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ABSTRACT 
 

 The objective of this study was to investigate the beneficial effects of early age 
thermal conditioning and lighting regime to reduc adverse effects of hot weather condition, 
especially on the oxidative stress and immune function of Muscovy ducks. Experimental 
design was a 2 × 2 (4 groups of 160 ducks) during summer season. Ducks were divided 
into two equal groups. The control group, maintained under normal ambient temperature, 
the second group were exposed to early age thermal conditioning (exposed to 
temperature of 39±1°C for 6 h at 5th day of age and then subjected to normal ambient 
temperature. Each group of the previous groups were divided into subgroups at beginning 
4 week of age. The first subgroup was subjected to normal day light (16 h light, 8h dark) 
and the second subgroup was subjected to intermittent light regime of 4h light 2h dark 
(make 16h light, 8h dark). Blood samples were collected at 12 weeks of age for assay of 
some blood parameters.  
The obtained results could be summarized as follows: 

 Body temperature was significantly decreased by both early-age thermal 
conditioning or intermittent light regime. Plasma lysozyme concentration of Muscovy ducks 
were insignificantly increased in early heat exposed group compared to the control group. 
However, it significantly increased in intermittent light regime group. Corticosterone level 
and Hetrophil/lymphocyte ratio decreased in both thermally-conditioned and intermittent 
light groups compared to control group. Plasma malondialdehyde was significantly 
decreased in early heat exposed group compared to the control group. However, it 
insignificantly decreased in intermittent light regime group compared to control group. 
Superoxide dismutase and catalase enzymes increased in both thermally-conditioned and 
intermittent light groups compared to control group. It is concluded that a combination of 
early age thermal conditioning and intermittent light regime reduces oxidative stress and 
improves immune responses and this combination can be considered as bio-stimulation 
methods for the birds to reduc the negative effects of high ambient temperature.  

 

INTRODUCTION 
 

High temperature beyond the thermoneutral zone causes 
environmental heat stress (HS). Chickens are more vulnerable to HS 
compared with other domestic animals because of feather covering and the 
lack of sweat glands and their higher body temperature (Sahin et al., 2009). 
Therefore, HS is a major stressor and causes a wide range of physiological 
alterations in chickens (Whitehead and Keller, 2003). As the heat load 
increases, the rise in body temperature results in tissue damage by HS-
induced production of reactive oxygen species (ROS) (Khan et al., 2012). 

Many practical approaches have been developed in attempts to 
facilitate the thermotolerance of birds, and to minimize the adverse effects of 
heat stress on productivity. Animals can be conditioned to an expected 
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change in the environment. For instance, broiler chickens can be 
physiologically modulated by thermal conditioning in early life to improve heat 
stress tolerance in later life (De Basilio et al., 2001). The main idea in the 
thermal conditioning process is to manipulate immature mechanisms of 
temperature regulation in early life, enabling chickens to cope, within certain 
limits, with acute exposure to unexpected heat spells in later life (Yahav and 
McMurtry, 2001). In broiler chickens, thermal conditioning to heat at an early 
age resulted in reduced weight gain during the first week of life, followed by 
an accelerated growth (Yahav and McMurtry, 2001), improved 
thermotolerance, and reduced mortality when reexposed to heat in later life 
(De Basilio et al., 2001). Early thermal conditioning seems to be one of the 
most promising methods to improve the adaptability of broiler chickens to 
heat stress (Lin et al., 2006).  

Melatonin (N-acetyl-5-methoxy tryptamine), the main secretory 
product of the pineal gland (Pang and Ralph, 1975), has been suggested to 
have immunomodulatory roles. It enhances the immune response and 
counteracts immunodeficiency states resulting from acute stress (Ben-Nathan 
et al., 1996). Much recent researches have been thus focused on 
comparisons between continuous Light (CL) and intermittent Light (IL). These 
researches suggest that intermittent lighting improves immune function 
(Moore and Siopes, 2000). Continuous Light appears to be more stressful 
than IL (Abbas et al., 2008). Under stress, excess free radicals are generated 
and can damage cell components such as lipids, protein, DNA, and 
carbohydrates (Payne and Southern, 2005). Melatonin is a potent antioxidant 
and scavenger of various free radicals especially hydroxyl and peroxyl 
radicals with enhancement of antioxidative enzyme activities in many tissues 
(Pieri et al. 1994).  

Therefore, the objective of the current experiment was to assess the 
effect of early heat exposure and lighting regime and their combination on 
antioxidant status and immune function of Muscovy ducks. 

 

MATERIALS AND METHODS 
 
Birds, Diet and Treatments:  
 A total of 160, one day-old Muscovy ducklings were used in this 
study. Ducks were divided into two equal groups. The control group, 
maintained under normal ambient temperature, the second group was 
exposed to early age thermal conditioning (exposed to temperature of 
39±1°C for 6 h at 5th day of age and then subjected to normal ambient 
temperature. The birds of all groups were maintained under continuous 
lighting program (23 h light, 1h dark) for 4 weeks posthatching. All groups 
were then divided into two subgroups at the beginning of the 4

th
 week of age. 

