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Abstract  
 
Due to climate change, thermal stress is becoming more common in poultry. Thermal stress causes changes in the 
metabolism of birds which is observed in their productive performance. Also, with the appearance of thermal stress and 
the decrease of the productive performances leads to important economic losses for the producers, but also for the 
consumers due to the decrease of the products quality. In this review are presented some changes that occur in the body 
of birds and some methods to alleviate heat stress. Among the cheapest methods of alleviate heat stress is the 
manipulation of diet. Among these unconventional additives we can mention vitamin A, vitamin E, dehydrated tomato 
peels and prebiotics such as inulin. Also, the use of unconventional additives in food is much easier to apply, requiring 
no investment in production facilities. 
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INTRODUCTION  
 
Heat stress is one of the important obstacles in 
poultry production. Poultry are the most 
sensitive heating stresses among all animals, 
due to its reduced ability to dissipate heat. 
Therefore, the high ambient temperature 
adversely affects the production and health of 
poultry. The importance of animal responses to 
environmental challenges applies to all species. 
Heat stress occurs when there is an imbalance 
between the net amount of energy flowing from 
the body of the animal in the environment and 
the amount of thermal energy produced by the 
animal. (Lara and Rostagno, 2013). Due to its 
perception, stress, a response to adverse 
stimuli, is difficult to understand. Stress is the 
body's nonspecific response to any request 
(Selye, 1976). Studies conducted so far show 
that the optimum temperature for hens farming 
is approximately 20oC to 25oC (Tumova and 
Gous, 2012). After exceeding the temperature 
of 30oCelsius, the thermal stress is installed on 
the poultry (Yardibi and Hoştürk, 2008). When 
poultry live in a very hot environment they put 
a lot of effort to maintain their body 
temperature. In order to maintain their body 

temperature, the visceral organs function under 
a greater heat load. As a result of stress, the 
mortality rate increases, weight gain decreases, 
feed consumption decreases, and meat quality 
is also impaired. In the case of laying hens, the 
thermal stress leads to a decrease in the laying 
rate and a depreciation of the shell (Lin et al., 
2006). Heat stress lead to metabolic and 
hormonal changes, secretion of inflammatory 
markers (Etches et al., 2008). It is well know 
that heat stress disturbs the balance of intestinal 
microflora, implicitly decreases nutrient 
digestibility and absorption, leading to a lower 
feed intake and body weight gain (Feng et al., 
2012). 
There is increasing evidence that heat stress can 
have a significant detrimental effect on food, 
due to a variety of mechanisms but the 
mechanisms underlying this effect have not 
been fully elucidated (Rostagno, 2009). Under 
conditions of high ambient temperature the 
poultry reduce the feed intake to decrease heat 
stress, which negatively affects the production 
performance. Nutritional management is one of 
simplest and most direct methods used in 
poultry production to attenuate the adverse 
effects of heat stress (Sahin et al., 2009). In last 
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years, plants have come back to people's 
attention for various reasons (Trifunschi et al., 
2017), some of them may be the only treatment 
for some incurable diseases for this time. 
Another reason why plants have returned to 
human attention would be that drugs can have 
in addition to the active substance and other 
chemicals that can have adverse effects on 
human or animal health. As a result of these 
observations, both in medicine and in the 
pharmaceutical industry, several plants could 
be used for curative purposes (Muntean et al., 
2017). Many natural compounds such as herbs 
have been used in animal feed and have shown 
positive effects on growth performance and 
various health parameters. Many studies show 
that the use of herbs leads to a reduction in heat 
stress, such as: oregano, ginger, Artemisia 
annua (Panaite et al., 2018; Habibi et al., 2014; 
Turcu et al., 2018, Marin et al., 2015).The aim 
of this paper is to provide an presentation of 
published data on the general applications of 
herbs or active compounds on the harmful 
impact of heat stress on the poultry industry. 
 
MATERIALS AND METHODS  
 
Information about heat stress in poultry was 
obtained from a literature search of electronic 
databases on oxidative stress, alleviate heat 
stress, laying hens and broilers reared in high 
temperature, additives used in poultry diets for 
to combat effects of thermal stress. 
 
