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ABSTRACT: The present study conducted to investigate the effect of heat stress and early age
of thermal condition (at 3 days of age) for broiler chickens were fed diets supplemented with or
without chromium picolinate (CrPic) to study its effects on growth performance, some
physiological parameters, plasma biochemical traits as well as, immune response, heat shock
proteins and carcass characteristics. Unsexed 300 one-day-old Hubbard broiler chicks were
individually weighed and randomly distributed into 5 experimental treatments with 3 replicates (20
chicks each) per pen from 1-42 days of age. The 1%treatment (T1) served as a control and was fed
a control basal diet and reared under natural conditions (25°C). The 2" treatment (T2) and 3"
treatment (T3) were daily exposed to heat stress (33°C)and 65% relative humidity and 1200
pg/chromium picolinate (CrPic) /kg diet was added for T3 only, the 4" treatment (T4) and 5"
treatment (T5) were daily exposed to heat stress (33°C) during the experimental period and at 3
days of age were exposed to early age of thermal condition (early heat shock exposure) and 1200
pg/chromium picolinate (CrPic) /kg diet was added for T5 only. After the end of thermal
condition atearly age T4 and T5 returned to be reared underdaily heat stress (33°C). The obtained
results showed that heat stress caused a significantly (p<0.05) decrease body weight (BW),
weight gain (BWG), feed intake (FI), feed conversion (FC), hemoglobin concentration (Hb), red
blood cells (RBCs), white blood cells (WBCs), lymphocytes% (L%), antibody titers against
infectious bronchitis virus (IBV), Newcastle virus (NDV), influenza viruses (HI9N2),
immunoglobulin G (IgG) and immunoglobulinM (IgM) concentrations, totalprotein, albumin
and high density lipoprotein (HDL), superoxide dismutase (SOD), glutathione peroxidase
(GPX), Triiodothyronine (T3) and thyroxine (T4) hormones. While, there were significant
(p<0.05) increases mortality rate, respiration rate, heterophils % (H %), H/L ratio, glucose,
cholesterol, LDL, total lipids and triglycerides, corticosterone, total antioxidant capacity
(TAOC), HSP70 expression of liver and abdominal fat as compared with the thermoneutral
control broiler chicks.However, supplementation of chromium to the broiler chicks diet was able
to alleviate many of deleterious effects. The present results indicate that the supplementation of
diets with 1200 pg/chromium picolinate (CrPic)/kg diethas been considered to overcome the
deleterious effects of heat stress on broiler performance.
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INTRODUCTION
In Egypt, ambient temperature during the
summer season can remain reliably high for
extended periods of time in addition to
sudden, repetitive hot and muggy waves
which have more unsafe impacts. So, poultry
production suffers significant losses every
year due to heat stress (HS), leading to
economic losses to the poultry farmers.
Temperatures during these periods reaches
40°C most of the time and the humidity
reaches 75% (Tawfeek et al., 2014). HS in
broiler chickens has been accounted for to
specifically stifle the immune system,
prompting disappointments in the chickens’
response to vaccination and immune organ
involvement (Lee et al., 2003). Stressed
poultry can be recognized by panting
frequency and a decrease in feed
consumption, an increase in water utilization
and excrement water content (Garriga et al.,
2006). An increase in serum corticosterone
concentration (Al-Aqil and Zulkifli, 2009)
decreased immune competence and expanded
investment costs to alleviate the impacts of
environmental change (Rajkumar et al., 2015)
and heat shock proteins (HSP70) expression
(Staib et al.,, 2007). Heat shock proteins
(HSPs) are an arrangement of proteins
synthesized in response to physical, substance

or natural anxieties, including heat
introduction  (Staib et al., 2007).
Environmental and pathological stresses

induce HSPs, particularly the inducible form
Hsp-70 and Hsp-72. These programs
improved bird's final productive performance
and survival ability during exposure to heat
stress at later ages. Heat stress was likewise
appeared to increase antioxidant enzyme
activities, namely superoxide dismutase
(SOD), catalase (CAT) and glutathione
peroxides (GPX). The increased antioxidant
enzyme activities in response to the increased
Responsive Oxygen Species (ROS) levels aim
to maintain the steady state concentrations of
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producing free radicals. A few procedures for
settling this problem have been proposed to
deal with the negative impacts of heat stress,
including  environmental  management,
nutritional manipulation, as well as, addition
of feed additives in the diet. Several methods
are available to alleviate the impact of high
environmental temperature on poultry
performance. Supplemental dietary
chromium, particularly at 1200 ppb, may offer
a potential protective management practice in
preventing detrimental effects of heat stress
on performance of broiler chickens (Sahin et
al., 2002a). The essential part of chromium in
digestion is to potentiate the activity of insulin
through its nearness in an organometallic
particle, and glucose resistance figure (Sahin
et al., 2001). Chromium insulin cofactor is,
consequently, proposed to work as an
antioxidant (Preuss et al., 1997). The Cr
inadequacy may prompt to decreased insulin
affectability infringe tissues and resulting in
disrupted carbohydrate and lipid metabolism
and consequently impaired growth rate
(Vincent, 2000). Lien et al. (2005) found that
Cr-Pico particularly upgraded weight gain due
to increased feed consumption and supports
the immune function by enhancing the cell
mediated and humeral immune responses in
broilers. Supplementation of broiler diets with
natural Cr enhanced final body weight and
body weight gain (Mohammed et al., 2014).
Therefore, the purpose of the current research
was to determine the effects of Cr
supplementation to the broiler chickens
exposed to heat stress and early age thermal
condition (early heat shock exposure) on
productive  performance and immune
response.
MATERIALS AND METHODS

The present study was carried out on a Private
Farm near the Inshas Poultry Research Station,
Animal  Production  Research Institute,
Agriculture Research Center, Giza, Egypt, from
February to March, 2016. Unsexed 300 one-
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day-old Hubbard broiler chicks were housed in
a partitioned floor pens, individually weighed
and randomly distributed into 5 experimental
treatments with 3 replicates (20 chicks each) per
penfrom 1-42 days of age. The experimental
treatments were fed on corn-soybean meal basal
diets which met the strain requirements (NRC,
1994). The composition and analytical
calculation of the basal diets during the
experimental periods (starter and grower) are
shown in Table 1. The 1%ttreatment (T1) served
as a control and was fed a control basal diet
and reared under natural conditions (25°C).
The 2" treatment (T2) and 3™ treatment (T3)
were daily exposed to heat stress (33°C) and
65% relative  humidity during the
experimental period and 1200 pg/chromium
picolinate (CrPic) /kg diet (containing 12.27%
Cr) was added for T3 only , the 4™ treatment
(T4) and 5" treatment (T5) were daily
exposed to heat stress (33°C) during the
experimental period and at 3 days of age were
exposed to early age of thermal condition
(early heat shock exposure) (40+ 1°C for 4
hours (h) from 12:00 - 16:00 for 3 consecutive
days) and 1200 pg/chromium picolinate
(CrPic) /kg diet was added for T5 only. After
the end of thermal condition atearly age T4
and T5 returned to be reared under daily heat
stress (33°C). Broiler chicks were fed ad
libitum a starter diet until 21 days of age,
followed by a grower diet from day 21 to day
42. Feed intake and body weight were
recorded at weekly intervals from which
weight gain and feed conversion of birds were
calculated. Mortality was recorded daily and
feed intake was adjusted for mortality. The
rectal temperature (RT) of three birds
randomly selected out of each replicate was
measured with a digital thermometer (0.1°C
accuracy) inserted into the rectum (colon) of
the birds for one minute as previously
described by Yahav and McMurtry (2001).
Respiratory rate (RR) of the birds was taken
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as the number of breaths per minute. Data on
RT and RR were collected two consecutive
days in every week.

