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The research was undertaken during November, 2019–November, 2020 (one year) at Livestock Farming Complex, College 
of Veterinary and Animal Sciences [MAFSU], Parbhani, Maharashtra, India to investigate the impact of seasons and the 

inter-seasonal period on milk components in indigenous Marathwadi buffalo (MB). For the study, six MB aged 5–8 years were 
randomly selected from the institution’s livestock farming complex and reared on a semi-intensive management system (daily 
grazing, 0900–1300 hrs). All animals were maintained as per ICAR feeding standards and had free access to water throughout 
the experiment. Milk collection was done fortnightly and later analysed for milk fat, lactose, SNF, protein, salt and lactometer 
reading. While environmental variables like dry bulb temperature (DB), wet bulb temperature (WB), wind speed (WS), 
temperature humidity index (THI) and solar intensity were recorded weekly, during winter, transition 1, summer, monsoon 
and transition 2 periods, respectively. No significant difference was observed for any milk component at any treatment, nor 
was any notable correlation found between environmental variables and milk components. Our results reflected the superior 
acclimatisation and adaptability of MB over a wide range of stressful environmental conditions, which was confirmed by the lack 
of variation for milk components during seasons and inter-seasonal periods. Our study concluded that the MB breed was well-
suited for sustainable milk production and could provide economic support for organised dairy units and marginal farmers alike.
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1.  INTRODUCT ION

The demand for milk and dairy products is constantly 
escalating as milk is considered a complete food, 

providing essential nutrients like protein, sugars, fats, 
vitamins and minerals and has a global acceptance. The 
buffalo milk is rich in all the nutrients and is made into 
popular products like mozzarella cheese and paneer, etc. 
(Zicarelli, 2020). Currently, Aisa has the largest buffalo 
population of 205.71 million heads, followed by America, 
Africa and the European Union (EU), respectively. Asia 
ranks first in buffalo milk production, with current estimates 
of 151.00 mt annually, followed by Africa, the Americas 
and the EU (Anonymous, 2026a). However, sustained 
milk production, in the global warming era, is becoming 
increasingly challenging, as the livestock are negatively 
affected by high environmental temperatures, humidity, 
high temperature humidity index values, droughts, and 
food scarcity (Wankar et al., 2024). Despite the harsh 
environment, poor housing and feed, the tropical and sub-
tropical breeds are better adapted and more resilient as 
compared to exotic pure or crossbred animals (Saizi et al., 
2019). And India has the largest buffalo population, closely 
followed by Pakistan and China, respectively (Anonymous, 
2026a). India possesses 22 recognised buffalo breeds, and 
some of them are global leaders in milk production, for 
example, the Murrah and the Nili Ravi (Anonymous, 
2026b). These buffalo are well adapted to the Indian climatic 
conditions and are equal contributors (50%) of total milk 
production, here (Bharali et al., 2025). Also, as compared 
to cow milk, the buffaloes milk contains more total solids, 
protein and SNF, and hence its cost is nearly double that 
of cow milk (Catillo et al., 2002; Abd El-Salam and El-
Shibiny, 2011). As it’s an economically important animal, 
contributing significantly to livestock GDP and an income 
source for the small and marginal farmers (Anonymous, 
2019b), many research works have studied the impact of 
climatic variables on total milk yield and milk components 
in buffaloes (Kuralkar and Kuralkar, 2022). The majority 
of workers have reported variation, especially during the 
summer season, which is considered to be the most stressful 
season (Yadav et al., 2013; Kalyan et al., 2022; Bharali et 
al., 2025; Kumar et al., 2025). Primary reason for buffaloes 
poor heat tolerance can be attributed to, its black skin, 
sparse hair coat, less sweat gland, making it gain excess heat 
more quickly, as compared to cattle. But in-depth studies 
spanning all the major seasons and inter-seasonal periods on 
the buffaloes acclimatization against heat stress, are scarce. 
The seasonal transition period, especially the pre-monsoon 
season, is also equally stressful on the buffaloes, due to the 
high THI. The higher levels of THI, make evaporative 
cooling very difficult, and hence the animals are subjected 
to moderate levels of stress, which affect the production 

adversely. Hence, this study planned to study the seasonal 
and inter-seasonal impact on Marathwadi Buffaloes milk 
components. The Marathwadi buffalo is an important native 
buffalo breed from marathwada region of Maharashtra. The 
animals are mainly reared for their milk and draughtability 
and provide important economic support to the small and 
marginal farmers. As milk provides economic sustainability 
to the farmers, the observations from present study might 
reflect some major adaptation characteristics in the MB 
breed during different seasons, as well as inter-seasonal 
periods, helping the farmers adopt proper ameliorative 
measures when essential. The key findings would also, 
highlight the better adaptability of the breed and further 
promote government policies and plans for the MB breeds 
conservation and conservation, in future.

