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Streszczenie. Celem doświadczenia było zbadanie potencjalnych skutków stresu oksydacyjnego  
w surowicy, mięśniach piersiowych i nóg kurcząt brojlerów Ross 308, utrzymywanych w dwóch 
systemach odchowu w okresie letniej wysokiej temperatury powietrza. Kurczęta (400) przydzielono 
do dwóch grup (po 200 ptaków): I – ptaki utrzymywane w systemie ściołowym bez możliwości 
korzystania z wybiegów, II – kurczęta utrzymywane w systemie ściołowym z możliwością 
korzystania z wybiegów. Ptaki żywiono ad libitum standardowymi paszami sporządzonymi na 
bazie koncentratów. Ptaki przez cały okres doświadczenia miały swobodny dostęp do poideł  
z wodą. Obie grupy były utrzymywane w jednakowych warunkach środowiskowych (wilgotności, 
temperatury, programu świetlnego) oraz żywieniowych. W 6. tygodniu odchowu, w czasie 
wystąpienia letnich upałów, badano aktywność enzymów antyoksydacyjnych (SOD, CAT, GPx) 
oraz stężenie GSH i MDA w surowicy i mięśniach piersiowych i nóg. Dodatkowo krew i tkanki 
pobrano dzień przed wystąpieniem podwyższonej temperatury zewnętrznej. Wyniki wskazują, iż 
wysoka temperatura może indukować u kurcząt brojlerów stres oksydacyjny, niezależnie od 
systemu utrzymania, jednak kurczęta korzystające z zielonych wybiegów charakteryzowały się 
stabilniejszym systemem antyoksydacyjnym. Wysoka temperatura powietrza inicjuje peroksydację 
lipidów, na co wskazuje wzrost poziomu MDA, przy czym mięśnie nóg są bardziej wrażliwe na 
stres oksydacyjny niż mięśnie piersiowe. 
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INTRODUCTION 

 

Poultry meat is an extremely popular item, much sought after on the market. It is due to, 

among other things, its nutritional value, as poultry meat is a source of full-fledged animal 

protein (Woźniak et al. 2016). According to the FAO/WHO recommended standards (1990), 
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the biological value of chicken meat is equivalent to the value of milk protein. Apart from the 

nutritional value, poultry meat is selected as a component of meals due to its taste, short 

preparation time and relatively low price. 

Poultry meat, compared to meat of other animal species, is characterized by a relatively 

low fat content, which determines its high dietary and nutritional values. At the same time, 

the lipids contained in this meat account for almost 70% of unsaturated fatty acids, including 

essential fatty acids (EFAs), i.e. linoleic acid in the amount of about 16 g · 100 g–1 of fat, and 

α-linolenic acid – 3 g · 100 g–1 of fat (Kitessa and Young 2009). 

Unsaturated fatty acids (UFAs) have a beneficial effect on the human body, and the 

consumption of the recommended amount of EFAs can contribute to the reduction of the risk 

of coronary heart disease, diabetes, hypertension, arthritis, autoimmune diseases and 

cancers (Simopoulos 1999; Woźniak et al. 2016). At the same time, many authors (Pietrzak 

et al. 2005; Okafor et al. 2007; Okolie et al. 2009; Muchacka et al. 2016) point to the problem 

of lipid oxidation, which is particularly evident in products containing significant amounts of 

unsaturated fatty acids. High levels of PUFA in poultry fat adversely affect its stability. Rapid 

lipid oxidative changes and resulting products may reduce the quality characteristics of meat 

and poultry products and significantly reduce their storage life (Pikul 2009). This is confirmed 

by previous research (Pietrzak et al. 2005; Muchacka et al. 2016). 

The quality of carcasses and poultry meat is shaped throughout the birds’ life span,  

i.e. from breeding to slaughter. The selective breeding programs already decide on the 

anatomical composition of carcasses, the percentage of breast muscles and other muscles, 

as well as skin and fat. In turn, genetic predispositions, by appropriate nutrition and 

environmental conditions, can be properly utilized, influencing the positive qualities of meat, 

or – due to negligence – can lead to the production of poor quality meat. 

