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ABSTRACT: Animals' productivity and health status in tropical regions are significantly influenced by their ability to adapt to 
hot and humid tropical environments. This study aimed to compare the heat tolerance of the Ongole-cross (OC), Simmental-
cross (SC), and Limousin-cross (LC) breeds raised in Astomulyo Village, Lampung Tengah District. This location had a high 
environmental stress index in the afternoon and moderate environmental stress in the morning and evening. Most cattle have a 
Heat Tolerance Coefficient (HTC) above 100, and there are no significant differences in HTC values among cattle breeds. The 
OC, SC, and LC cattle breeds exhibit good heat tolerance and can adapt to hot and humid environments in Lampung Tengah 
District. 
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■ INTRODUCTION 

The cattle population in Lampung Province, which has the 
largest cattle population in Sumatera Island, is supported 
mainly by  Lampung Tengah District, as nearly half of the 
cattle population in Lampung Province is located there (Ba-
dan Pusat Statistik Provinsi Lampung 2023). The average 
temperature in Lampung Tengah District is 31.7 °C, which is 
not ideal for raising beef cattle because it is outside the ther-
moneutral zone for cattle, which is 10‒26 °C (Belhadj Slimen 
et al. 2016; Badan Pusat Statistik Lampung Tengah 2023). 
Local farmers commonly raise Bos indicus cattle breeds, 
such as Ongole-cross, and Bos taurus, such as Ongole-cross 
and Simmental-cross (Suretno et al. 2017). Bos taurus has 
faster growth, earlier puberty, and a higher carcass percent-
age than Bos indicus. However, Bos indicus is more resistant 
to hot temperature and disease than Bos taurus (Kasarapu et 
al. 2017).  

The expression of genes in animals can be altered by inter-
nal and external environment. Crossbreeding in beef cattle 
has been carried out in Indonesia to combine superior genetic 
traits of Bos taurus at a high production rate with Bos indicus, 
which has already adapted to the hot and humid tropical en-
vironment (Widyas et al. 2022). This study aimed to compare 
the heat tolerance of Ongole-cross, Limousin-cross, and Sim-
mental-cross cattle breeds in the hot and humid farming en-
vironment in Lampung Tengah District. 

 
 

■ MATERIAL AND METHODS 

This study involved each of six heads of Ongole-cross, Sim-
mental-cross, and Limousin-cross cattle breeds. The animals 
were randomly selected based on specific criteria: (1) male, 
(2) aged at least 2 years, (3) having a minimum Body Condi-
tion Score (BCS) of 3.5, being physically healthy, and (4) 
having no history of Foot and Mouth Disease (FMD) or 
Lumpy Skin Disease (LSD). This study was conducted in Li-
mousin farmers group, Astomulyo Village, Punggur Sub-dis-
trict, Lampung Tengah District, Lampung Province. The cat-
tle pen was located 40 m above sea level, with an average 
daily temperature 29.15±2.33℃, an average relative humid-
ity 86.15±13.31%, and an average temperature humidity in-
dex (THI) 82.17±2.36, indicating a moderate level of envi-
ronmental stress. Heat Tolerance Coefficient (HTC) is calcu-
lated using the Rhoad coefficient formula Nawaan 2006): 
DTP = 100 – 18 (Body temperature – 38.3℃), where body 
temperature = (0.65 x rectal temperature) + (0.35 x a); 100 is 
the value of total efficiency at normal body temperature; and 
38.3℃ is the equivalence factor of 100℉. Rectal and skin 
temperature were measured in the morning (06:00 AM), af-
ternoon (12:00 AM), and evening (06:00 PM) using a digital 
thermometer inserted into the rectum. Skin temperature were 
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measured using a thermal gun on the forehead, ribs, flank, 
rump, legs, cheeks, neck, and ears. 

■ RESULTS AND DISCUSSION  

Animal welfare in tropical regions is significantly influenced 
by environmental conditions such as temperature, humidity, 
wind speed, and sunlight (Mader et al. 2006). Temperature 
humidity index (THI) is an indicator of environmental stress, 
calculated using the formula: THI = (1.8 x Tab) + Rh (Tab – 
14.4) + 46.4, where Tab represents the average ambient tem-
perature, and Rh is the relative humidity. A comfortable en-
vironment has a THI ≤74 and a THI between 75‒78, 79‒83, 
and ≥84, indicating mild, intermediate, and severe environ-
mental stress, respectively (Bulitta et al. 2015). All cows 
were exposed to severe environmental stress in the afternoon 
but experienced moderate environmental stress in the morn-
ing and evening (Figure 1). 

Despite the significant dynamics of ambient temperature, 
there were no significant changes in rectal temperature (Fig-
ure 1a), surface temperature (Figure 1b), or body temperature 
(Figure 1c) between morning, afternoon, and evening. This 
result suggests that cattle are homeothermic animals that can 
maintain their body temperature despite changes in the am-
bient temperature. 

 
Figure 1. (a) Rectal temperature, (b) surface temperature, (c) body tem-
perature in Ongole-cross (OC), Limousin-cross (LC), and Simmental-
cross (SC) in the morning, afternoon, and evening. -----: threshold for 

severe environmental stress, ****: p<0,0001, (d) Heat tolerance coeffi-
cient (HTC) of OC, LC, and SC cattle breeds. -----: threshold for ideal 

HTC value (100). 

The heat tolerance coefficient (HTC) reflects the ability of 
animals to adapt to hot and unfavorable environments. A 
higher HTC value indicates greater adaptability of animals to 
hot environmental conditions, and heat tolerance is ideal 
when the HTC value approaches 100 (Putra 2016). Most On-
gole-cross, Limousin-cross, and Simmental-cross cows 
raised in Astomulyo Village had good heat tolerance because 
their HTC values were above 100. Body temperature should 
be maintained, as an increase in rectal temperature of 1°C is 

sufficient to suppress animal productivity. Body temperature 
is regulated by the balance between heat production and loss. 
In a hot environment, the body compensates by increasing 
heat loss or suppressing heat production. If the body is unable 
to dissipate heat, it enters a heat stress phase (Belhadj Slimen 
et al. 2016). 

■ CONCLUSION 

The majority of Ongole-cross, Limousin-cross, and Simmen-
tal-cross cattle raised in Astomulyo Village, Lampung Ten-
gah District, have heat tolerance coefficient (HTC) above 
100 (PO), indicating their ability to adapt to hot and humid 
environments. 
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