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Abstract:
BACKGROUND: Heat stress is one of the most important envi-

ronmental stressors challenging poultry production worldwide. 
Understanding and controlling environmental stressors is cru-
cial for successful poultry production. OBJECTIVES: The aim 
of the present study was to investigate the effects of melatonin 
supplementation and darkness regime on reducing the negative 
effects of heat stress in broiler chickens. METHODS: A total of 
400 broiler chickens (Arian) were obtained and subjected to 
four different groups. The control chickens were grown in nor-
mal conditions without receiving any treatment. The positive 
control birds were grown similar to the control but exposed 
to an acute heat stress for 6 h/d from days 35 to 40. The dark 
group chickens were reared under a dark schedule and exposed 
to heat stress. The birds of the fourth group were reared similar 
to the positive control but received 40 ppm melatonin in the 
diet from days 30 to 40 of age. Dead birds were autopsied. The 
weekly growth performance of chickens was determined and 
blood samples were taken for hormonal analysis. RESULTS: The 
number of dead birds due to heat stress was significantly de-
creased in chickens subjected to the dark program and/or those 
which received melatonin in the diet compared with those of 
positive control chickens. Such differences were accompa-
nied with the significantly lower levels of plasma T3, T3/T4 
and corticosterone in these groups of chickens. Additionally, 
plasma thiobarbituric acid reacting substances level was sig-
nificantly higher in positive control broilers compared to their 
counterparts. CONCLUSIONS: Our findings indicate a reduction 
of metabolic rate and heat production in dark regime and mel-
atonin supplementation that can reduce the side effects of heat 
stress and, therefore, reduce the mortality rate.

Key words:
broiler chickens, corticosterone,  
heat stress, melatonin, T3/T4 

Correspondence
Hassanzadeh, M.
Department of Avian Diseases, 
Faculty of Veterinary Medicine, 
University of Tehran, Iran
Tel: +98(21) 61117150
Fax: +98(21) 66933222
Email: mhzadeh@ut.ac.ir

Received: 20 October 2015
Accepted: 23 December 2015

Introduction

Genetic selection for a faster growth rate in 

broiler chickens has predisposed them to phys-
iological and metabolic disorders resulting in 
more sensitivity to harsh environmental con-
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ditions including heat stress. Within the ther-
moneutral zone, the body temperature of birds 
is maintained by thermal equation. Heat stress 
occurs when ambient temperature goes above 
the thermoneutral zone which is between 18 to 
22°C for grown broilers (Charles, 2002). 

As a consequence of environmental tem-
perature increment, the extra heat could be 
lost by evaporating the moisture of the respi-
ratory tract through increased respiration rate 
or panting. In contrast, carbon dioxide would 
be lost during panting and the bicarbonate buf-
fer system would lower the concentration of 
hydrogen ions, developing a condition known 
as respiratory alkalosis (Calder and Schmidt-
Neilsen, 1967). During the respiratory alka-
losis, the shift in blood pH increasingly de-
presses the feed intake and adversely affects 
the overall performance and also health of the 
birds (Ahmad and Sarwar, 2006). The exces-
sive levels of reactive oxygen forms can be 
stimulated by stressful situations, e.g., heat 
stress and clinical conditions (Lara and Ros-
tagno, 2013; Dröge, 2002). These result in the 
disturbance of balance between the oxidation 
and antioxidant defense systems, causing lip-
id peroxidation and oxidative damages to cell 
membranes, proteins, and DNA (Halliwell and 
Gutteridg, 1989). This could lead to higher 
mortality in chickens (Naughton et al., 2002; 
Gharib et al., 2008).

Hormonal changes occur in broilers under 
heat stress conditions and the stress responses 
in poultry are excited mainly by the activation 
of hypothalamic-pituitary-adrenal axis and of 
the nervous system (Ben Nathan et al., 1976). 
Previous studies have indicated that plasma 
triiodothyronine (T3) concentration of heat-
stressed chickens may decrease or remain un-
changed (Yahav and McMurtry, 2001; May et 
al., 1986). One of the mechanisms involved in 
the improved thermotolerance is modulation 
of heat production through changes in circu-
lating T3 (Bowen et al., 1984; Yahav and Hur-
witz, 1996). Lin et al. (2004) pointed a clear 

positive relationship between circulating cor-
ticosterone levels and plasma lipid peroxida-
tion, which is a direct indication of oxidative 
cellular damage in broiler chickens (Iqbal et 
al., 1990).

Melatonin is a neural hormone which is se-
creted mainly by the pineal gland during the 
darkness in chickens as in other animals. This 
hormone is involved in many biological func-
tions including thermoregulation mechanism, 
reproductive and cardiopulmonary systems, 
and behaviors of birds (Apeldoorn et al., 1999; 
Ambriz-Tututi et al., 2009). 

Several studies have shown that discontinu-
ous lighting or darkness regime would improve 
the feed conversion rate and decrease the mor-
tality rate of metabolic disorders such as leg 
problems, ascites, and sudden death syndrome 
(Blair et al., 1993; Özkan et al., 2000; Stub and 
Vestegaard, 2001; Sanotra et al., 2002; Has-
sanzadeh et al., 2012, 2014). 