The first subgroup was subjected to normal day light (16 h light, 8h dark) and 
the second subgroup was subjected to intermittent light regime of 4h light 
then 2h dark (make 16h light, 8h dark). 
 Water and feed were given ad libitum throughout the rearing period. 
Crude protein and metabolizable energy levels in the starter and growing 
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diets were 19.12% crude protein and 2865 kcal ME/Kg diet and 15.04% 
crude protein and 2687 kcal ME/Kg diet, respectively.  
Measurements: 
 Seven birds from each group were selected randomly to determine 
the rectal temperature and respiration rate at 12 weeks of age. Rectal 
temperature was measured by inserting a thermometer in the cloacae at the 
depth of 3 cm. Respiration rate was measured by counting the body wall 
movement per minute. 
 Also, blood samples were collected from the same ducks, from the 
wing vein into heparinized tubes. PH value was determined using digital 
electric pH meter immediately after collection of blood. Each blood sample 
was divided into two portions,: the first portion was immediately centrifuged at 
3000 rpm for 15 minutes and blood plasma was separated and stored at-
20°C for further biochemical assay.  
 Plasma corticosterone and Triiodothyronine (T3) concentrations were 
determined by radioimmunoassay technique with commercial kits (Medical 
Technology, USA). Plasma lysozyme activity was measured by agarose gel 
lyses assay according to the method described by Schltz (1987). 
 The second portion of blood samples were taken to determine 
Hemoglobin concentration, Packed-cell volume (%), red blood cells count (x 
10

6
/mm

3
) and white blood cells (x 10

3
 mm

3
). Hemoglobin concentration 

(gm/100 ml blood) was determined by the hemoglobinometer (Pilaski, 1972). 
 The percentage of packed cell volume (PCV %) value was 
determined according to Hunsaker (1969), Red blood cell's (RBC's) and white 
blood cell's (WBC's) were counted in fresh blood samples as described by 
Natt and Herrick, (1952) using haemocytometer and counted at 400 X 
objective of a phase contrast microscope. Differential count of 100 leucocytes 
was done using blood smears stained with wrightʼs stain and Heterophils / 
Lymphocytes ratio (H: L ratio) was calculated.  
 Catalase (CAT) activity was determined according to Luck, (1963). 
Superoxide dismutase (SOD) was determined according to McCord and 
Fridovich, (1969). Malondialdehyde (MDA) was determined according to 
Buege and Aust, (1978). 
Statistical analysis:  
 Data were analyzed by the least squares analysis of variance using 
the General Linear Models procedure of the statistical analysis model (SAS, 
1999). The statistical model was as follows: 
 

Yijk= µ + Ti + Aj + TAij + Eijk 
 

 Where: Yijk = Observation of the ij the ducks: µ = Overall mean, 
common element to all observations: Ti = Effect of early heat exposure (i = 1, 
2); Aj = Effect of light treatments (j = 1, 2): TAij = Interaction effect between 
early heat exposure and light treatments and Eijk= Random error component 
assumed to be normally distributed. The significant differences among 
treatments were determined by Duncan’s multiple range test (Duncan, 1955). 
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RESULTS AND DISCUSSION 
 

Physiological Parameters:  
Body temperature (BT) and respiration rate (RR): 

Ducks like all birds is a homothermia, it keeps its body temperature at 
a relatively constant level by thermoregultion, the body temperature of ducks 
depending on bird size, environmental temperature, age and sex (Strukie, 
1986). There were significant differences due to heat treatments on body 
temperature or respiration rate.  

As shown in Table 1 regardless of light programs the overall mean 
body temperature of Muscovy ducks were significantly decreased in early 
heat exposed group compared to the control group at ages studied. 

 

Table (1): Effect of early heat exposure and light programs on body 
temperature and respiration rate of Muscovy ducks . 

Item 
Light 

programs 

Heat treatments 
SE 

Overall 
mean H1 H2 

Body temperature °C 
L1 
L2 

41.45
a
 

41.38
a
 

39.98
b
 

39.97
b
 

±0.19 
40.71±0.13 

40.68±0.13 

Overall mean 41.42
a
 39.97

b
 ±0.13  

Respiration rate /min 
L1 
L2 

61.66
a
 

59.33
b
 

53.66
c
 

54.83
c
 

±0.75 
57.66±0.52 

57.08±0.52 

Overall mean 60.50
a
 54.25

b
 ±0.52  

a, b, :Means in the same row bearing different superscripts are significantly different 
H1=Normal ambient temperature,   H2=High temperature 
L1=Normal day light      L2=Subjected to intermittent light regime of 4h light 2h dark 

 

The numerically rise in body temperature in response to high 
environmental temperature in the present study was also reported previously 
by Osman, 1996. They considered that rectal temperature is a good indicator 
of both heat stress and acclimation. Early heat exposure caused significant 
decrease in body temperature. This could be due to the adaptive 
mechanisms which causing homeostatic reaction to prevent the rise in body 
temperature. 

