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SUMMARY 

 

he main objective of this study was to investigate the beneficial effects of early age epigenetic 

adaptation of newly hatched ducks on their post hatch growth performance, physiological and blood 

biochemical changes, along with oxidative stress and immune responses. Total of 200, day old 

ducklings were brooded at 33 ±1°C for the first three days post hatching, and then were divided into two equal 

groups (100 chicks each), a control group maintained under the brooding temperature, while the other group was 

exposed to early age thermal conditioning at 39.5 ±1°C for 4 h at the 4th, 5th and 6th days post hatching. After that 

both groups were subjected to 30 ±1°C from the 7th to the 10th day of age then reduced gradually to reach 24 ±1°C 

by day 28 of age. From the beginning of the 5th week of age until the end of the experiment (12 weeks), all birds 

have similar feeding and managerial conditions.  Blood samples were collected after 24 hours of the first exposure 

time, and again after the last exposure (at 80 days of age). Results showed that LBW and BWG of ducks were 

significantly (P ≤ 0.05) higher for those exposed to TM compared by those of the control (TN) treatment. 

Feed consumption was not significantly affected by early age TM; however, the cumulative FC was 

significantly increased for the heat-exposed ducks. Meanwhile, feed conversion ratio (FCR) was significantly 

better for the TM- exposed ducks than those of TN ones. Body temperature and respiration rate were 

significantly decreased at the latter stage of growing period (12 week) by early-age thermal conditioning. Plasma 

lysozyme activity of Muscovy ducks was insignificantly increased in early heat exposed group compared to the 

control one. Red blood cells count, hemoglobin level and PCV were significantly increased in TM exposed ducks 

compared to the TN ones. Plasma thyroid hormones (T3, T4) and corticosterone levels were significantly 

increased at the end of experiment as a result of thermal conditioning. A similar trend was also observed for 

the H:L ratio which was the highest in TN birds. Corticosterone and Heterophils: lymphocytes ratio decreased in 

the thermally manipulated-duckling compared to control group. Plasma MDA was significantly decreased in early 

heat exposed group compared to the control group. Superoxide dismutase and catalase enzymes increased in TM 

exposed ducks compared to the control one. It is concluded that a 3 days of early age thermal conditioning could be 

used as a practical approach to alleviate the negative impact of heat stress at older ages, to improve the antioxidative 

status and immune responses in growing ducks.  

Keywords: blood, immunity, thermal manipulation, Muscovy ducklings. 

 

INTRODUCTION 

 

Birds can acquire thermal tolerance by embryonic or post- hatch heat manipulation. It is much 

difficult to conduct thermal conditioning during post hatch period compared to prenatal period in which 

plenty of studies on thermal conditioning during prenatal period were conducted. This concept was 

approved by Quinteiro-Filho et al. (2010) and Piestun et al. (2013) who indicated that heat shock 

activates small number of genes which were previously inactive or transcribed at low levels. Ambient 

temperature at certain age has a strong influence on the hypothalamic set point for temperature regulation 

T 
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(Nickelmann and Tzschentke, 1997; Yahav, 2000). This balance point is defined as that temperature at 

which the thermoregulatory defense against heat exposure is initiated. There is evidence that the 

hypothalamic balance point may vary to a new higher or lower balance point according to the pre- or 

post-hatch thermal manipulation. Tag El-Din et al. (2017) 

Chickens can survive under heat stress through physiological manipulation to better tolerance by 

acclimation to high environmental temperatures (Tzschentke and Halle, 2009) but there is a disadvantage 

for this acclimation, in terms of reduced body weight as a result of the reduction in feed intake. Since the 

implementation of thermal conditioning (Arjona et al., 1988, 1990; Yahav and Hurwitz, 1996; Yahav et 

al., 1997) can incorporate threshold changes that enable chickens to cope, within certain limits, with acute 

exposure to unexpected heat spells. 

Several scientists have demonstrated that epigenetic adaptation can be used to induce thermotolerance 

in adult layer chickens, ducks and turkey (Iqbal et al., 1990; Ismaiel et al., 2016). However, Nickelmann 

and Tzschentke (2002) and Tzschentke (2002) showed that epigenetic adaptation has proximate benefits 

on the efficiency of thermoregulation during post- natal life of ducks. The effects were not only on 

chemical / metabolic thermoregulation but also on neuronal hypothalamic thermal sensitivity.  

The application of higher temperature at early age increases the number of satellite cells that are 

necessary for muscle tissue’s hypertrophy (Halevy et al., 2001; Tag El-din et al., 2017). The effect of 

higher temperature exposure at 3 day of age in broiler chicks significantly increased the number of 

satellite cells in compare to control group. This trend was associated considerably with IGF-I secretion 

(Halevy et al., 2001 and El-Wardany et al., 2012). The fast-compensatory growth, which will occur 

immediately after heat stress induction, was associated with higher plasma T3 concentrations. This 

pattern of T3 secretion has occurred only at compensatory growth phase since after this period plasma T3 

concentrations have been decreased (Yahav and Plavnik, 1999). The exposure to the thermal challenge 

decreased T3 and T4 levels at 21 days of rearing in broiler chicken compared to birds raised under 

standard thermal conditions (Pieston et al., 2008).  

