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Effect of THI and other environmental variables 

on milk constituents in red Kandhari cattle and 

Marathwadi Buffaloes 
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Abstract 
The study was undertaken on adult lactating Red Kandhari cattle and Marathwadi buffaloes at Livestock 
Farm Complex, College of Veterinary & Animal Sciences, Parbhani to observe the effect of heat 

stress/THI [EC 1 & EC 2] on different milk components. Milk was collected every fortnight and 
meteorological variable were recorded every week. A significant negative correlation was seen for milk 
solid not fats [SNF], total solids [TS], protein, lactose and salt at high THI [EC 1 period] in both red 
kandhari cattle and marathwadi buffaloes (P<0.05). While, THI and high ambient temperature has 
negative correlation with milk components, no such association was found for wind speed and solar 
radiations. It was observed that high THI negatively affects milk constituents and the animals required 
more than 40-50 days to acclimatize from high THI to low THI during EC 2 period where no variation 
was recorded (P>0.05). 

 
Keywords: Red kandhari cattle, marathwadi buffaloes, heat stress, thi, acclimatize, milk components 

 

Introduction 

Animal welfare, health and productivity are significantly modulated by interaction between 
external x internal environments x stressors. In tropical and subtropical regions the summer are 

prolonged, characterized with high environmental temperatures, humidity, producing high THI 

and heat stress on animals. The animals under heat stress have altered physiology, metabolism, 

energy balance, production and reproduction [1, 2, 3, 4]. Heat stress decreases the milk yield, milk 

components and the impact is more severe on dairy industry, especially on high producers [5, 6]. 

With the booming rise in global population and urbanization the animal industry is under 

constant pressure for maximum production and demand for animal products will increase by 

whooping 70 % by 2050 [7]. The milk production is negatively correlated with heat stress and 

worldwide 60 % of dairy farms cope up variety of economic losses due to extreme 

environmental temperatures, humidity, THI, solar radiations [8]. THI over 70 is considered 

stressful for cattle and immediately there is reduction in milk yield and milk components in 

dairy animals, mainly because of various thermoregulatory mechanisms and altered energy 
balance, predisposing the animals to negative energy balance [9]. 

Indigenous animals are comparatively less affected by heat stress, due to their natural genetic 

selection. But prolonged high temperatures and humidity constantly challenge the 

thermoregulation and homeostasis, increasing the energy demands. Thus, less energy is 

available for productive purposes, leading to decrease in milk production and variation in 

constituents. In this context the study was conducted to evaluate the effect of environmental 

temperature, THI, wind speed and solar radiations on red kandhari cows and marathwadi 

buffaloes. Also, the acclimatization phase/duration to heat stress needs to be quantified in our 

native breeds. 

 

Materials and methods 

Experimental animals, treatments and sampling 

The study was conducted on 10 adult red kandhari cattle [RK: > 3 yrs, 250 kg] and four 

marathwadi buffaloes [MB: > 4 yrs, 390 kg] at livestock farm complex [LFC], College of 

Veterinary & Animal Sciences, (MAFSU), Parbhani. All animals daily went for grazing after 

which they were stall fed, milked twice and kept under identical managemental and feeding
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conditions, with ad libitum water throughout the experiment 
[10]. Data was collected during two environmental conditions 

i.e. EC 1 [Mid November, 2019 – Mid January, 2020] and EC 

2 [Mid January – Mid March, 2020]. Milk samples were 

collected at fortnight’s interval from all animals in morning 

and analyzed immediately. Meteorological variables i.e. dry 

bulb temperature [Db], wet bulb temperature [Wb], wind 

speed; solar radiations were recorded at 14.00 hrs every week 
throughout the experiment.  

 

Analysis 

All the collected milk samples were analyzed on automatic 

milk analyzer [Lactosure] for fat, solid not fats [SNF], total 

solids [TS], protein, lactose and salt (all in %). Dry bulb (oC), 

wet bulb temperature (oC) and wind speed (m/sec) were 

recorded by using fully automatic anemometer [Testo] till 

maximum readings were reached. Similarly, solar radiations 

(Lux) were recorded by using luxmeter [Testo] till maximum 

reading was achieved. Temperature humidity index [THI] was 

calculated by formula [11], 
THI=0.72 (Wb + Db) + 40.6 

 

Statistical analysis 

Data were analyzed by the by one way analysis of variance 

model using SPSS 20.00 software [12] and indicated by their 

probability value (P). Differences among treatments were 

determined using Tukey’s b test and indicated by the 

superscripts a, b, c, d. Correlation between temperature, THI, 

wind speed and solar radiations was estimated by Pearson’s 

correlation and indicated by r value. All data were presented 

as standard error of means & significance was reported at 

P<0.05. 

 

Results 

Average environmental conditions during experimental period 

are presented in Table 1. The mean THI was high at EC1 

[80.88±0.51] than recorded at EC 2 [79.87±1.02], similarly 

average Db temperature was 33.20±0.71 at EC1 and 
32.49±0.91 at EC 2, respectively. Also, THI was positively 

correlated with ambient temperature during the study [r = 

.825; P<0.001]. 