Results in Table 1 clearly show that respiration rate of Muscovy 
ducks during the whole experimental period reflected considerable changes. 
Statistical analysis of data elucidate that high temperatures caused highly 
significant effects on RR. However, the early heat exposed group had low RR 
values compared to the control group. 

Although an increased RR (panting phenomenon) is desirable during 
higher ambient temperatures to dissipate the excessive heat, via evaporative 
cooling from the respiratory passages, our results failed to show this 
phenomena. This may be due to the beneficial effect of heat acclimation in 
reducing the metabolic heat production through their effects on thyroidal 
hormone secretion rates (discussed later) or via the effect of heat acclimation 
on adrenal gland function. The present results are in agreement with those 
of Tanizawa et al., (2014) who found the rectal temperature in experienced 
chicks was lower than that in control while there was no difference in 
respiration rate between the groups. On the other hand, Zhou et al. (1997) 
suggested that the heat exposure could make chicks cope with high 
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environmental temperatures without panic because the lying time and the 
frequency of standing-lying in inexperienced chickens were significantly 
higher than in experienced chickens at a later age. Because posture to 
disturb heat loss (lying) and high-frequency posture change raises body 
temperature, they concluded that the experience might be useful for 
hyperthermic prevention. 

Additionally, regardless of early heat exposure, the intermittent light 
group had slightly low BT and RR values compared to the continuous group 
(Table 1). These results are in accordance with those of Rozenboim et al. 
(1998) who concluded that pharmacological doses of melatonin induce 
hypothermia in hens by increasing non-evaporative skin heat losses and 
slightly increasing respiratory evaporation. 

The increased in BT values in the control ducks compared to 
intermittent light group during high ambient temperatures was stressful and 
has induced hyperthermia in the ducks (Ndazo et al., 2012). The result 
demonstrated that the melatonin secretion has offered protection against the 
adverse effects of heat stress on the BT of the ducks. Moreover, melatonin 
plays an important role in circadian thermoregulatory adjustments of body 
temperature. Melatonin reduces heat production which led to lowering body 
temperature and regulating heat dissipation (Zeman et al., 2001). Also, 
melatonin may act by lowering the central set point temperature, thereby 
causing immediate stimulation of heat loss mechanisms.  
Plasma thyroidal hormones: 
 The influence of heat acclimation and light programs treatments on 
thyroid hormone (T3) concentrations of ducks at 12 weeks of age are 
presented in Table 2. It is clear from the present results that, regardless of 
the light treatments, early heat exposure did influence the T3 concentration of 
ducks. Moreover, early heat exposure resulted in an insignificantly increase in 
T3 level compared to control group. These results may infer an effect of early 
heat exposure on thyroid activity of the experimental ducks. Thyroid gland is 
involved in control of growth and develoment and exerts primary control of 
metabolic rate. Any treatments like heat stress that changes metabolic rate 
affect thyroid activity (May and McNaughton, 1980).  
 Exogenous thyroid hormone has a shorter survival time during heat 
stress (Bowen et al., 1984). Also, thyroid size and thyroid activity was 
reduced by high temperature and increased by low temperature in chickens 
(Huston et al., 1962). Tanizawa et al., (2014) suggest that reduced T3 may 
be a part of the mechanism associated with improved thermotolerance by 
early age heat conditioning. Also, Arjona et al. (1990) implied that 
thermogenesis might be reduced by early thermal conditioning due to 
reduced thyroid activity. Reduction in circulating triiodothyronine (T3) after 
early thermal conditioning has been reported (Yahav and Plavnik, 1999). 
 Additionally, regardless of early heat exposure, intermittent light 
group had significantly decreased plasma the values of T3 compared to 
continuous light group (Table 2). This result is in a good agreement with that 
of Siam et al. (2004). Also, Olanrewaju et al. (2013) found that plasma T3 
level of broilers reared under long continuous photoperiod (23L:1D) was 
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significantly higher than those of broilers reared under intermittent (2L:2D). 
On the contrary, Klandorf et al. (1978) found that T3 and T4 of broilers had 
high levels during the photoperiod. Therefore, the high level of T3 hormone in 
continuous photoperiod group probably relates to feed intake during the light 
period.  
Corticosterone level:  
 As shown in Table 2 regardless of light programs the overall mean 
plasma corticosteron concentration of Muscovy ducks was significantly 
decreased in early heat exposed group compared to the control group at 12 
wks of age.  
Table (2):  Effect of early heat exposure and light programs on plasma 

triiodothyronine (T3) and corticosterone levels of Moscovy 
ducks . 