It is well known by many investigators that acquisition of thermotolerance in birds is possible by 

exposing them to high ambient temperatures during critical developmental phases (i.e., the first week of 

life: Yahav and Hurwitz, 1996; De Basilio et al. 2001; Yahav and McMurty, 2001; Ismaiel et al., 2016). 

There is also good evidence that thermoregulation in birds is controlled by changes in the temperature of 

thermoreceptors in the central nervous system, i.e., changes in the hypothalamus "set point" to cope with 

extreme environmental conditions (Yahav, 2000). In broiler chickens, heat conditioning at an early age 

resulted in reduction of weight gain during the first week of life, followed by an accelerated growth 

(Yahav and McMurtry, 2001), improved thermotolerance, and reduced mortality when re-exposed to heat 

stress in later life (De Basilio et al., 2001; El-Monairy et al., 2010). Since 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).  

Up to date, evaluation of the effect of early-age thermal conditioning has only been conducted in 

divers' studies. For instance, it is well known that HS can affect the immunity and physiological status of 

the animal. However, to our knowledge there were no studies reported regarding the effect of TC on 

growing ducks' growth, immunity and physiological status. Based on this concept, the aim of the study 

was to evaluate the impact of early age thermal manipulation TM, to test whether it has an overall 

beneficial effect, on immunity and physiological status of Muscovy ducklings.  

 

MATERIALS AND METHODS 

 

Birds, management and experimental design:  

  This research was conducted at El-Serw Waterfowl Research Station, Animal Production Research 

Institute, Agriculture Research Center, Ministry of Agriculture, Egypt during the period from May to 

http://ps.oxfordjournals.org/content/88/11/2253.full#ref-21
http://ps.oxfordjournals.org/content/88/11/2253.full#ref-2
http://ps.oxfordjournals.org/content/88/11/2253.full#ref-9
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July, 2020. A total of 200, one- day old, unsexed ducklings were randomly distributed into two equal groups 

(100 bird each ); the first group was kept under normal brooding temperature brooded at 33 ±1°C for the 

first three days post hatching and served as control group (TN), while the second group was brooded under 

30±1°C for the first three days then, subjected to early age thermal conditioning (TM) at 39.5 ±1°C with 

55% RH for 4 h for three consecutive days (the 4
th
, 5

th
 and 6

th
 days post hatching) by using gasoline heater. 

This exposure was repeated at day 80 of age, where (TN and TM) were subjected to the acute heat stress at 

39.5 ±1°C and 55% (RH) for six hours only. All groups were maintained under continuous lighting program 

(23 h light, 1h dark) for 28 days post hatching, then subjected to daily 16 h light: 8h dark till the end of 

the experiment (84 days of age). Water and feed were provided ad libitum throughout the experimental 

period.  

Measurements: 

Growth Performance: 

Live body weights (LBW) of ducks were recorded at hatch, 4, 8 and 12 weeks of age. Also, body 

weight gain (BWG), feed consumption (FC), and feed conversion ratio (FCR) were calculated. 

Thermo-physiology response: 

Ten ducklings from each group were selected randomly to determine the rectal temperature and 

respiration rate at the end of the first exposure time (day 7, T1) and at day 80 of age (T2). Rectal 

temperature was measured by inserting a digital thermometer in the cloacae at the depth of 3 cm. 

Respiration rate was measured by counting the chest movement per minute. 

Blood Hematology and Biochemistry: 

On days 7 and 8o of age, six ducks from each treatment were chosen around the average weight of 

treatment and slaughtered by severing the jugular vein. The blood sample/bird was collected in two tubes: 

the first one is heparinized to determine hematological parameters in terms of red blood cells (RBCs), 

packed cell volume (PCV %) and hemoglobin (Hb) concentration. The second tube (without 

anticoagulant) was centrifuged at 4000 rpm for 10 min to separate serum which was stored in sterile tubes 

at −20°C until the time of biochemical determinations. Immediately after collection, blood PH value was 

determined using digital electric pH meter. Each blood sample was divided into two portions: the first one 

was immediately centrifuged at 4000 rpm for 15 minutes and blood plasma was separated and stored at-

20°C for further biochemical assay. Plasma lysozyme activity was measured by agarose gel lyses assay 

according to the method described by Schultz (1987). 

The percentage of packed cell volume (PCV %) value was determined according to Hunsaker (1969), 

Red blood cells (RBC's) and white blood cells (WBC's) were counted in fresh blood samples as described 

by Natt and Herrick (1952) using hemocytometer and counted at 400 X objective of a phase contrast 

microscope. Differential count of 200 leucocytes was done using blood smears stained with Wright's stain 

and Heterophils (H) to Lymphocyte’s ratio (H: L ratio) was calculated. Serum thyroxine (T4) and 

Triiodothyronine (T3) concentrations were determined by RIA technique. using Gamma- Coat 
125

I RIA 

Kits, Clinical Assay, Cambridge, Medical Diagnostics, Boston, MA, as reported by Britton, et al. (1975). 