 
Table 1: Average meteorological conditions during different 

environmental conditions 
 

Variable EC 1 EC 2 

Db temperature (oC) 33.20±0.71 32.49±0.91 

THI 80.88±0.51 79.87±1.02 

Wind speed (M/sec) 1.60±0.23 1.71±0.20 

Solar radiation (Lux) 48831.25±2870.87 67772.22±3147.73 

*All data are presented means ± SE 
EC: Environmental condition 
 

The means ± SE for milk constituents in red kandhari cattle 

& marathwadi buffaloes during different environmental 
conditions is presented in Table 2. There was no significant 

variation (P>0.05) for milk fat, SNF, TS, proteins, lactose 

and salt (%) in RK cattle and marathwadi buffaloes at EC 1 or 

EC 2. However, milk fat, SNF, TS and lactose were 

statistically higher at different environmental conditions in 

buffaloes as compared to RK (P<0.05). 

 
Table 2: Variation in milk constituents in red kandhari cattle and marathwadi buffaloes during different environmental conditions 

 

Period Fat % SNF% Total Solids % Protein % Lactose % Salt % 

Red Kandhari cattle 

EC 1 5.22±0.28 8.23±0.29a 13.46±0.51 2.98±0.10 4.48±0.15a 0.63±0.02 

EC 2 4.24±0.29a 8.85±0.12 13.10±0.37a 4.14±0.80 4.82±0.06 0.69±0.01 

Marathwadi buffalo 

EC 1 5.71±0.43b 9.27±0.33b 14.98±0.64b 3.35±0.12 5.05±0.18b 0.70±0.02 

EC 2 6.31±0.23b 9.33±0.08b 15.64±0.26b 3.36±0.02 5.08±0.04b 0.71±0.01 

*Means bearing different superscripts a, b differ significantly, within column at a respective parameter during seasons & animals (P<0.05), 
EC: Environmental condition 

  

The relationship between different meteorological variables 

with milk constituents for RK and MB at EC 1 is presented in 

Tables 3. For both RK and MB THI has significant negative 

correlation (P<0.05) with milk components like SNF: r = -

.732; P<0.039, TS: r = -.732; P<0.039, protein: r = -.721; 

P<0.044, lactose: r = -.732; P<0.039 and salt: r = -.759; 

P<0.029. But, temperature was only negatively related to salt 

[r = -.744; P<0.034] at EC 1 period. At EC 1 exposure, wind 

speed and solar radiations had no significant effect (P>0.05) 

on normal milk constituents (Table 3). 

 
Table 3: Correlation between temperature, THI, wind speed & solar radiations on milk constituents in red kandhari cattle and marathwadi 

buffaloes during EC 1 period 
 

Variable THI Fat SNF TS Protein Lactose Salt 

THI 
1 -.674 -.732* -.732* -.721* -.732* -.759* 

P .067 .039 .039 .044 .039 .029 

Wind speed 

Wind speed FAT SNF TS PROTEIN Lactose SALT 

1 -.316 -.061 -.173 -.082 -.073 -.022 

P .446 .887 .682 .847 .863 .959 

Solar radiations 

Solar radiations FAT SNF TS PROTEIN Lactose SALT 

1 .417 -.013 .173 -.014 .001 .036 

P .304 .975 .683 .974 .997 .933 

Temperature 

Temperature FAT SNF TS PROTEIN Lactose SALT 

1 -.506 -.701 -.641 -.684 -.696 -.744* 

P .200 .053 .087 .061 .055 .034 

* Correlation is significant at the 0.05 level & ** Correlation is significant at the 0.01 level  
SNF: solid not fat, TS: total solids, THI: temperature humidity index 
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Contrastingly none of the meteorological variables had any 

effect on milk components in both red kandhari cows and 

marathwadi buffaloes during EC 2 period. During this period 

THI, temperature, wind speed or solar radiations didn’t 

significantly affect (P>0.05) normal milk constituents (Table 

4). 

 
Table 4: Correlation between temperature, THI, wind speed & solar radiations on milk constituents in red kandhari cattle and marathwadi 

buffaloes during EC 2 period 
 

Variable THI Fat SNF TS Protein Lactose Salt 

THI 
1 -.052 -.051 -.055 -.055 -.064 -.103 

P .894 .897 .889 .888 .869 .791 

Wind speed 

Wind speed FAT SNF TS PROTEIN LACTOSE SALT 

1 -.182 -.091 -.160 -.112 -.150 .254 

P .640 .817 .680 .773 .700 .510 

Solar radiations 

Solar radiations FAT SNF TS PROTEIN LACTOSE SALT 

1 -.085 -.150 -.112 -.205 -.175 -.266 

P .828 .701 .774 .597 .653 .489 

Temperature 

Temperature FAT SNF TS PROTEIN LACTOSE SALT 

1 -.191 -.274 -.230 -.312 -.287 -.318 

P .622 .475 .551 .414 .454 .404 

* Correlation is significant at the 0.05 level & ** Correlation is significant at the 0.01 level  
SNF: solid not fat, TS: total solids, THI: temperature humidity index 

 

Discussion 

The THI reference values for exotic breeds are somewhat 

different (lower) than that for our indigenous breeds. The 
critical values for minimum, mean and maximum THI for 

Holstein cattle is 64, 72 and 76, respectively [13] which are 

lower than THI recorded during our experimental conditions 

[EC 1: 80.88±0.51;EC 2: 79.87±1.02]. Although, our animals 

evolved in tropical conditions but still are affected by heat 

stress due to critical interaction of external (managemental), 

internal (physiological, nutritional and metabolic) variants. 