Item 
Light 

programs 

Heat treatments 
SE 

Overall 
mean H1 H2 

T3 (ng/dl) 
L1 
L2 

61.66
b
 

62.83
ab

 
73.33

a
 

55.83
b
 

± 3.73 
67.50

a
± 2.64 

59.33
b
± 2.64 

Overall mean 62.25 64.58 ± 2.64  

Corticosterone 
(ng/ml) 

L1 
L2 

16.29
a
 

11.31
b
 

10.97
b
 

8.21
c
 

± 0.52 
13.63

a
± 0.65 

9.75
b
± 0.65 

Overall mean 13.80
a
 9.59

b
 ± 0.65  

a,b,c Means with different superscripts in the same row within item differ 
significantly (P<0.05).   
H1=Normal ambient temperature, 
H2=High temperature 
L1=Normal day light 
L2=Subjected to intermittent light regime of 4h light 2h dark 

 

 The elevation of corticosterone noticed in the control group during 
high ambient temperature was compatible with previous researches (Geraret 
et al., 1996). They reported marked elevation in corticosterone level following 
heat stress exposure. Tanizawa et al. (2014) showed that attenuation of 
elevated levels of plasma corticosteron concentration would be a cause of 
suppressed febrile reaction in early heat exposed chicks under heat stress. 
Also, Star et al., (2009) found that corticosterone levels of hens (control 
group) were already higher than corticosterone levels of hens with “early life 
heat experience.” during high ambient temperature. 
 The changes in triiodothyronine and corticosterone levels after early 
heat conditioning in this study may be part of the mechanism associated with 
improved thermotolerance by early age heat conditioning. 
 Additionally, regardless of early heat exposure, intermittent light 
group had significantly decreased plasma values of corticosterone compared 
to continuous light group (Table 2).  In chickens under IL, corticosterone 
levels in the middle of the light period were significantly lower than chickens 
under CL under heat stress (Abbas et al.:2007). Melatonin treatment has 
been shown to attenuate adrenocortical secretory responses to acute and 
chronic stress (Konakchieva et al., 1997). 
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Blood pH and Blood haematological parameters: 
There were significant differences due to heat treatment in blood pH, 

RBC’s, PCV and Hb concentration. As shown in Table 3 regardless of light 
programs the overall mean blood pH of Muscovy ducks were significantly 
decreased in early heat exposed group compared to the control group.  

Elevation of blood pH in control group was concomitant with increase 
in RR stated that carbon dioxide is an end product of oxidative metabolism in 
tissues and is converted to carbonic acid through the action of the enzyme 
carbonic anhydrase. The renal system regulates the loss of bicarbonate while 
carbon dioxide loss is mediated by the lungs. Under heat stress conditions 
birds regulate heat loss through the evaporation of water from their lungs. 
Odom (1982) showed that respiratory alkalosis developed within 60 min. after 
the onset of acute thermal change in heat stressed hens. This respiratory 
alkalosis causes disruption in blood flow patterns, body water distribution, 
and mineral and ionic balance (Smith and Teeter, 1993). Brees et al. (1989) 
observed that pH increased in chickens when exposed to increasing ambient 
temperature. However, Siegel et al. (1974) found no difference in blood pH 
for broiler reared under continuous 35°C vs. thermoneutral conditions. 
Reasons for these discrepancies are not clear but may include the degree of 
thermal stress, type of stress (Acute vs. chronic), blood collection site, 
sampling time relative to the respiratory state of birds or acclimatization of 
birds to continuous exposure to heat stress.  

As shown in Table 3 regardless of light programs the overall mean 
RBC’s, hemoglobin concentration and PCV of Muscovy ducks were 
significantly increased in early heat exposed group compared to the control 
group at ages studied.  
Table (3):  Effect of early heat exposure and light programs on some 

hematological parameters of Muscovy ducks. 

Item 
Light 

programs 

Heat treatments 
SE 

Overall 
mean H1 H2 

Blood pH 
L1 
L2 

7.63
a
 

7.33
c
 

7.44
b
 

7.24
d
 

± 0.02 
7.54

a
± 0.02 

7.23
b
± 0.02 

Overall mean 7.48
a
 7.34

b
 ± 0.02  

RBC's 
X 10

6
 / mm

3
 

L1 
L2 

2.22
b
 

2.95
a
 

2.97
a
 

3.44
a
 

± 0.17 
2.59

b
± 0.12

 

3.19
a
± 0.12 

Overall mean 2.58
b
 3.21

a
 ± 0.12  

Hemoglobin 
concentration (g/dl) 