Corticosterone level was determined by using RIA technique according to Sharp et al. (1977). 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 subjected to one – way analysis of variance using general linear model (GLM) procedure of 

SAS program (SAS, 1999) based on the following model: 

Yij = µ + Ti + eij                                                              

Where: 

Yij = An observation, µ = Overall mean, Ti =Effect of treatment (1, 2), and eij = Random error. 
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 All percentage data were subjected to arcsine transformation of the square root before statistically 

reanalyzed, however, the actual percentage means are presented. Significant differences among 

treatments means were tested by Duncan’s multiple range test (Duncan, 1955) at a probability level of 

0.05.   

 

RESULTS AND DISCUSSION  

Productive performance: 

Live body weight (LBW), body weight gain (BWG), feed consumption (FC) and feed conversion ratio 

(FCR) of broiler ducks as influenced by TC during incubation are presented in Table (1). 

 

Table (1): Effect of early age thermal manipulation and late heat exposure on productive      

performance of Muscovy ducks. 

                          Heat treatments 

TN                                TM                            Significance          

Age (week) 

Live body weight (g) 

NS 52.5 ± 4.16 52.8 ± 6.22 One day 

** 1289.5
a
 ± 41.28 1199.1

b
 ± 34.35 4 Wks. 

** 2461.6
a
 ± 32.64 2280.8

 b 
± 45.56 8 Wks. 

** 3944.7
 a
 ± 51.59 3625.4

 b
 ± 63.27 12 Wks. 

Body weight gain (g) 

* ± 18.95 1235.9
 a

 ± 24.17 1145.6
 b

 1d – 4 Wks. 

** 1170.8
 a
 ± 37.82 1080.8

 b
 ± 43.70 5 – 8 Wks. 

** 1482.3
 a
 ± 29.14 1342.5

 b
 ± 36.65 9 – 12 Wks. 

** 3890.2
 a
 ± 48.67 3570.9

 b
 ± 55.37 1d – 12  

Feed consumption (kg / bird) 

NS 2.264 ± 0.16 ± 0.14 2.225 1d – 4 Wks. 

NS ± 0.13 3.355 ± 0.12 3.368 5 – 8 Wks. 

NS 5.110 ± 0.31 ± 0.23 5.046 9 – 12 Wks. 

* 10.729
 a
 ± 0.45 10.639

 b
 ± 0.42 1d – 12 Wks. 

Feed conversion ratio 

NS ± 0.11   1.84 1.94 ± 0.01 1d – 4 Wks. 

* 2.87
 b
 ± 0.08 3.11

 a
 ± 0.12 5 – 8 Wks. 

** 3.44
 b
 ± 0.15 ± 0.18 3.7

 
5

 a
 9 – 12 Wks. 

** 2.76
 b
 ± 0.14 ± 0.21 3.15

 a
 1d – 12 Wks. 

a, b: Means in the same row bearing different superscripts are significantly different (P<0.05).   

TN= thermoneutral temperature (control), TM= thermal manipulation (heat exposure) 

 

Data revealed that LBW of post hatched ducklings was randomly distributed to be nearly similar for 

both experimental groups without significant differences. At the 4
th

 week of age LBW of ducks was 

significantly (P ≤ 0.05) higher for those exposed to TM compared by those of the control (TN) treatment. 

This trend was also observed for the other growing periods, where TM at early age exert significant 

effects on LBW of ducklings at 8 and 12 weeks of age. This was not confimed with the results obtained 

by Yalcin and Siegel (2003) who reported that the change in LBW of broiler chicks as a result of prehatch 

temperature exposure have disappeared with age. Moreover, data of Table (1) showed higher significantly 

(P ≤ 0.05) increase of body weight gain for ducklings exposed to early-age thermal manipulation (TM) 

throughout the experimental periods: 1- 4, 5- 8 and 9- 12 weeks and for the overall period (1- 12 weeks of 

age) compared to the control (TN) ducklings. On the other hand, no significant effect of TM on feed 

consumption (FC) of ducklings throughout the entire growth period, however the cumulative FC for the 

whole experimental period (1- 12 weeks of age), was significantly higher for the TM ducklings compared 

by those of TN ones. Additionally, the ducklings exposed to heat acclimation at early age exhibited 
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significantly better values of feed conversion ratio (FCR) during all studied periods except that from 1- 4 

weeks of age, which exhibited insignificant differences between the two groups. It is well known that the 

FCR value is a function of feed consumption and body weight gain, hence the worse FCR values were 

recorded for the control group where, BWG was lower in TN compared to TM ducklings. This effect may 

be related to the possible influence of TM at early age on thyroid glands activity. Since, Thyroid 

hormones secretion and / or releasing rates acts as an adaptive response of broiler chicks , especially for 

those exposed to epigenetic thermal adaptation during incubation period .                                                                                                                                                                                                                                                                                                                                               

Furthermore,this result is in close agreement with those reported by Sahin et al. (2009) who found that 

TM caused  an increase in CRF from hypothalamic  centers , and hence stimulates ACTH secretion, 

consequently elevated corticosterone level in blood. This hormone was known to enhance nutrients 

metabolism which may explain the significant increase in body weight gain of chicks at the end of the 

experiment. This was also confirmed by the results of  Yahav (2002) who stated that thermoregulation in 

birds is controlled by changes in the temperature of  thermoreceptors in the central nervous system, i.e., 

changes in the " set point " to cope with extreme environmental conditions along with the maturation of 

Hypothalamus – Pituitary – Adrenal (HPA) axis , which support our results.  

