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ABSTRACT 

 

The objective of this study was to determine the effect of elevated air temperature in 

the first grow period on some physiological indicators of broiler chickens of different origin. 

Day-old Ross 308 and Hubbard Flex broiler chickens were assigned to 4 groups. Groups I 

(Ross 308) and II (Hubbard Flex) were kept under standard thermal conditions throughout 

rearing, and groups III (Ross 308) and IV (Hubbard Flex) were exposed to 10°C higher than 

recommended air temperature from 1 to 21 days of rearing. At 1, 21 and 42 days of the 

experiment, blood was collected from 10 birds in each group to determine T3 and T4, total 

protein, immunoglobulin complex, glucose, hemoglobin and hematocrit levels. The exposure 

to the thermal challenge decreased T3 and T4 levels at 21 days of rearing in both Ross 308 and 

Hubbard flex broilers compared to birds raised under standard thermal conditions. At 21 days 

of the experiment was observed a statistically significantly lower concentration of total 

protein in group I compared with group III and between group II and IV. There was no effect 

of elevated air temperature on the immunoglobulin complex concentration in the blood of 

birds of both genetic groups. In both genetic groups, the exposure to the thermal challenge 

caused a tendency to decrease the concentration of glucose. Statistically significant 

differences at 21 days of rearing of the hemoglobin content were observed between Ross 308 
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birds from groups I and III. The thermal challenge caused a statistically significant decrease in 

hematocrit levels in birds from both genetic groups at 21 days of the experiment. The thermal 

challenge upset the body’s homeostasis in both genetic groups of chickens, which possibly 

suggests that elevated air temperature during the first period of rearing has a negative effect 

on the welfare of broilers, regardless of their origin. 
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INTRODUCTION 

 

The requirement for the proper performance of rearing chickens is to ensure the 

optimum environmental conditions necessary for their proper development, growth, 

maintenance and running of production. These conditions must be suitable to the needs of the 

birds and they depend not only on age and number of maintained animals, but also on the 

season and weather conditions. 

During the hot summer months, it is difficult to maintain the right temperature inside 

the house. It leads to exceed the recommended standards of microclimatic conditions, which 

usually becomes the cause of stress, causing disturbances in the homeostasis of the body's 

internal environment of birds (Akşit et al., 2006). 

Chickens in the first 2 weeks of life are very susceptible to stress caused by 

environmental conditions. The chick body temperature after hatching is 39.7°C, and just  

at 3 weeks of age reaches 42°C, which is equal to body temperature in adult birds. Therefore, 

it is widely accepted that the optimal air temperature for broiler chickens should be 31-33°C 

at the first days of rearing, and then be lowered to 20-18°C at 6 weeks of age. 

Symptoms of heat stress in adult birds begin to observe, when the air temperature 

exceeds 27-28°C. Birds not being able to heat dissipation from the body to the environment 

lose their ability to control body temperature. When the air temperature exceeds 38°C there is 

observed an increase in mortality of birds. 

The high sensitivity of birds to heat stress is caused by a small difference between the 

physiological body temperature and the temperature at which protein denaturation occurs, and 

disruption of vital functions. Heat stress, for example, causes slower growth and lower body 

weight of chickens, poor feed utilization, increases susceptibility to disease and increases 
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mortality caused by weakness of the body's immune function (Altan et al., 2003; Sosnówka-

Czajka et al., 2005; Akşit et al., 2006; Sosnówka-Czajka et al., 2007). 

Many authors have shown that the stress associated with a change in air temperature has 

a significant impact on a physiological processes such as increase rectal temperature (Deeb 

and Cahaner, 2001a; Altan et al., 2003; Lin et al., 2005; Sosnówka-Czajka et al., 2005; 

Sosnówka-Czajka et al., 2006) and radiation temperature (Sosnówka-Czajka et al., 2003), 

changes in thyroid hormones concentration (Sosnówka-Czajka et al., 2007; Star et al., 2008) 

and changes in blood corticosterone levels (Post, 2003; Star et al., 2008). According to some 

authors, the origin of birds may be essential for sensitivity to high air temperatures and 

susceptibility to heat stress (Berrong and Washburn, 1998; Deeb and Cahaner, 2001a, b). 

The aim of this study was to determine the effect of elevated air temperature at the first 

growth period on some physiological blood parameters of broiler chickens from two genetic 

groups. 