At the end of the experiment (day 42), three
birds from each treatment were randomly
chosen, weighed and then slaughtered. Blood
samples were collected at the time of
slaughtering from each bird. Fresh blood
samples were taken to determine hemoglobin
(Hb), total count of red blood cells (RBCs),
total count of white blood cells (WBCs) and
their differentiations (Heterophils%,
lymphocyte%, and H/L ratio). All
measurements conducted according to Clark
et al. (2009). The Infectious bronchitis virus
(IBV), Newcastle virus (NDV), influenza
viruses (H9NZ2), detection was performed
using a commercial ELISA kit (Shenzhen
Lvshiyuan Biotechnology Co., Shenzhen,
Guangdong, China), according to the
manufacturer’s instructions. The assay was
performed to obtain a qualitative evaluation of

the infections, bronchitis virus (IBV),
Newcastle and Influenza viruses (H9NZ2),
disease virus production. The

immunoglobulin 1gG and IgM in blood
plasma were determined using a commercial
ELISA kit from Bethyl Laboratories
(Montgomery, AL, USA), as described by
Gao et al. (2008). Blood was collected in tubes
with EDTA centrifuged at 4000 rpm for 20
minutes. Blood plasma samples were
collected and stored at -20°C until analysis of
total protein, aloumin, glucose, cholesterol,
LDL, HDL, total lipids and triglyceride
concentrations. Antioxidant components and
antioxidant enzymes (SOD, GPX and TAOC)
were determined using commercial Kits
produced by  Bio-diagnostic,  Egypt.
Triiodothyronine (T3), thyroxine (T4) and
corticosterone were determined in plasma
using radioimmunoassay Kit. Heat shock
protein 70 level (HSP 70) of liver was
determined after exposure to heat challenge
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by ELISA method using kits of Uscn Life
Science Inc. Wuhan, Chain.
After complete bleeding and feather removal,
carcass, liver, gizzard, heart, dressing (carcass
and giblets) and abdominal fat was weighed
and recorded as percentage of body weight.
Data were statistically analyzed by ANOVA,
using General Linear Model (GLM)
Procedure of SAS software (SAS Institute,
version 9.1, 2005). Duncan's multiple range
test (Duncan, 1955) was used to detect the
differences among means of different groups.
Mortality percentages were analyzed using
the Chi - square test.

RESULTS AND DISCUSSION
1. Growth traits:
Growth performance as affected by thermo
neutral, heat stress and early age thermal
condition in broilers fed diets supplemented
without or with CrPic during the different
experimental periods chicks are shown in
Table 2.
Body weight (BW) and body weight gain
(BWG) were significantly (p<0.01) decreased
for broiler exposed to only heat stress and
early age thermal condition (early heat shock
exposure) compared with the thermo neutral
control group. This impact might be because
of the diminishing of feed intake and/or the
rise in blood levels of corticosterone, which
change the energy expenditure in favor of fat
deposition and protein catabolism (Siegel,
1995). These results are in agreement with
those obtained by Pelicano et al. (2005) who
confirmed the effect of high temperature
(33°C) on the body weight reduction in 21 day
old Ross broilers, when compared to the gain
of birds reared under thermo neutral
temperature. Lagana et al. (2007) confirmed
that the effect of high temperature on body
weight was lowered 10 % than the control
group in broilers reared under different
thermal environments. Marchini et al. (2009)
found that 42-day-old broilers submitted to
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cyclic high environmental temperature«
observed a decrease about 7 % in the body
weight when compared to birds reared in a
warm environment.  Moreover,

supplementation of broiler diets with
chromium at level 1200 pg Cr/kg diet
significantly (p<0.05) increased body weight
and weight gain in broiler exposed to either
heat stress or early age thermal condition
(early heat shock exposure) compared to those
without Cr and exposed toearly age thermal
conditions or with heat stress from 21-42 and
0-42 days of age, receptively. Similarly,
Sahin et al. (2002a) reported that increase
supplementation Cr at levels of 200, 400, 800
or 1200 ug Cr picolinte showed an increase in
broilers body weight. Ibrahim (2005)
indicated that supplementation of Cr at levels
of 10, 20, 30, 40 and 50mg Cr/kg diet
significantly increasedthe final body weight.
Mohammed et al. (2014) recommended that
dietary organic Cr supplementation improved
final BW and BWG in broilers. Our results
could be because Cr plays an important role as
an integral component of the glucose
tolerance factors (GTF), which potentiate the
action of insulin and regulate fat metabolismat
low insulin level, glucose is changed over into
fat and put away in fat cells (Mertz, 1993).
The capacity of insulin to control glucose
levels in blood and lipid digestion is
dependent upon the binding of this pancreatic
hormone to particular receptors found in
numerous fringe tissues like adipocytes,
muscle and liver, expanding the quantity of
genuine insulin receptors exhibit in the
objective cell. Additionally, chromium has
been shown to expand the genuine official of
insulin to its receptors.Thus, chromodulin
appears to play a role in an auto amplification
mechanism in insulin signaling (Sahin et al.,
2002b). Steele and Rosebrough (1981) have
expressed Cr as a cofactor for insulin
movement and that it is vital for ordinary
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glucose use and solid creature development.
Insulin directs digestion of starch, fat and
protein, animating amino corrosive take-up
and protein blend, and, glucose usage in
tissues (Sahin et al., 2001).

Feed intake (FI) and feed conversion ratio
(FCR) were not significantly affected for
broiler reared under thermo neutral group
(control) and birds exposed to heat stress or
with early age thermal condition (early heat
shock exposure) from 1-21 days of age.While
there were significant (p<0.05) negative
effects on feed intake and feed conversion of
broiler exposed toheat stress and early age
thermal condition from 21-42 and 1-42 days
of age compared with control group. These
results are in agreement with Siegel (1995)
who reported that performance and feed
intake decreased when the ambient
temperature rises above the thermo neutral.
The reduced feed intake in heat stress may be
due to loss appetite resulting from lesions of
appetite center in the lateral nucleus of the
hypothalamus. Also, the blood flow and the
motility of the intestine decreased, which may
result in an increase of food passage time and
delay in the thermogenic effect of food intake
(Van Handel-Hruska et al., 1997). On the
other hand, the deteriorated performance of
heat-stressed broilers can be related to a poor
appetite and lowered feed intake, which is a
defense mechanism designed to reduce heat
build-up in the body. EI-Tantawy et al. (1998)
found that the feed consumption was lower in
high environmental temperature by about 36-
43%. Lagana et al. (2007) confirmed that the
effect of high temperature of feed intake was
significantly lower 14% than the control
group in broilers reared under different
thermal environments. Faria Filho et al.
(2006) found that the reduction of feed intake
can reach to 36 % in broilers reared at 32°C
when compared to birds reared at 22°C. In the
present study, FI was not significantly

563

different between groups, which exposed to
heat stress without or with CrPic at different
experimental period. These results are in
agreement with those reported by Ghazi et al.
(2012) who found that supplementation of
dietary natural and inorganic Cr has no impact
on FI in broilers reared under heat stress
conditions and disagreement with Sahin et al.
(2002a) who stated that dietary Cr-Pico

supplementation increased FI in broilers
subjected to heat stress. However,
supplementation of broiler diets with

chromium at level 1200 pg Cr/kg diet
significantly improvement FC, which exposed
to heat stress and early age thermal condition
compared to the ones exposed to only early
age thermal condition or heat stress from 21-
42 and 0-42 days of age, receptively (Table 2).
These results are in agreement with those of
Sahin et al. (2002a) who showed that dietary
Cr-Pico supplementation improved FC in
broilers subjected to heat stress and caused an
increase of insulin concentration that
increased glucose utilization, consequently
feed efficiency improved.

The results obtained for the mortality rate
(MR) are shown in Table 3. There were no
significant differences in mortality rates
among treatments during the starter and
finisher period. Moreover, the MR was
significantly (p<0.05) among the treatments
from 0-42 days of age. The MR was increased
under heat stress condition and the finisher
period of the experiment showed the highest
rate. In the group of heat stress, the MR
represented about 10.0% from 1-21 days of
age and then increased, reaching 15.0%
during the period from 21 to 42 days and total
nearly 25% in the whole period. While, under
thermo neutral condition only four birds died
representing about 6.67 % during the whole
experimental period. Moreover, broiler diets
supplemented with 1200 ug CrPic /kg diet,
which was exposed to either early age thermal
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condition or heat stressed groups resulted in a
significant (p<0. 05) decrease in MR by about
11.67% compared to those exposed to only
heat stress or with heat shock from 0-42 days
of age, receptively. These results are in
agreement with those reported by Uyanik et
al. (2002) who showed that broiler chicks fed
20, 40, or 80 pg Cr/kg diet for 44 days,
increased lymphocyte counts, total antibody,
1gG, and IgM titers, consequently a decrease
of MR. In the same respect, Steele and
Rosebrough (1981) found that supplemented
Cr in turkey poultry diets increased rate of
glucose utilization and immune response
which explains the observed decrease in
mortality rate.