Physiological Parameters:  

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

Results of Table (2) showed that early age thermal manipulation (TM) had significantly increased 

body temperature of Muscovy ducks after the first exposure time (T2) compared to the control (TN) 

group (T1). However, at 80 days of age, ducks of the heat exposed group (T2) recorded significantly 

lower BT than that of the control group. This may be due to an adaptive response of ducklings to early 

heat exposure via its effect on the immature heat regulation centers located in hypothalamus, thus the 

thermal "set point" of hypothalamus is changed. This response was also reported previously by Osman, 

(1996); El-Wardany et al. (2012) and Tag El-Din et al. (2017) who found that body temperature is a good 

indicator of both heat stress and acclimation. Since, early heat exposure may cause pronounced decrease 

in body temperature at later age. This could be due mainly to the adaptive responses (mechanisms) 

prevailing homeostatic status to prevent the rise in body temperature. 

Results in Table (2) clearly showed also that respiration rate (RR) of Muscovy ducks during the whole 

experimental period showed obvious changes. It is clear that high temperature exposure at early age 

caused highly significant increase in RR of TM-ducklings, which may be a short- time physiological 

response of ducklings to TM. However, the early heat - exposed group had low RR compared to the 

control one at the end of the experiment i.e., after the second exposure time (T2). This increase in RR 

(panting phenomenon) is desirable during severe heat spells to dissipate the excessive heat, by 

evaporative cooling from the respiratory passages. However, the energy cost of panting and the reduction 

in growth performance may be the worse consequences. Since early -age heat acclimation benefits in 

reducing the metabolic heat production through its effect on thyroidal hormone secretion rates or via the 

effect of heat acclimation on adrenal gland function, which agrees with the results of Tanizawa et al. 

(2014). It is likely that the increases of both BT and RR in the control ducks (TN) compared to TM group 

during high temperatures exposure at 80 days of age (T2) was stressful to ducklings and might induce 

hyperthermia in the ducks, which stimulate hypothalamus-pituitary- adrenal axis to counteract the 

negative impact of heat stress. This was confirmed by the results of Ndazo et al. (2012) who 

demonstrated that corticosterone secretion has offered protection against the adverse effects of heat stress 

on the BT and RR of the ducks. Moreover, some other hormones play an important role in circadian 

rhythm for adjustments of body temperature. For instance, 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.  
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Table (2): Effect of early age thermal manipulation and late heat exposure on body temperature 

and respiration rate of Muscovy ducks. 

Item Time 
Heat treatment 

±SE Overall mean 
TN TM 

Body temperature, °C  
T1 

T2 

41.4
b
 

42.3
a
 

41.8
a
 

41.2
b
 

0.22 
41.6±0.48 

41.8±0.34 

Overall mean 41.9
a
 41.5

b
 0.19  

Respiration rate, breath /min  
T1 

T2 

26.5
b
 

38.8
a
 

42.4
a
 

23.6
b
 

4.65 
34.4± 3.2

A 

31.1± 3.4
B 

Overall mean    32.7 32.9 2.67  

Aa, Bb: Means in the same row bearing different superscripts are significantly different (P<0.05).   

TN= thermoneutral temperature (control), TM= thermal manipulation (heat exposure). 

T1= at 7 days (after the 1st exposure time, T2 = at the end of the experiment.  

 

Plasma thyroidal hormones: 

The influence of heat acclimation on thyroid hormones (T3 and T4) concentrations of ducks after the 

first (T1) and the second heat exposure time (T2) are presented in Table-3. It is clear from the results that, 

early heat exposure did influence significantly both hormones concentration. In this respect, T3 hormone 

was significantly reduced for TM ducklings after the first exposure time while thyroxine (T4) increased. 

Moreover, both hormones were significantly increased after late heat exposure in TM- exposed birds 

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 development and exerts 

primary control of metabolic rate. Since, any treatments like heat stress that changes metabolic rate affect 

thyroid activity (May and McNaughton, 1980). Additionally, Tanizawa et al. (2014) and Tag El-Din et al. 

(2017) suggested 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). 

 

Table (3): Effect of early age thermal manipulation and late heat exposure on plasma thyroid 

hormones (T3 & T4) and corticosterone levels of Muscovy ducks. 

 

Variable   Time 
       Heat treatments 

±SE 
Overall  

       Mean TN TM 

T3 (ng/dl)   
T1 3.88

a 
3.10

b 
0.576 

0.621 

3.42
B 

T2 3.45
b 

4.66
a 

4.02
A 

Overall mean 3.65 3.87  

T4 (ng/dl)  
T1 15.22

b 
17.43

a 
1.261 

1.451 

16.30
A 

T2 13.25
b 

16.51
a 

14.86
B 

Overall mean 14.20
B 

16.95
A 

 

Corticosterone (ng/dl) 
T1 3.98

b 
5.24

a 
0.732 

0.534 

4.09 

T2 5.16
a 

3.02
b 

3.87 

Overall mean 4.57
A 

4.13
B 

 

Aa, Bb: Means in the same row bearing different superscripts are significantly different (P<0.05).   