Lack of any variation in milk constituents at EC 2 period 

during our study was probably an acclimatization response as 

the animals were exposed initially to higher THI during EC 1 

period and then to lower THI at EC 2 period.  

Still, a significant negative relation during EC 1 period 
(P<0.05) was observed for milk SNF, TS, protein, lactose and 

salt with THI. It is reported that dry matter intake decreased 

significantly as THI reached 77, subsequently reducing the 

milk yield in cattle [14]. Though, red kandhari cattle and 

marathwadi buffaloes are not high milk producers and heat 

stress affects high milkers more severely, as compared to 

average/low milk producing animals [15].Still, the significant 

decline (P<0.05) for milk components for RK cattle and 

marathwadi buffaloes confirms alteration of normal 

physiology and metabolism during heat stress [high THI]. It is 

earlier reported that, there is decrease in milk fat yield in heat 
stressed animals mainly due to altered mammary gland and 

systemic metabolism [16, 17, 18, 19, 20, 4]. Others have reported non 

significant variation in milk fat in zebu cattle during 

hyperthermia similar to our findings [21, 22]. 

The decrease in SNF and TS was significant with increasing 

THI [EC 1] and similar findings are already reported by 

different researchers in livestock, confirming altered 

mammary gland metabolism during thermal stress [19, 20, 23, 24]. 

Similarly, low SNF % [9.11 vs 8.73] was reported in Nili-

Ravi buffaloes during heat stress [THI: 85.41; Temperature: 

33.34oC] [4]. Contrastingly, in other study on Nili-Ravi 

buffaloes during hot humid seasons no significant variation 
for milk fat, SNF and TS was observed as compared to 

optimum temperatures [22].  

The milk protein is produced directly at mammary glands, but 

majority of amino acids are systemic nutrients. Heat stress is 

known to cause negative energy balance in animals [25] and 

there is shift in glucose utilization in non mammary gland 

tissue affecting milk synthesis adversely [26]. In our study the 

decreased milk protein (P<0.044) and lactose (P<0.039) at 

higher THI might be due to negative energy balance or 
increased gluconeogenesis for thermoregulation, in RK cows 

and marathwadi buffaloes. Our observations are corroborated 

by other similar studies reporting negative impact of HS on 

milk components in dairy cattle, buffaloes and goats [9, 24, 27, 28, 

29].  

The process of acclimation and acclimatization to heat stress 

utilizes both short term and long term metabolic alterations. 

Animals affected by thermal stress have negative mineral 

balance as these minerals are lost in sweat and other body 

fluids [30, 31]. An altered mineral balance in animals at high 

THI probably resulted in low salt % recorded in our study. 

Similar, decrease in salt and milk minerals during summer 
versus winter season (0.67% vs 0.71%) is also reported in 

Friesian cows [32]. 

Heat stress evokes different physio-metabolic responses in 

animals to maintain homeothermy and associated 

indispensible hormones are prolactin, growth hormone, 

thyroid hormones, glucocorticoids, antidiuretic hormone 

(ADH) and aldosterone [33]. The heat stress was evident by 

negative associations of milk components to environmental 

variables like high ambient temperature and THI during EC 1 

exposure [temperature: 33.20±0.71; THI: 80.88±0.51]. Wind 

speed and direct solar radiations don’t potentiate the heat 
stress impact as noted in present study, if animal management 

and housing are proper. Earlier it was reported that 

acclimatization of atleast 21 days is essential during heat 

stress [34]. There were no changes in milk components EC 1 to 

EC 2 period in both red kandhari cows and marathwadi 

buffaloes and it can be concluded that a transition period of 

atleast 40 days or more is required for stress acclimatization. 

 

Conclusion 

Animal in tropics are exposed to high ambient environmental 

temperatures and humidity [THI] for prolonged periods 

predisposing them to certain HS. The animals sustain this 
stressful period by energy partitioning for homeostasis & 

thermoregulation, thereby less substrates are available for 

milk production. In present study, both high temperature and 

THI had a significant negative impact on metabolism, leading 

to alteration of different milk components in red kandhari 

cows and marathwadi buffaloes [EC 1 period]. The prolonged 
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summer months in tropical regions, lead to chronic heat stress 

on animals. The animals require a long transition period of 

more than 40-50 days for complete stress acclimatization, 

which was evident during EC 2 period in our study, where 

there were no alterations in milk constituents in red kandhari 

cows and marathwadi buffaloes. 
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