2. Physiological parameters:

Results in Figures 1 and 2 show that rectal
temperaturewas insignificantly increased,
however, respiration rate was significantly
(p<0.05) increased for broiler exposure to heat
stress as compared with those reared under
thermo neutral condition. These results are in
agreement with those reported by Borges et al.
(2004) who found that exposure to heat stress
caused an increase in respiratory rate
(panting) and resulted in a reduction in blood
pCO2. At high temperatures, birds increase
their respiration rate to regulate heat loss
through water evaporation from their lungs
(Okela et al., 2003). This panting behavior,
increases CO> loss from the lungs and partial
pressure of CO2 in blood. The decreased of
CO, causes a decrease of HCO3
concentrations due to the increase in HCO3
excretion with a reduction of H+ excretion by
the kidneys to maintain the acid-base balance
in the bird. Lowered H+ concentration raises
the level of blood plasma pH, a leading to
respiratory alkalosis (Borges et al., 2007).
This acid-base imbalance alters Na: Cl ratio,
thus reduced feed consumption (Naseem et
al., 2005). Moreover, broiler diets
supplemented with 1200 pg CrPic /kg diet
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lead to a significant (p<0.05) decrease in
respiration rate compared to those exposed to
only early age thermal condition or with heat
stress. These results are in agreement with
those reported by Norain et al. (2013) who
reported that chromium supplementation as
feed additives resulted in a slightly lower
rectal temperature, and significantly (p<0.05)
lower respiration rate for the broiler chickens
received a diet supplemented with chromium
compared to the control.

3.Blood hematological variables

Results show that heat stress caused a
significant (p<0.01) decrease of hemoglobin
concentration (Hb), red blood cells (RBCs),
white blood cells (WBCs) and lymphocyte%
(L%). While, there was an increase of
heterophils % (H %) and H/L ratio as
compared with the thermoneutral control
broiler chicks (Table 4). It is known that,
heterophils (H) are granulated leukocytes
formed from myelocytes in the bone marrow.
They are phagocytic cells intended to
characterize the living being against disease or
foreign bodies, for example, infections,
microorganisms and different particles. They
are available in plenitude in contamination
locales to where they connected by
chemotactic compounds from harm cells.
Lymphocytes (L) are non-granulated
leukocytes framed in lymphoid tissues. They
lay an essential physiological effect in
immunity, particularly for the generation of
antibodies. One of the physiological reactions
to exposure to stress is the release of
glucocorticoids,  bringing  about  the
disintegration of lymphocytes in lymphoid
tissues  prompting to  lymphopenia.
Nonetheless, there is an increase in heterophil
discharged by the bone marrow, thus increase
their numbering dissemination. However,
their phagocytes and bactericidal action
decreased. These decreases in the total
number of RBCs may be due to the hindrance
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impact of heat stress on the life expectancy of
the present RBCs and also the production of
new RBCs from the bone marrow. The H:L
ratio has been acknowledged an important
record for determining stress in poultry
(Siegel, 1995). Our findings are in agreement
with those obtained by Nadia (2003) who
found that, exposure of Japanese quail to heat
stress resulted decrease of lymphocytes. Al-
Ghamdi (2008) reported that,
Heterophil/Lymphocyte ratio was
significantly increased during heat stress. An
aftereffect of heterophil increase and
lymphocyte reduction, the ratio of heterophil
to lymphocyte has been proposed as
dependable measures of stress in broiler
(Maxwell and Robertson, 1998).
Additionally, it has been found that exposure
of heat-stressed broiler chickens results in an
increase in the heterophil to lymphocyte ratio
(Zulkifli et al., 2003). On the other hand, Hb,
total count of RBCs, WBCs, L%, H% and H/L
ratio were significantly improved by Cr
supplementation. Toghyani et al. (2007)
found that, Hb was increased significantly in
broilers fed 1000 ppb supplemental Cr. Askar
et al. (2008) reported that Hb and PCV values
were significantly increased (p<0.01) due to
the effect of dietary Cr-Pic supplementation.
These results may be due to the role of
chromium in stabilizing the red blood cells
against  cellular changes caused by
peroxidation (Linder, 1991). Toghyani et al.
(2007) mentioned that the H:L ratios
diminished in broilers fed 1,000 and 1,500
ppb of chromium picolinate under heat-stress
conditions. Gross and Siegel (1983) stated
that the gquantity of heterophils expanded by
the blood of chicks fed corticosterone. The
increase in lymphocyte counts and decreases
in, H: L vratios with natural Cr
supplementation in heat-stressed chicks in the
present review might be ascribed to a decrease
of glucocorticoid.
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Results showed that heat stress caused a
significantly (p<0.01) decrease of antibody
titers against infectious bronchitis virus
(IBV), Newcastle disease virus (NDV),
Influenza viruses (HON2), immunoglobulin G
(1gG) and immunoglobulin M (IgM)
concentrations as compared with the
thermoneutral control broiler chicks (Table 4).
These results are in agreement with Zulkifli et
al. (2003) who reported that immune response
production in young broiler chicks was
decreased under heat-stress conditions. This
diminishment could be in a roundabout way
because of an expansion in provocative
cytokines under anxiety, which invigorates
the hypothalamus generation of
corticotrophin discharging component (Ogle
et al., 1997). Stressors, for example, a high
natural temperature actuate a course of neural
and hormonal occasions, starting with
hypothalamic incitement and the creation of
corticotrophin-discharging variable, which
fortifies the foremost pituitary to deliver
adrenocorticotropic hormone with incitement
of adrenal cortical tissue by
adrenocorticotropic hormone to expand the
generation and arrival of corticosteroids,
fundamentally  corticosterone in  flying
creatures (Siegel, 1995). Bahrami et al. (2012)
found that both the organic and inorganic Cr
supplements enhanced the immune response
of broilers under heat-stress conditions, and a
more positive effect was observed with the
addition of 1,200 Cr-I-Met. However,
Habibian et al. (2013) revealed that high
temperature can reduce the immune function
and IgM and 1gG concentrations in laying
hen; the reason was presumably that high
temperature can produce a sustained high
level of corticosterone, which induces long
luscious reaction in cells, resulting in reduced
IgM and 1gG synthesis. In chickens, Tang and
Chen (2016) showed that HS significantly
reduced the plasma levels of IgA, 1IgG and
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IgM. Also, Hosseini-Vashan et al. (2016)
reported that heat stress decreased titers of
total and 1gG antibodies in the secondary
response to SRBCs and antibody production
against NDV and increased the ratio of H/L
(p<0.05).0n the other hand, 1BV, NDV, 1gG
and IgM significantly improved by Cr
supplementation. These results are in
agreement with the finding of Lee et al.
(2003) who uncovered that the counter acting
agent titer against irresistible bronchitis and
immune response titers against NDV were
improved in broiler chicks fed 400 ppb of
chromium picolinate. Toghyani et al. (2007)
revealed that antibody titers against
Newcastle, influenza viruses and serum IgG
increased in broiler chickens fed 1,000 and
1,500 ppb of chromium picolinate at 30 days
of age under heat-stress conditions. Similurly,
Ebrahimzadeh (2012) found that antibody
titers against NDV and IBV at 21 and 42 days
of age in broiler fed supplemented Cr were
higher than the control diets (p<0.05). Uyanik
et al. (2002) found that IgG and IgM titers
tended to be higher in broiler chicks fed Cr
supplementation.

4. Blood constituents:

The comparison of the blood parameters
under thermo neutral, heat stress and early age
thermal condition in broilers fed diets
supplemented without or with CrPic at the end
of the experimental period is shown in Table
(5).

The comparison of blood plasma in
thermoneutral control and heat stress chicks
(control group) revealed total protein,
albumin and high-density lipoprotein (HDL)
were significantly (p<0.01) decreased, while
glucose, cholesterol, LDL, total lipids and
triglycerides were significantly (p<0.01)
increased (Table 5). These results are in
agreement with those obtained by Seliem
(2011) who observed asignificant decrease in
plasma total protein, albumin in the heat stress
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group {exposed to daily heat stress period
(38°C for 6 hours and 70 £ 5% Rh. Body
temperature caused a move in tissue fluids
and cause a change in the concentration of
plasma protein and might be related to
elevation of corticosterone which has inspired
gluconeogenesis (Malheiros et al., 2003).
Gursu et al. (2004) discovered increased
concentrations of triglyceride, cholesterol,
and HDL in heat-stressed broilers. Moeini et
al. (2011) noticed that positive effect on serum
lipid (cholesterol, HDL, LDL and
triglyceride)  concentrations in  broiler
chickens exposed to heat stress upon the
supplementation of the proportion with
chromium. Moreover, the Cr supplementation
in the present work enhanced blood
parameters as it was clearly observed by a
significant increase in total protein, albumin
and decreased glucose, cholesterol, LDL and
triglycerides as compared with heat stress
(control) in the broiler. A decrease in glucose
level might be inferable from the impact of
chromium on serum glucose, cholesterol and
triglyceride concentrations were decreased
when dietary chromium was added. A
reduction in glucose level might be inferable
from the impact of chromium on insulin. It is
represented that CrPic is able to increase the
rate of disguise and take-up of glucose into
rodent skeletal muscle cells (Evans, 1992).
These results are in agreement with those of
Sahin et al. (2002b), who noticed that that
total protein and albumin concentrations
increased straightly with an increase of Cr
supplementation. Ibrahim (2005) found that
blood parameters of broiler chicks showed
significantly increased in plasma total protein
levels and decreased cholesterol
concentration with the expanding dietary level
of Cr supplementation at levels of 10, 20, 30,
40 and 50 mg Cr/kg diet when contrasted with
the control group. Yildiz et al. (2004) detailed
that Cr supplementation from Cr picolinate
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decreased serum glucose and cholesterol
concentrations, while insulin and total protein
concentrations increased straightly as the
dietary Cr level increased (p<0.05). Al-Kotait
et al. (2008) demonstrated that a significant
(p<0.05) decrease in low density lipoprotein
cholesterol (LDL) values and increased high
density lipoprotein cholesterol (HDL) values
in groups received Cr when contrasted to the
control. Komorowski et al. (2001) expressed
that chromium picolinate significantly raised
high-density lipoprotein (HDL)
concentrations. Anderson (1995) who found
that Cr increased plasma total lipid
concentration. Chromium active component
in the glucose tolerance factor, which increase
of the affectability of tissue receptors to
insulin, resulting in increased glucose take-up
by cells. Examine recommends Cr
contribution in carbohydrate metabolism,
including glucose take-up, glucose use for
lipogenisis, and glycogen  formation
(Anderson et al., 1991).