TN= thermoneutral temperature (control), TM= thermal manipulation (heat exposure). 

T1= at 7 days (after the 1st exposure time, T2 = at the end of the experiment.  

 

Corticosterone level:  

Corticosterone level of Muscovy ducks was significantly increased after the first time of heat exposure 

(T1), while it was decreased after heat exposure time. The elevation of corticosterone in the control group 
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during high ambient temperature was compatible with previous researches (Geraret et al., 1996). They 

reported marked elevation in corticosterone level following heat stress exposure. Also, Tanizawa et al. 

(2014) showed that attenuation of elevated levels of plasma corticosterone would be a cause of 

suppressed febrile reaction in early heat exposed chicks under heat stress. Similarly, Star et al. (2009) 

found that corticosterone levels of birds (control group) were already higher than corticosterone levels of 

those with “early life heat experience.” during high ambient temperature. It appears that the changes in 

thyroid hormones and corticosterone levels in response to early heat conditioning in this study may be 

part of the mechanism associated with improved thermotolerance by early age heat conditioning.  

Hematological parameters: 

   As shown in Table (4) the overall mean of RBC’s count, hemoglobin concentration and PCV (%) of 

Muscovy ducks were significantly increased in early heat exposed group compared to the control group at 

ages studied.  

There were significance differences between TN and TM groups at early and late heat acclimation in 

blood pH, RBC’s, PCV and Hb concentration. It is also noticed from the results that blood pH was 

significantly higher for TM at early heat exposure compared to control group (TN). It seems likely that 

the elevation of blood pH in control group was concomitant with increase in RR which is related to the 

carbon dioxide oxidative system that regulates the loss of bicarbonate where carbon dioxide loss is 

mediated by the lungs metabolism in tissues and is converted to carbonic acid through the action of the 

enzyme carbonic anhydrase. Moreover, data of Table 4 revealed that the group exposed to early (T1) and 

late (T2) heat exposure had significantly higher RBC
,
 s

 
count and hemoglobin concentration compared to 

the control group. Also, PCV (%) value for TN group after early heat exposure was significantly higher 

than the group of TMs. However, the TM group recorded higher value of PCV (%) compared to control 

group at late heat exposure time. 

 

Table (4):  Effect of early age thermal manipulation and late heat exposure on some hematological 

parameters of Muscovy ducks. 

Item Time 
Heat treatments 

±SE 
Overall  

Mean TM TM 

Blood pH 
T1 

T2 

7.12
b
 

7.38
a
 

7.26
a
 

7.20
b
 

 0.12 
7.18

B
± 0.06 

7.27
A
± 0.08 

Overall mean 7.24
A
 7.16

B
 0.09  

RBC's, x10
6
 / mm

3
 

T1 

T2 

3.41
b
 

3.29
b
 

3.68
a
 

3.80
a
 

0.26 
3.54

B
± 0.41

 

3.85
A
± 0.35 

Overall mean      3.35
B
 3.74

A
 0.32  

Hemoglobin concentration, g/dl 
T1 

T2 

10.65
b
 

12.46
b
 

12.31
a
 

13.55
a
 

1.25 
11.47

B
± 1.13 

13.01
A
± 1.32 

Overall mean 11.55
b 

12.91
a
 1.13  

PCV, % 
T1 

T2 

33.24
a
 

30.36
b
 

28.23
b
 

35.44
a
 

2.27 
30.74

B
± 2.54 

32.89
A
± 2.72 

Overall mean 31.79 31.83 3.08  

Aa, Bb, means in the same row bearing different superscripts are significantly different.  

TN= thermoneutral temperature (control), TM= thermal manipulation (heat exposure). 

T1= at 7 days (after the 1st exposure time, T2 = at the end of the experiment.   

 

It is well documented that under heat stress conditions, birds regulate heat loss through the 

evaporation of water from their lungs. The most physiological consequence is that respiratory alkalosis 

may be 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 
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ionic balance (Smith and Teeter, 1993) thence hematological parameters might undergo critical changes. 

In this concern, 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 broilers 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, blood collection site, sampling time relative to the 

respiratory state of birds or early age acclimatization of birds to continuous exposure to heat stress.  

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 the 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 rate 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 

different pattern, in control ducks there was an increased level under high ambient temperature. On the 

other hand, there was a decrease 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).  

These results agree with results obtained by Zhou et al., (1998) who found that red blood cells count, 

and hematocrit values were greater. Also, Sahin and Kucuk (2001) found that hematocrit values were 

higher in heat – stressed birds compared with control group under heat stress 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).  

Lysozyme concentration: 

Phagocytic cells are a source of lysozyme and when they are activated, lysozyme activity increases. 

Lysozyme plays an essential role for cell differentiation and proliferation, in providing immune-structure 

tissue homeostasis. Lysozyme is an enzyme with antibacterial activity that can split peptide-glycanin 

from bacterial cell walls particularly the gram species and it can cause lysis of the cells (Chipman and 

Sharon (1969).  

