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Abstract 

 The present study was aimed to evaluate the effect of seasonal variation in Temperature 
Humidity Index (THI) on milk production and composition in Murrah buffaloes. Eight adult lactating 
Murrah buffaloes of 3-5 years of age and in second to fourth lactation were selected in summer and 
winter season. Meteorological variables such as ambient temperature and relative humidity were 
recorded and THI was calculated during the period of study. Milk samples were collected from 
Murrah buffaloes and evaluated for the concentration of milk fat, protein, SNF, lactose and salt. The 
data was analyzed using SPSS v.20. The results indicated that average milk production, milk fat, 
protein and SNF decreased significantly (p<0.05) in summer in comparison to winter, while lactose 
and salt did not differ significantly (p>0.05) in between seasons. From the present study it was 
concluded that high THI imposes significant heat stress and negatively affects milk production and 
composition in Murrah buffaloes. Hence, additional feed, shelter and management practices might 
be adopted to overcome the negative effects of thermal stress and also to optimize milk production 
of the animals.
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 Dairying in India is of paramount importance particularly through supporting rural 
livelihood with milk, dung and draft power (Dash, 2010). Within the livestock sector, buffalo 
population occupies special ecological niche as they contribute significantly to Indian GDP with 49 
per cent of total milk in India (Livestock census, 2019). There are numerous factors that influence 
milk production like genetic potentiality, age, number of previous lactations and pregnancy. The 
calving season and interval along with nutrition status and disease management are also equally 
important factors affecting the same (Bernabucci et al., 2002). Among all such factors that are 
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said to affect milk production, the season 
of calving is reported to have marked effect 
(Pawar et al., 2012). The high environmental 
temperatures negatively affect milk production 
and composition in lactating buffaloes (Singh 
et al., 2005; El-Khashab, 2010; Vasantha et 
al., 2021). The nutrient availability in a season 
along with lactational stage also play a crucial 
role and subsequently affect the milk products’ 
quality (Ravikala et al., 2014). There is a 
negative correlation between environmental 
temperature and the amount of milk fat and 
protein (Ozrenk and Sebnem, 2008). Moreover, 
lactating buffaloes under high heat load have 
reduced milk production and shortened 
lactation length (Upadhyay et al., 2007). 

 The intensity of seasonal stress can be 
measured by temperature humidity index (THI). 
It is a combined effect of ambient temperature 
(AT) and relative humidity (RH) that represents 
heat load intensity. This method to measure 
the intensity of heat stress in dairy cattle is 
considered to be the best practical one (Grewal 
et al., 2019). It also determines the impact of 
seasonal stress on animal productivity. The 
effect of THI on Milk production was nil when 
THI was between 35-72, while it significantly 
reduced when THI was 72-76 (Johnson et al., 
1963). Previous studies reported significant 
effect of season on milk production (Ahmad et 
al., 2013; Claeys et al., 2014; Patbhandha et 
al., 2015). However, the information pertaining 
to the effect of season on milk constituents of 
Murrah buffaloes of the hot and humid tropics 
of Andhra Pradesh is scanty. Hence in the 
present study, the seasonal effect (summer vs 
winter) on milk production and its constituents 
of lactating Murrah buffaloes has been studied.

Materials and methods

 Eight lactating Murrah buffaloes of 
3-5 years of age in second to fourthlactation in 
a local farm at Tanuku, East Godavari, Andhra 
Pradesh were selected for the study. The animals 
were kept in shed with appropriate facilities for 
feeding and watering with floor space of 8 m2 
open area and 4 m2 closed area per animal. 
The animals were stall fed with concentrates 
and roughage as per ICAR feeding standards 
(Ranjhan, 1998).

Recording of meteorological data 

 The experiment was conducted 
in the month of January (winter) and May 
(summer). The meteorological data was 
recorded daily throughout the experimental 
period. Temperature humidity index (THI) was 
calculated using the equation, THI = (0.8 X Tdb) 
+ [(RH/100) X Tdb-14.4] + 46.4 (Tdb= temperature 
of dry bulb, RH= relative humidity) (Mader et 
al., 2006) from daily recordings of AT and RH. 

Milk collection and evaluation

 Milk samples were collected for 30 
days each in summer and winter season. The 
average milk production was also recorded in 
each season. The samples were analyzed for 
fat concentration SNF, protein, lactose and salt 
by Lacto sure ECO milk analyzer (LSE ECO). 

Statistical analysis 

 The data obtained on various 
parameters were depicted as mean ± SE. The 
difference between groups was compared 
using unpaired t-test (Snedecor and Cochran, 
1967). The entire data was analyzed using 
computerized software programme SPSS 
Ver.20.0.