Our results showed that heat stress
caused a significant decrease in SOD and
GPX and increased of TAOC as compared
with the thermoneutral control broiler chicks
(Table 6). These results are in agreement with
those obtained by Ramnath et al. (2008) who
expressed that chickens exposed to heat stress
(high temperature—high humidity
environmental conditions) for 5 or 10 days
perpetually indicated reduced activities of
CAT and SOD and GSH levels contrasted
with the control. These results might be
troublesome to their body system during heat
stress because of panting there could be
conceivable for oxidative stress, respiratory
alkalosis, subsequently an overproduction of
free radicals in the body. It is realized that
glutathione is considered to be the master
antioxidant of the body and is found in every
single living cell.
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Similar trend was reported by Seven et al.
(2009), and Sahin et al. (2011). On the other
hand, SOD, GPX and TAOC improved
significantly by Cr supplementation.

Data presented in Table 6 show that heat stress
(control) decreased significantly (p<0.01)
Triiodothyronine (T3) and thyroxine (T4)
hormones and increaseplasma corticosterone
concentration compared with the
thermoneutral control broiler chicks. These
results are in agreement with those obtained
by Yahav and McMurty (2001) who revealed
that exposure of broiler chickens to high
environmental temperature decreased plasma
level of T3 yet not T4. Garriga et al. (2006)
revealed that heat stress reduced significantly
T3 and T4 by 52 and 37%, respectively. It is
realized that plasma levels of triiodothyronine
(T3) and thyroxine (T4), important growth
promoter in broilers reduced with increase of
natural temperature, while
corticosteroneincrease (Sahin et al., 2009). EI-
sayed et al. (2010) demonstrated that T3
concentration of broilers was significantly
decreased under a HS condition. Ahmed et al.
(2012) detailed that birds able to reduce
plasma T3 concentration, especially during a
thermal challenge. T3 hormone plays an
important role in managing digestion and
thermogenesis in chickens (Tao et al., 2006).
Yal¢in et al. (2009) also revealed that the
concentration of T3 was reduced in heat
acclimatization treated birds than the control
broilers. The decline in T3 in broiler exposed
to the heat-stress may be the birds made a
rapid adjustment in the secretion rate of
thyroid or related to the deiodination of T4 to
T3 in the liver and kidney tissues, a response
catalyzed 5-deiodinase (Lin et al., 2000).
Furthermore, Gross and Siegel (1983) showed
that, introduction of chickens to high natural
temperature causes an increase in the plasma
corticosterone, which in this manner
discourages the action of the lymphoid organs
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and aggregate leukocyte number. Mcintosh
and Sapolsky (1996) watched that amid
ecological  anxiety, higher in the
corticosterone level quickens the era of free
radicals and stifles the immune function.
Moreover, dietary supplementation of Cr
increased plasma concentrations of T3 and T4
and decreased plasma corticosterone
concentration. The positive effects of
chromium,is alleviating the negative effects
of heat stress. Sahin et al. (2003) announced
that supplemental of Cr in broiler chickens
caused an increase in serum T3 and T4. Sahin
et al, (2002b) reported that Cr
supplementation markedly decreased
(p<0.01) serum corticosterone concentration.
This result was likely because of the more
prominent catabolic impact (or concentration)
of corticostrone, yielding more glucose in the
serum. Chromium is generally accepted to be
the active component in the glucose tolerance
factor (GTF), which increases the affectability
of tissue receptors to insulin, resulting in
increased glucose take-up by cells. Examine
recommends Cr contribution in carbohydrate
metabolism, including glucose take-up,
glucose use for lipogenisis, and glycogen
formation (Anderson et al., 1991). It was
guessed that increased glucose take-up should
increase oxidation of glucose, which would be
generally changed over to fatty acids and put
away as triglycerides in adipose tissues.

With regard to HSP70, broiler chicks exposed
to heat stress caused a significant increase in
HSP70 expression of liver as compared with
supplemented with Cr had a lower HSP70
level than those fed basal diets under heat
stress conditions. These results confirm the
knowledge that Cr acts synergistically with
antioxidant enzymes, including superoxide
dismutase, glutathione peroxidase and total
antioxidant capacity. Literature regarding the
effect of dietary chromium supplementation
on HSP70 expression is very scarce.
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the thermoneutral control broiler chicks
(Table 6). Furthermore, heat stress is known
to delay the synthesis of most proteins except
for heat shock proteins (Al-Aqil and Zulkifli,
2009). Yu and Bao (2008) showed that heat
stress incites an expansion in the levels of
HSP70 protein and mRNA in the heart, liver,
and kidney of broiler chickens. Guerreiro et
al. (2004) examined that both liver and
cerebrum HSP70 levels expanded
significantly during heat stress in the broiler
chicks raised at thermoneutrality, with a
higher expression of this peptide in brain
tissue. Our discoveries that heat shock protein
70 densities may be used as a biological index
of stress is consistent with the report in which
heat shock protein 70 expression increased in
liver and brain tissues of broiler chicks
(Guerreiro et al., 2004). The overexpression
of heat shock protein might be the reason
behind the expanded prerequisite of ATP after
heat stress (Koelkebeck and Odom, 1995).
The greater HSP70 expression may suggest
that the proteins are involved in the stress
caused by heat shock exposure in chickens.
The mechanism to combat heat stress includes
lessening hyperthermia, which may be
halfway because of the security of tissues to
hyperthermia because of a prior condition
(Rajkumar et al., 2015). Then again, heat
shock protein 70 expression of liver in broilers
exposed to heat stress was decreased
significantly by dietary Cr supplementation.
Broilers fed a diet

Carcass characteristics:

The comparison of the carcass characteristics
of broilers fed diets with or without CrPic
under thermo neutral, heat stress and heat
shock conditions at the end of the
experimental period is shown in Table 7.
Carcass % and Giblets % were not
significantly affected among treatments,
while abdominal fat significantly (p<0.05)
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increased in broilers fed diets supplemented
with or without CrPic under thermo neutral,
heat stress and heat shock conditions. These
results are in good agreement with those
obtained by Morsy (2013) who demonstrated
that thermal shock during the early raising
period had no significant effect on final
carcass yield and liver weight. Tawfeek et al.
IN CONCLUSION
The results of the present study suggested that
heat stress cause decrease of growth
performance, Hb concentration, total count of
RBCs, total count WBCs, L%, IBV, NDV,
IgG and IgM concentrations, total protein,
albumin and HDL, SOD, GPX, T3 , T4
hormones, whereas it increases mortality rate,
respiration rate, heterophils % (H %), H/L
ratio glucose, cholesterol, LDL, total lipids
and triglycerides, corticosterone, TAOC,
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(2014) found that high ambient temperature
(36°C) increased abdominal fat and mortality
rate.  However, Cr  supplementation
significantly (p<0.05) decreased abdominal
fat percentages (Sahin et al., 2002a; and
Ibrahim, 2005).
Inaddition,Uyaniketal.(2005)reportedthat

HSP70 expression of liver and abdominal fat
as compared with the thermoneutral control
broiler chicks. However, supplementation of
chromium was able to alleviate many of these
effects.