While most researchers have studied the 
physiological and/or metabolic changes in 
heat-stressed birds, only a few of them have 
implemented management activities to control 
heat-stressed mortality by taking the darkness 
regime. Based on these, the aim of the present 
study was to investigate the effects of mela-
tonin supplementation and darkness regime 
on reducing the negative consequences of heat 
stress and its related mortality rate in broiler 
chickens. 

Materials and Methods

A total of 400-day-old fast growing broiler 
chickens (GGP stock of Pure Sir Broiler Line, 
Arian Co., Babolkenar, Iran) were reared un-
der a nearly continuous lighting schedule (23 
L: 1D) until day 9 of age. Thereafter, they were 
randomly divided over four equal-sized rooms 
(6×3 m2), each containing four floor pens (25 
chicks per pen) and housed in a low altitude 
farm 50m above the sea level in the north of 
Iran. The chickens were reared for six weeks 
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on wood shavings under standard conditions 
and provided ad libitum access to water and a 
standard ration (Starter: 2850 kcal/kg metab-
olizable energy and 210 g/kg crude protein, 
Grower: 2950 kcal/kg metabolizable energy 
and 200 g/kg crude protein, Finisher: 3050 
kcal/kg metabolizable energy and 190 g/kg 
crude protein formulated) to meet the require-
ments for broilers (National Research Council, 
1994). In the first room, chickens of the neg-
ative control (ConN) group received 23L:1D 
lighting regime up to the end of the study. The 
positive control (ConP) chickens were grown 
similar to the ConN birds up to 35 days of age, 
but from days 35 to 40, these chickens were 
exposed to an acute heat stress for 6 h/d. Each 
day, the temperature was gradually raised up 
to 38±1°C during the first hour and the de-
gree was kept for the next 5 hours. In the third 
room (Dark), lighting schedules were provided 
as presented in Fig 1. Briefly, the dark-length 
schedules in this group consisted of: 1 to 9 
days, 23L:1D; 10 to 11 days, 20L:4D; 12 to 13 
days, 19L:5D; 14 to 31 days, 18L:6D; 32 to 33 
days, 19L:5D; 34 to 35 days, 20L:4D;  36 to 41 
days, 21L:3D and 41 to 42 days, 23L:1D. The 
birds of the fourth group (Melat) were reared 
similar to the ConN up to the 30th day, but they 
received 40 ppm melatonin (Vitane pharma-
ceutical) in the diet (Apeldoorn et al., 1999) 
from days 30 to 40 of age.  In this study, chick-
ens of the Dark and Melat groups were also 
exposed to an acute heat stress simultaneously 
in similar conditions, as already explained for 
ConP birds. The body weight, feed intake, and 
feed conversion ratios (FCR) were measured 
weekly and the mortality rate was recorded 
daily for each group separately. Blood samples 
of 10 birds from each group of chickens were 
randomly taken on days 10, 20, 30, 35, 38 and 
42 of age in heparinized tubes.  The plasma 
was separated and stored in aliquots at -20°C 
for further analysis.

The plasma samples were sent to the De-
partment of Biosystems, Catholic University 

Leuven, Belgium, for determining the levels 
of thyroid hormones (T3, T4), corticosterone, 
and thiobarbituric acid reacting substances 
(TBARS). Thyroid hormones and corticoste-
rone levels were measured by radioimmunoas-
say according to the method described earlier 
(Decuypere et al., 1983, 1994; Hassanzadeh et 
al. 2004). 

Plasma lipid peroxidation was estimat-
ed by the spectrophotometric determination 
of TBARS as reported by Lin et al. (2006). 
TBARS were expressed as nanomoles of 
malondialdehyde (MDA) per milliliter of plas-
ma. 

Statistical analysis was performed using the 
‘‘General linear model procedure’’ (SAS Insti-
tute Inc., 2008). If a significant overall effect 
(p<0.05) was found, treatment means were 
compared using the Scheffe test. 

Results

The total number of dead birds due to acute 
heat stress, mean body weight, the feed intake, 
and FCR of the different groups of treated 
birds are summarized in Table 1. 

During the 6 weeks of the experiment, 28 
(7%) of 400 chickens died (Table 1). Of these, 
19 (4.8%) died due to acute heat stress from 
days 35 to 41 of age . While the other 9 (2.3%) 
dead birds observed over the first 5 weeks of 
the growing period were due to neonatal in-
fections (3 birds), arthritis (2 birds), sudden 
death syndrome (1 bird) and ascites (3 birds). 
Between days 35 to 41 of the study, 10 of 100 
birds (10%) which have been reared under 
ConP program died due to heat stress, while 
the rate of heat-stressed mortality declined un-
der the dark condition (5/100 birds) and also 
when 40 mg melatonin was supplied in the diet 
(4,100 birds). 

Imposing birds to the dark conditions re-
duced the absolute body weight of chickens 
compared to the other three groups of birds at 
days 14 onwards but the difference was only 
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significant at day 35 (p<0.001) of age. Mean-
while, melatonin and short period exposure to 
heating stress had no significant effects on the 

body weight of chickens (Table 1). Restrict-
ing lighting programs and melatonin had also 
no significant effects on feed intake or feed 
conversion ratios in all ages. However, feed 
consumption of dark-reared group chickens 
tended to be lower from day 14 on, but no sig-
nificant influence was seen. 