Heat stress (HS) is one of the major problems in poultry production, especially in the 

countries of warm climates. High temperatures in poultry houses can cause hyperthermia in 

poultry. Its consequence is, among other things, increased mortality, immunosuppression, 

weight loss and laying, deterioration of meat and egg quality (El-Habbak et al. 2011; Zhang 

et al. 2012; Lara and Rostagno 2013). The size of losses in poultry flocks depends on many 

factors, including the age of birds, differences in temperature fluctuations, exposure times to 

elevated temperatures or ambient air humidity (El-Habbak et al. 2011; Zhang et al. 2012; 

Lara and Rostagno 2013). 

The objective of the study was to determine the effect of the stress factor of the elevated 

air temperature a few days before the slaughter on the antioxidant enzyme activities (CAT, 

SOD, GPx) and glutathione (GSH) and malondialdehyde (MDA) concentration in serum, 

breast and leg muscles of broiler chickens, kept in two different rearing systems. 

 

MATERIAL AND METHODS 

 

The experiment was conducted in the summer production cycle (June/July 2014). It was 

performed on 400 Ross 308 hybrid broilers of both sexes. One-day-old broilers were 

randomly divided into two groups (200 birds per group), with five replicates (40 birds per 

subgroup): I – chicken kept on litter in an indoor system, II – birds kept on litter with access to 
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green paddocks. Chickens in both groups were reared with a stocking density of 13 birds · m–2, 

which did not exceed 33 kg · m–2 in accordance with the Rozporządzenie Ministra Rolnictwa  

i Rozwoju Wsi z dnia 15 lutego 2010 r., while 1 m2 of the green paddocks was assigned per 

bird. The paddocks were equipped with drinking nets and roofs to protect the chickens from 

the sun. The birds used the green paddocks from the first day of rearing at the hours of 7.00 

to 20.00. Broiler chickens were fed ad libitum standard diets based on concentrates: starter 

diet (ME 12.5 MJ; CP 22%) for the first 21 days, a grower diet (ME 13 MJ; CP 20.5%) on days 

22–35, and a finisher diet (ME 13 MJ; CP 20.5%) on days 36–42. Throughout the study, birds 

had free access to water. 
During the experiment, the data of temperature and humidity were collected outside and 

inside of the broiler house. The macroclimatic measurements were performed with the use of 
a Technoline Ltd climatic station: WS-3650-IT (Germany), which recorded data every 1 hour 
throughout the experimental period. Inside the broiler house the temperature and humidity 
were recorded on STIENEN BE's PL-9000 „poultry computer” (Netherlands). Microclimate 
sensors were placed in the zone occupied by the broiler chickens. In addition, at 8.00 and 
13.00, the temperature and humidity measurements were performed by the Testo 435 
apparatus (Germany), at 3 points diagonally in each compartment (subgroup) and at 3 points 
diagonally in the paddock at the birds’ level. The microclimatic data in Table 1 and Table 2 
are the mean calculated from the data read from all the measuring devices. In the second 
rearing period, at high outdoor temperatures, which occurred in the 6th week of the 
experiment, on days 39 and 42 of the experiment, blood, breast and leg muscles were 
collected from 6 birds in each group to determine the activity of the antioxidant enzymes: 
superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx), and the 
level of reduced glutathione (GSH) and malondialdehyde (MDA). In addition, blood and tissue 
samples were collected on day 35 of the experiment, i.e. before high outdoor temperatures in 
the summer. Blood and organs were collected between 13.00 and 15.00 hours. 

 
Table 1. The outdoor and the indoor air temperature from 28. to 42. day of rearing 
Tabela 1. Temperatura powietrza wewnątrz brojlerni i na wybiegach od 28. do 42. dnia odchowu 

Day of 
rearing 
Dzień 

odchowu 

Indoor air temperature  
Temperatura wewnątrz brojlerni [°C] 

Outdoor air temperature 
Temperatura na wybiegach 

[°C] group I – grupa I group II – grupa II 
8.00 13.00 8.00 13.00 8.00 13.00 

28 20.5 22.5 21.4 22.7 21.15 21.7 
29 21.0 22.1 20.9 21.9 16.9 21.4 
30 21.6 22.4 21.9 21.7 20.7 24.0 
31 20.3 21.8 18.4 20.7 15.7 23.1 
32 20.7 24.3 21.3 23.2 19.8 25.9 
33 20.3 23.3 21.3 23.3 25.1 27.9 
34 21.4 24.5 20.9 22.8 19.0 26.3 