It can be recommended to supplementation of
diets with 1200 pg/chromium picolinate
(CrPic)/kg diet, which is available to
overcome the deleterious effects of heat stress
on broiler performance.
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Table (1): Composition and calculated analysis of the basal diets

Starter Grower

Composition (per 100 Kg) (1to21d) (22 to 42 d)
Yellow corn 52.25 62.8
Soybean meal (44% CP) 34 23.66
Corn gluten meal (60% CP) 5.87 6
Dicalcium phosphate 1.9 1.62
Vegetable oil 34 3.75
Salt 0.3 0.3
Limestone 1.4 1.1
Vit. & Min. Premix** 0.3 0.3
DL-Methionine 0.25 0.18
L-Lysine-HCI 0.33 0.29
Total 100 100

Calculated analysis (%):™
Crude protein (CP) 23.56 19.87
ME; kcal/kg 3037 3190
Ether extract 6.01 6.60
Crude fiber 3.71 3.19
Calcium 1.09 0.89
Av. Phosphorus 0.42 0.35
Lysine 1.42 1.13
Methionine 0.64 0.53
Methionine + cysteine 1.06 0.90

*Vitamin and mineral premix: each 3 Kg of vitamin and mineral premix (Special component from
commercial source AGRIVET Co.) contains: Vit. A., 12000000 IU; Vit. D3, 2000000 IU; Vit. K3, 2000
mg; Vit. E, 10000 mg; Vit. B;, 100 mg; Vit. B2, 5000 mg; Vit. Bs, 1500 mg; Vit. Bi2, 10 mg; Biotin, 50
mg; Choline chloride, 250000 mg; Pantothenic acid, 10000 mg; Nicotenic acid, 3000 mg; Folic acid,
1000 mg; Manganese, 60000 mg; Iron, 30000 mg; Selenium, 100 mg; Copper, 10000 mg; lodine, 1000
mg; Cobalt, 100 mg; Carrier (Ca Cos3) add to 3kg.

** Calculated according to NRC (1994) requirments.
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Table (2): Growth performance as affected by thermo neutral, heat stress and early age of thermal condition in broilers fed diets
supplemented without or with CrPic, during the different experimental periods

Thermo-neutral Heat stress
Groups (Control)

Heat stress 1200 pg Cr/kg | Early age of|Early age of| Sig.

Parameter (Control) thermal thermal
condition condition + 1200
ug Cr /kg
Body weight (gm)
0 days 40.85+0.69 40.62+0.69 41.02+0.7 40.95+0.66 40.94+0.69 NS
21 days 718.88+11.49° 560.63+10.67¢ | 625.16+10.79" | 588.71+12.16° 651.58+12.66" ok
42 days 2115.99+23.112% | 1496.74+22.9¢ 1619.53+20.13¢ | 1521.34+18.659 | 1827.4+16.7°" *k
Body weight gain (gm)
0to 21 days 677.87+11.46% | 519.24+10.63° |584.26+10.83° |551.6+11.09°¢ 610.34+12.7° ok
21 to 42 days 1495.63+27.43% | 944.69+23.54°¢ 996.04+25.46 ¢ 925+21.73°¢ 1168.48+22.890 | **
0 to 42 days 2075.08+23.22 1456+22.84¢ 1578.54+20.18° | 1480.09+18.53¢ | 1786.2+16.69° e
Feed intake (gm)
0 to 21 days 923.71452.26 824.21+47.77 837+64.94 816.91+40.53 870.24+59.95 NS
21 to 42 days 2947.34466.79% | 2730.71+47.5° 2810.68+72.76° | 2739.58+65.18° | 2824.17+66.04° | *
0 to 42 days 3871.04+115.81% | 3554.92+55.87° | 3647.68+10.1° 3556.49+40.51° | 3694.41+116.96° | **
Feed conversion (feed/gain; gm/gm)

0 to 21 days 1.36+0.10 1.59+0.13 1.43+0.11 1.48+0.03 1.43+0.14 NS
21 to 42 days 1.974£0.05¢ 2.89+0.112 2.82+0.262 2.96+0.032 2.42+0.02° *k
0 to 42 days 1.87+£0.06 ¢ 2.44+0.072 2.31+0.122 2.40+0.072 2.07+0.04° *x

Means having different letters in the same row are significantly (p<0.05) different.
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Table (3): Mortality rate values as affected by thermo neutral, heat stress and early age of thermal condition in broilers fed diets

supplemented without or with CrPic, during the different experimental periods

Initial | Total mortality Mortality rate (%0)
Parameters | number
Groups 0to 21 days | 21 to 42 days | 0to 42 days | O to 21 days | 21 to 42 days | O to 42 days
Thermo-neutral (Control) 60 2 2 4 3.33 3.33 6.672
Heat stress (control) 60 6 9 15 10.00 15.00 25.00%
1200 pg Cr /kg 60 6 8 14 10.00 13.33 23.33¢
Heat | Early age of thermal c
stress | condition 60 4 8 12 6.67 13.33 20.00
Early age of thermal
condition + 1200 pg Cr 60 2 5 7 3.33 8.33 11.67°
/Kg
Sig. NS NS *

Means having different letters in the same column are significantly (p<0.05) different.

e 19 18723 '\
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Table (4): Some hematological parameters and immune response as affected by thermo neutral, heat stress and early age of thermal

condition in broilers fed diets supplemented without or with CrPic, at the end of experimental periods
Thermo- Heat stress
Groups neutral

(Control) Heat stress 1200 ug Cr /kg | Early age of | Early age of | Sig.

Parameters (Control) thermal thermal
condition condition +
1200 pug Cr /kg
Some hematological parameters
Hb mg/dl 11.76+0.142 8.27+0.47¢ 9.44+0.24° 10.76+0.12° 10.98+0.04° **
Red blood cells (RBCs) x106 3.69+0.1°2 2.91+0.08° 3.30+0.14° 3.02+0.11° 3.46+0.08° fal
Z\igge blood cells (WBCS) | 4 57,0072 | 386:011° | 413+010® | 3.60+0.06° 4040080 |
Heterophils (H %) 23.4240.36° 31.7940.71% 29.84+0.25" 26.55+0.53° 24.70+0.58°¢ bl
lymphocytes% (L%) 66.22+0.422 61.35+0.47° 62.09+0.2 ¢ 63.98+0.38° 65.15+0.42" fal
H/L 0.35+0.01° 0.52+0.01° 0.48+0.01° 0.41+0.02¢ 0.38+0.02° *
Immune response

2?;9\%'0“5 bronchitis - Virus | 53, 17 6.23+0.05¢ 6.45+0.12¢ 6.78+0.12¢ 7.23+0120 |
?‘ﬁgfggﬂe disease  VIIUS | g 76,0 1a 7.33+0.09° 7.76+0.13¢ 8.25+0.07°¢ 8.54+0.1° o
Influenza viruses (HON2) 8.67+0.582 5.34+0.58° 6.00+1.00° 7.34+0.58° 7.67+0.58% fal
IgG 2.31+0.07°2 1.21+0.09° 1.48+0.11¢ 1.74+0.1°¢ 2.11+0.09° o
IgM 1.58+0.1°2 0.69+0.08°¢ 0.90+0.08¢ 1.13+0.06 ¢ 1.31+0.1° **

Means having different letters in the same row are significantly (p<0.05) different.
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Table (5): Blood parameters characteristics as affected by thermo neutral, heat stress and early age of thermal condition in broilers
fed diets supplemented without or with CrPic, at the end of the experimental periods

Groups Thermo-neutral Heat stress
(Control)

Heat stress 1200 ug Cr/kg | Early age of | Early age of | Sig.

