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ABSTRACT 

Stress is reaction of body to stimuli that disturb homeostasis and adversely affects the animal body system. To 

cope up such situation animal body shows many neuro-endocrine responses which may alter the biochemical reactions to 

acclimatize to its surrounding. Heat stress is important phenomenon among dairy farmers due to its deleterious effect on 

productivity of animal and so economy of farmers. Animal’s responses to atmospheric temperature above 

thermoregulatory critical limits are indicative of animal’s adaptation. However, when homeostasis mechanism is not quite 

enough for thermal adjustment, animal undergoes a critical condition. Better manage-mental practices can assist to 

minimise heat stress on animal body and to maximize its productivity. 

KEYWORDS: Heat Stress, Homeotherms, Panting, Thermoregulation 

INTRODUCTION 

The physiological responses, biochemical reactions and body temperature are inter-correlated. A rise of 

temperature accelerates the biochemical reactions, and a lowering of temperature depresses these reactions, likewise 

appropriate and physiological response is exhibited. Furthermore, it is well known that fluctuations in body temperature are 

directly correlated with the fluctuation in environmental temperature surrounding the animal as response of animal body to 

its surrounding temperature whether too cold or too hot. This is physiological response or adjustment to change in external 

environment has highly effect on productivity of domestic animals. Mammals and birds have developed a 

thermoregulatory mechanism whereby body temperature is maintained at a relatively constant level regardless of the 

temperature of the surroundings. Therefore, mammals and birds are classified as homeotherms, or warm-blooded animals. 

Poikilotherm (cold-blooded) animals have a body temperature that varies with the temperature of the environment. 

Homeotherms have optimal temperature zones or thermo-neutral zones for production within which animal’s 

body temperature remains relatively constant [1]. However, long term exposure of animal to the atmospheric temperature 

below or above the thermo-neutral zone may alter the physiological functions of animal and animal may be called as cold 

or heat stressed, respectively. Stress is reaction of body to stimuli that disturb homeostasis often with detrimental effects 

[2]. Environmental heat stress is the most detrimental to dairy animals and results in the hindrance of feed consumption 

[3], decreased milk production [4], and reproductive performance [5]. Long term exposure to high temperature may results 

in heat stress causes negative balance between the net amount of energy flowing from the animal to its surrounding 

environment and the amount of heat energy produced by the animal. Nonetheless high producing animals may relatively 

more prone to be affected with changes in environmental temperature i.e. high yielding Holstein-Friesian cows in first, 
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second or third parity at the first stage of lactation are the most susceptible: their heat production is twice that of low 

yielding or dry cows [6]. Major factors affecting a cow’s susceptibility to heat stress are presented in table 1. Besides this, 

a highly integrated mechanism of behavioural and physiological responses is set in animal which helps to maintain 

constant internal environment and physiological equilibrium [7, 8]. 

Table 1: Major Factors Affecting a Cow’s Susceptibility to Heat Stress [6] 

Breed (imported Holstein-Frisian versus 
local indigenous breed) 

Body condition score (high versus 
low) 

Parity (younger versus older) Behaviour (active/aggressive versus  
quiet) 

Level of milk production (high  
versus low) 

Housing conditions (well versus 
poorly ventilated  

Lactation stage (early versus late or dry) 
 

Pasturing conditions (shady versus 
non-shady) 

Level of feed intake (high versus low) Quality of feedstuffs in the ration 
Ration composition (protein rich  
versus poor)  

 

PRINCIPLES OF THERMOREGULATION 

The basic thermoregulatory approach of a mammal is to maintain a body core temperature higher than ambient 

temperature to allow heat to flow out from the core via 4 basic routes of heat exchange (conduction, convection, radiation, 

and evaporation) [9]. Three of these routes (conduction, convection, and radiation) are referred to as sensible routes of heat 

loss and require a thermal gradient to operate. The fourth (evaporation) works on a vapor/pressure gradient and is defined 

as insensible heat loss. When ambient temperature conditions approach body temperature, the only viable route of heat loss 

is evaporation; if ambient conditions exceed body temperature, heat flow will reverse and the animal becomes a heat sink. 