28–34 20.8 23.0 20.9 22.3 19.8 24.3 
35 21.4 21.9 20.9 23.3 19.1 26.3 
36 22.5 24.6 22.8 23.6 27.6 34.0 
37 22.6 24.5 23.0 23.6 27.8 32.6 
38 22.8 24.0 21.9 23.4 19.3 27.1 
39 21.4 27.7 21.4 25.8 24.8 34.1 
40 23.5 27.4 23.5 24.7 30.8 35.4 
41 23.4 28.0 22.1 26.3 22.6 32.2 
42 24.1 27.2 24.5 26.6 25.6 33.2 

35–42 22.7 25.7 22.5 24.7 24.7 31.9 
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Table 2. The outdoor and the indoor air humidity  from 28. to 42. day of rearing  
Tabela 2. Wilgotność wewnątrz i na zewnętrz brojlerni od 28. do 42. dnia odchowu kurcząt brojlerów 

Day of 
rearing 
Dzień 

odchowu 

Indoor air humidity 
Wilgotność wewnątrz brojlerni [%] Outdoor air humidity 

Wilgotność na wybiegach [%] 
group I – grupa I group II – grupa II 

8.00 13.00 8.00 13.00 8.00 13.00 

28 71 71 66 66 86 73 
29 71 70 77 70 90 76 
30 70 67 69 68 82 87 
31 69 65 69 62 93 55 
32 68 56 61 52 87 75 
33 69 59 62 53 84 40 
34 69 69 65 56 80 36 

28–34    69.6    65.3    67.0    61.0    86.0    63.1 
35 68 66 66 60 77 76 
36 73 71 71 74 85 78 
37 73 70 70 77 89 80 
38 73 75 71 76 88 56 
39 75 62 71 62 87 35 
40 70 63 60 61 78 38 
41 65 63 61 62 73 41 
42 65 66 52 62 67 38 

35–42    70.3   67.0   65.3    66.8    80.5    55.3 

 

Blood samples were taken from the vein wings (vena cutanea ulnaris) into tubes containing 

anticoagulant (2% sodium oxalate). The samples were centrifuged at 200g for 5 minutes  

at +4°C; then the serum was removed immediately and stored at –20°C until analyzed. 

Tissue specimens (breast and leg muscles) were rinsed with saline to remove the blood and 

then were homogenized. 
The activity of SOD was marked according to the spectrophotometric cytochrome method 

by Rice-Evans et al. (1991). The CAT activity was estimated by measuring the breakdown of 
H2O2 at 240 nm according to the method of Aebi (1984). The activity of GPx was estimated 
by the modified method of Lück (1962). SOD, CAT and GPx activity in serum and tissues 
were expressed as U · ml–1 and U · mg–1 protein, respectively. The concentration of GSH was 
measured by an assay with the use of the dithionitrobenzoic acid recycling method described 
by Ellman (1959) and was expressed as μmol · ml–1 for serum and μmol · g–1 protein for muscles. 
Lipid peroxidation was assessed by measuring MDA formation, using the thiobarbituric acid 
(TBA) assay (Ohkawa et al. 1979). MDA concentrations in serum and muscles were 
expressed as nmol · ml–1 and nmol · mg–1 protein, respectively. Total protein concentration in 
the supernatants of homogenates of the breast and the leg muscles was determined 
according to the Bradford method (1976) with bovine serum albumin as the standard. 

The results were analyzed statistically with Statistica ver. 10.0 PL (StatSoft Inc. 2011, 

USA). Significant differences between the experimental groups were verified by the analysis 

of variance and Duncan’s multiple range test and considered significant at P ≤ 0.05. The 

results were presented as the means and standard errors of the mean (SEM). 

 

RESULTS 

 

As the temperature increased, SOD and GPx activity (Table 3) and the serum level of 

MDA (Table 4) increased in both groups. However, statistically significant differences in SOD 

were reported only in group I between days 35 and 42 (P ≤ 0.01) and between 39 and 42  

(P ≤ 0.05) days of rearing. In the case of GPx the differences were recorded in group I 
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between days 35 and 42 (P ≤ 0.05) and in group II between days 35 and 39, 42 (P ≤ 0.05). In 

addition, on the 42nd day of the experiment, statistically significant differences (P ≤ 0.05) 

were observed in the SOD and GPx activity between the studied groups. Statistically 

significant increase in serum MDA was observed in both groups on days 39 (P ≤ 0.05) and 

42 (P ≤ 0.01) compared to day 35 (Table 4). 