2.  MATERIALS AND METHODS

2.1.  Experimental design and animals

The research was undertaken during November 2019–
November, 2020 (one year) at Livestock Farming Complex, 
College of Veterinary and Animal Sciences [MAFSU], 
Parbhani. For the present study, 6 Marathwadi (MB) 
lactating buffaloes (5–8 yrs) were randomly selected. All 
the animals were housed in a semi-intensive management 
system, and the daily grazing period was from 0900 to 
1400 hrs, after which the animals were stall fed in the 
evening. Animals had free access to drinking water all the 
time and were fed concentrates as per the ICAR standards. 
The experiment spanned for an entire year, divided into 
three seasons and two transition periods viz., winter (mid-
November, 2019–January, 2020), transition 1 [T1] (February, 
2020), summer (March–June, 2020), monsoon (mid-June–
August, 2020) and transition 2 [T2] (mid-September – 
early-November, 2020), respectively.

2.2.  Milk sampling and meteorological recordings

Milk samples (40 ml) were collected from all the animals 
every 15th day and were analysed for normal milk 
components, within 2 hrs of collection, on an automatic 
milk analyser. While the weather parameters were recorded 
by using digital meteorological instruments at a weekly 
interval, at 1400 hrs near the animal shed.

2.3.  Milk analysis

The milk components like fat (%), solid not fat (SNF, %), 
corrected lactometer reading (CLR), protein (%), lactose 
(%) and salt (%), were analysed on an automatic milk 
analyser, in the samples. Before analysis, the analyser was 
calibrated as per the protocol for the respective species. All 
the meteorological variables were directly recorded, while 
THI was calculated by using the standard formula given by 
Anonymous (1971) as below,

THI=[DB+WB]x 0.72+40.6 where,
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Figure 1: Division wise distribution of Marathwadi Male 
Buffalo (below 2 yrs)

Figure 2: Division wise distribution of Marathwadi Female 
Buffalo (over 3 yrs)

DB=Dry bulb temperature, °F

WB=Wet bulb temperature, °F

2.4.  Statistical analysis

Data for milk components was analysed in two ways by 
GLM (Anonymous, 1997) and indicated by their p values. 
Effect of independent variables i.e. seasons and days, and 
dependent variables and their interaction was analysed. The 
model used was Yij=μ+Ai+Bj+eij, where Yij was the dependent 
variable, μ was the least square mean, Ai was the effect of 
season, Bj was the effect of days, and eij was the residual 
error. Correlation between environmental variables and 
milk components were estimated by Pearson’s correlation 
and indicated by the r value. All data were presented as 
means±SE and the level of significance was fixed at p<0.05. 
Differences among treatments were determined by Tukey’s b 
test (Anonymous, 1997) and indicated by superscripts a, b, c.

3.  RESULTS AND DISCUSSION

3.1.  About the marathwadi buffalo breed 

The Marathwadi buffalo breed was an ancient buffalo breed 
that originated in southern India [India_Buffalo_1100_
Marathwadi_01009, Anonymous, 2026b]. It breeding tract 
spreads across Aurangabad and Latur divisions, and it was 
distributed throughout Beed, Parbhani, Jalna, Aurangabad, 
Latur, Osmanabad, Nanded and Hingoli, districts of 
Maharashtra state (Anonymous, 2019a; Anonymous, 
2023). The breed was mainly concentrated in Latur and 
Aurangabad divisions of Maharashtra, and presently, the 
pure graded recorded males were 9686 heads-1, and females 
are 217554 heads-1. The division-wise distribution of the 
MB was shown in Figures 1 and 2, while the region-wise 
distribution for females and there milking status were 
presented in Table 1, respectively. We could see from the 
above data that the breeding herd population was quite 
small as compared to cattle or other buffalo breeds, and the 
need for active conservation was even greater for the MB 
breed (Table 1).