These all phenomenon directly related to the physiological response of an individual. Therefore, estimating the thermal 

environment around animals is key to understanding their cooling needs [9]. 

Thermoregulation is type of negative feedback of homeostasis. Sheep and cattle maintain up their body 

temperatures within narrow limits over a wide range of atmospheric temperatures by balancing heat loss or gain, and heat 

production [10]. Metabolic heat and heat from the environment can increase body temperature [11]. Difference in thyroxin 

activity was observed during hot and cold environmental temperature which is in a straight line with the metabolic heat 

production [12]. As soon as ambient temperature rises, heat is dissipated primarily by passive mechanisms (sensible heat 

loss) such as radiation and convection [13]. As ambient temperature approaches skin temperature, the rate of heat 

dissipation through sensible heat loss decreases. As heat stress progresses, there is recruitment of evaporative processes, 

primarily sweating and increased respiratory rate [13, 14].  

PHYSIOLOGICAL AND BIOCHEMICAL RESPONSES 

Different physiological responses involve in thermoregulation. Sweating, high respiration rate, vasodilatation with 

increased blood flow to skin surface, reduced metabolic rate, decreased dry matter intake and altered water metabolism etc 

are the physiological responses that have negative impact on the production and reproduction of the cows [15].  

 Heat is detected by thermo receptors in the skin and buccal membranes, which detect ambient temperature, and 

also by central receptors in the hypothalamus and spinal cord that can detect changes in the blood temperature [16]. 
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Changes in core body temperature cause the hypothalamus to send nerve impulses to the sweat glands, muscles and blood 

vessels to raise or lower the temperature. If the core temperature goes up the body loses heat to bring it down again. If the 

core temperature goes down the body will conserve and even generate heat to bring it up again. Change in rectal 

temperature has also been considered an indicator of heat storage in animal’s body and may be used to assess the adversity 

of thermal environment, which can affect growth, lactation and reproduction of dairy animals [17, 18]. 

The initial physiological responses initiated to increase heat loss redirect blood to the periphery, by vasodilatation 

of skin blood vessels, and vasoconstriction of vessels supplying internal organs. Increased sweating rate then enhances heat 

loss from the skin. There will be loss of electrolytes in the sweat, with the amount lost differing between species, and 

perhaps between breeds, with other animal factors such as acclimatisation to heat also influencing the composition. Cattle 

sweat is hypotonic, containing mostly potassium (K+), along with sodium (Na+) and chloride (Cl-) [15].  

If the loss of heat from the skin is not sufficient to maintain stable core temperature, additional heat can be lost 

from the respiratory membranes as the animal pants. Panting is thought to be a more important heat loss mechanism in 

sheep than cattle [19]. An increased respiration rate is the first reaction when animals were exposed to environmental 

temperature above the thermo neutral zone [17]. Panting is of particular importance when the humidity increases along 

with the temperature, as experienced by animals shipped through equatorial regions during the summer. Evaporation of 

water requires a vapour pressure gradient for loss of heat energy as water evaporates to the surrounding air, but in very 

humid conditions this gradient is reduced, and therefore evaporative heat loss from the skin is reduced. Respiratory cooling 

can still occur under these conditions because inspired air is warmed to body temperature and therefore can take on more 

water vapour, which maintains the gradient. However, when the temperature of inspired air rises to near body temperature, 

this means of heat loss from panting also becomes limited [20]. Moreover, panting along with sweating generate metabolic 

heat, imposing an additional heat load [21]. Generally, for animals that both sweat and pant such as cattle, there will be a 

lag of two to three hours before the respiratory mechanisms for heat loss are initiated. These physiological responses are 

reviewed in Sparke et al. [20]. Evaporation from the skin provides the greater heat loss for cattle, up to about 80% of total 

evaporative heat loss [22], but panting is an important mechanism for additional heat loss. 