As shown in Table (5) lysozyme activity of Muscovy ducklings were insignificantly increased in early 

heat exposed group compared to the control group at 12 weeks 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 system and the acquired system. Early heat exposure linearly increased the content of 

plasma lysozyme, which is mainly secreted during early heat exposure and can break down the 

polysaccharide walls of many types of by phagocytes and is a nonspecific immune effector.  

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) due to those 

glucocorticoids would induce depression of the lysozyme gene transcription, leading to the strong 

reduction of the circulating lysozyme concentrations. Additionally, results from Table 5 indicated that, 

lysozyme activity, WBC
,
 s, heterophils (%) and H/L ratio for TM group at early heat exposed recorded 

higher values compared to control group. Meanwhile, no significant differences were observed between 

TN and TM group at T2 in respect of lysozyme activity and WBC
,
 s. The control group recorded 

significantly higher values of heterophils and H/L ratio at T2 compared to heat acclimated group (TM).  
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Table (5):  Effect of early age thermal manipulation and late heat exposure on immune responses of 

Muscovy ducks. 

Item Time 
Heat treatments 

± SE 
Overall 

Mean TN TM 

Lysozyme activity, U/dl 
T1 

T2 

33.15
b
 

65.42 

42.52
 a
 

63.84 
4.63 

37.82
B 

± 2.52 

64.58
A
±4.41 

Overall mean 49.27 53.15 5.32  

WBC's, X 10
3
 / mm

3
 

T1 

T2 

22.94
b
 

34.13 

26.56
 a
 

32.53 
2.05 

24.74
B
± 1.35 

33.26
A
± 2.42 

Overall mean 28.52 29.51 3.23  

Heterophils (H), % 
T1 

T2 

30.87
b
 

38.59
a
 

39.98
 a
 

31.13
b
 

2.94 
35.40 ± 3.13 

34.86± 2.88 

Overall mean 34.71 35.54 2.10  

Lymphocytes (L), % 
T1 

T2 

55.14 

  53.48
b
 

52.46 

57.22
a
 

4.29 
53.78 ± 3.94 

55.34 ± 4.23 

Overall mean 54.30 54.85 3.27  

H / L ratio 
T1 

T2 

0.56
b
 

0.72
a
 

0.76
a
 

0.54
b
 

0.12 
0.65± 0.10 

0.63± 0.09 

Overall mean 0.64 0.65 0.15  

a, b: Means in the same row bearing different superscripts are significantly different.   

TN= thermoneutral temperature (control), TM= thermal manipulation (heat exposure). 

T1= at 7 days (after the 1st exposure time, T2 = at the end of the experiment. 

 

Immune responses: 

Data in Table (5) showed that heat treatments did not significantly affect total white blood cells count 

between groups. Also, 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. One of the physiological 

responses of exposure to stress is the release of glucocorticoids, causing dissolution infections by 

bacteria, viruses, or foreign particles(Swenson and Reece, 1996)., while lymphocytes play an important 

role in immunity, particularly for the production of antibodies of lymphocytes leading to lymphopenia 

and there is an increase in heterophils release by the bone marrow, thus increasing their number in 

circulation 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). Thus, results for 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 of H/L ratio has been reported to reflect 

the effects of elevated corticosteroids in the circulation induced by stress (Kannan et al., 2002). However, 

several mechanisms may be involved in this respect. The first possible mechanism may be the direct 

action (Maestroni and Conti, 1993) of early heat acclimation either on bone marrow (Kuci et al., 1987) or 

on lymphatic tissue to accelerate leukocytogenesis (Dixon et al., 1992). The second possible mechanism 

may be production and release of various cytokines from natural killer cells and T helper lymphocytes are 

enhanced an indirect action through reduction of corticosterone hormone, which was reflected by the 

elevation of the leukocytic count. 

Antioxidant indicators:  

As shown in Table (6), plasma malondialdehyde (MDA) levels of Muscovy ducks were significantly 

higher in TM ducklings' group after the first exposure time (T1) compared to the control group. While, 
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SOD and CAT activities of Muscovy ducks were significantly increased after early heat manipulation 

compared to the control group at this time. These values were reversed when measured at the end of the 

experiment (T2), where MDA level was significantly decreased and the activities of both SOD and CAT 

enzymes increased in early- age heat conditioning group compared to the control one. 

One of the key reasons for the increase of MDA levels in the control groups is the increased 

temperature which increases the lipid peroxidation of cells and subsequent detriments to the body. It has 

been reported that heat stress increases lipid peroxidation in poultry. In the current study, decreased 

plasma increased SOD 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.  

 This may be an adaptive response for ducklings against different stressor challenges at late ages.  In 

this respect, (David et al. (2012) showed that a thermal exposure period relatively early in life may induce 

responses against oxidative stress, which support our results. Also, Abd EL-Kafy et al. (2008), in growing 

rabbits, reported that plasma antioxidative markers of early heat conditioning group were higher than that 

of control group during hot condition They demonstrated that rabbits exposed to heat stress showed a 

significantly greater increase in oxidative damage in comparison with those experiencing heat stress and, 

importantly, may prime the antioxidant system to withstand oxidative stress induced by heat stress in 

adulthood. It is also possible that expression of genes related to heat shock protein synthesis, antioxidant 

or DNA repair enzymes could be enhanced (Mattson and Calabrese, 2010).  