At days 30 and 35 of age, mean plasma T3 
levels of Dark-reared birds were significantly 
(p<0.0001) lower than the ConN, ConP, and 
Melat groups. From day 35 onward, plasma 
T3 concentrations of ConP and Melat groups 
declined. Therefore, the T3 levels of these 
two groups of chickens were the same as the 
darkness regime birds and were significantly 
(p<0.0001) lower compared with the ConN at 
day 38 of age. Also on day 42, no significant 
difference was observed between the T3 levels 

Heat stress in broiler chickens Hassanzadeh, M.

Figure 1. The duration of darkness regime, melatonin and heart stress treatments in experiment.

Figure 2. Effects of melatonin supplementation, darkness regime and acute heat stress on plasma T3. (ng/ml) concentrations and T3/
T4 ratios. ConN               ConP               Dark               Melat

Figure 1. Effects of melatonin supplementation, darkness re-
gime and acute heat stress on plasma corticosterone (ng/ml) 
concentration. ConN               ConP               Dark               
Melat
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of the four groups (Fig. 2).
The results of T3/T4 ratios were almost sim-

ilar to the T3 levels. Dark-reared birds showed 
significantly lower T3/T4 ratios than the oth-
er three groups on days 30 (p<0.01) and 35 
(p<0.001) of age. On day 38, acute heat stress, 
dark exposure, and melatonin supplementation 
significantly (p<0.0001) decreased T3/T4 ra-
tios compared to the control birds. No signifi-
cant difference was pronounced among the T3/
T4 ratios of the different groups at the end of 
the study (Fig. 2).  

As shown in Fig. 3, no significant differ-
ences were found between the corticosterone 
values of chickens between the four groups 
in the first 30 days of the growing period, 
but melatonin-treated birds had significantly 

(p<0.0001) lower plasma corticosterone levels 
at day 35 of age. At day 42 of age, Dark-reared 
chickens showed significantly (p<0.005) low-
er plasma corticosterone levels compared to 
the other three group chickens, 

Darkness and melatonin had no significant 
effects on plasma TBARS in the current study. 
However, exposure to heat stress had a signif-
icant (p<0.05) influence on plasma TBARS 
levels, only at day 38 of age. At this age, 
the plasma TBARS level was significantly 
(p<0.05) higher in ConP broilers compared to 
their counterparts (Table 2). 

Discussion 

Heat stress causes a series of physiologi-

Hassanzadeh, M.

Table 1. Effects of melatonin supplementation and darkness regime on body weight (BW), feed intake (FI) and FCR of broiler 
chickens and the number of dead birds due to acute heat stress. (*) number of dead birds to 100 birds. Within rows in each age, means 
with no common superscripts are significantly different (p<0.05).

Parameters/ age ConN ConP Dark Melat p- Values
Dead /total birds* 0/100 10/100 5/100 4/100 -
BW (g)    Day 14 388 ± 4 368 ± 8 362 ± 9 383 ± 6 NS

Day 28 1184 ± 13 1210 ± 34 1167 ± 28 1226 ± 23 NS
Day 35 1853 ± 16a 1842 ± 15a 1765 ± 17b 1859 ± 17a 0.001
Day 42 2275 ± 43 2269 ± 35 2208 ± 37 2264 ± 39 NS

FI (g)      Day 1-14 495 ± 3 494 ± 4 497 ± 3 493 ± 2 NS
Day 14-28 1527 ± 44 1505 ± 29 1478 ± 80 1549 ± 31 NS
Day 28-35 1372 ± 20 1381 ± 88 1291 ± 16 1372 ± 32 NS
Day 35-42 1194 ± 56 1217 ± 69 1177 ± 41 1182 ± 55 NS
Day 1-42 4588 ± 66 4597 ± 46 4443 ± 49 4593 ± 67 NS

FCR       Day 1-14 1.48 ± 0.05 1.61 ± 0.09 1.60 ± 0.08 1.49 ± 0.12 NS
Day 14-28 1.91 ± 0.11 1.77 ± 0.07 1.83 ± 0.05 1.84 ± 0.06 NS
Day 28-35 2.04 ± 0.05 2.18 ± 0.04 2.16 ± 0.03 2.14 ± 0.07 NS
Day 35-42 2.64 ± 0.21 2.74 ± 0.18 2.65 ± 0.15 2.97 ± 0.18 NS
 Day 1-42 2.06 ± 0.11 2.07 ± 0.13 2.05 ± 0.08 2.07 ± 0.14 NS

Table 2. Effects of melatonin supplementation, darkness regime and acute heat stress on plasma TBARS levels. Within rows in each 
age, means with no common superscripts are significantly different (p<0.05).

