim. Sci. 22: 1461-1476.
Rettenbacher S, Henriksen R, Groothuids TG, Lepschy M (2013).
Corticosterone metabolism by chicken follicle cells does not affect
ovarian reproductive hormone synthesis in vitro. Gen. Comp. Endocr.
184:67-74.
Rhoads RP, Baumgard LH, Suagee JK (2013). Metabolic priorities
during heat stress with an emphasis on skeletal muscle. J. Anim. Sci.
91:2492-2503.
Roozendaal B, Brunson KL, Holloway BL, McGaugh JL, Baran TZ
(2002). Involvement of stress-released corticotrapin-releasing
hormone in the basal lateral amygdala in regulating memory
consolidation. Proc. Natl. Acad. Sci. USA 99:13908-13913.
Rosab-Rodriguez JA, Valenzuela-Soto EM (2010). Enzymes involved in
osmolyte synthesis: how does oxidative stress affect osmoregulation
in renal cells? Life Sci. 87:515-520.
Rubin C, Zody MC, Eriksson J, Meadows JRS, Sherwood E, Webster
MT, Jiang L, Ingman M, Sharpe T, Ka S, Hallböök F, Besnier F,
Carlborg O, Bed’hom B, Tixier-Boichard M, Jensen P, Siegel P,
Lindblad-Toh K, Andersson L (2010). Whole-genome resequencing
reveals loci under selection during chicken domestication. Nature
464:587-592.
Run-shen JIANG, Wen-tao XIA, Xing-yong CHEN, Zhao-yu GENG

Ayo et al.

(2011). Evaluation of Chicken Heat Tolerance Using the Changing of
Serum Biochemical Indices in the Early Stage of Heat Stress. J.
China Agric. Univ. 2:017-021.
Sahin K, Onderai M, Sahin N, Gursu MF, Kucuk O (2003). Dietary
vitamin C and folic acid supplementation ameliorate, the detrimental
effects of heat stress in Japanese quail. J. Nutr. 133:1852-1886.
Sayed MAM, Downing J (2011). The effects of water replacement of
oral rehydration fluids with or without betaine supplementation on
performance, acid-base balance, and water retention of heatstressed broiler chickens. Poult. Sci. 90(1):157-167.
Syafwan S, Kwakkela RP, Verstegena MW (2011). Heat stress and
feeding strategies in meat-type chickens. World's Poult. Sci. J.
67(4):653-674.
Shini S, Huff GR, Shini A, Kaiser P (2010). Understanding stressinduced immune suppression: exploration of cytokine and chemokine
gene profiles in chicken peripheral leukocytes. Poult. Sci. 89:841851.
Singh S, Brocker C, Koppaka V, Chen Y, Jackson BC, Matsumoto A,
Thompson DC, Vasiliou V (2013). Aldehyde dehydrogenises in
cellular reponses to oxidative/electrophilic stress: a review. Free
Radic. Biol. Med. 56:89-101.
Sinkalu VO, Ayo JO (2008). Diurnal fluctuations in rectal temperature of
black harco pullets administered with vitamins A and C during the
hot-dry season. Int. J. Poult. Sci. 7:1065-1070.
Sinkalu VO, Ayo JO, Abimbola AA, Ibrahim JE (2014). Effects of