The animals were of medium build, and mostly reared for 
milk, transport and as drought animals. These animals 
were reared on semi-intensive systems and thrive mostly on 
crop leftovers and roughages only. Average milk yield from 
the buffaloes ranges from 1000 to nearly 1200 l lactation-1 
(Anonymous, 2026b). As compared to cattle, buffalo milk 
was denser in nutrients like proteins, lactose, total solids and 
fat, especially fat and total solids were more abundant (Abd 
El-Salam and El-Shibiny, 2011). Also, the MB milk was an 
A2 variant, naturally providing health benefits and acting 
as an immunostimulant and was also proved to improve 
gut flora and protect intestinal epithelium, thus acting as 
a gut promoter compound (Misra et al., 2008; de Oliveira 
et al., 2021; Park and Haenlein, 2021; Hou et al., 2022). 
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Table 1: Region wise Marathwadi Buffaloes females’ 
distribution and there milking status in Maharashtra (heads)

Region Under 1 year 1–3 years Milking Dry

Aurangabad division

Beed 5233 4883 7339 2909

Parbhani 1752 919 2472 1101

Jalna 489 388 995 482

Aurangabad 469 386 966 392

Latur division

Latur 26572 14545 43035 15286

Osmanabad 8489 4924 15706 4488

Nanded 6053 3465 9016 2423

Hingoli 1149 631 1754 692

Therefore, as it contained more nutrients like total solids, 
fats and protein with its beneficial A2 properties, the buffalo 
milk has more market value, making buffaloes profitable 
dairy livestock for both large organised dairies and also to 
the medium and small marginal farmers. 

The breed was well adapted to the local climate, and the 
summers were prolonged (late February–early June), and the 
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temperatures ranged upto 45–48°C. Droughts and scanty 
rainfall were also common features of the region. Although 
native breeds were well adapted, and have natural high 
resiliency to extreme environmental conditions, sustained 
multi-stressors negatively affect the thermoregulation and 
production drops gradually (Collier et al., 2019; Wankar 
et al., 2021). More future research on the MB breed was 
pertinent for its conservation as one of the most resilient 
and profitable buffalo breeds of Maharashtra and southern 
India. With this background, the present study was planned 
to observe the effect of different seasons and inter-seasonal 
periods on the normal milk constituents in lactating 
Marathwadi buffaloes. Another objective of the study was 
to confirm the economic suitability and sustainability of the 
breed, based on variation in marketable milk components, 
under different climatic conditions. 

In the present research, the results for seasonal variation 
in milk components was presented in Table 2. Milk fat % 
did not vary significantly (p>0.05) during different seasons 
or the two transition periods, but higher levels of milk fat 
were seen at T1, summer and monsoon periods, respectively. 
Fat was one of the most variable components of milk 
and represented the nutritional status and reserves of the 
animal. Other workers have also confirmed that maximum 
variation is seen for milk fat, as compared to other milk 
components (Misra et al., 2008; Yadav et al., 2013). Kumar 
et al. (2025), has also reported higher levels of milk fat in 
the summer season in Murrah buffaloes, while Bharali et al. 
(2025), reported no variation in milk fat in the same breed, 
corroborating our results. Contrastingly, other researchers 
have observed lower fat levels in buffaloes, attributed to 
summer stress (Lindmark-Mansson et al., 2003; Ozrenk 
and Sebnem, 2008; Das et al., 2014). 

Similar to fat %, no difference was seen for SNF at any 
season, but SNF levels were numerically higher at summer, 
as compared to monsoon and winter seasons (Table 2). 
Similar results were also obtained in our previous study in 
MB, and in murrah buffaloes, where the SNF levels were 

not significantly higher in summer than winter periods 
(Bharali et al., 2025). While, Kalyan et al. (2022) and others 
have reported a significant decline in SNF during summer 
in buffaloes (Bhattarai et al., 2020; Kalyan et al., 2022; 
Kuralkar and Kuralkar, 2022).

The CLR, which was an estimate of the milk solids 
density, determining the specific gravity of milk, didn’t vary 
significantly at any season, but was numerically highest in 
the winter season. Similarly, Bharali and co-workers (2025) 
have reported no notable variation in milk density, with 
average ranges of 29.7% in Murrah buffaloes (Bharali et al., 
2025). Also, Viana et al. (2025) have reported buffalo milk, 
relative density at 15°C, within the ranges 1.028–1.034, 
which were comparable to the present results of CLR 
(Viana et al., 2025).