Parameters (Control) thermal thermal
condition condition + 1200
ug Cr /kg

Total protein (g/dI) 6.23+0.042 4.94+0.61° 5.40+0.41°° 5.66+0.13 % 5.85+0.11%° ok
Albumin (g/dl) 3.83+0.082 2.76%0.15¢ 3.03+£0.22°¢ 3.32+0.17° 3.53+0.07° *x
Glucose (mg/dl) 119.5+2.194 169.46+7.872 148.10+6.37° 133.16+2.83° 128.58+3.96 « *k
Cholesterol (mg/dl) 162.38+3.60°¢ 203.34+4.07% 186.91+7.19° 170.49+3.63° 162.09+3.61° *x
LDL (mg/dl) 114.04+3.20° 148.29+4.612 137.33+4.01° 128.47+2.73°¢ 122.62+2.82° *k
HDL (mg/dl) 83.23+3.96 2 46.5+1.48¢ 51.28+1.44¢ 66.21+5.68°¢ 74.51+3.04° ol
Total lipids (mg/dl) 596.20+21.28 " 743.54+22.49°2 718.70+6.47% 704.24+57.752 631.07+5.22° *k
Triglycerides (mg/dl) | 153.26+10.81° 168.06+6.08 150.83+7.31° 151.42+8.78° 136.33+3.07 ¢ e

Means having different letters in the same row are significantly (p<0.05) different.
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Table (6): Serum antioxidant components and antioxidant enzymes, T3, T4 hormones and HSP70 of liver as affected by thermo
neutral, heat stress and early age of thermal condition in broilers fed diets supplemented without or with CrPic, at the end of the

experimental periods

Heat stress
Groups Thermo-
neutral Heat stress 1200 pg Cr/kg | Early age of | Early age of | Sig.
Parameters (Control) (Control) thermal thermal
condition condition +
1200 ug Cr /kg
Serum antioxidant components and antioxidant enzymes

Superoxide dismutase (SOD) 2.35+0.06 2 2.14+0.05 ¢ 2.07+0.15°¢ 2.19+0.04 ¢ 2.27+0.07 ok
?J‘;It_f’;th'O“Eperox'dase(GPx) 7.66+0.142 6.47+0.17¢ 6.35+0.32¢ 6.77+058"% | 7244023 |
TAOC 0.710.05° 0.93+0.09° 0.73+0.05° 0.82+0.102 0.77+0.09° *
T3 (ng\ml) 3.11+0.012 1.74+0.211 2.29+0.04°¢ 2.40+0.04 b 2.55+0.10° ol
T4 (ng\ml) 18.28+0.902 13.54+0.82°¢ 13.82+0.50°¢ 14.11+0.29°¢ 15.83+0.60°" *k
Corticosterone (mol/L) 1.66+0.18°° 2.07+0.122 1.82+0.16% 1.68+0.14%¢ 1.52+0.11° >k
HSP70 of Liver 3.3520.20 4.62+0.16° 4,03+0.14° 4.20+0.20° 3.55+0.13°¢ ok

Means having different letters in the same row are significantly (p<0.05) different.
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Table (7): Carcass characteristics as affected by thermo neutral, heat stress and early age of thermal condition in broilers fed diets
supplemented without or with CrPic, at the end of the experimental periods

Heat stress

Groups Thermo-neutral
(Control)

Heat stress 1200 ug Cr/kg | Early age of | Early age of| Sig.

Parameters (Control) thermal thermal
condition condition + 1200
ug Cr /kg

Carcass % 72.38+2.82 69.84+1.26 70.13+£2.48 70.02+2.85 72.15+3.18 NS
Giblets % 4.18+0.76 4.82+0.14 4.66+0.26 4.42+0.53 4.32+0.45 NS
Abdominal fat % 1.82+0.21° 2.90+0.172 2.530.18% 2.31+0.22%¢ 2.18+0.18° *

o1 Means having different letters in the same row are significantly (p<0.05) different.

9/
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H Rectal temperature

4190

Figure (1): Rectal temperature of broiler chicks as affected by thermo neutral, heat stress and
heat shock in broilers fed diets supplemented without or with CrPic, at the end of experimental
periods
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Figure (2): Respiratory rate of broiler chicks as affected by thermo neutral, heat stress and heat
shock in broilers fed diets supplemented without or with CrPic,at the end of experimental periods

S77



W. Ezzat et al.

REFERENCES

Ahmed, Nagwa, A.; Amal, M. Hassan;
Mehaisen, G. M. K.; and Emam, K. R. S.,
2012. Effect of using heat shock programs
on thermoregulation responses and
performance of laying hens under desert
conditions. Egypt. Poult. Sci., 32(4): 777-
790.

Al-Aqil, A.; and Zulkifli, 1., 2009. Changes
in heat shock protein 70 expression and
blood characteristics in transported broiler
chickens as affected by housing and early
age feed restriction. Poult. Sci., 88(7):
1358-64.

Al-Ghamdi, Z. H., 2008. Effects of
commutative heat stress on
immunoresponses in broiler chickens

reared in closed system. Int. J. Poul. Sci.,
7(10): 964-968.

Al-Kotait, A. H. A.; Ezzat, W.; Bealish, A.
M. A.; and Mousa, S. M. M., 2008. Effect
of chromium on some productive and
physiological parameters of Matrouh
laying hens under hot summer season in
Egypt. Egypt. J. Nutr. Feeds, 3: 595-609.

Anderson, R. A., 1995. Chromium, glucose
tolerance diabetes and lipid metabolism.
Am. J. Clin. Nutr., 50: 664-670.

Anderson, R. A.; Polansky, M. P.; Bryden,
N. A; and Canary, J. J.,, 1991
Supplemental  chromium  effects on
glucose, insulin, glucagons, and urinary
chromium losses insubjects consuming
controlled low chromium diets. Am. J.
Clin., Nutr., 54: 909-916.

Askar, A. A.; El-Hindawy, M. M.; Sonbol,
S. M.; and EI-Kholy, M. S., 2008. Effect
of ambient temperature and some dietary
supplementations on some physiological
traits of laying Japanese quail. J. Agric. Sci.
Mansoura Univ., 33:75-87.

Bahrami, A.; Moeini, M. M.; Ghazi, S. H.;
and Targhibi, M. R., 2012. The effect of
different levels of organic and inorganic

578

chromium supplementation on immune
function of broiler chicken under heat-
stress conditions. J. Appl. Poult. Res., 21:
209-215.

Borges, S. A.; da Silva, A. V. F.; and
Maiorka, A., 2007. Acid-base balance in
broilers. World's Poult. Sci. J., 63: 73-81.

Borges, S. A.; Fischer da Silva, A. V.
Majorka, A.; Hooge, D. M.; and
Cummings, K. R., 2004. Physiological
responses of broiler chickens to heat stress
and dietary electrolyte balance (sodium
plus potassium minus chloride,
milliequivalents per kilogram). Poult. Sci.,
83: 1551-1558.

Clark, P.; Boardman, W.; and Raidal, S.,
2009. Atlas of clinical avian hematology.
John Wiley and Sons.

Duncan, D. B., 1955. Multiple range and
multiple F tests. Biometrics. 11: 1-42.

Ebrahimzadeh, S. K.; Farhoomand, P.;
and Noori, K., 2012. Immune response of
broiler chickens fed diets supplemented
with  different level of chromium
methionine under heat stress conditions.
Asian- Aust. J. Anim. Sci., 25: 256-260.

El-Sayed, M. A.; Wakwak, M. M.; and
Abu-Taleb, A. M., 2010. Effect of
potassium chloride, vitamin "E" and some
amino acids supplementation in feed on
some physiological parameters of broiler
under heat stress conditions. Isotope &
Rad. Res., 42(1): 77-93.

El-Tantawy, S. M. T.; Khalifa, H. H.; A.
Nagwa; and Dawoud, A. M., 1998. Effect
of season, dietary Nacl and heat
acclimation on performance and carcass
quality of broiler chickens. Egypt. J. Anim.
Prod. 35: 141-155.



Broilers - Heat Stress - Heat shock — Chromium - Growth performance - Blood parameters.

Evans, G. W., 1989. The effect of chromium
picolinate on insulin controlled parameters
in human. Int. J. Bioplus. Med. Res., 11:
163-180.

Faria Filho, D. E.; Rosa, P. S.; Figueiredo,
D. F.; Dahlke, F.; Macari, M.; and
Furlan, R. L., 2006. Low-protein diets on
broilers performance rearedunder different
temperatures. Pesqui Agropecu Bras., 41:
101-106.

Gao, J.; Zhang,H.J.; Yu,S.H.; Wu,S.G;
Yoon, I.; Quigley, J.; Gao, Y.P.; and
Qi, G. H., 2008. Effects of yeast culture in
broiler diets. Poult. Sci., 87: 1377-1384.

Garriga, C. R. R.; Hunter, C.; Amat, J. M.;
Planas, M. A. M.; and Moreto, M., 2006.
Heat stress increases apical glucose
transport in the chicken jejunum. Anim. J.
Physiol., 290: 195- 201.

Ghazi, S. H.; Habibian, M.; Moeini, M. M.;
and Abdo El-mohammadi, A. R., 2012.
Effects of different levels of organic and
inorganic chromium on growth
performance and immuno- competence of
broilers under heat stress. Biol. Trace Elem.
Res., 146: 309-317.

Gross, W. B.; and Siegel, H. S., 1983.
Evaluation of heterophil/lymphocyte ratio
as a measure of stress in chickens. Avian
Dis., 27: 972-979.