Increase in respiratory frequency may be used an index of discomfort in large animals. Al-Haidary [23] also 

observed significantly higher respiration rate and heart rate in heat stressed sheep than control animal. With increasing 

environmental temperature, the respiratory rate increases, but the tidal volume decreases. This allows for increased heat 

loss from the respiratory membranes, but does not increase alveolar ventilation substantially, and therefore does not alter 

the total gas exchange for the animal. When heat stress becomes more severe, the depth of respiration increases back to 

near normal tidal volume while the respiratory rate remains elevated above normal (second stage panting). Overall, there is 

increased airflow over surfaces for evaporative heat loss, but there is also increased alveolar ventilation, up to five times 

normal in sheep and cattle. The increase in alveolar ventilation leads to excessive expiration of carbon dioxide and 

respiratory alkalosis [20, 24]. Bhatnagar and Choudhary [25] found that the combination of relative humidity and air 

temperature caused variation in body temperature and respiration rate of animals, whereas the relative humidity caused 

variation in pulse rate. McLean [26] found that the significance of increase in respiration rate under heat stress enabled the 

animal to dissipate the excess body heat by vaporizing more moisture in the expired air, and accounts for about 30 percent 

of the total heat dissipation. Salem [27] reported an increase in respiration rate if buffaloes and crossbred cattle during 

summer compared to other seasons. Nonetheless, a higher respiration rate of 71.5/minute during summer compared to 



110                                                                                                   Mehul D. Patel, Jigar H. Patel, Mahipatsinh B. Rajput & Akshay R. Bariya 

 

 
Impact Factor (JCC): 2.9459                                                                                                                     NAAS Rating 2.74 

38.8/minute in winter was recorded in lactating cows by Taneja [28]. 

Sustained panting may be limited by the alkalosis that develops if there is a conflict between the drive to conserve 

expired carbon dioxide, and the continued elimination of heat through panting. However, buffering mechanisms will 

operate to maintain blood pH within the normal range [29], and this should allow panting to continue. Mechanisms to 

restore blood pH involve the immediate release of hydrogen ions (H+) from intracellular locations, and renal mechanisms 

that conserve H+ and excrete bicarbonate ions (HCO3
 -).  

Alkalosis does have serious consequences for the well-being of the animal. It is associated with altered 

neurological function, because a lowered partial pressure of carbon dioxide in the cerebral blood vessels can cause 

vasoconstriction and reduce perfusion of the brain [30]. Alkalosis can also decrease the availability of minerals such as 

magnesium and calcium, which can contribute to muscle tremors and tetany. 

The change to second stage panting is thought to occur because there is continued heat stimulation of the 

respiratory centres via the hypothalamus, the carotid bodies, pulmonary receptors or medulla oblongata, along with a 

reversal of the effect of hypomania on respiration in hyperthermia [24]. The stimulation will be of both rate and depth, but 

due to the interdependence of the two parameters, increasing the depth of respiration results in a slight decrease in rate.  

The impact of these physiological responses on electrolytes will be through the loss of fluid and electrolytes in 

sweat, and through interactions with the buffering of respiratory alkalosis. Potassium (K+) and sodium (Na+) ions are the 

major cations involved in maintaining acid-base status, and in alkalosis K+ will exchange with H+ and enter cells to 

maintain electro neutrality. Potassium ions will also exchange with H+ in the renal tubules, and along with sweat losses, 

this urinary loss can lead to a total body deficit of K. Na+ is conserved as much as possible in the animal, being the major 

cations involved in water balance, but when there is low body potassium, there is less aldosterone released, and the main 

drive for reabsorption of Na+ from the urine is reduced. This can lead to further Na+ losses. In situations of depletion of 

both K+ and Na+, there is less cation available for exchange with H+ in the urine, and paradoxical aciduria can result, 

exacerbating the alkalosis.  