Age ConN ConP Dark Melat p-Values
TBARS (nm/L)

          Day 10 2.14 ± 0.26 2.17 ± 0.20 2.10 ± 0.19 2.11 ± 0.25 NS
          Day 20 2.19 ± 0.38 1.99 ± 0.29 1.85 ± 0.12 1.95 ± 0.26 NS
          Day 30 1.53 ± 0.16 1.39 ± 0.11 1.26 ± 0.12 1.46 ± 0.11 NS
          Day 35 1.26 ± 0.11 1.43 ± 0.17 1.52 ± 0.21 1.44 ± 0.13 NS
          Day 38 1.22 ± 0.05b 1.51 ± 0.09a 1.02 ± 0.06b 1.03 ± 0.08b 0.05
          Day 42 1.25 ± 0.09 1.20 ± 0.10 1.36 ± 0.15 1.27 ± 0.14 NS
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cal and metabolic changes in broiler chickens 
such as elevated body temperature, panting, 
and respiratory alkalosis (Deyhim and Teeter, 
1991). This results in significant direct eco-
nomic losses to the broiler industry due to the 
ruined feed efficiency of the flock and higher 
mortality rate at farm, especially at marketing 
ages (Cooper and Washburn, 1998; Naugh-
ton et al., 2002; Gharib et al., 2008; Kusandi 
and Djulardi, 2011). Data in the current study 
demonstrated that rearing fast growing broil-
er chickens under darkness regime or feeding 
with melatonin-supplemented diets leads to a 
reduction of the mortality rate of broiler chick-
ens when being exposed to acute heat stress. It 
could be explained by different mechanisms. 

Imposing dark schedules reduced the abso-
lute body weight of chickens which coincided 
with a temporary lower tendency in feed intake 
(Table 1). This difference in growth rate results 
in a more concave growth pattern which de-
creased the heat production of the birds (Buyse 
et al., 1994; Buys et al., 1998; Julian, 2005) 
and, consequently, heat-induced mortality 
(Al-Masri, 2010). Such a claim has already 
been made in our previous works on ascites 
syndrome (Buys et al., 1998; Hassanzadeh et 
al., 2000, 2003, 2005, 2012, 2014), namely 
that limiting the number of hours of daily light 
would slightly slow the growth rate, especially 
at an earlier age. It also reduces the activity of 
birds that requires additional oxygen. Hence, it 
would diminish metabolic demands and extra 
heat production which predisposes chickens 
to develop metabolic disorders (Julian, 2005; 
Hassanzadeh et al., 2012, 2014).

It is well known that thyroid hormones play 
crucial roles in thermoregulation in avian 
species, and plasma T3 levels are positively 
correlated with heat production (Buyse et al., 
1992; Decuypere and Kühn, 1984, 1988). It is 
an indicator for the metabolic demand acceler-
ation of the basal metabolic rate by causing an 
increase in the mitochondria mass, mitochon-
dria cytochrome content, and respiratory rate 

(Decuypere and Kühn, 1984; Hassanzadeh et 
al., 2014). In the current study, the decrease 
of acute heat-induced mortality was accom-
panied with the diminished T3 and T3/T4 lev-
els at days 30, 35, and 38 of age, in chickens 
reared under the dark regime (Fig. 1). These 
are again strengthening the view that a lower 
metabolic rate had a positive correlation on the 
side effects of heat-stressed birds. Such an idea 
is supported by the earlier hypothesis (Apel-
doorn et al., 1999; Abbas et al., 2007; Gharib 
et al., 2008) which stated that restricting light 
schedules is triggered for heat tolerance, ther-
moregulation, and hence, health of chickens.

Many biochemical reactions increase with 
high temperature; it is, thus, very likely that 
elevated body temperature, in heat stress con-
ditions, would enhance the generation of free 
radicals via accelerated metabolic reactions in 
cells and tissues. Lin et al. (2000) suggested that 
the increased generation of oxygen-free radi-
cals and cytotoxicity of oxidants may mediate 
in part, heat-induced cellular damage through 
the lipid peroxidation. In contrast, melatonin, 
a pineal gland-derived hormone, plays an im-
portant role in the antioxidant defense system 
(Pieri et al., 1994; Barlow-Walden et al., 1995) 
and has an effective free-radical-scavenging 
activity (Ozturk et al., 2002). An additional 
mechanism that could be claimed to be effec-
tive in controlling the disadvantages of heat 
stress is the melatonin treatment of chickens.

Siegel (1995) reported that elevation of 
plasma corticosterone levels is recognized as 
an indicator of stress in avian species. Ben Na-
than et al. (1976) have argued that exposure 
to high environmental temperatures will acti-
vate the hypothalamo-pituitary-adrenal-axis in 
chickens that culminates in increased plasma 
corticosterone levels. Our data showed that the 
broiler chickens exposed to acute heat stress 
but fed with a melatonin-supplemented diet 
(35 d) or reared under the dark program (42 d) 
had significantly lower plasma corticosterone 
levels than the ConP group chickens (Fig. 3). 

Heat stress in broiler chickens Hassanzadeh, M.
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Based on this phenomenon, it is reasonable to 
hypothesize that these two groups of birds had 
less difficulty to cope with high environmental 
temperature and had better tolerance, resulting 
in numerically reduced dead birds. There is 
also evidence that melatonin is able to modu-
late stress at both central and peripheral levels 
by exerting its inhibitory role in the hypothal-
amo-pituitaryadrenal axis of chickens and by 
suppressing hypothalamic gene expression of 
proopiomelanocortin that encodes ACTH (De-
cuypere et al., 1989; Rasmussen et al., 2003). 
The mechanisms might be involved in the cur-
rent study, since in both Dark and Melat groups 
heat-induced mortality decrement was accom-
panied with a significant decrease of plasma 
corticosterone levels. 