RESULTS AND DISCUSSIONS  
 
Physiological and behavioral effects of thermal 
stress on poultry: 
In conditions of high temperature, birds change 
their behaviour, this being a reaction of the 
thermoregulation system that seeks a solution 
to lower the temperature. Mack, 2013 showed 
that birds reared in heat conditions spend less 
time feeding, more time drinking, as well as 
more time with raised wings, less time moving 
and more time resting. In order to maintain 
their thermoregulation and homeostasis when 
are reared in high ambient temperatures, 
animals use several adaptation systems such as 
vasodilation and perspiration (Mutaf et al., 
2009). Unlike other animals, birds have an 
additional thermoregulatory system. The 

presence of air sacs is very useful during 
respiration because it promotes air circulation 
on surfaces thus contributing to increased gas 
exchange with the environment, and, 
consequently, heat loss through evaporation 
(Fedde et al., 1998). Research has shown that 
heat stress increases the plasma concentration 
of corticosterone and reduces the level of 
circulating thyroid hormones (Garriga et al., 
2006). It has been found that the enteric 
nervous system and the central nervous system 
are connected bidirectionally through the 
autonomic nervous system, forming an axis 
between the digestive system and the brain 
(Eutamene and Bueno, 2007). With the 
appearance of thermal stress, large amounts of 
ROS are produced by mitochondria, affecting 
the energy generation efficiency and implicitly 
the damage of proteins, lipids and DNA. The 
mitochondrial membrane is predominantly 
composed of polyunsaturated fatty acids and 
proteins, they are particularly affected by 
oxidative stress (Akbarian et al., 2016). 
Below are presented several additives for 
alleviate heat stress in poultry.  
Probiotics used for alleviate heat stress 
Sohail (2010) showed that the use of mannan-
oligosaccharides and the probiotic-based 
Lactobacillus spp. for 42 day can reduce some 
of the harmful effects of cyclic heat stress on 
broilers. Among these improvements we can 
mention decrease serum cortisol and 
cholesterol concentrations and increased 
thyroxine concentration. 
Inulin, like other probiotics such as acidifiers, 
bacteriocins and some phytobiotics support the 
homeostasis of the digestive system. A 
probiotic is a selective ferment for certain 
ingredients of feed, having beneficial effects on 
the host, acting on one or more beneficial 
microorganisms that populate the digestive 
system. In general, probiotics are not digestible 
by the host organism due to the fact that there 
is no enzymatic equipment to allow this activity 
(Gibson et al., 2004). Inulin is one of the most 
widely used probiotics today 
(Dankowiakowska et al., 2013). Inulin is a 
carbohydrate found in many plants. It is found 
in fruits and vegetables, for example chicory, 
Jerusalem artichoke, artichoke, onion, 
asparagus, but also in the stem of cereals such 
as wheat. The intestinal microflora plays a 
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special role in the optimal functioning of the 
gut and implicitly acts positively on the health 
of the whole organism. (Miremadi and Shah, 
2012). The use of inulin up to 2% in the food of 
laying hens helps to increase the number of 
beneficial bacteria such as Lactobacillus, 
helping to improve the rate of food conversion 
and weight gain. Also, as the number of 
bacteria in the genus Lactobacillus increases, 
the absorption of nutrients increases (Wu et al., 
2019). 
Vitamins used for alleviate heat stress 
Regarding the reduction of the negative effects 
of stress on broiler chicks, vitamin E and 
vitamin A are used in the diet of poultry, due to 
the reported benefits of supplementation with 
vitamin E and vitamin A in birds raised under 
high thermal stress. This study shows that after 
the inclusion of 250 mg of vitamin E and 
15000 IU of vitamin A per kg of feed for 6 
weeks led to a decrease in products such as, 
MDA in serum and liver, resulting from 
exposure to heat stress. (Sahin et al., 2001). 
The use of vitamin E and vitamin A in the feed 
of chickens raised in thermal stress has led to 
an increase in the amount of vitamin E in the 
blood and liver, while also leading to a 
decrease in the concentration of 
malondialdehyde (MDA). Also after the 
additional administration of vitamin E the 
amount of minerals was affected. Serum copper 
concentration decreased linearly while, iron 
and zinc concentrations increased linearly when 
dietary vitamin E supplementation increased 
(Sahin et al., 2009).  
Minerals used for alleviate heat stress: 
Another study showed that using for 6 weeks, 
separately or together vitamin A and zinc lead 
to lower concentration of MDA serum, 
improved feed efficiency and carcass traits. 
Also supplementing diets with vitamin A (4.5 
mg/kg diet) and zinc (30 mg Zn/kg diet) offers 
a protective potential in preventing the effects 
of thermal stress on the performance of broiler 
chickens (Kucuk et al., 2003). Using of 100 
mg/kg of Zn decrease mortality and increase 