 

 
Table 3. Antioxidant enzymes activity in serum 
Tabela 3. Aktywność enzymów antyoksydacyjnych w surowicy 

Day of rearing 
Dzień odchowu 

SOD [U · ml–1] CAT [U · ml–1] GPx [U · ml–1] 
group 
grupa SEM 

group 
grupa SEM 

group 
grupa SEM 

I II I II I II 

35 0.831A 0.618 0.261 55.57 81.19 14.68 36.60a 46.80a 5.34 

39 1.152a 0.743 0.292 63.90 94.52 15.87 41.44 50.35a 5.76 

42 2.015Bb  1.123* 0.345 57.56 66.71 13.43 54.79b* 67.99b* 4.22 

* Values in rows differ significantly – Wartości w wierszach różnią się statystycznie istotnie (P ≤ 0,05). 
a, b values in columns with different letters differ significantly – wartości w kolumnach oznaczone różnymi literami 
różnią się statystycznie istotnie (P ≤ 0,05). 
A, B values in columns with different letters differ highly significantly – wartości w kolumnach oznaczone różnymi 
literami różnią się statystycznie wysokoistotnie (P ≤ 0,01). 
 
 
Table 4. The level of GSH and MDA in serum  
Tabela 4. Stężenie GSH i MDA w surowicy 

Day of rearing 
Dzień odchowu 

GSH [μmol · ml–1] MDA [nmol · ml–1] 
group 
grupa SEM 

group 
grupa SEM 

I II I II 
35 0.284 0.283 0.017 1.345Aa 1.327Aa 0.132 
39 0.240 0.270 0.018 1.567b 1.534b 0.147 
42 0.240 0.268 0.016 1.602B 1.625B 0.176 

Explanations as in Table 3 – Objaśnienia jak w tab. 3.  

 

Statistically significant differences in SOD (Table 5) and CAT activity (Table 6) were 

observed in the breast and leg muscles only in group I. SOD activity in the breast and leg 

muscles was statistically significantly higher (P ≤ 0.05) on day 39 as compared to day 35 

(breast muscles), and on day 39 compared to days 35 and 42 (leg muscles). The highest 

CAT activity, both for the breast muscles (P ≤ 0.01) and the legs (P ≤ 0.05), was recorded on 

day 39. In addition, statistically significant differences (P ≤ 0.05) on this day were observed in 

CAT activity in the breast muscles between groups. The only statistically significant 

differences in the GPx activity (Table 7) were observed in leg muscles from group II between 

35 and 39 days of experiment (P ≤ 0.05). 

Both groups showed a decrease in the level of GSH (Table 8) and an increase in the level 

of MDA (Table 9) under the influence of high temperatures, in both the breast and leg 

muscles. Statistically significant differences in GSH levels were observed only in group I in 

breast muscles (P ≤ 0.05). On the other hand, statistically the highest MDA level (P ≤ 0.01) 

was recorded on day 42 of the study in leg muscles of both groups. 
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Table 5. SOD activity in breast and leg muscles 
Tabela 5. Aktywność SOD w mięśniach piersiowych i nóg 

Day of 
rearing 
Dzień 

odchowu 

Breast muscles – Mięśnie piersiowe Leg muscles – Mięśnie nóg 

SOD [U · mg–1 protein – białka] 

group – grupa 
SEM 

group – grupa 
SEM 

I II I II 
35 1.592 a 3.194 0.911 1.418 a  2.302 0.838 
39 5.114 b 4.428  4.532 b 4.826  
42 2.332 b 2.431  1.776 a 2.442  

Explanations as in Table 3 – Objaśnienia jak w tab. 3.  
 