melatonin on cloacal temperature and erythrocyte osmotic fragility in
layer hens during the hot-dry season. J. Appl. Anim. Res.
DOI:10.1080/09712119.2014.888003
Sohail MU, Ijaz A, Yousaf MS, Ashraf K, Zareb H, Aleem M, Rehman H
(2010). Alleviation of cycle heat stress in broilers by dietary
supplementation of mannan-oligosaccharide and lactobacillus-based
probiotic: dynamic of cortisol, thyroid hormones, cholesterol, creactive protein and humoral immunity. Poult. Sci. 89: 1934-1938.
Sosa V, Moline T, Somaza R, Paciuian R, Kondoh H, lleonart ME
(2013). Oxidative stress and cancer: an overview. Ageing Res. Rev.
12:376-390.
Su SY, Dodson MV, Li XB, Li QF, Wang HW, Xier Z (2009). The effects
of dietary betaine supplementation on fatty liver performance, serum
parameters, histological changes, methylation status, and the mrna
expression level of spot 14 in lands goose fatty liver. Comp.
Biochem. Phys. 154:308-314.
Sugarmura K, Keaney Jr JF (2011). Reactive oxygen species in
cardiovascular disease. Free Radic. Biol. Med. 51:978-992.
Sujatha V, Korde JP, Rastogi SK, Maini S, Ravikanth K, Rekhe DS
(2010). Amelioration of heat stress induced disturbances of the
antioxidant defenses system in broilers. J. Vet. Med. Anim. Health
2(3):18-28.
Sunil-Kumar BV, Ajeet K, Meena K (2011). Effect of heat stress in
tropical livestock and different strategies for its amelioration. J. Stress
Phys. Biochem. 7:54-54.
Surai PE (2006). Natural antioxidants in poultry nutrition: new
th
developments. 16 European Symposium on Poultry Nutrition. pp.
669-676.
Swennen Q, Geraert P, Mercier Y, Everaert N, Stinckers A, Willemsen
H, Li Y, Decuypere E, Buyse J (2011). Effects of dietary protein
content and 2-hydroxy-t-methy/thiobutanoic acid or dl-methionine
supplementation on performance and oxidative status of broiler
chickens. Br. J. Nutr. 106:1845-1854.
Swu IC, Singh SP, Gautam AU (2012). Constraints perceived by broiler
farmers in adoption of scientific poultry production practices.
Veterinary Practitioner, 13:116-120.
Syafwan S, Kwakkel RP, Verstegen MWA (2011). Heat stress and
feeding strategies in meat-type chickens. World's Poult. Sci. J.
67:653-674.
Talebi A, Asri-Rezaei A, Rozeh-Chai R, Sahraei R (2005). Comparative
studies on haematological values of broiler strains (Ross, Cobb,
Arbor-Acres and Arian). Int. J. Poult. Sci. 4:573-579.
Taniguchi M, Arai W, Kohno K, Ushio S, Fukuda S (2012). Antioxidant
and anti-aging activities of 2-0- glucopyranosyl L-ascorbic acid on
dermal fibroblasts. Eur. J. Pharmacol. 674:126-131.
Tesseraud S, Everaest N, Boussand-on ezzine S, Collin A, Metayer-