Results and discussion

 The meteorological data recorded 
during summer and winter seasons are 
shown in Table 1. The mean THI recorded in 
summer and winter was found to be 81 and 78 
respectively. Based on the THI index, (Helal et 
al., 2010) a THI of 74 or less is considered as 
normal, 75-78 as alert, 79-83 as danger and 
84 and above as an emergency. According 
to Payne (1990), THI values more than 72 is 
stressful, while THI above 78 indicated severe 
heat stress to buffaloes, while THI values 
higher than 80 units have been classified in 
danger zone with regard to the well-being and 
productivity of cattle (Segnalini et al., 2013). 
The animals of our study in both the seasons 
were in danger zone. The increase in THI 
from winter to summer is indicative that the 
buffaloes were under severe heat stress in 
summer compared to winter. Wide variation in 
the minimum and maximum THI of summer and 
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Table 1. Mean ± SE values of meteorological parameters during and summer and winter seasons 
(n=30)

Season of study tmax t min Rhmax Rhmin thi max thi min thi avg

Summer (May) 41.16 28.35 70.70 48.49 94.03 68.41 81.22
Winter (January) 32.42 24.87 84.77 81.29 85.38 72.11 78.74

winter is evident from the results as indicated 
in Table 1. This might be the probable reason 
for the change in physiological responses 
between the seasons under study. The present 
findings were in agreement with the reports of 
Vasantha et al. (2021) where summer THI is 
extremely higher than winter. The difference in 
the means of milk production between seasons 
has been depicted in Fig. 1.  The present study 
recorded significantly higher milk production 
(L/day) during winter (p<0.05) compared to 
summer. The present findings were consistent 
with the earlier reports of Catillo et al. (2002); 
Ahmad and Shafiq (2002); Afzal et al. (2007); 
Upadhyay et al. (2007) and Pawar et al. (2012) 
in buffaloes. Parallel to the present findings, 
decreased milk production during summer was 
also reported in cattle by Bajwa et al. (2004), 
Akcay et al. (2007), Marai et al. (2009) and 
Das et al. (2014). Thermally stressed lactating 
buffaloes depend on glucose as an energy 
source. They seem to shift their metabolism to 
preserve glucose for extra-mammary tissues, 
at the expense of milk synthesis. Despite 
having greater energy content, more metabolic 
heat is being generated through oxidizing fatty 
acids compared to glucose. However, thermally 
stressed animals are hypersensitive to insulin 
and this reduces mobilization of the adipose 
tissue thereby increasing glucose ‘burning’ 
to minimize metabolic heat production. As a 
consequence, glucose from mammary tissue is 
diverted to other body tissues thereby reducing 
glucose supply to the mammary gland. This 
reduces lactose production which is reflected 
further as reduced milk yield. This could be the 
primary cause of reduction in milk yield during 
summer (Baumgard et al., 2006). The decrease 
in milk production in summer may also attribute 
to decrease in quality and quantity of available 
forage and stress (Dora et al., 2021).

 The difference in the means of milk 
protein, fat and SNF between summer and winter 
were shown in Fig. 2-4. The concentration of 
total milk protein, fat and SNF were significantly 

(p<0.05) lower in summer compared to winter. 
These findings were in line with other reports 
showing seasonal changes in buffalo milk 
production (Lindmark-Mansson et al., 2003; 
Ozrenk and Sebnem, 2008; El-Khashab et 
al., 2010; Das et al., 2014 and Patbandha et 
al., 2015). The decline in milk components in 
summer might be attributed to several reasons 
including a high THI, seasonal variation in feed 
and fodder composition (Chen et al., 2014), 
depressed feed intake,  low feed conversion 
ratio, deviation of nutrients for thermoregulation 

Fig. 1-6 Effect of season on milk production, 
protein, fat, SNF, lactose and salt concentration 
in Murrah buffaloes (n=8). Bars with different 
superscript (a, b) differ significantly (p<0.05).

Fig. 1 

Fig. 3 

Fig. 5 

Fig. 2 

Fig. 4 

Fig. 6 
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and lowered metabolism to prevent further 
heat production. The present study revealed 
no significant (p<0.05) change in milk lactose 
and salt concentration (Fig 5-6). This effect may 
be attributed to less sample size which needs 
confirmation in further studies with large sample 
size. Overall, the present study indicated that 
seasonal changes in THI negatively impacts 
milk production and composition in buffaloes 
which may lead to severe economic loses 
which in turn may reflect the livelihood of low 
and medium scale farmers.      

Conclusion 

 Heat stress management strategies 
are often neglected assuming that the animals 
are highly adaptable to hot and humid conditions. 
In reality, the animals are highly sensitive to 
unit change in THI. High summer THI imposes 
significant heat stress and negatively affect 
milk production and composition in buffaloes. 
Hence, necessary microclimatic alterations are 
necessary to mitigate the negative effects of 
THI for the health and well-being of the animals, 
along with maintaining optimum production and 
reproduction in buffaloes. 
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