L1 
L2 

11.54
c
 

16.96
b
 

17.93
b
 

20.36
a
 

± 0.78 
14.74

b
± 0.55 

18.66
a
± 0.55 

Overall mean 14.25b 19.15
a
 ± 0.55  

PCV % 
L1 
L2 

31.12
b
 

31.50
b
 

31.36
b
 

34.33
a
 

± 0.32 
31.24

b
± 0.23 

32.91
a
± 0.23 

Overall mean 31.31
b
 32.84

a
 ± 0.23  

a, b, :Means in the same row bearing different superscripts are significantly different    
H1=Normal ambient temperature,    H2=High temperature 
L1=Normal day light      L2=Subjected to intermittent light regime of 4h light 2h dark 
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The hematological data indicated decreased number of circulating 
RBCs and Hb concentration due to high ambient temperature. This may be 
due to the impact of chronic stress on iron (Fe) in broilers and the 
hematopoietic process (Jamadar and Jalnapurkar, 1995). This result is in 
accordance with findings of Yahav et al. (1997), and these results are in 
accordance with Olayemi and Arowolo, (2009) in Nigerian ducks. During 
summer, high ambient temperature (HAT) increases body temperature, 
respiration and respiratory water loss and oxygen consumption of birds. The 
increased oxygen intake increases the partial pressure of oxygen in the blood 
of birds (Brackenbury et al., 1981) leading to decreased erythropoiesis and 
consequently, reducing the number of circulating erythrocyte (Donkoh, 1989). 
The PCV showed differential pattern, in control ducks there was an increased 
level under high ambient temperature. On the other hand, there was a 
decreased in PCV in thermally- conditioned ducks. Increased PCV in controls 
could be attributed to increased water loss due to panting and the birds were 
not able to adapt. In the case of thermally-conditioned birds, there was an 
adaptation response in the form of hemodilution to compensate water loss 
and an increase in the bird's ability to lose heat to the environment through 
water loss by evaporation without compromising plasma volume. Most of this 
evaporative water loss comes from the extra cellular component (Darre and 
Harrison, 1987).  

Additionally, regardless of early heat exposure, intermittent light 
group had significantly decreased plasma the values of blood pH compared 
to continuous light group. Under a short photoperiod when respiration rate 
decreased (hypoventilation), the levels of pCO2 in blood increased and more 
H+ ions accumulated, causing the pH of blood to decrease, thereby pushing 
the equilibrium reaction to the right and creating more hydrogen ions, thereby 
increasing hydrogen ion concentration, which lowered blood pH (Wideman et 
al., 2000).  

Additionally, regardless of early heat exposure, intermittent light 
group had significantly increased plasma the values of red blood cells count, 
Hb and PCV compared to continuous light group (Table 3).  These results 
agree with results obtained by Zhou et al., (1998) who found that red blood 
cells count and hematocrit values were greater during the dark than during 
the light period. Also, Sahin and Kucuk (2001) found that hematocrit values 
were higher in darkening groups compared with control group under heat 
stress and that is associated with hypoventilation and elevated pCO2 under 
extreme short photoperiod conditions. Hypoxemia coincides with diminished 
oxygen saturation of the blood (Julian and Mirsalimi, 1992) along with a 
concurrent increase in PCV and Hb, which is a well-known physiological 
response to increase the oxygen-carrying capacity of blood (Luger et al., 
2001).  

The increase in RBCs count, PCV and Hb concentration obtained in 
the present study may be attributed either to its direct stimulatory effect on 
bone marrow, which was previously reported by Anwar et al. (1998) or 
indirectly through stimulation of some cytokins, which was found to have a 
powerful stimulatory effect on bone marrow cells proliferation (Lissoni et al., 
1993).  

http://ps.oxfordjournals.org/content/92/4/1029.full#ref-48
http://ps.oxfordjournals.org/content/92/4/1029.full#ref-48


J.Animal and Poultry Prod., Mansoura Univ., Vol. 6 (3), March, 2015 

 

 

171 

Lysozyme concentration: 
 Phagocytic cells are a source of lysozyme and when they are 
activated, lysozyme activity increases. Lysozyme plays an essential role in 
the regulation of cell differentiation and proliferation, in providing immune-
structure tissue homeostasis. Lysozyme is an enzyme with antibacterial 
activity that can split peptidoglycanin bacterial cell walls particularly the gram 
species and it can cause lysis of the cells (Chipman and Sharon (1969). 
  

Table (4):  Effect of early heat exposure and light programs on immune 
responses of Muscovy ducks. 

Item 
Light 

programs 

Heat treatments 
SE 

Overall 
mean H1 H2 

Lysozyme 
concentration 
(mg/l) 