2305

Coustard S, Berrii C (2011). Manipulating tissue metabolism by
amino acids: review article. World’s Poult. Sci. J. 67:243-252.
Tiogo T, Marques-da-Silva D, Samhan-Arias AK, Aurehand M, GuteroMerino C (2011). Early disruption of the actin cytoskeleton in cultured
cerebellar granule neurons exposed to 3-morpholino sydnonimineoxidative stress is linked to alterations of the cytosolic calcium
concentration. Cell Calcium 49:174-183.
Ubosi CO (2001). Poultry management in the North-Eastern region of
Nigeria. A Paper presented at SEEPC Nigeria Limited Symposium,
th
held at Maiduguri, Borno State, 28 March.
Ueland PM (2011). Choline and betaine in health and disease. J.
Inherit. Metab. Dis. 34:3-15.
Useni F, Nakamura Y, Yamamoto Y, Bitoh A, Ono T, Kagami H (2009).
Analysis of developmental changes in avian DNA methylation using a
novel method for quantifying genome-wide DNA methylation. J. Poult.
Sci. 46:286-290.
Vathana S, Kang K, Loan CP, Thinggaard G, Kabasa JD, Ter Meulen U
(2002). Effect of Vitamin C Supplementation on Performance of
Broiler Chickens in Cambodia. Conference on International
Agricultural Research for Development, Deutscher Tropentag 2002,
Witzenhausen, Hesse, Germany. October 9-11, 7pp.
Venditti P, Stefand LD, Meo SD (2013). Mitochondrial metabolism of
reactive oxygen species: review. Mitochondrion 13:71-82.
Vieira FMC, da Silva IJO, Filho JADB, Vieira AMC, RodriguesSarnighausen VC, Danilo de Brito Garcia D (2011). Thermal stress
related with mortality rates on broilers' preslaughter operations: a
lairage time effect study. Cienc. Rural 41:1639-1644.
Waldroup PW, Mott MA, Yan F, Frittis CA (2006). Effects of betaine and
choline on response to methionine supplementation to broiler diets
formulated to industry standards. J. Appl. Poult. Res. 15:58-71.
Wang JP, Yan L, Lee JH, Zhou TX, Kim IH (2011). Effects of dietary
delta-amino levulinic acid and vitamin C on growth performance,
immune organ weight and ferrous status in broiler chicks. Livest. Sci.
135:148-152.
Wang Y, Jiang Z, Jin Z, Tan H, Xu B (2013a). Risk factors for infectious
diseases in backyard poultry farms in the Poyang Lake Area, China.
PLoS ONE, 8: e67366.
Wang S, Ni Y, Guo FW, Grossmann R, Zhao R (2013b). Effect of
corticosterone on growth and welfare of broiler chickens showing
long or short tonic immobility. Comp. Biochem. Phys. 164:537-543.
Wen C, Chen X, Chen GY, Wu P, Chen YP, Zhou YM, Wang T (2014).
Methionine improves breast muscle growth and alters myogenic gene
expression in broilers. J. Anim. Sci. 94:1068-1073.
Widjastati T, Hernawan E (2012). Utilizing of banana peel (Musa
sapientum) in the ration and its influence on final body weight,
percentage of carcass and abdominal fat on broilers under heat
stress-condition. Seria Zootech. 57:104-109.
Xing J, Kang L, Jiang Y (2011). Effect of dietary betaine
supplementation lipogenesis gene expression in CpG methylation of
lipoprotein lipase gene in broilers. Mol. Biol. 38:1975-1981.
Yahav S, Shinder D, Tanny J, Cohen S (2005). Sensible heat loss: the
broiler's paradox. World's Poult. Sci. J. 61:419-434.
Yang L, Tan G, Fu Y, Feng AJ, Zhang AM (2010). Effects of acute heat
stress and subsequent stress removal on function of hepatic
mitochondrial respiration, ROS production and lipid peroxidation in
broiler chickens. Comp. Biochem. Physiol. 151:204-208.
Yasin M, Asghar A, Anjum FM, Bult MS, Khan M I, Arshad MS, Shallidm
M, El-Ghorab AH, Shibamota T (2012). Oxidative stability
enhancement of broiler bird meats with -lipoic acid and -tocopherol
acetate supplemented feed. Food Chem. 131:768-773.
Yi XJ, Kang L, Hu Y, QinYing X, NingBo Z, YunLiang J (2009). Effect of
dietary betaine supplementation on mRNA expression and promoter
CPG methylation of lipoprotein lipasegene in laying hens. J. Poult.
Sci. 46:224-228.
Yu Y, Zhang H, Tian F, Zhang W, Fang H, Song J (2008). An integrated
epigenetic and genetic analysis of DNA methyl transferase genes
(DNMTs) in tumor resistant and susceptible chicken lines. PLoS One,
3: e2672.
Yu Y, Zhang H, Byerly MS, Bacon LD, Porter TE, Liu GE, Song J
(2009). Alternative splicing variants and DNA methylation status of
brain-derived neurotropic factor in inbred chicken lines. Brain

2306

Afr. J. Biotechnol.

Res.1269:1-10.
Yunusa MM (2002). Poultry production in Yobe State and the
st
challenges of the weather. A Paper presented at them 1 National
Conference organized by COEASU, Gashua chapter, 3rd - 6th July,
2002.
Zulkifli I, Al-Aqil A, Omar AR, Sazili AQ, Rajion MA (2009). Crating and
heat stress influence blood parameters and heat shock protein 70
expression in broiler chickens showing short and long tonic immobility
reactions. Poult. Sci. 88:471-476.