The non-significant seasonal variation in milk protein and 
marginally higher values during summer and monsoon, 
than the winter period, reflect optimum protein anabolism, 
utilisation, and secretion in the buffaloes. Khosroshahi et 
al. (2011) and Nateghi et al. (2014) also reported a non-
significant seasonal effect on milk protein metabolism in 
buffaloes. Contrastingly, higher protein values during hot 
and humid seasons have been reported in buffaloes (Sikka 
et al., 2004; Kumar et al., 2025). While Bharali et al. (2025) 
observed higher protein levels in Murrah buffaloes during 
winter months as compared to summer (Kalyan et al., 2022). 
Ozrenk and Sebnem (2008) attributed the high THI to low 
protein in lactating buffaloes (Ozrenk and Sebnem, 2008). 

Milk lactose didn’t vary during seasons, and our results 
were corroborated by Bharali et al. (2025), and Kalyan et al. 
(2022) who also reported no changes for lactose levels during 
different seasons in Murrah and Marathwadi buffaloes. 
Lactose seemed to be a stable component of milk, and 
not much variation was seen during different seasons, as 
recorded by many workers previously (Dubey et al., 1997; 
Bhonsle et al., 2003; Khosroshahi et al., 2011; Kuralkar 
and Kuralkar, 2022). Like all the other milk components, 
we didn’t recorded any change (p>0.05) for salt during any 

Table 2: Effect of different seasons on milk components in Marathwadi Buffaloes

PERIOD Fat SNF CLR Protein Lactose Salt

Winter 5.712±0.438 9.270±0.338 31.330±1.255 3.350±0.124 5.055±0.183 0.705±0.026

T1 6.445±0.419 9.186±0.131 30.425±0.543 3.325±0.052 5.025±0.070 0.700±0.018

Summer 6.494±0.231 9.279±0.093 30.723±0.370 3.352±0.034 5.052±0.052 0.709±0.009

Monsoon 6.706±0.248 8.988±0.110 29.465±0.391 3.253±0.037 4.903±0.062 0.703±0.010

T2 5.962±0.345 9.147±0.104 30.678±0.513 3.326±0.036 5.000±0.053 0.700±0.010

p value 0.156 0.742 0.355 0.784 0.769 0.994

Means bearing different superscripts a,b,c within a column differed significantly at (p<0.05); SNF: solid not fat; CLR: 
Corrected lactometer reading; T1: Transition period 1; T2: Transition period 2

Wankar and Kekan, 2026



© 2024 PP House

05

season or the inter-seasonal period. Similar, non-significant 
variation for salt % has also been reported earlier, which 
confirmed present findings (Kalyan et al., 2022). 

The changes in the meteorological variables were shown 
in Table 3. The dry bulb temperature was highest in the 
summer, monsoon and T2 than in T1 and the winter period 
(p> 0.05), whereas the wet bulb temperature was lowest 
in the winter period than all other seasons (Table 3). 
Temperature humidity index levels were highest during the 

Table 3: Meteorological variables during experimental period

PERIOD DB WB THI WS LUX

Winter 84.533±6.275 67.577±5.644 81.031±0.473 2.988±0.719b 49317.777±2578.193

T1 86.075±1.087 70.900±1.090 78.087±0.325 1.500±0.081ab 63865.000±3376.009

Summer 91.290±6.018 69.160±4.188 79.488±4.006 1.460±0.243ab 61555.000±7485.158

Monsoon 89.116±1.707 80.058±0.763 83.006±0.969 1.091±0.230a 48648.833±7654.388

T2 88.811±1.804 76.355±1.940 81.390±1.212 0.566±0.153a 54903.333±6801.694

p value 0.837 0.052 0.656 0.001 0.487

Means bearing different superscripts a,b,c within a column differ significantly at (p<0.05); DB: Dry bulb temperature; WB: 
Wet bulb temperature ; WS: Wind speed; THI: Temperature humidity index; LUX: Solar intensity; T1: Transition period 
1; T2: Transition period 2

monsoon, T2, followed by winter, summer and T1 period 
respectively (p>0.05). Wind speed was significantly highest 
at winter season (p<0.05), as compared to the monsoon and 
T2; however, no significant difference was seen at T2 and the 
summer seasons. The recorded dry bulb temperature, wet 
bulb temperature, calculated THI, and all other variables 
in the present study fall within the established range as per 
the location in Maharashtra, India (Anonymous, 2020). 