L1 
L2 

27.99
b
 

27.51
b
 

25.98
c
 

31.06
a
 

±0.30 
26.98

b
±0.21 

29.28
a
±0.21 

Overall mean 27.75 28.52 ± 0.21  

WBC's 
X 10

3
 / mm

3
 

L1 
L2 

31.91
b
 

33.73
ab

 
31.65

b
 

38.36
a
 

± 2.05 
31.78

b
± 1.45 

36.06
a
± 1.45 

Overall mean 32.83 35.01 ± 1.45  

Hetorphils (H) 
percentage 

L1 
L2 

32.37
a
 

21.97
b
 

22.77
b
 

21.38
b
 

± 1.45 
27.58

a
± 1.03 

21.68
b
± 1.03 

Overall mean 27.17
a
 22.08

b
 ± 1.03  

Lemphocytes (L) 
percentage 

L1 
L2 

56.78
c
 

63.97b
c
 

69.37
b
 

80.12
a
 

± 2.89 
63.08b± 2.04 

72.04a± 2.04 

Overall mean 60.37
b
 74.75

a
 ± 2.04  

H / L  % 
L1 
L2 

0.57
a
 

0.35
b
 

0.33
b
 

0.26
b
 

± 0.02 
0.45

a
± 0.02 

0.31
b
± 0.02 

Overall mean 0.46
a
 0.30

b
 ± 0.02  

a, b, :Means in the same row bearing different superscripts are significantly different    
H1=Normal ambient temperature- H2=High temperature- L1=Normal day light-
L2=Subjected to intermittent light regime of 4h light 2h dark 

 
 As shown in Table 4 regardless of light programs the overall mean 
plasma lysozyme concentrations of Muscovy ducks were insignificantly 
increased in early heat exposed group compared to the control group at 12 
wks of age. The immune system guards the body against foreign substances 
and protects from invasion by pathogenic organisms. It can be divided into 
the innate (nonspecific) immune system and the acquired (specific) immune 
system. In this study, early heat exposure linearly increased the content of 
plasma lysozyme, which is mainly secreted by phagocytes and is a 
nonspecific immune effector. The increased lysozyme concentration in birds 
subject to early heat can break down the polysaccharide walls of many types 
of bacteria and thus provides protection against infection.  
 The negative effect of high temperatures on the lysozyme 
concentration in control group could be related to a possible increase in 
corticosterone concentrations (Stoyanchev et al., 2010). According to 
Panarelli et al. [1994], glucocorticoid would induce repression of the lysozyme 
gene transcription, leading to the strong reduction of the circulating lysozyme 
concentrations. 
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 Additionally, regardless of early heat exposure, intermittent light 
group had significantly increased plasma concentration of lysozyme 
compared to continuous light group (Table 4).  The pineal gland seems to 
control, via its hormone melatonin, the diurnal rhythm of nonspecific immunity 
in chickens and then induce serum lysozyme ( Skwarło-Sońta , 1991) . 
Immune responses: 
 Data in Table (4) regardless of light programs showed that heat 
treatments did not significantly affect total white blood cells count between 
groups. Also, as shown in Table 4 regardless of light programs the overall 
mean heterophils and H/L ratio of Muscovy ducks were significantly 
decreased in early heat exposed group compared to the control group. While, 
overall mean lymphocytes count of Muscovy ducks were significantly 
increased in early heat exposed group compared to the control group. 
 Heterophils are phagocytic cells designed to defend the organism 
against infections by bacteria, viruses, or foreign particles, while lymphocytes 
play an important role in immunity, particularly for the production of 
antibodies. One of the physiological responses of exposure to stress is the 
release of glucocorticoids, causing dissolution of lymphocytes leading to 
lymphopenia and there is an increase in hetrophil release by the bone 
marrow, thus increasing their number in circulation (Swenson and Reece, 
1996). Our findings for control birds are in accordance with those reported by 
Hester et al., (1996). The H/L ratio has been accepted as the most sensitive 
and reliable index for determining the effect of various stressors in poultry 
and other livestock (Minka and Ayo, 2011). Our data on H: L ratio clearly 
showed that early age thermal conditioning was beneficial for the birds to 
withstand adverse effects of high ambient temperature at marketing age. 
Increase in H/L ratio has been reported to reflect the effects of elevated 
corticosteroids in the circulation induced by stress (Kannan et al., 2002).  
 Additionally, regardless of early heat exposure, intermittent light 
group had significantly decreased heterophils and H/L ratio compared to 
continuous light group (Table 4). 
 In this study intermittent light treatment induced a significant increase 
in total white blood cell count and lymphocyte percentage. These results are 
consistent with the previous reports which indicated that melatonin increased 
the total leukocytic count and lymphocyte percentage in broiler chicks 
(Abozahra et al., 1998). The precise mechanism responsible for this 
melatonin-induced increase in total leukocytic count and lymphocyte 
percentage is not clear. However, several mechanisms may be involved in 
this respect. The first possible mechanism may be the direct action of 
melatonin either on bone marrow (Kuci et al., 1987) or on lymphatic tissue 
(Maestroni and Conti, 1993) to accelerate leukocytogenesis (Conti et al., 
1992). The second possible mechanism may be an indirect action through 
reduction of corticosterone hormone, which was reflected by the elevation of 
the leukocytic count (Anwar et al., 1998). The third possible mechanism may 
be through protection of bone marrow from damage by free radicals due to its 
antioxidant effect (Ahmed et al., 2005). The present investigation showed that 
intermittent light treatment significantly decreased the heterophil percentage. 
This result is matched with those reported by Abozahra et al. (1998). They 
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found that melatonin significantly decreased the heterophil percentage in 
chicks. On the other hand, Sharma and Haldar (2006) attributed the 
mechanism by which melatonin exerts its immune-protection action to be 
partially due to its action in reducing the free radical load. In the same respect 
Cardinali et al. (2008) reported that melatonin stimulates the production of 
progenitor cells for granulocytes and macrophages. It also stimulates the 
production of natural killer cells and CD4+ cells and inhibits CD8+ cells. The 
production and release of various cytokines from natural killer cells and T 
helper lymphocytes are enhanced by melatonin.  
Lipid peroxidation and antioxidant indicators  
 As shown in Table 5 regardless of light programs the overall mean 
malondialdehyde (MDA) contents of Muscovy ducks were significantly 
decreased in early heat exposed group compared to the control group. While, 
overall mean SOD and CAT activities of Muscovy ducks were insignificantly 
increased in early heat exposed group compared to the control group (Table 
5). In rabbits, total antioxidant capacity (mmol/l) and catalase (as 
antioxidative enzyme) activity in plasma of early heat group was higher than 
that of control group during hot condition (Abd EL-Kafy et al., 2008). The 
birds exposed to heat stress showed a significantly greater increase in 
oxidative damage in comparison with those experiencing heat stress at this 
time (David et al., 2012). Also, they showed that a thermal exposure period 
relatively early in life may induce responses against oxidative stress and, 
importantly, may prime the system of antioxidant to withstand oxidative stress 
induced by heat stress in adulthood. It is also possible that the activation of 
compensatory responses might have been traded off against the control of 
other functions later in life through, for example, a differential regulation of the 
expression of genes related to heat shock protein synthesis, antioxidant or 
DNA repair enzymes (Mattson and Calabrese, 2010). 
 