Guerreiro, E. N.; Giachetto, P. F.; Givisiez,
P. E. N.; Ferro, J. A.; Ferro, M. I. T,;
Gabriel, J. E.; Furlan, R. L.; and
Macari, M., 2004. Brain and hepatic hsp70
protein levels in heat acclimated broiler
chickens during heat stress. Rev. Bras.
Cienc. Avic., 6: 201-206.

Gursu, M. F.; Onderci, M.; Gulcu, F.; and
Sahin, K., 2004. Effects of vitamin C and
folic acid supplementation on serum
paraoxonase activity and metabolites
induced by heat stress in vivo. Nutr. Res.,
24: 157-164.

Habibian, M.; Ghazi, S.; Moeini, M. M.;
and Abdolmohammadi, A., 2013. Effects

579

of dietary selenium and vitamin E on
immune response and biological blood
parameters of broilers reared under
thermoneutral or heat stress conditions. Int.
J. Biometeorol., 5: 1426-1437.

Hosseini-Vashan, S. J.; Golian, A.; and
Yaghobfar, A., 2016. Growth, immune,
antioxidant, and bone responses of heat
stress-exposed  broilers  fed  diets
supplemented with tomato pomace. Int. J.
Biometeorol., 60: 1183-1192.

Ibrahim, K. A., 2005. Effects of dietary
chromium supplementation on growth
performance, carcass characteristics and
some blood parameters of broilers. Egypt.
Poult. Sci., 25: 167-185.

Koelkebeck, K. W.; and Odom, T. W., 1995.
Laying hen responses to acute heat stress
and carbon dioxide supplementation: II.
Changes in plasma enzymes, metabolites
and electrolytes. Comp. Biochem. Physiol.,
112(1): 119-122.

Komorowski, J. R.; Dela Harpe, J.; Cefalu,
W. T.; Zhang, Z. H.; Wang, Z. Q.; and
Greenberg, D., 2001. LA-cp rats show
improved lipid profiles in response to diets
containing chromium picolinate and biotin,
Appetite, 36: 230-233.

Lagana, C.; Ribeiro, A. M.; Kessler, A. M.;
Kratz, L. R.; and Pinheiro, C. C., 2007.
Effects of the reduction of dietary heat
increment on the performance« carcass
yield, and diet digestibility of broilers
submitted to heat stress. Braz. J. Poult.
Sci., 9: 45-51.

Lee, D. N.; Wu, F. Y.; Cheng, Y. H.; Lin,
R. S.; and Wu, P. C. 2003. Effect of
dietary chromium picolinate
supplementation on growth performance
and immune responses of broilers. Asian-
Aust. J. Anim. Sci., 16: 227-233.

Lien, T. F.; Yang, K. H.; and Lin, K. J.,
2005. Effect of chromium propionate
supplementation on growth performance,
serum traits and immune response in



W. Ezzat et al.

weaned pigs. Asian-Aust. J. Anim. Sci., 18:
403- 408.

Lin, H.; Du, R.; Gu, X. H.; Li, F. C.; and
Zhang, Z. Y. 2000. A study on the plasma

biochemical indices of heat-stressed
broilers. Asian-Aust. J. Anim. Sci., 13:
1210-1218.

Linder, M. C., 1991. Nutrition and

metabolism of the trace elements. In:
Linder MC, editor. Nutritional
biochemistry and metabolism with clinical
applications. New York USA: Elsevier.

Malheiros, R. D.; Moraes, V. M. B.; Collin,
A.; Decuypere, E.; and Buyse, J., 2003.
Feed diet selection by broilers as influenced
by dietary macronutrient ratio and
corticosterone  supplementation.  Diet
selection, organ weights and plasma
metabolites. Poult. Sci., 82: 123-131.

Marchini, C. F. P.; Silva, P. L.; Nascimento,
M. R. B. N.; Beletti, M. E.; Guimaraes«
E. C.; and Soares, H. L. 2009. Intestinal
morphometry of the duodenal mucosa in
broiler chickens underwent to high cyclic
environment temperature. Arg. Bras. Med.
Vet. Zoo., 61: 491-497.

Maxwell, M.; and Robertson, G., 1998. UK
survey of broiler ascites and sudden death
syndrome in 1993. Br. Poult. Sci., 39: 203-
215.

Mertz, W., 1993. Chromium in human
nutrition: A review. J. Nutr. 123:626.
National Academy Press, Washington.
D.C.

Moeini, M. M.; Bahrami, A.; Ghazi, S.; and
Targhibi, M. R., 2011. The effect of
different levels of organic and inorganic
chromium supplementation on production
performance, carcass traits and some blood
parameters of broiler chicken under heat
stress condition. Biol. Trace Elem.
Res.,144: 715-724.

Mohammed, H.; El-Sayed, M. B.; Abd ElI-
Razik, M. W.; Ali, M. A.; and Abd ElI-
Aziz, R. M., 2014. The influence of

580

chromium sources on growth performance,
economic efficiency, some maintenance
behaviour, blood metabolites and carcass
traits in broiler chickens. Glob. Vet., 12(5):
599-605.

Morsy, A. S., 2013. Effect of heat shock
exposure on the physiological responses
and semen quality of male chickens under
heat stress conditions. Egypt. Poult. Sci.,
33(1): 143-161.

Nadia, M. A., 2003. A study of some
physiological, productive and reproductive
parameters of Japanese quail under stress
condition. PhD. Thesis, Department of
poultry production. Faculty of Agriculture,
El- Fayoum. Cairo University.

Naseem, M. T.; Shamoon Naseem, M.
Younus; Zafar Igbal Ch.; Aamir
Ghafoor; Asim Aslam; and Akhter, S.,
2005. Effect of potassium chloride and
sodium bicarbonate supplementation on
thermotolerance of broilers exposed to hot
climate. Int. J. Poult. Sci., 4: 891-895.

National Research Council, NRC. 1994,
Nutrient requirements of Poult. 9" Ed.
Washington, National Academy Press.

Norain, T. M.; Ismail, 1.B.; Abdoun, K. A.
and Al-Haidary, A. A., 2013. Dietary
inclusion of chromium to improve growth
performance and immune-competence of
broilers under heat stress. Ital. J. Anim.
Sci., 12: 4, e92.

Ogle, C. K.; Valente, J. F.; Guo, X.; LI, B.
G.; Ogle, J. D.; and Alexander, J. W.,

1997. Thermal injury induces the
development of inflammatory
macrophages from nonadherent bone

marrow cells. Inflammation, 21: 569-582.

Okela, P. O.; Carr, L. E.; Harrison, P. C.;
Gouglass, L.W.; Byrd, V. E.; Wabeck, C.
W.; and Schreuders, P. D., 2003.
Effectiveness of novel methods to reduce
hot climate in broilers: Chilled and
carbonated drinking water. Am. Soc. Agric.
Eng., 46: 453 — 460.



Broilers - Heat Stress - Heat shock — Chromium - Growth performance - Blood parameters.

Pelicano, E. R. L.; Bernal, F. E. M.; Furlan,
R. L.; Malheiros, E. B.; and Macaric M.,
2005. Effect of environmental temperature
and protein or energy restriction on body
weight gain and broiler chicken bone
growth. Arg. Bras. Med. Vet. Zoo., 57:
353-360.

Preuss, H. G.; Grojec, P. L.; Lieberman, S.;
and Anderson, R. A., 1997. Effect of
different chromium compounds on blood
pressure and lipid peroxidation in
spontaneously hypertensive rats. Clin.
Nephrol., 47: 25-30.

Rajkumar, U.; Vinoth, A.; Shanmugam,
M.; Rajaravindra, K. S.; and Rama rao,
S. V., 2015. Effect of embryonic thermal
exposure on heat shock proteins (HSPS)
gene  expression and serum T3
concentration in two broiler populations.
Anim. Biotech., 26: 260-267.

Ramnath, V.; Rekha, P. S.; and Sujatha, K.
S., 2008. Amelioration of heat stress
induced disturbances of antioxidant
defense system in chicken by Brahma
rasayana. ECAM, 5(1): 77-84.

Sahin, K.; Kucuk, O.; Sahin, N.; and
Ozbey, O., 2001. Effects of dietary
chromium picolinate supplementation on
egg production, egg quality, and serum
concentrations of insulin, corticostrerone
and some metabolites of Japanese quails.
Nutr. Res., 21: 1315-1321.

Sahin, K.; Sahin, N.; Onderci, M.; Gursu,
F.; and Cikim, G., 2002a. Optimal dietary
concentration of chromium for alleviating
the effect of heat stress on growth, carcass
qualities, and some serum metabolites of
broiler chickens. Biol. Trace Elem. Res.,
89: 53-64.