Table 6. CAT activity in breast and leg muscles 
Tabela 6. Aktywność CAT w mięśniach piersiowych i nóg 

Day of 
rearing 
Dzień 

odchowu 

Breast muscles – Mięśnie piersiowe Leg muscles – Mięśnie nóg 

CAT [U · mg–1 protein – białka] 

group – grupa 
SEM 

group – grupa 
SEM 

I II I II 
35 9.898 A 8.851 2.059 8.607 14.611 2.941 
39 18.386 Bb* 10.411*  17.247 b 15.525  
42 11.971 a 7.054  7.716 a 13.850  

Explanations as in Table 3 – Objaśnienia jak w tab. 3.  
 
Table 7. GPx activity in breast and leg muscles 
Tabela 7. Aktywność GPx w mięśniach piersiowych i nóg 

Day of 
rearing 
Dzień 

odchowu 

Breast muscles – Mięśnie piersiowe Leg muscles – Mięśnie nóg 

GPx [U · mg–1 protein – białka] 

group – grupa 
SEM 

group – grupa 
SEM 

I II I II 
35 0.020 0.028 0.003 0.038 0.066 b 0.011 
39 0.028 0.031  0.020 0.024 a  
42 0.023 0.026  0.027 0.044  

Explanations as in Table 3 – Objaśnienia jak w tab. 3.  
 
Table 8. Level of GSH in breast and leg muscles 
Tabela 8. Stężenie GSH w mięśniach piersiowych i nóg 

Day of 
rearing 
Dzień 

odchowu 

Breast muscles – Mięśnie piersiowe Leg muscles – Mięśnie nóg 

GSH [μmol · g–1 protein – białka] 

group – grupa 
SEM 

group – grupa 
SEM 

I II I II 
35 3.195 b 2.497 0.435 7.020 1.277 1.109 
39 1.758 a 2.664  4.362 1.206  
42 1.438 a 1.774  3.196 1.185  

Explanations as in Table 3 – Objaśnienia jak w tab. 3.  
 
Table 9. Level of MDA in breast and leg muscles 
Tabela 9. Stężenie MDA w mięśniach piersiowych i nóg 

Day of 
rearing 
Dzień 

odchowu 

Breast muscles – Mięśnie piersiowe Leg muscles – Mięśnie nóg 

MDA [nmol · mg–1 protein – białka] 

group – grupa 
SEM 

group – grupa 
SEM 

I II I II 
35 3.188  3.563 0.686 2.625 A 3.313 A 0.582 
39 3.750 4.000  4.375 A 4.125 A  
42 5.375 5.375  7.125 B 6.813 B  

Explanations as in Table 3 – Objaśnienia jak w tab. 3.  
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DISCUSSION 

 

Continuous selection of broiler chickens for rapid growth and greater weight resulted in 

sensitization of these birds to thermal conditions (Washburn et al. 1980; Cahaner et al. 1995; 

Berrong and Washburn 1998). High ambient temperature decreased the broiler performance 

(Ali et al. 2010; Rashidi et al. 2010), particularly the feed consumption and growth rate  

(El-Habbak et al. 2011). Antioxidant status of the organism is activated as a response to 

heat-induced oxidative stress. In broiler chickens, oxidative injury, induced by high ambient 

temperatures, has been demonstrated in previous in vivo and in vitro studies (Sahin et al. 

2001; Altan et al. 2003; Mujahid et al. 2005, 2006, 2007; Lin et al. 2006, 2008).  

Oxidative stress is caused by reactive oxygen species (ROS), which produced due to 

leakage of electron from the respiratory chain during the reduction of molecular oxygen to 

water generating superoxide anion in chicken (Mujahid et al. 2005; Lu et al. 2010). Heat 

stress can disturb the balance between the production of ROS and the antioxidant systems, 

and may further stimulate the formation of ROS (Mahmoud and Edens 2003; Lin et al. 2006; 

Feng et al. 2008). Superfluous ROS induced by heat stress can cause oxidative injury, such 

as lipid peroxidation and oxidative damage to proteins and DNA (Halliwell and Aruoma 1991; 

Mujahid et al. 2007). 

The enzymatic or non-enzymatic antioxidant systems of the body are responsible for 

scavenging of these ROS, protecting DNA and macromolecules from deterioration (Lu et al. 2010). 

Glutathione, selenium, Vitamin C and E are the main non-enzymatic antioxidants whereas, 

SOD, CAT and GPx are the major antioxidant enzymes (Cadenas and Davies 2000). 