 

MATERIAL AND METHODS 

 

The experiment involved 720 broiler chickens from two commercial lines Ross 308 

(360 birds) and Hubbard Flex (360 birds). After weighing and tagging on the first day of life, 

chicks were assigned to 4 groups, each of which had 12 subgroups with a stocking density of 

15 birds/m2: group I – Ross 308 broilers kept throughout rearing under standard thermal 

conditions (Regulation of the Ministry of Agriculture and Rural Development of 2 Sept. 2003, 

Journal of Laws 03.167.1629 with later amendments), group II – Hubbard Flex broilers kept 

throughout rearing under standard thermal conditions (Regulation of the Ministry of 

Agriculture and Rural Development of 2 Sept. 2003, Journal of Laws 03.167.1629 with later 

amendments), group III – Ross 308 broilers exposed in the rearing area from 1 to 21 days of 

age to 10°C higher than recommended temperature (41°C at one day of age was gradually 

decreased to 35°C on day 21 of rearing), group IV – Hubbard Flex broilers exposed in the 

rearing area from 1 to 21 days of age to 10°C higher than recommended temperature (41°C at 

one day of age was gradually decreased to 35°C on day 21 of rearing).  

Chickens were reared to 21 days of age in 6-tier batteries of heated cages with 

electronic temperature control and until 42 days of age in 4-tier batteries of unheated cages. 

Groups III and IV were located in a separated, air-conditioned room with an electronically 

controlled heater. All the groups had the same environmental (air humidity, lighting regime) 

and feeding conditions. Chickens were fed ad libitum diets: starter diet until 3 weeks  
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(3083 kcal ME; 21.77% CP), grower diet from 4 to 5 weeks (3005 kcal ME; 19.97% CP), and 

finisher diet at 6 weeks of age (3004 kcal ME; 18.65% CP), all based on concentrates. Birds 

had free access to water drinkers at all times. At 1, 21 and 42 days of the experiment, blood 

was collected from 10 birds in each group to determine triiodothyronine (T3) and thyroxine 

(T4), total protein, immunoglobulin complex, glucose, hemoglobin and hematocrit levels. 

The results were analysed statistically by two-way analysis of variance and significant 

differences were estimated with Duncan’s test using Statgraphics Centurion XV. 

 

RESULTS  

 

Elevated air temperature had an influence on the concentration of T3 and T4 in the blood 

of chickens of both genetic groups (Table 1, 2). The exposure to the thermal challenge 

decreased these hormones levels at 21 days of rearing in both Ross 308 and Hubbard flex 

broilers compared to birds raised under standard thermal conditions, however, statistically 

significant differences were observed only between groups of chickens Ross 308 (P≤0.05).  

At 21 days of the experiment was observed a statistically significantly lower concentration of 

total protein (Table 3) in group I compared with group III (P≤0.01) and between group II and 

IV (P≤0.05). There was no effect of elevated air temperature on the immunoglobulin complex 

concentration in the blood of birds of both genetic groups (Table 4). 

In both genetic groups, the exposure to the thermal challenge caused a tendency to 

decrease the concentration of glucose at 21 days of the experiment (Table 5). However, 

statistically significant differences in plasma glucose level were observed only at 42 days of 

experiment between the Hubbard Flex chickens from groups II and IV (P≤0.05). Statistically 

significant differences at 21 days of rearing of the hemoglobin content were observed between 

Ross 308 birds from groups I and III (Table 6). 

The thermal challenge caused a statistically significant decrease in hematocrit levels in 

birds from both genetic groups at 21 days of the experiment, Hubbard Flex chickens at 

P≤0.01, Ross 308 at P≤0.05 (Table 7). 
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Table 1 T3 (ng/ml) 

Day of 
rearing 

Group 

SEM 
Genetic 

group (A) 
Temperature 

(B) 
A x 
B 

standard thermal 
conditions elevated air temperature 

I II III IV 

Ross 308 Hubbard 
fleks 

Ross 308 Hubbard 
fleks 

1 0.86 0.95 0.86 0.95 0.05 NS - - 
21 1.46b 1.43 1.18a 1.31 0.08 NS 0.05 NS 
42 1.70 1.68 1.74 1.72 0.04 NS NS NS 
Legend: A,B,a,b - statistical differences between broilers chickens of the same genetic group reared in different 

thermal conditions.  NS - not significant. 

