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Abstract. Among the various climate variables, heat stress has been 
reported to be the most detrimental factor to the economy of the livestock 
industry. Heat stress is one of the most stressful events in the life of 
livestock with harmful consequences for animal health, productivity and 
product quality. Heat shock proteins (HSPs), also known as molecular 
chaperons, are prominent stress markers. Heat shock proteins consist of 
highly conserved protein expressed at the time of stress, and play an 
important role in adaptation to the environmental stress. This review 
discusses the scientific evidence regarding the effects of heat stress and 
role of HSP during heat stress on Goats. 

1 Introduction  
Goats have been widely used as livestock models in recent climate research. They have 
better thermotolerance [1], ability to survive on limited pastures, as well as their disease 
resistance capacity. Goats easy to mantain and can live well, even by consuming shrubs and 
other poor quality fiber, because goats are able to digest crude fiber [2, 3]. Rearing goats is 
considered more economical than large ruminants in many studies on climate change 
related to feed and fodder availability. Goat populations living under harsh environments 
have a wide diversity of traits. This proves that various environmental conditions can have 
different effects on goat productivity [4]. 

Indonesia is a tropical country because it is located on the equator. This condition 
causes Indonesia to experience heat throughout the year with relatively high temperatures. 
It can affect negatively thermoneutral zone of the animals. 

Goat can easily exposed by various stress, like physical, nutritional and heat stress. Of 
all, heat stress is the most worrisome due to decreased in livestock performance, as well as 
natural immunity. Heat stress make livestock more susceptible to disease and even death. 
Thus, economic losses are unavoidable due to heat stress [5, 6]. 

When cattle are stressed, the body will maintain homeostasis through physiological 
mechanisms including endocrine responses and cellular heat stress responses [7]. During 
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thermal stress, the body's resources including protein and energy was used to maintain 
homeostatis by expense the declining growth, reproduction, production, and health. 

Heat shock proteins (HSPs) are responsible for maintaining the balance in organism, to 
acclimatize the stress and these proteins regulated Cellular tolerance to heat stress. HSPs 
are released intra and extra cellularly in response to various environmental stresses [8,9], 
beside that HSPs can be an indicator of stress in cells. 

Hsp70 has a significant role in cell thermo tolerance and animal survival than other HSP 
family. The heat stress regulation at cellular and molecular level, include the expression 
pattern of Hsp70 gene was very important to understand, because it can describe the 
mechanism of heat stress and role of Hsp70 during heat stress adaptation in goats [10, 11]. 

2 Heat shock protein (HSP) and its function 

Heat shock proteins (HSPs) are a specific family of proteins produced by cells, and protect 
the cell from damage in response to stress conditions. Subsequent studies have shown that 
this protein is also produced as a result of other conditions in the organism such as 
ultraviolet radiation [12], temperature fluctuations [13], as well as during wound healing 
and tissue regrowth [14]. 
 Most of this family member act as molecular binders between the cell and some 
proteins in the membrane and prevent the formation of newly formed proteins to maintain 
their vital roles. Heat shock protein plays an important role when high temperature has an 
adverse effect on cell structure and cell physiology [15]. 
 [16] noted that HSPs are various proteins that act to protect cells from different stress 
conditions and are classified according to their molecular weight. [17] have reported that 
the importance of HSPs was their direct involvement in all important protein-related 
processes such as protein secretion, synthesis and prevention of degradation, as well as 
regulation of replication processes. 
 

3 Mechanism of HSP synthesis and release 
The mechanism of action of HSPs is directly related to heat shock factor (HSF) which 
occurs in almost all organisms, especially in livestock. [18] demonstrated that HSF acts as a 
transcription factor with the gene responsible for HSP. When cells are exposed to different 
stress conditions, HSP genetic expression is induced. 

Increased expression of these genes is considered a response to stress through various 
genetic and biochemical processes referred to as HSR [19]. Heat shock proteins have 
different molecular weights as measured by Dalton. These proteins are called HSP60, 
HSP70 and HSP90 [20]. 
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Fig. 1. Molecular Mechanism of Heat Shock Protein (HSP) Synthesis [2]. 