 

Table (6):  Effect of early age thermal manipulation and late heat exposure on oxidative status of 

Muscovy ducks. 

Item Time 
Heat treatments 

±SE 
Overall  

Mean TN TM 

MDA (nmol/ml) 
T1 

T2 

16.23
b
 

48.28
a
 

25.82
a
 

19.75
b
 

2.45 
32.24± 2.41 

34.04± 2.04 

Overall mean 32.26
a
 22.74

b
 1.78  

CAT (U/ml/h) 
T1 

T2 

35.62
a
 

29.44
b
 

24.13
b
 

52.38
a
 

1.86 
29.86

b
± 2.24 

40.89
a
± 3.43 

Overall mean 32.53
 b
 38.24

 a 
 2.65  

SOD (U/ml/h) 
T1 

T2 

40.36
a
 

35.97
b
 

36.23
b
 

55.69
a
 

2.44 
38.29

b
± 3.52 

65.06
a
± 4.11 

Overall mean 38.16
 a
 45.95

 b
 4.22  

a, b: Means in the same row bearing different superscripts are significantly different.    

TN= thermoneutral temperature (control), TM= thermal manipulation (heat exposure). 

T1= at 7 days (after the 1st exposure time, T2 = at the end of the experiment. 

 

CONCLUSION 

 

The current study suggests that early-age heat conditioning is beneficial to improve growth 

performance, blood biochemical and hematological parameters, antioxidant status and immune responses 

of growing Muscovy ducklings. 
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 تاثير التاقلن الحراري الوبكر علً األداء اإلًتاجي واالستجاباث الفسيىلىجيت والوٌاعيت للبط الوسكىفي

 

عليرهام علي دمحم
1  

غٌين ابراهين عبدٍ أيوي ،
2
أهيرة هحوىد هٌصىر و 

3 

 هصر. -جاهعت أسىاى -كليت السراعت والوصادر الطبيعيت -الحيىاًي والدواجيقسن االًتاج  1
 هصر. -وزارة السراعت -هعهد بحىث اإلًتاج الحيىاًي - االراًب والروهً والطيىر الوائيتقسن  2
 هصر. - الوٌصىرة - جاهعت الوٌصىرة -سن اًتاج الدواجي، كليت السراعت ق 3

 

ش ىيجػ حذٝث اىفقظ ػيٚ أداء اىَْ٘ ثؼذ اىفقظ، ٗاىزغٞشاد اىذساعخ اىٚ اىزحقق ٍِ اٟثبس اىَفٞذح ىيزأقيٌ اىحشاسٛ اىَجنٕزٓ ٕذفذ 

ثؼذ اىفقظ اىجػ مزبمٞذ ٍِ  200 ػذداىفغٞ٘ى٘جٞخ ٗاىجٞ٘مَٞٞبئٞخ فٜ اىذً إىٚ جبّت اإلجٖبد اىزأمغذٛ ٗاالعزجبثبد اىَْبػٞخ. رٌ رحعِٞ 

 100رٌ رقغَٖٞب إىٚ ٍجَ٘ػزِٞ ٍزغبٗٝزِٞ ) ٗثؼذٕب ٘ٝخ ىألٝبً اىثالثخ األٗىٚ ثؼذ اىفقظ ، ئدسجخ ٍ 1±  33 يٜػ (ػَش ًٍٝ٘جبششح )

، ثَْٞب اىَجَ٘ػخ األخشٙ رؼشظذ ىإلجٖبد اىؼبدٝخ اىزحعِٞ رحذ دسجخ حشاسح رشثٞزٖب رٌ  ىيَقبسّخمزن٘د ىنو ٍَْٖب(، ٍجَ٘ػخ 

اىَجَ٘ػزبُ رٌ رحعِٞ ؼذ رىل عبػبد فٜ اىًٞ٘ اىشاثغ ٗاىخبٍظ ٗاىغبدط ثؼذ اىفقظ. ث 4ىَذح  (دسجخ ٍئ٘ٝخ 1±  5..3 ) اىحشاسٛ اىَجنش

 1±  24رذسٝجٞبً ىزصو إىٚ خفعٖب ٍغ  ٍِ اىًٞ٘ اىغبثغ إىٚ اىًٞ٘ اىؼبشش ٍِ اىؼَش ( دسجخ ٍئ٘ٝخ  1±  30ػيٜ ّفظ دسجبد اىحشاسح ) 

ظشٗف اىزغزٝخ أعجً٘ػب( رشبثٖذ  12حزٚ ّٖبٝخ اىزجشثخ )ٗثذاٝخ األعج٘ع اىخبٍظ ٍِ اىؼَش فٜ ٍِ اىؼَش.  22دسجخ ٍئ٘ٝخ ثحي٘ه اىًٞ٘ 