a, b – values in rows with different letters differ significantly (P≤0.05) 

A, B – values in rows with different letters differ highly significantly (P≤0.01) 

 

 

Table 2 T4 (µg/dl) 

Day of 
rearing 

Group 

SEM 
Genetic 
group 
(A) 

Temperature 
(B) 

A x 
B 

standard thermal 
conditions 

elevated air temperature 

I II III IV 

Ross 308 
Hubbard 
fleks Ross 308 

Hubbard 
fleks 

1 1.09 1.15 1.09 1.15 0.03 NS - - 
21 1.41b 1.35 1.28a 1.25 0.04 NS 0.05 NS 
42 1.49 1.47 1.40 1.48 0.05 NS NS NS 
Legend: For significant differences, see Table 1. 

 

 

Table 3 Total protein (g/dl) 

Day of 
rearing 

Group 

SEM 
Genetic 
group 
(A) 

Temperature 
(B) 

A x 
B 

standard thermal 
conditions elevated air temperature 

I II III IV 

Ross 308 Hubbard 
fleks 

Ross 308 Hubbard 
fleks 

1 3.13 3.23 3.13 3.23 0.19 NS - - 
21 4.22B 4.10b 3.63A 3.70a 0.13 NS 0.01 NS 
42 3.85 3.99 3.84 4.01 0.09 NS NS NS 
Legend: For significant differences, see Table 1. 
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Table 4 Immunoglobulin complex (g/dl) 

Day of 
rearing 

Group 

SEM 
Genetic 
group 
(A) 

Temperature 
(B) 

A x 
B 

standard thermal 
conditions elevated air temperature 

I II III IV 

Ross 308 Hubbard 
fleks 

Ross 308 Hubbard 
fleks 

1 1.02 1.06 1.02 1.06 0.05 NS - - 
21 1.26 1.30 1.34 1.27 0.03 NS NS NS 
42 1.31 1.39 1.36 1.30 0.04 NS NS NS 
Legend: For significant differences, see Table 1. 

 

 

Table 5 Glucose (mg/dl) 

Day of 
rearing 

Group 

SEM 
Genetic 
group 
(A) 

Temperature 
(B) 

A x 
B 

standard thermal 
conditions elevated air temperature 

I II III IV 

Ross 308 
Hubbard 
fleks 

Ross 308 
Hubbard 
fleks 

1 187.49 190.57 187.49 190.57 6.73 NS - - 
21 244.19 238.69 227.35 232.19 6.79 NS NS NS 
42 254.69 255.35b 249.85 230.41a 7.14 NS NS NS 
Legend: For significant differences, see Table 1. 

 

 

Table 6 Hemoglobin (g/dl) 

Day of 
rearing 

Group 

SEM 
Genetic 
group 
(A) 

Temperature 
(B) 

A x 
B 

standard thermal 
conditions 

elevated air temperature 

I II III IV 

Ross 308 
Hubbard 
fleks Ross 308 

Hubbard 
fleks 

1 11.24 11.30 11.24 11.30 0.19 NS - - 
21 12.23b 12.39 10.54a 11.54 0.43 NS 0.05 NS 
42 12.54 12.79 12.63 12.93 0.21 NS NS NS 
Legend: For significant differences, see Table 1. 
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Table 7 Hematocrit (%) 

Day of 
rearing 

Group 

SEM 
Genetic 
group 
(A) 

Temperature 
(B) 

A x 
B 

standard thermal 
conditions elevated air temperature 

I II III IV 

Ross 308 Hubbard 
fleks 

Ross 308 Hubbard 
fleks 

1 34.71 33.43 34.71 33.43 0.70 NS - - 
21 40.14b 39.00B 36.00a 34.71A 1.03 NS 0.01 NS 
42 35.71 38.14 37.71 38.86 0.97 NS NS NS 
Legend: For significant differences, see Table 1. 
 

DISCUSSION 

 

The effectiveness of rearing depends on many factors including good chicks quality 

and good chicks genotype, the right environmental conditions, nutrition and veterinary 

prevention. With the large developments in the field of genetic progress increases the 

sensitivity of birds to environmental conditions (microclimate in henhouse) (Sosnówka-

Czajka et al., 2006).  