A significant elevation of plasma TBARS 
concentrations observed in ConP but not in 
the other chicken groups on day 38 of age (Ta-
ble 2), is included in the studies of Lin et al. 
(2000) and Mahmoud and Edens (2003), since 
plasma lipid peroxidation is estimated by de-
termining plasma TBARS (Lin et al., 2004ab). 
These results proved a disturbance of the equi-
librium between the generation and reduc-
tion of oxidants that was led to increase lipid 
peroxidation in ConP birds compared to their 
counterparts. In contrast, it also means that a 
positive correlation might exist between dark 
and melatonin treatments with lipid peroxida-
tion in heat-stressed chickens. 

Plasma T3 levels of ConP chickens was sig-
nificantly lower than the ConN chickens on 
day 38 of age (Fig. 2), and this is supported by 
previous studies which have reported that T3 
concentrations consistently decrease in high 
temperature conditions (Geraert et al., 1996; 
Star et al., 2008). It appears that high tempera-
ture conditions improve thermotolerance by 
enhancing the ability to reduce T3 concentra-
tion followed by reducing the heat production 
of birds (Bowen et al., 1984; Yahav and Hur-
witz, 1996). 

Overall, no significant effect of melatonin 

on absolute body weight, feed intake, or feed 
consumption ratios of chickens was observed 
throughout the study which is confirmed by 
Apeldoorn et al. (1999) and Brennan et al. 
(2002). However, it is inconsistent with the 
previous reports (Osei et al., 1989; Clark and 
Classen, 1995) and such differences could be 
due to the age of birds and/or the duration of 
melatonin use. 

Significant negative effects of high ambi-
ent temperature on the growth performance 
of poultry have been widely reported (Cooper 
and Washburn, 1998; Sahin et al., 2003; Abbas 
et al., 2007). However, such results were not 
observed in our study. Thus, differences were 
most probably due to the method and the du-
ration of heat exposure to the chickens. In the 
current study, acute heat stress has been applied 
for a few hours in the last days of the growing 
period. Therefore, we observed more acute 
stress responses, e.g., mortality and hormonal 
changes when compared with the chronic heat 
stress response, e.g., the ruined feed efficiency 
of birds.

Many authors have reported that the change 
of continuous to restricted lighting schedule is 
followed by initial growth depression. This de-
pression is, however, followed by a period of 
compensatory growth in a way that the birds 
reared in alternative light reached almost the 
same final body weight at the marketing age, 
as those reared in continuous light (Classen et 
al., 1991; Buyse et al., 1994; Buys et al., 1998; 
Hassanzadeh et al., 2000, 2003, 2012, 2014). 
In the present study, although full compen-
satory growth was not achieved by chickens 
reared under dark conditions compared to their 
counterparts on 42 days of age, the difference 
(60 g) was not statistically significant. It seems 
that occasionally the management activities 
which are usually implemented to control met-
abolic disorders, e.g., heat stress at the farm 
level, are necessary to keep the profitability 
of broiler chicken farming, even by not being 
able to achieve the maximum growth potential 
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of broiler chickens at the marketing age. Addi-
tionally, our data showed that exposing broiler 
chickens to acute heat stress but feeding them 
with a melatonin-supplemented diet or rearing 
them under the dark program has significant-
ly beneficial effects on the hormonal activities 
that are involved in many biological functions 
and the mortality rate of birds. Whether the 
positive effect of the dark regime seen here 
can be attributed to itself or to the secretion of 
melatonin will need further studying.

Acknowledgements

This research was funded by the research 
committee of the University of Tehran, Faculty 
of Veterinary Medicine.

Heat stress in broiler chickens Hassanzadeh, M.

Abbas, A.O., Gehad, A.E., Hendricks, G.L., 
Gharib, H.B.A., Mushily, M.M. (2007) The ef-
fect of lighting program and melatonin on the 
alleviation of the negative impact of heat stress 
on the immune response in broiler chickens. 
Int J Poult Sci. 6: 651- 660.
Ahmad, T., Sarwar, M. (2006) Dietary elec-
trolyte balance: Implications in heat stressed 
broilers. World’s Poult Sci J. 62: 638-653.
Al-Masri, F. (2010) A comparative study on 
the influence of different lighting programs 
and anatomical parameters of cardiopulmo-
nary systems on the incidence of ascites in 
broiler chickens. Ph.D thesis nr 399, Faculty 
of Veterinary Medicine, University of Tehran.
Ambriz-Tututi, M., Rocha-Gonzalez, HI., 
Cruz, S.L., Granados-Soto, V. (2009) Mela-
tonin: a hormone that modulates pain. Life 
Sci. 84: 489-498.
Apeldoorn, E.J., Schrama, J.W., Mashaly, M.M., 
Parmentier, H.K. (1999) Effect of melatonin 
and lighting schedule on energy metabolism 
in broiler chickens. Poult Sci. 78: 223- 229.
Barlow-Walden, L.R., Reiter, R.J., Abe, M., 
Pablos, M., Menendez-Pelaez, A., Chen, L.D. 