 1±  5..3( رٌ رؼشٝط اىطٞ٘س فٜ مال اىَجَ٘ػزبُ ىذسجخ حشاسح ٍشرفؼخ ) 20قجو ّٖبٝخ اىزجشثخ )فٜ اىًٞ٘  .ىنو اىَؼبٍالد  ٗاىشػبٝخ

ىل قٞبط دسجخ حشاسح اىجغٌ ٍٗؼذه عبػبد. رٌ جَغ اىجٞبّبد اىخبصخ ثبألداء اإلّزبجٜ ٗمز 6%  ىَذح 55دسجخ ٍئ٘ٝخ( ٗسغ٘ثخ ّغجٞخ 

ٍِ اىؼَش  20فٜ اىًٞ٘ ٗاىثبّٞخ األٗه، اىزؼشٝط عبػخ ٍِ ٗقذ  24ثؼذ ٍشربُ األٗىٜ رٌ جَغ ػْٞبد اىذً ْفظ خاله فزشح اىزجشثخ. مَب اىز

اىَؼشض ىيجػ  (P ≤ 0.05). أظٖشد اىْزبئج أُ ٗصُ اىجغٌ اىحٜ ٗ اىضٝبدح فٜ ٗصُ اىجغٌ ىيجػ مبُ أػيٚ ٍؼْ٘ٝب ) اىزؼشٝط األخٞش(

ٍقبسّخ ثبىَجَ٘ػخ اىعبثطخ. اعزٖالك اىؼيف ىٌ ٝزأثش ٍؼْ٘ٝب فٜ اىؼَش اىَجنش ىَجَ٘ػخ اإلجٖبد اىحشاسٛ ٍٗغ رىل  ىإلجٖبد اىحشاسٛ

ىيجػ ٍؼْ٘ٝب فٜ  مفبءح اىزح٘ٝو اىغزائٜرحغْذ اىَأم٘ه اىزشامَٜ ثبىْغجخ ىيجػ اىَؼشض ىإلجٖبد اىحشاسٛ. فٜ مَٞخ اىؼيف صٝبدح ٗجذد 

فٜ اىَشحيخ األخٞشح ٍِ ٍؼْ٘ٝب خ ثبىَجَ٘ػخ اىعبثطخ. اّخفعذ دسجخ حشاسح اىجغٌ ٍٗؼذه اىزْفظ اىَؼشض ىـإلجٖبد اىحشاسٛ ٍقبسّ

٘فٜ فٜ اىَجَ٘ػخ اىَؼشظخ ىالجٖبد اىحشاسٙ يجػ اىَغنى. صاد ّشبغ اىيٞضٗصٌٝ حاىَجنش خاىحشاسّٝزٞجخ اىزٖٞئخ أعجً٘ػب(  12فزشح اىَْ٘ )

سح اىذً اٝعب ّزٞجخ اىزٖٞئخ اىحشاسٝخ اىَجنشح حٞث ى٘حظذ صٝبدح ٍؼْ٘ٝخ فٚ ػذدمشاد رحغْذ ص٘ مَب ٍقبسّخ ثبىَجَ٘ػخ اىعبثطخ.اىَجنش

فٜ ٍؼْ٘ٝخ صٝبدح اىْزبئج أٝعب ٗج٘د  اىذً اىحَشاء ، اىَٖٞ٘جي٘ثِٞ ، حجٌ اىَبدح اىخي٘ٝخ ٍغ صٝبدح فٚ ػذد اىخالٝب اىيَٞفبٗٝخ . ٗر٘ظح

اىن٘سرٞن٘عزٞشُٗ ثشنو مجٞش فٜ ّٖبٝخ اىزجشثخ ّزٞجخ فٚ ٍغز٘ٙ ٕشٍُ٘ ٗاّخفبض ٍؼْ٘ٙ ( T3  ،T4ٕشٍّ٘بد اىغذح اىذسقٞخ )ٍغز٘ٛ 

ثشنو ٍيح٘ظ فٜ اىَجَ٘ػخ اىَؼشظخ ىيحشاسح اىَجنشح ٍقبسّخ ثَجَ٘ػخ  اىذً أىذٕٞذ فٜداٛ  . اّخفط رشمٞض اىَبىُ٘خاىحشاسٝاىزٖٞئخ 

سٛ ٍقبسّخً ثبىَجَ٘ػخ اىعبثطخ. اٖبد اىحشفٜ اىجػ اىَؼشض ىإلج SOD ; Catalase إّضَٝبدمَب حذثذ صٝبدح فٜ ّشبغ اىزحنٌ. 

أٝبً مأعي٘ة ػَيٜ ىيزخفٞف ٍِ اىزأثٞش اىغيجٜ ىإلجٖبد اىحشاسٛ  3ىَذح  حاىَجنش خاىحشاسٝاىزٖٞئخ ٗخيصذ اىذساعخ إىٚ أّٔ َٝنِ اعزخذاً 

 . ٍَْ٘شحيخ اىٗىزحغِٞ حبىخ ٍعبداد األمغذح ٗاالعزجبثبد اىَْبػٞخ فٜ اىنجٞشح فٜ األػَبس ػيٜ اىجػ 

 

 