One of the components of microclimate significantly affecting the productivity and 

health of broiler chickens is the temperature in henhouse. A major danger for broiler 

production is heat. To chronic overheating occurs when the outside temperature exceeds  

27-30°C. Resistance to environmental factors and susceptibility to stress is genetically 

determined (Campo et al., 2006).  

Thyroid hormones (triiodothyronine and thyroxine) play a key role in metabolic 

processes, influencing the rate of proteins and fats. Therefore, collecting information about 

the changes and the level of these hormones can be treated as a relative indicator of metabolic 

changes occurring in the body during the planned experiments. Raising the temperature to 

35ºC with humidity of 70-75% reduces the levels of triiodothyronine in the blood plasma 

(Yahav et al., 1995). Generally, increased rearing temperature causes a decrease in the 

concentration of T3 and T4 in the blood plasma and a decrease in metabolic rate of broiler 

chickens (Williams and Njoya, 1998; Sokołowicz and Herbut, 1999). 

In our study, elevated air temperature also had an influence on the concentration of T3 

and T4 in the blood of chickens of both genetic groups. Both chickens Ross 308 and Hubbard 

flex reared at elevated air temperatures were observed at 21 days of raising the lower levels of 

these hormones in the blood compared with the chickens reared at standard thermal 

conditions. Berrong and Washburn (1998) noted a tendency to increase the total protein in 
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the blood of broiler chickens exposed from 3th weeks of rearing at elevated air temperature 

(32°C), whereas at higher temperature (38°C), the authors noted a decrease in total protein in 

the blood of birds. In our study, at 21 days of the experiment concentration of total protein in 

group I was a statistically significantly lower compared with group III and between group II 

and IV. 

Broiler chickens lines which currently bred differ genetically in terms of cellular and 

humoral immune response (Cheema et al., 2003). According to Cheema et al. (2003) stresses 

generally reduce the efficiency of the immune response of broiler chickens, but the body's 

resistance is genetically determined. Therefore, decisive importance in immune system's 

response to stress is the origin and genotype of the birds, then the type and intensity of the 

stressor. Environmental stresses generally associated with the weakening of immune function 

in poultry, and thus the deterioration of welfare. The efficiency of the immune system is often 

determined by the level of immunoglobulin (Sivaraman et al., 2005). In our study there was 

no effect of elevated air temperature on the concentration of the immunoglobulin complex in 

the blood of birds of both genetic groups. 

The level of biochemical and haematological blood indicators in poultry is affected by 

many factors (e.g age, sex, species, breed, nutrition, physiological status and breeding 

technology) (Brodacki et al., 2006; Fudge, 2000). Brodacki et al. (2006) showed changes in 

glucose and uric acid concentrations in birds kept in different environmental conditions. 

Puvadolpirod and Thaxton (2000a, b, c) indicate that the increase in blood glucose 

levels is due to stress. In our study, under the influence of elevated air temperatures was 

observed a trend towards decrease in glucose concentration at 21 days of experiment in both 

genetic groups. Morphological differences in the blood may result from varying susceptibility 

of birds on the stress factors (Campo et al., 2005; Akşit et al., 2006; Campo et al., 2006; 

Nowaczeski, 2008). Under the influence of heat stress observed a decrease in hematocrit and 

an increase in heterophils to lymphocytes ratio (Altan et al., 2003, Yahav and Hurwitz, 

1996). According Kołacz et al. (1995) in broiler chickens held at 30°C, 35°C and 38°C 

regularly decreased hematocrit, platelets and hemoglobin. It also showed decrease in total 

protein, albumin and globulins. In our study, elevated air temperature evoked at 21 days of the 

experiment a statistically significant decrease in hematocrit in birds of both genetic groups. A 

statistically significant difference at 21 days of raising the hemoglobin content was observed 

between birds Ross 308. Metabolic slowdown, and thus less need for oxygen affects the 

decrease of hemoglobin, the number of erythrocytes and hematocrit (Kołacz et al., 1995; 

Yahav and Hurwitz 1996), which were also found in our study. 
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CONCLUSION 

 

The thermal challenge upset the body’s homeostasis in both genetic groups of 

chickens, which possibly suggests that elevated air temperature during the first period of 

rearing has a negative effect on the welfare of broilers, regardless of their origin. 
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