1. 

2.

 
3.

 
4. 

5.

 
6. 

References

(1995) Melatonin stimulates brain glutathione 
peroxidase activity. Neurochem Int. 26: 497-
502.
Ben Nathan, D., Heller, E.D., Perek, M. (1976) 
The effect of short heat stress upon leucocyte 
count, plasma corticosterone level, plasma and 
leucocyte ascorbic acid content. Br Poult Sci. 
17: 481-485.
Blair, R., Newberry, R.C., Gardiner, E.E. 
(1993) Effects of lighting pattern and dietary 
tryptophan supplementation on growth and 
mortality in broilers. Poult Sci. 72: 495-502.
Bowen, S.J., Washburn, K.W., Huston, T.M. 
(1984) Involvement of the thyroid gland in the 
response of the young chicken to heat stress. 
Poult Sci. 63: 66-69.
Brennan, C.P., Hendricks III., G.L., El-Sheikh, 
T.M., Mashaly, M. M. (2002) Melatonin and 
the enhancement of immune responses in im-
mature male chickens. Poult Sci. 81: 371-375.
Buys, N., Buyse, J., Hassanzadeh, M., De-
cuypere, E. (1998) Intermittent lighting re-
duces the incidence of ascites in broilers: an 
interaction with protein content of feed on 
performance and the endocrine system. Poult 
Sci. 77: 54-61.
Buyse, J., Decuypere, E., Berghman, L., Ku¨hn,  
R.E., Vandesande, F. (1992) Effect of dietary 
protein content on episotic growth hormone 
secretion and on heat production of male 
broiler chickens. Br Poult Sci. 33: 1101-1109.
Buyse, J., Decuypere, E., Michels, H. (1994) 
intermittent lighting and broiler production. 
1. Effect on female broiler performance. Arch 
fürGefl. 58: 69-74.
Calder, W., Schmidt-Nielsen, K. (1967) Tem-
perature regulation and evaporation in the pi-
geon and the roadrunner. Am J Physiol. 213: 
883-889.
Clark, W.D., Classen, H.L. (1995) The effects 
of continuously or diurnally fed melatonin on 
broiler performance and health. Poult Sci. 74: 
1900-1904.
Classen, H.L., Riddell, C., Robinson, F.E. 
(1991) Effect of increasing photoperiod length 

7. 

8.

9.

10.

11.

12.

13.

14.

15.

16.

7-17



Iranian Journal of Veterinary Medicine

15IJVM (2016), 10 (1):

Hassanzadeh, M.

on performance and health of broiler chick-
ens. Br Poult Sci. 32: 21-29.
Cooper, M.A., Washburn, K.W. (1998) The 
relationships of body temperature to weight 
gain, feed consumption and feed utilization in 
broilers under heat stress. Poult Sci. 77: 237-
242.
Decuypere, E., Kühn, E.R. (1984) Alterations 
in thyroid hormone physiology induced by 
temperature and feeding in newly hatched 
chickens. Acta Physiol. 39: 380-391.
Decuypere, E., Scanes, C.G., Kuhn, E.R. (1983) 
Effects of glucocorticoids on circulating con-
centrations of thyroxine (T

4
) and triiodothy-

ronine (T
3
) and on peripheral monodeiodina-

tion in pre- and post-hatching chickens. Horm 
Metab Res. 15: 233-236.
Decuypere, E., Darras, V.M., Vermijlen, K.   
Kuhn, E.R. (1989) Developmental changes in 
the corticosterone response to corticotrophin 
and in the adrenal corticosterone content of 
rapid and slow growing strains of chickens 
(Gallus domesticus). Br Poult Sci. 30: 699-709.
Decuypere, E., Vega, C., Bartha, T., Buyse, 
J., Zoons, J., Albers, G.A.A. (1994) Increased 
sensitivity to triiodothyronine (T3) of broiler 
lines with a high susceptibility for ascites. Br 
Poult Sci. 35: 287-297.
Deyhim, F., Teeter, R.G. (1991) Sodium and 
potassium chloride drinking water supple-
mentation effects on acid-base balance and 
plasma corticosterone in broilers reared in 
thermoneutral and heat-distressed environ-
ment. Poult Sci. 70: 2551-2553.
Dröge, W. (2002) Aging-related changes in the 
thiol/disulfide redox state: implications for the 
use of thiol antioxidants. Exp Gerontol. 37: 
1333-45.
Geraert, P.A., Padilha, J.C., Guillaumin, S. 
(1996) Metabolic and endocrine changes in-
duced by chronic heat exposure in broiler 
chickens: biological and endocrinological 
variables. Br J Nutr. 75: 205-216.
Gharib, H.B.A., Desoky, A.A., El-Menawey, 
M.A., Abbas, A.O., Hendricks, G.L., Mashaly, 