Sahin, k.; Ozbey, O.; Onderci, M.; Cikim,
G.; and Aysondu, M. H., 2002b.
Chromium supplementation can alleviate
negative effects of heat stress on egg
production, egg quality and some serum

581

metabolites of laying Japanese quail. J.
Nutr., 132: 1265-1268.

Sahin, K.; Sahin, N.; Onderci, M.; Gursu,
F.; and Cikim, G.; 2003. Optimal dietary
concentration of chromium for alleviating
the effect of heat stress on growth, carcass
qualities and some serum metabolites of
broiler chickens. Biol. Trace Elem. Res.,
89(1): 53-64.

Sahin, K.; Sahin, N.; Kucuk, O.; Hayirli,
A.; and Prasad, A., 2009. Role of dietary
zinc in heat-stressed poultry: A review.
Poult. Sci., 88(10): 2176-2183.

Sahin, K.; Orhan, C.; Akdemir, F.; Tuzcu,
M.; Ali, S.; and Sahin N., 2011. Tomato
powder supplementation activates Nrf-2
via ERK/Akt signaling pathway and
attenuates heat stress-related responses
in quails. Anim. Feed Sci. Technol., 165:
230-237.

SAS Institute, 2005. User’s Guide. Statistics.
Version 9.1. SAS Institute, Inc., Cary, NC,
USA.

Seliem, M. M. E., 2011. Effect of harmal
seeds on heat stresschickens. J. Am. Sci.,
7(12): 606-612.

SevenP. T.;YilmazS.; Seven I.; Cerci |. H.;
Azman M. A.; and Yilmaz M., 20009.
Effects of propolis on selected blood
indicators and antioxidant  enzyme
activities in broilers under heat stress. Acta
Vet. Brno., 78: 75-83.

Siegel, H. S., 1995. Stress strains and
resistance. Br. Poult. Sci., 36: 3-24.

Staib, J. C.; Quindry, J. C.; French, J. P.;
Criswell, D. S.; and Powers, S. K., 2007.
Increased temperature, not cardiac load,
activates heat shock transcription factor 1
and heat shock protein 72 expression in the
heart. Am. J. Physiol. Regul. Integr. Comp.
Physiol., 292: 432-439.

Steele, N. C.; and Rosebrough, W., 1981.
Effect of trivalent chromium on hepatic
lipogenesis by the turkey Poultry. Poul.
Sci., 60: 617-622.



W. Ezzat et al.

Tang, J.; and Chen, J., 2016. The protective
effect of y-aminobutyric acid on the
development of immune function in
chickens under heat stress. J. Anim.
Physiol. Anim. Nutri., 768-777.

Tao, X.; Zhang, Z. Y.; Dong, H.; Zhang, H.;
and Xin, H., 2006. Responses of thyroid
hormones of market-size broilers to
thermoneutral constant and warm cyclic
temperatures. Poult. Sci., 85: 1520-1528.

Tawfeek, S. S.; Abdella, K. M.; and
Youssef, I. M., 2014. The effect of dietary
supplementation of some antioxidants on
performance, oxidative stress and blood
parameters in broilers under natural
summer condition. J. World's Poult. Res.,
4(1): 10-14.

Toghyani, M.; Zarkesh, S.; Shivazad, M.;
and Gheisari, A., 2007. Immune
responses of broiler chicks fed chromium
picolinate in heat stress condition. J. Poult.
Sci., 44: 330-334.

Uyanik, F.; Atasever, A.; Ozdamar, S.; and
Aydin, F., 2002. Effects of dietary
chromium chloride supplementation on
performance, some serum parameter, and
immune response in broilers . Boil. Trace
Elme. Res. 90(1-3): 99-115.

Van Handel-Huruska, J. M. ; Wegner, T. N.
and Nordstrom, J. O. 1997. Avian
cardiovascular response following high
environmental temperature acclimation in
Federation proceeding, Federation America
Society of Experimental Biology, 36: 524
(Abstr.).

Vincent, J. B., 2000. The biochemistry of
chromium. J. Poult. Nutr., 130: 715-718.

582

Yahav, S.; and McMurty, J. P., 2001.
Thermotolerance acquisition in broiler
chickens by temperature condition early in
life—the effect of timing and ambient
temperature. Poult. Sci., 80: 1662-1666.

Yal¢in, S.; Bruggeman, V.; Buyse, J.;
Decuypere, E.; Cabuk, M.; and Siegel, P.
B., 2009. Acclimation to heat during
incubation: 4. Blood hormones and
metabolites in broilers exposed to daily
high temperatures. Poult. Sci., 88: 2006—
2013.

Yildiz, A. O.; Parlat, S. S.; and Yazgan, O.,
2004. The effects of organic chromium
supplementation on production traits and
some serum parameters of laying quails.
Revue. Med. Vet., 155: 642-646.

Yu, J.; and Bao, E., 2008. Effects of acute
heat stress on heat shock protein 70 and its
corresponding mRNA expression in the
heart, liver, and kidney of broilers. Asian-
Aust. J. Anim. Sci., 21(8): 1116-1126.

Zulkifli, 1., P. K.; Liewa, D. A.; Israf, A. R.
Omar; and Hair-Bejo, M., 2003. Effects
of early age feed restriction and heat
condition on heterophil to lymphocyte
ratios, heat shock protein 70 expression and
body temperature of heat-stressed broiler
chickens. J. Therm. Biol., 28: 217-222.



Broilers - Heat Stress - Heat shock — Chromium - Growth performance - Blood parameters.

‘#Jﬂ\ gdlall
4 ) Al dasall cilis g g A liall Llaiul) S a g2 980 Gl g8 dlida) L
oAl Agal) dighh cal fpandl) zlad
5155 dana dana sina fay K A el pla ) €3 dana daal (e daaf Gilgn) (e da g
nae 6 ¢ Al e 3l Cpadl S e ¢l a2l pas dgas

e il Cpanll ladl Sue e b ol all Gl 5 ool pall dleay) Ll e Gopaill LI Al da Caagd
AlaiaY) S5 Lo 33U 83 soad) ALaiSl Clioall 5 A s) gausdll Jal gall Gimn s saill elal e oy SO s o o die
Copanll CLSUS 8 Aa gl ailiad 5 4y ) jal) desall iy 0y e liall

e sana 5 A Tl slie Lom 55 s Rane )l s B asy sae )b &5 G Opand SIS 300 (s
IS oY) Alebaad) jendl (o Lagy 42-1 (e 8oma JSU (Lehe JST SIS 20) 220 (IS5 el ) e 3 e A o
%65 i 4 gha ) 5 (5°33) gl aleadl Lia gy Cacn yod 2N 5 3300 Alaladl) Ll (p°25) Apanha oyl A5G ja g
dag) ) Aleladl g o A0 Alebeall dile aaS/iid S a5 S al ya s Se 1200 &) o35 ¢ paill i@ JMA
G ol 35S0 e (8 (oAl il ) il R (2°33) ol Sleadl Loa g i yad Andll
O o soloal) Casill Ay Jad dusalal) Alalaall Ao aanS/cilil s g S bl o g )Sae 1200 A8lia] 55 ¢ nll
(6°33) o)Al slga¥) s sk s 55 O () Asalad) g dal Ll Clelaall Csle jSae

lazd) a4l ajh)l\}eu;l\ u)}@d)-\uua\h-" @g_uu.ang\);j\ Agal! u\ ledle Jianiall Lul\ u)@_k\}
Vg siadll LAY 5 celiaud) aall UDIA 5 colyanll adll LA copmsla sasell 3 5is ¢ Alall sl JALW J Sl
)38 5165 s g 3 5 ¢S sl (ym s (s 5y 5 Ayl A sl Comtll gl o 5 b i 8alimall lsa¥) 5 5 (VL)
(all oy g g sz gl g KU i gl 5 (M e liall Gl g slall 5 G oo liall il sas slall 5 535 ((HON2)
Janas G5l Jonad 4 gina 830 55 (S gl 5 0 s sl (515 G 5a % 5 «<SOD, GPX 3208Y) il 5 (A3
oaidiall el G nll s s il sSU 5 5S sladl ¢l g yia () A sliaall) LA 25 ¢l s i %5 il
QI 8 4l el Asaall Glisi g s (TAOC 328V alias (5000 ) 8SI 5 QI gaall g 4K ) saall (43U
5,08 il ppandill Zadal o g KU Ailia) (8 Il gy Gancl) CuSUST Apalall 31 sl gyl aa 4 Eally el (5825
Alle anS /i S a5 KU/ ol a5 Se 1200 Al o llal) maliil) 55 3 lall JEY e38 (ge paall (s e
Ol zlas ool e (g ) pall dgadl s Ll JEY) e calaall duubiall 5kl aal 8

583