Table (5):  Effect of early heat exposure and light programs on 
oxidative status of Muscovy ducks. 

Item 
Light 

programs 

Heat treatments 
SE 

Overall 
mean H1 H2 

MDA  (nmol/ml) 
L1 
L2 

2.56
b
 

2.93
a
 

2.30
b
 

1.56
c
 

± 0.12 
2.43± 0.08 

2.24± 0.08 

Overall mean 2.75
a
 1.93

b
 ± 0.08  

CAT ( u/l ) 
L1 
L2 

1.11
c
 

1.52
b
 

0.96
c
 

1.83
a
 

± 0.06 
1.04

b
± 0.05 

1.67
a
± 0.05 

Overall mean 1.31 1.40 ± 0.05  

SOD ( u/l ) 
L1 
L2 

0.39
c
 

0.56
b
 

0.31
d
 

0.69
a
 

± 0.01 
0.36

b
± 0.01 

0.63
a
± 0.01 

Overall mean 0.48 0.51 ± 0.01  
a, b, :Means in the same row bearing different superscripts are significantly different    
H1=Normal ambient temperature,       H2=High temperature 
L1=Normal day light          L2=Subjected to intermittent light regime of 4h light 2h dark 

 

 One of the key reasons for the increase of blood malondialdehyde 
(MDA) levels in the control groups is the increased temperature which can 
increase the lipid peroxidation of cells and subsequent detriments to the 
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body. It has been reported that heat stress increases lipid peroxidation in 
poultry due to the increase in free radicals and also changes in blood pH 
(Siegel 1995).  
 Additionally, regardless of early heat exposure, intermittent light 
group had insignificantly decreased MDA compared to continuous light group 
(Table 5). 
 In this study intermittent light treatment induced a significant increase 
in superoxide dismutase and catalase enzymes compared to control group 
(Table 5). 
 In our study, decreased plasma MDA and increased SOD activity 
under the lighting regimes may help to restore the balance of oxidant-
antioxidant status and may enhance the ROS scavenging by elevating the 
concentration of SOD rather than GSH-Px. The beneficial effect of short 
periods and intermittent light on plasma MDA may also be attributable to 
melatonin, which is a powerful anti-oxidant that can protect against lipid 
peroxidation of cellular membranes (Hardeland, 2005). Abbas et al. (2008) 
suggests that CL is more stressful than an intermittent regime and stress 
generally destroys the balance of oxidant-antioxidant. 
 Physicochemical properties of the melatonin molecule give it high 
diffusion ability; thus, it can easily diffuse through subcellular compartments, 
such as cytosol, nucleus, cellular membranes, and mitochondria [Reiter et al., 
1999]. In addition to its ability to scavenge peroxyl radicals, hydroxyl radicals, 
and other reactive oxygen species. Furthermore, melatonin stimulates the 
activity of several enzymes related to the antioxidative defense system [Tan 
et al., 2000]. In addition, melatonin augments production and regeneration of 
glutathione, one of the major intracellular antioxidant molecules. Melatonin 
also increases the activity of catalase [Karbownik and Reiter. 2001].  
 In conclusion, the current study suggests that early heat conditioning 
and intermittent light were beneficial to the antioxidant status and immune 
responses of Muscovy ducks. This intermittent light can not only maintain the 
normal balance of oxidant-antioxidant and enhance immune function, but also 
utilizes total lighting time effectively and reduces overall production costs by 
cutting illumination costs. Also, the changes in some physiological 
parameters after early heat conditioning may be part of the mechanism 
associated with improved thermotolerance by early age heat conditioning. 
These findings indicate the importance of considering management factors 
when making production decisions during hot weather condition. 
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الاساااتارارلتاقوسااااعقعاا تتااار التاقتااارحراتاقاااالالوتاق الإااالتعلىااااتا  ااار  ت رااا ت
 تتخلالتفصلتاقصافعاق لر ا تقراطتاق سلإعف ت
 1ا رلت اداقوترحتا ع ت سراعتت2سادتاا دت اداقوترحت,ت1 اداقعزازتسادت   رنتاقادلو