M. (2008) The role of photoperiod and mela-
tonin on alleviation of the negative impact of 
heat stress on broilers. Int J Poult Sci. 7: 749-
756.
Halliwell, B.H., Gutteridge, J.M.C. (1989) Free 
Radicals in Biology and Medicine. (2nd ed.)
Oxford, UK. Clarendon Press.
Hassanzadeh, M., Bozorgmeri, F.M.H., Ak-
bari, A.R., Buyse, J., Decuypere, E. (2000) Ef-
fect of intermittent lighting schedules during 
the natural scotoperiod on T3-induced ascites 
in broiler chickens. Avian Pathol. 29: 433-439.
Hassanzadeh, M., Bozorgmehri, F.M.H., 
Buyse, J., Decuypere, E. (2003) The beneficial 
effects of alternative lighting schedules on the 
incidence of ascites and metabolic parameters 
of broiler chickens. Acta Vet Hung. 51: 513-
520.
Hassanzadeh, M., Bozorgmeri fard, M.H., 
Buyse, J. Bruggeman, V., Decuypere, E. (2004) 
Effect of chronic hypoxia during the embry-
onic development on the physiological func-
tioning and on hatching parameters related 
to ascites syndrome in broiler chickens. Avian 
pathol. 33: 558-564.
Hassanzadeh, M., Shojadoost, B., Feyzih, A., 
Buyse, J., Decuypere, E. (2005) Effect of in-
termittent lighting schedules at the young age 
of broiler chickens on the incidence of ascites 
and metabolic parameters. Arch Geflügelkd. 
69: 57-61.
Hassanzadeh, M., Al-Masri, F., Maddadi, M.S., 
Shojaei, H., Eghbalian, A., Abbasi, S., Yousefi, 
K. (2012) Comparative study on the beneficial 
effects of different dark length schedules on 
the incidence of ascites and metabolic param-
eters in fast growing broiler chickens. Iran J 
Vet Med (University of Tehran). 6: 113- 121.  
Hassanzadeh, M., Buyse, J., Toloei, T., De-
cuypere, E. (2014) Ascites syndrome in broiler 
chickens: A review on the aspect of endoge-
nous and exogenous factors interactions. J 
Poult Sci. 51: 229-241.
Iqbal, A., Decuypere, E., Abd El Azim, A., 
Kuhn, E.R. (1990) Pre- and post-hatch high 

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

7-17



16 IJVM (2016), 10 (1):

Heat stress in broiler chickens Hassanzadeh, M.

temperature exposure affects the thyroid hor-
mones and corticosterone response to acute 
heat stress in growing chickens (Gallus domes�
ticus). J Therm Biol. 15: 149-153.
Julian, R.J. (2005) Production and growth re-
lated disorders and other metabolic disease of 
poultry-a review. Vet J. 169: 350-369.
Kusandi, E., Djulardi, A. (2011) Physiological 
dynamics of broilers at various environmental 
temperatures. Int J Poult Sci. 10: 19-22.
Lara, L.J., Rostagno, M.H. (2013) Impact of 
heat stress on poultry production. Animals. 3: 
356-369.
Lin, H., Du, R., Zhang, Z.Y. (2000) The perox-
idation in tissues of heat-stress broilers. Asian-
Aust J Anim Sci. 13: 1373-1376.
Lin, H., Decuypere, E., Buyse, J. (2004a) Ox-
idative stress induced by corticosterone ad-
ministration in broiler chickens (Gallus gallus 
domesticus) 1. Chronic exposure. Comp Bio-
chem Physiol B. 139: 737-744.
Lin, H., Decuypere, E., Buyse, J. (2004b) Oxi-
dative stress induced by corticosterone admin-
istration in broiler chickens (Gallus gallus do�
mesticus) 2. Short-term effect. Comp Biochem 
Physiol B. 139: 745-751.
Lin, H., Jiao., Buyse, J., Decuypere, E. (2006a) 
Strategies for preventing heat stress in Poultry, 
World’s Poult. Sci. J. 62: 71-89.
Lin, H., Decuypere, E., Buyse, J. (2006) Acute 
heat stress induces oxidative injury in broiler 
chickens. Comp Biochem Physiol A. 144: 11-
17.
Mahmoud, K., Edens, F.W. (2003) Influence of 
selenium sources on age-related and mild heat 
stress-related changes of blood and liver gluta-
thione redox cycle in broiler chickens (Gallus 
domesticus). Comp Biochem Physiol Part B. 
136: 921-934.
May, J.D., Deaton, J.W., Reece, F.N., Branton, 
S.L. (1986) Effect of acclimation and heat stress 
on thyroid hormone concentration. Poultry 
Sci. 65: 1211-1213.
Naughton, M.P., Henderson, A., Mirabelli, 
M.C, Kaiser, R., Wilhelm, J.L., Kieszak, S.M. 