activity of the activity of antioxidant enzymes 
(Ismail et al., 2013). 
Using chromium picolinate supplements (up to 
800 µ/kg of diet) in poultry feed has been 
shown a lower cholesterol and glucose 
concentrations in serum. Chromium is essential 
for normal glucose metabolism and is a 
component of the glucose tolerance factor, 
which works with insulin to move glucose into 
cells for energy generation (Pogurschi et al., 
2019). As the amount of insulin increases, so 
does the use of glucose, which leads to an 
improvement in live weight gain, feed 
efficiency and carcass quality (Sahin et al., 
2002).  
Another way to combat heat stress, implicitly 
oxidative stress is to use dietary supplements 
with antioxidants from plants. 
Phenolic compounds present in plants possess 
antioxidant effects that prevent chronic 
cardiovascular diseases (Forester and 
Waterhouse, 2009). These health effects are 
reported due to the antiradical and antioxidant 
properties of plant phenolics and plant 
derivatives (Lurton, 2003). 
Some studies show that the use of lycopene in 
the diets of broiler chickens helps to improve 
the health of animals. Using lycopene 
supplements, antioxidant enzyme levels 
increased and MDA levels decreased in meat 
and serum (Sahin et al., 2016). A real source of 
lycopene are dried tomato peels. Lycopene is a 
non-provitamin A carotenoid which is a 
powerful antioxidant that provides protection 
against damage to the cells due to free radicals 
with a singlet-oxygen-quenching ability 
(Palozza et al., 2012). The inclusion of 5% 
dried tomato fruit for 42 days in the diet of 
broiler chickens raised in heat stress leads to a 
decrease in HDL cholesterol and triglycerides 
and an increase in  superoxid dismutase (SOD) 
and glutathione peroxidase (GPx) activity, 
while the concentration of MDA decreased 
(Hosseini-Vashan et al., 2016). . 
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Table 1. Effects of some additives used in poultry for alleviate heat stress 

Feed additive Inculsion  Effects Reference 
Prebiotics and probiotics 

Mannan-
oligosaccharides and 

Lactobacillus spp. 
0.50% decrease serum cortisol and cholesterol Sohail et al., 2010 

Vitamins 

Vitamin A 15000 UI/kg of 
feed decrease glucose, cholesterol, triglycerides in 

serum Sahin et al., 2001 
Vitamin E 250 mg/kg of feed 

Vitamin A 4.5 mg/kg of feed decrease MDA concentration, improve feed 
efficiency and carcass traits Kucuk et al., 2003 

Zinc 30 mg/kg of feed 
    

Minerals 

Chromium picolinate 
(CrPic) 

up to 800 µg//kg of 
feed 

decrease serum corticosterone concentration; 
decreased concentration of glucose and 

cholesterol in serum concentrations; increased 
serum insulin concentration. 

Sahin et al., 2002 

Zinc 100 mg/ kg increase antioxidant enzyme levels and decrease 
mortality Ismail et al.,2013 

Plants / plants extracts 

Lycopene 400 mg/kg increase antioxidant enzyme levels and decrease 
MDA in serum and meat Sahin et al., 2016 

Tomato peel (dryed) 5% 

decrease in HDL cholesterol, triglycerides and 
MDA in serum; increase superoxid dismutase 

(SOD) and glutathione peroxidase (GPx) 
activity. 

Hosseini-Vashan et 
al., 2016 

Mulberry Leaf Extract 0.5% decrease MDA concentration in serum Gundogdu et al.,  
2011 

Resveratrol 400 mg/kg decrease MDA concentration in serum; increase 
egg laying Sahin et al., 2022 

 
Mulberry Morus is a plant used in traditional 
medicine for its beneficial effects. The leaves 
of this plant contain phenolic compounds 
which has an antioxidant effect (Gundogdu et 
al., 2011). Mulberry Leaf has been shown to 
efficiently annihilate free radicals such as NO, 
superoxides and 2,2-Diphenyl-1-picrylhydrazyl 
(DPPH) radicals. Following the administration 
of mulberry leaves to laying hens for 12 weeks, 
the amount of MDA in the serum was lower. 
With the improvement of the health of the hens, 
the weight of the shell and its breaking strength 
increased (Lin et al., 2017).  
Inclusion of resveratrol in the diet of laying 
hens for 12 weeks, led to increased liver 
antioxidant activity. The amount of MDA also 
decreased while the percentage of eggs was 

higher when 400 mg/kg of feed was 
administered (Sahin et al., 2012). 
Al-Juhaimi (2011) showed that parsley contains 
significant amounts of polyphenols in its 
composition, thus having beneficial effects on 
the body due to their antioxidant effect. 
 
CONCLUSIONS 
 
In conclusion, thermal stress causes significant 
economic losses for meat and egg producers. 
Some minerals such as chromium, zinc help 
reduce oxidative products and thus heat stress. 
There are natural compounds that are easily 
accessible and can reduce the effects of heat 
stress. 
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