An important aspect to maintaining normothermia is the reduction in heat production by the animal. This occurs 

with a decrease in metabolic rate [20]. There will be behavioural responses, which decrease the activity and metabolic rate 

of the animal. In most animals, hot conditions result in a decreased feed intake, but the mechanism for this is unknown. It 

could be due to a reduction in the rate of passage of digesta, which increases gut fill for longer and depresses intake. There 

may also be a direct effect of the increased temperature on the feeding centre of the hypothalamus, resulting in a hormonal 

response, which could also decrease metabolic rate [31]. Thyroid activity is reduced in situations of heat stress, but the 

effect of heat on thyroid function takes at least 60 hours to be significant, so this is not an immediate response to acute heat 

stress, and instead can be involved in the acclimatisation of animals to sustained heat load. A decrease in thyroid hormones 

will act to decrease the metabolic rate, and reduce the amount of heat produced by the cells. There is some indication of 

intrinsic species and breed differences in resting metabolic rate that might account for different tolerance to heat.  

Other hormonal responses to heat stress include a rise in plasma cortisol with short term exposure to heat, perhaps 

due to the ‘stress’ reaction, while in long term heat exposure there is a reduced cortisol turnover rate and a decreased 

plasma concentration. Growth hormone is also decreased in both short and long term exposure to heat, which will 

contribute to a lower metabolic rate, but also has implications for growth and production, by animals [31]. 
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There will be behavioural responses to the increased temperature. Animals can change posture, e.g. stand or spread out to 

increase surface area for heat loss, reduce activity, and seek shade if outside [16].  

ADVERSE EFFECTS OF HEAT STRESS 

Thermal stress affects almost all systems of body [32]. Many serious effects were also been investigated with heat 

stress which adversely affect the reproduction of animal and thereby loss of productivity and economic loss. Heat stress 

reduces libido by reducing level of testosterone, sperm output, decreasing sperm motility and by increasing up proportion 

of morphologically abnormal spermatozoa in the ejaculate [33]. In female, it lowers fertility, conception rate and 

embryonic survival in animals [34]. Impairment of follicular and oocyte development as well as reduction in steroid 

production were also noted [35, 36]. Primary effect of environmental stress in neonates is increased incidence of disease 

associated with decrease in immunity by reducing immunoglobulin content in plasma. It also reduces fatal growth and 

alters endocrine status of the dam. Carryover effects of heat stress during late gestation on postpartum lactation and 

reproduction are also detectable [37]. 

 Various kinds of stress including heat and cold stress leads to the production of reactive oxygen species (ROS) 

such as superoxide, peroxide, hydroxyl radical, singlet oxygen etc. ROS are also generated during normal body functions 

[38]. Although, low levels of ROS are essential for many biochemical processes but their accumulation due to over 

production or a decreased antioxidant defence mechanism causes oxidative stress which leads to damage of bio molecules 

viz. DNA/RNA, proteins and lipid per oxidation of membranes and disruption of normal cell metabolism [39]. Heat stress 

may lead to over production of transition metal ions (TMI), which can make electron donations to oxygen forming 

superoxide or H2O which is further reduced to an extremely reactive OH radical causing oxidative stress [40]. 

 Heat stress also alters the cellular activities. At the molecular and cellular levels, temperature beyond the comfort 

zone reduces the rates of enzymatic reactions, diffusion, and transport and induces the denaturation and misaggregation of 

proteins. It also slows down progression through cell cycle, inhibit transcription, translation, disrupt cellular cytoskeleton 

elements and change membrane permeability [41]. 

 Thermal stress is known to alter the homeostatic mechanism of animals resulting in impaired erythropoietin. High 

environmental temperature increases oxygen consumption of animals by increasing respiration rate as described above. 

The higher oxygen intake increases the partial pressure of oxygen in blood, decreases erythropoietin which in turn reduces 

the number of circulating erythrocytes and thus PCV and Hb values [42-44]. Other explanation of decrease in haemoglobin 

and PCV levels during thermal stress could be increased attack of free radicals on the erythrocyte membrane, which is rich 

in lipid content, and ultimate lysis of RBC or inadequate nutrient availability for haemoglobin synthesis as the animal 

consumes less feed or decreases voluntary intake under heat stress. During summer stress a significant depression in PCV 

may also be due to haemodilution effect where more water is transported into the circulatory system for evaporative 

cooling [45]. 