(2002) Heat-related mortality during a 1999 
heat wave in Chicago. Am J Prev Med. 22: 
221-227.
National Research Council. Subcommittee on 
Poultry, N. (1994) Nutrient requirements of 
poultry. National Academies Press.  Washing-
ton, USA.
Osei, P., Robbins, K.R., Shirley, H.V. (1989) Ef-
fect of exogenous melatonin on growth and 
energy metabolism of chickens. Nutr Res. 9: 
69-81.
Ozturk, G., Coskun, S., Erbas, G. (2002) Effect 
of melatonin treatment on serum and tissue 
zinc levels in rats. J Trace Elem Exp Med. 15: 
1-8. 
Pieri, C., Marra, M., Moroni, F. (1994) Mela-
tonin: a peroxyl radical scavenger more effec-
tive than vitamin E. Life Sci. 55: 271-276. 
Rasmussen, D.D., Marck, B.T., Boldt, B.M., 
Yellon, S.M., Matsumoto, A.M. (2003) Sup-
pression of hypothalamic pro-opiomelanocor-
tin (POMC) gene expression by daily mela-
tonin supplementation in aging rats. J Pineal 
Res. 34: 127-33.
Sanotra, G., Damkjer, S., Lund, J., Vestergaard, 
K.S. (2002) Influence of light-dark schedules 
and stocking density on behaviour, risk of leg 
problems and occurrence of chronic fear in 
broilers. Br Poult Sci. 43: 344-354.
Sahin, N., Onderci, M., Sahin, K.,  Smith, M.O. 
(2003) Melatonin supplementation can ame-
liorate the detrimental effects of heat stress 
on performance and carcass traits of Japanese 
quail. Biol Trace Elem Res. 96: 169-172.
Siegel, H.S. (1995) Stress, strain, and resis-
tance. Br Poult Sci. 36: 3-22.
Star, L., Decuypere, E., Parmentier, H.K., 
Kemp, B. (2008) Effect of single or combined 
climatic and hygienic stress in four layer lines: 
2. Endocrine and oxidative stress responses. 
Poult Sci. 87: 1031-1038.
Stub, C., Vestegaard, K.S. (2001) Influence of 
zinc bacitracin, light regimen and dustbathing 
on the health and welfare of broiler chickens. 
Br Poult Sci. 42: 564-568.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

7-17



Iranian Journal of Veterinary Medicine

17IJVM (2016), 10 (1):

Hassanzadeh, M.

Yahav, S., Hurwitz, H. (1996) Induction of 
thermotolerance in male broiler chickens 
by temperature conditioning at an early age. 
Poult Sci. 75: 402-406.
Yahav, S., McMurtry, J.P. (2001) Thermotoler-
ance acquisition in broiler chickens by tem-
perature conditioning early in life—the effect 
of timing and ambient temperature. Poult Sci. 
80: 1662-1666.

55.

56.

7-17



Abstracts in Persian Language

2

مجله طب دامی ایران، 1395، دوره 10، شماره 1، 7-17 

بررسی استفاده از مالتونین خوراکی و تاریکی  بر کاهش تلفات و عوارض ناشی از 
استرس حاد گرمایی در جوجه های گوشتی 

محمد حسن زاده1* امیر احمد مقیمی نیاکی1 وهاب باباپور2 اردشیر محیط3 سارا میرزایی4
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 چكیده 
زمینه مطالعه: استرس گرمایی از مهمترین استرس های محیطی است که خسارت تأثیرگذاری در صنعت طیور ایجاد می کند. 
شــناخت این اســترس و کنترل آن تأثیر بسیار مهمی در تولید این صنعت خواهد داشت. هدف: تأثیر استفاده از مالتونین خوراکی و 
رژیم تاریکی بر عوارض منفی ناشــی از اســترس گرمایی مورد برســی قرار می گیرد.  روش کار: 400 قطعه جوجه گوشتی نژاد آرین 
تهیه و به چهار گروه تقسیم و تا 42 روزگی نگهداری شدند. جوجه های گروه کنترل در کل دوره  از لحاظ دما و نور در شرایط عادی 
نگهداری شدند. در گروه کنترل مثبت، جوجه های آن تا 35 روزگی مانند گروه اول پرورش یافتند و بین 35 الی 40 روزگی، روزانه 6 
ساعت در شرایط استرس حاد گرمایی قرار گرفتند. در گروه تاریکی، جوجه ها ضمن تحمل استرس گرمایی مانند سایر گروه ها، از یک 
مدل تاریکی استفاده کردند. در گروه مالتونین، جوجه ها همانند گروه کنترل مثبت پرورش یافته و بین 30 الی 40 روزگی مالتونین 
خوراکی به میزان ppm 40 در دان مصرف نمودند. جوجه ها و غذای مصرفی آنها هفتگی توزین و تلفات روزانه کالبدگشایی و گزارش 
شد. از جوجه ها خونگیری و غلظت هورمون های خون آنها اندازه گیری شد. نتایج: استفاده از برنامۀ تاریکی و مالتونین در دان سبب 
 T3/T4 نسبت ،T3 کاهش تعداد تلفات ناشی از استرس گرمایی گردید که این  کاهش تلفات به شکل معنی داری با کاهش غلظت
و کورتیکوسترون خون جوجه ها همراه شد. ضمنًا میزان TBARS خون جوجه های گروه کنترل مثبت هم به شکل معنی داری نسبت 
به گروه های دیگر باالتر بود. نتیجه گیری نهایی: این آزمایش نشان داد که استفاده از مالتونین خوراکی و تاریکی در پرورش جوجه 
سبب کاهش فعالیت متابولیک و تولید گرما در جوجه های گوشتی شده که این مسئله سبب کاهش تلفات و عوارض ناشی از استرس 

حاد گرمایی خواهد شد. 
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