اااز،,تت- ا تعاقطااعلتاق رةاا تحسااتاااعثتتلااا تانلالالتعاقلعت- عهدتااعثتا لترجتاقااعال ت-1
تت صل

  صلت–اققرهل تت–شالاتاقخا  تت–ار ع ت انتش ستت–لإرا تاقزلا  تت–حساتالترجتاقدعاانتت-2
 

للحاد الآثار المفيدة للتاقلم الحرارى المبكر ونظاام اضااا ة المتعة اة  بحثكان الهدف من هذه الدراسة 
 .والوظيفاة المناعاة للابة المساكو   الاجهااد التاكسادىحالاة علا  خاصاة و لآثار السلبية لحالة الةعس الحارمن ا
تام تعسايم الابة  لا  حياث الابة  خا ف  صاف الصايف.  061مجموعاا  مان  4) 2×  2التصاميم التجريبا   كان

، ربيا  تحا  درجاة الحارارة ال ادياة، المجموعاة الثانياة   كاونتروفالاولا  ) مجموعتين متساويتين. المجموعاة
سااعا   ا  الياوم  6درجاة مووياة لمادة  93±0لتاقلم حارار  )تت ارل لدرجاة حارارة  ت را     سن مبكرة

مان المجموعاا  الساابعة  رل لدرجة الحرارة ال ادية. تم تعسيم كاف مجموعاة ت، وب د ذلك ت الخامس من ال مر
ةبي ا  ل المجموعاة اوولا  للااو  الي ارم ت ل  مجموعتين  رعيتين    بداية الاسابو  الرابام مان ال مار. وتا

 سااعا  4لنظاام اااا ة متعةام مان   ساعا  اظ م  والمجموعة الثانية ت راا 8ساعة او ، و  06يوميا )
 اظ م.  ساعة2 -ااا ة

مؤشارا  المااادة التم جمم عينا  الدم لفحص أسبو    02وعند عمر  ف درجة حرارة الجسميسجتم ت
 .للأكسدة والمناعة
 : تاقلاعتاقترقيجتاق تاصلت راهرت رةاقلترعا لإنتترخاصت

الحارار  المبكار أو نظاام الاااا ة  التاا لم ا  مجموعاا  انخفا  درجة حرارة الجسم بشكف ملحوظ 
الليااوايم اياادة ريرم نوياة  ا  اناايم . وقاد ااد  تركياا معارناة مام مجموعاة الكاونتروف عل   ترا  متعة ة

معارنة مم مجموعاة الكاونتروف.  ا  حاين  نا   الحرار  المبكرالتا لم    مجموعا  ب اما الدم للبة المسكو   
 .   مجموعة الااا ة المتعة ة اااد م نوي

 ااا  نسااابة خ ياااا الهتيرو ياااف الااا  اللمفوساااي  وكاااذلك انخفااال مساااتوى هرماااون الكورتيكوساااتيرون 
   .الحرار  المبكر أو نظام الااا ة عل   ترا  متعة ة معارنة مم مجموعة الكونتروفمجموعا  التا لم 
التااا لم  اا  ب امااا الاادم بشااكف ملحااوظ  اا  مجموعااة  malondialdehyde خفاال محتااوىوقااد ان

الحاارارى المبكاار معارنااة ماام مجموعااة الكااونتروف.  اا  حااين  ناا  انخفاال انخفااال ريرم نااو   اا  مجموعااة 
التااا لم  ا  مجموعااا  الاااا ة المتعة ااة معارناة بالمجموعااة الكاونتروف. ارتف اا  الانايمااا  المااادة ل كساادة 

   .رار  المبكر أو نظام الااا ة عل   ترا  متعة ة معارنة مم مجموعة الكونتروفالح
 الاجهااادماان يحااد وخلصا  الدراسااة  لاا  أن التاااقلم الحاارار  عنااد ساان مبكاار ونظااام الااااا ة المتعةاام 

ية يمكان اعتبارهاا اساتراتيجالحيوياة الاستجابا  المناعية وأن هاذا الماايم مان الم اام   ويحسن من التأكسد  
 .للحد من الآثار السلبية لارتفا  درجة حرارة البيوة المحيةة للةاوروقاوية 