 Metabolic regulators are important in elucidating a picture of modulation in physiological mechanisms during 

stressed conditions and are best assessed by determining the enzymes governing various metabolic reactions in plasma or 

serum. Metabolic activities of individual are well reflected by levels of these enzymes in serum. Therefore, during stress 

condition, the enzymatic activities vary from the animal in comfort zone. Evidence showed that alkaline phosphatises 

(ALP) and lactic dehydrogease (LDH) activity was significantly reduced in heat stressed animal [46]. Decrease in these 
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enzymes during heat stress is due to decrease in thyroid activity during heat stress [46]. Serum level of aspartate 

transaminase (AST) and alanine tranaminase (ALT) is helpful in diagnosis of welfare of animals. Serum ALT value found 

to be increased during heat stress in goats [47]. No significant changes were observed in AST level in goats during heat 

stress [47, 48]. 

 Blood glucose and total serum cholesterol levels are physiological adaptation mechanisms that can be affected by 

high ambient temperatures. Greater variations are observed in levels of blood glucose and total serum cholesterol in hot 

conditions than in the thermo-neutral zone. Further, some researchers reported that hot climatic conditions are responsible 

to reduce blood glucose and total serum cholesterol levels [48] and some reports are contrary to these [49]. Bahga et al. 

[50] and Ocak et al. [51] reported that blood glucose and total cholesterol level decreases during summer season and 

increases during winter season in goats. Determination of blood parameters may be important in establishing the effect of 

heat stress. The well estimated decline in total serum cholesterol levels may have a relation with the increase in total body 

water or the decrease in acetate concentration which is the primary precursor for the synthesis of cholesterol. 

 Significant decrease in total protein concentration has been accounted during heat stress [52]. The total plasma 

protein, albumin, globulin decreased from 6.56, 2.53, 4.04 to 5.88, 2.08 and 3.80 g/dl respectively in balady goats 

subjected to short term heat stress for two days [46]. This may be due to increase in plasma volume as a result of heat 

shock which causes results in decreases plasma protein concentration. Prolong exposure of solar radiations was found to 

elevate the plasma level of total protein, albumin, and globulin. This might be due to vasoconstriction and decreased 

plasma volume during heat stress [46]. 

 Nevertheless, many researchers stated that heat stress also affects the milk production and its composition which 

may results from metabolic response of animal to heat stress. Fat and protein percentages were comparatively higher in 

cows provided cooling than those were not cooled [53]. Similar findings were also reported by El-Khashab [54] in 

buffaloes. Dupreez [53] recorded that heat stress reduced butter fat by 20–40%, non-fat solids by 10–20% and total milk 

protein by 10–20%. However, Singh et al. [55] did not notice any significant difference in milk composition (fat, SNF and 

total solids) between heats stressed and protected Nili-Ravi buffaloes. Moreover, the negative effect of heat stress on milk 

production is due to the decreased nutrient intake and decreased nutrient uptake by the portal drained viscera of the buffalo 

[56]. 

 Heat stress adversely affect productivity and reproductively of the animals and thus economy of farmers. Better 

management reduces heat stress includes nutrient supplementation, microclimate modifications like improving shade, air 

movement, cooling apparatus, water intake, night grazing, feeding high energy diet as well as proper supervision help 

reduce heat stress. It has beneficial effect on physiological responses, total milk production and compositions in lactating 

buffaloes during hot dry and hot humid summer months. 

CONCLUSIONS 

Thermal stress is a cause of great concern among livestock owners in tropical countries. In hot-humid climates, 

although animal attempts to acclimatize through physiological changes including cutting down on feed intake and heat 

production, but this does not come without sacrificing part of its productivity. Heat stress causes change in the antioxidant 

level and various hormones and electrolyte concentrations. Animal illustrates various responses to thermal stress at 

physiological, cellular, biochemical, molecular and systemic level that collectively affect the animal productivity and 
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economy of farmers. In order to prevent this economic loss to the farmer, there is need to understand and effectively 

combat heat stress by minimizing its impact on animal body and its productivity. 
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