 In the cytosol, the HSP connect each other with heat shock factors (HSF) to maintain an 
inactive state (Figure 1). Stimulation by heat stressors (HS) make HSF actived. It caused 
the bond between HSP and HSF is severed. Then, trimer complex (The HSF that are 
phosphorylated by protein kinases) will enter the nucleus and bind with heat shock 
elements (HSE). From the process of transcription, HSP70 mRNA was formed. The new 
HSP70 will be synthesised after leaves the nucleus. The newly synthesised HSP serving as 
a molecular chaperone. Then, facilitating the formation of new proteins within the cell. The 
newly synthesised HSP also repairing and refolding damaged proteins when heat stress 
occured [21]. 
 

 
4 HSPs during heat stress in goats 
 
Stress could be defined as body's reaction to external influences that disrupt homeostasis, 
can affect on health and performance [22]. Small ruminant owners must be faced by climate 
change effects that impact to animal health and production [23, 24]. According to [24] heat 
stress is a problem that will continue to increase in the near future due to the development 
of global warming. 
 [25] define heat stress in which the physiological mechanisms of the animal's body are 
activated to maintain thermal balance, when animal was exposed by high temperatures. The 
effect of heat stress various on livestock according to species, growth phase, even the 
nutritional status. [26]. 
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Fig. 2.  Impact of Heat Stress to the Autonomic Nervous System (ANS) and the Hypothalamic-
Pituitary-Adrenal (HPA) Axis [27]. 

  
 Heat stress affects the all of animal’s body, from their hematological until biochemical 
parameters [28-31]. It also negatively affects their production, growth, and natural 
immunity. When heat stress occured, goats more susceptible to disease and even death [31]. 
 Heat shock protein 70 (HSP70) is used as a biomarker of cellular stress. Their 
expression level can show of duration of heat stress.  
Heat stress denatures proteins and alters translation. Heat exerts a complex effect on 
autophagy [33]. Autophagy helps cell to adapt during heat stress by facilitating correct 
folding in response of cell adaptation [34, 35]. 
 [36] reported that HSP70 gene expression was higher in PBMC of tropical goats during 
the summer season. HSP response was found in the liver and kidney of Barbari gaots which 
implies that higher expression of HSP70 at the tissue level protects the cells damage [36]. 
[38] showed that a higher expression of HSP70 also found in the kidney and heart of goats 
during another stress factor occured. [39] reported the lower expression of HSP genes in 
sheep revealed the possibility of highest adaptability. Further, [40] observed higher 
expression of HSP90AA1 gene during chronic heat stress while reported reduced 
expression of HSPA1 A and HSPA8 during summer season in Chokla, Magra, Marwari, 
and Madras Red sheep breeds. Seasonal variation was also established for the expression 
pattern of HSP70 gene family in Sirohi, Barbari, Gaddi and Chegu breeds of goats adapted 
to different agro climatic conditions [41]. Similarly, [42] also observed over expression of 
HSP90AA1 G/C-660 and A/G444 in heat stressed Manchego Spanish sheep. 
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5 HSPs and the comfort zone 
 
The thermoneutral zone of ruminants is the optimal temperature range in which no 
additional energy above maintenance is required for thermoregulation. If environmental 
factors increase beyond the limits of the thermoneutral zone, the body will adapt. The 
process of heat loss occurs when the core body temperature increases, the ambient 
temperature approaches body temperature, and evaporation by sweat and panting. Under 
these conditions, body temperature and metabolic heat production rise, and the animal 
inevitably succumbs to hyperthermia and heat stress [43]. 
 The autonomic nervous system (ANS) can be activated through a stress response 
mediated by catecholamines (adrenaline and noradrenaline). This results in increased 
respiration and heart rate, increased body temperature, redistribution of blood flow from 
viscera to skin for thermoregulation, and promotion of energy utilization from body 
reserves [27]. 
 

6 Conclusion 

Stress disrupt homeostasis and affect on health and performance. Heat stress is the most 
worrisome due to the ever-changing climate scenario. Cellular defense to heat stress is 
mantained by heat shock proteins (HSPs). Among the HSPs, Hsp70 has a significant role in 
cell thermo-tolerance and goats survival. 
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