In our studies, it was found that under the influence of the elevated ambient temperature, 

the antioxidant system was activated. This reflects the increase in antioxidant enzyme 

activity in both serum and breast and leg muscles. It is worth noting that larger changes in 

enzyme activity have been observed in birds kept on litter without the use of paddocks. Birds 

maintained with green paddocks were characterized by more stable enzymatic activity. Also 

in group I, during the elevated air temperature, a greater decrease of GSH in serum and 

muscle was observed. The activity of the antioxidant system could have been influenced by 

the way the birds were kept – birds in group II were able to protect themselves in shady and airy 

spots on the paddocks, which could have affected their greater thermal comfort and wellbeing.  

One of the most important biological processes associated with ROS is lipid peroxidation 

(Yagi 1992). Lipid peroxidation is the avalanche, free radical oxidation process of the lipid, 

present in unsaturated fatty acids, in which the peroxides of these compounds are formed. 

Peroxidation predominantly undergone by polyunsaturated fatty acid residues, which are  

a part of phospholipids, which, in turn, are the major building blocks of the cell membranes 

(McConnell et al. 1999). One of the many compounds produced by the peroxidation process 

of polyunsaturated fatty acids is malondialdehyde (MDA). 

The levels of MDA in serum and tissues were used as biomarkers of lipid peroxidation 

(Sehirli et al. 2008; Yousef et al. 2009; Ismail et al. 2013) and MDA level is directly 

proportional to the degree of lipid peroxidation (Kuhn and Borchert 2002; Ismail et al. 2013). 

In our studies, under the influence of high temperatures, elevated MDA levels were 

observed both in muscles and serum in both groups. However, interestingly, statistically 
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significant changes in MDA levels were observed in serum and leg muscles, but in breast 

muscles these changes were not statistically significant. This could indicate that the leg 

muscles are more prone to damage associated with oxidative stress caused by high ambient 

temperatures than the breast muscles. We should also remember that MDA is produced by 

the action of free radicals inside the body (Long et al. 2009), as well as in products of animal 

origin containing fats (Okafor et al. 2007; Okolie et al. 2009). It is also important from the 

point of view of food safety that the freezing of raw meat material only slightly inhibits the 

peroxidation process (Okolie et al. 2009). This is because the solubility of free lipid radicals in 

the lipid fraction increases at low temperatures, so that they diffuse over long distances, 

inducing lipid oxidation reactions during storage (Kanner 1994). 

 

CONCLUSIONS 

 

The increase in antioxidant enzyme activity and decrease in the level of GSH in both 

serum and breast and leg muscles suggest that the elevated air temperature initiates 

oxidative stress in broiler chickens, regardless of the rearing system. However, larger 

changes in enzymes activity and GSH level have been observed in birds kept on litter without 

the use of paddocks. Broiler chickens using green paddocks were characterized by a more 

stable antioxidant system. Probably, shady and airy spots on the paddocks guaranteed them 

better thermal comfort which affect their welfare. The results also indicate that leg muscles 

are more sensitive to the effects of oxidative stress than breast muscles, as indicated by the 

MDA level. 
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Abstract. The aim of the study was to investigate possible oxidative damage in serum, breast 
and leg muscles in broiler chickens Ross 308 reared in two housing systems and exposed to 
high summer air temperature. 400 broiler chickens were divided into two groups (200 birde per 
group): I – birds kept on litter in an indoor system, II – chickens kept on litter with access to 
green paddocks. Birds were fed ad libitum standard diets based on concentrates. Throughout 
the study, birds had free access to water. Both groups were managed under uniform 
environmental (air humidity and temperature, lighting programme) and feeding conditions. In the 
6th week of rearing, during high outdoor temperatures, antioxidant enzymes activity (CAT, SOD, 
GPx), glutathione (GSH) and malondialdehyde (MDA) concentrations in serum, breast and leg 
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muscles tissues were investigated. In addition, blood and tissue samples were collected 1 day 
before high summer outdoor temperatures. The results showed that elevated air temperature 
initiates oxidative stress in broiler chickens, regardless of rearing system, but broiler chickens 
using green paddocks were characterized by a more stable antioxidant system. High air 
temperatures initiate lipid peroxidation as indicated by increased MDA levels, however leg 
muscles are more sensitive to the effect of oxidative stress than breast muscles. 

 



 