The Marathwada region was well known for its harsh 

summer temperatures and high THI, which continued till 
the mid of the monsoon season. The Marathwadi buffaloes 
displayed a superior acclimatisation to multi-stressors like 
high temperatures, THI, solar intensity, during different 
seasons and inter- seasonal periods. These temperature 
and THI ranges (temperatures of 88–91°F and THI of 
81–83) were extremely stressful to other dairy breeds and 

predispose them to heat stress, reducing the production 
subsequently (Nonaka et al., 2008; Zimbelman et al., 2009). 
Lack of variation of any of the milk components, including 
fat, confirmed the natural adaptability of the Marathwadi 
buffalo to the climatic conditions and to produce sustainably. 
Our previous research on the breed also confirmed the 
superior resiliency to environmental conditions, without 

Table 4: Correlations between meteorological variables and milk components in Marathwadi Buffaloes

Parameter DB WB WS LUX THI Fat SNF CLR Protein Lactose Salt

DB 1 .798** -.313* .231 .685** -.016 -.008 -.003 -.015 -.009 -.008

WB .798** 1 -.489** -.039 .611** .163 .036 -.015 .038 .040 .041

WS -.313* -.489** 1 .072 -.138 -.319* -.117 -.025 -.124 -.122 -.080

LUX .231 -.039 .072 1 .007 -.021 -.087 -.087 -.084 -.083 -.082

THI .685** .611** -.138 .007 1 -.053 -.005 .013 -.013 -.001 .006

Fat -.016 .163 -.319* -.021 -.053 1 .262* -.109 .253* .267** .215*

SNF -.008 .036 -.117 -.087 -.005 .262* 1 .927** .986** .993** .898**

CLR -.003 -.015 -.025 -.087 .013 -.109 .927** 1 .924** .925** .853**

Protein -.015 .038 -.124 -.084 -.013 .253* .986** .924** 1 .984** .901**

Lactose -.009 .040 -.122 -.083 -.001 .267** .993** .925** .984** 1 .901**

Salt -.008 .041 -.080 -.082 .006 .215* .898** .853** .901** .901** 1
**Correlation is significant at the 0.01 level, *Correlation is significant at the 0.05 level; SNF: Solid not fat; CLR: Corrected 
lactometer reading; DB: Dry bulb temperature; WB: Wet bulb temperature; WS: Wind speed; THI: Temperature 
humidity index; LUX: Solar intensity

International Journal of Bio-resource and Stress Management 2026, 17(7): 01-08
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a serious decline in milk production and its components. 
The correlations for the environmental parameters and milk 
components were presented in Table 4. The meteorological 
variables were weakly correlated with the milk components, 
except for WS, which negatively affected the fat % [r 
=-.319*, p<0.05]. However, strong positive associations 
were seen between milk SNF: CLR, protein, lactose, 
and salt [r=0.927**, 0.986**, 0.993** and 0.898**, p<0.0001, 
respectively]; CLR: protein, lactose, and salt [r=0.924**, 
0.925**, 0.853**, p<0.0001, respectively] and salt: protein, 
lactose [r=0.901**, 0.901**, p<0.0001], respectively. While 
the interaction effect of days and seasons on any of the milk 
components was not significant, no variation was seen (Table 
4). Earlier research has proved that an increase in THI 
leads to a decrease in milk yield and also its components 
(Rodriguez et al., 1985; Ozrenk and Sebnem, 2008; 
Upadhyay et al., 2008; Pawar et al., 2013). In the present 
study, no such significant correlation was found between the 
environmental variables and milk components. The same 
could be confirmed from, Table 5, where no effect was noted 
for season or specific day on milk components, respectively. 

Table 5: Interaction effect of seasons×days on normal milk 
components in Marathwadi Buffaloes

Seasons×days Marathwadi buffaloes

p

Fat 0.172

SNF 0.828

CLR 0.443

Protein 0.828

Lactose 0.819

Salt 0.991

SNF: Solid not fat; CLR: Corrected lactometer reading

4.  CONCLUSION

The Marathwadi Buffalo breed remained quite 
comfortable, over a range of seasons and climatic 

conditions, as there were no significant changes or reduction 
in any milk components. Our native animals were more 
resilient and well-adapted to harsh tropical climates, 
manifested as high temperatures and THI. This resiliency 
provided an edge over the crossbreeds or exotic dairy breeds 
and the indigenous Marathwadi buffalo breed be conserved 
and propagated, in the era of global warming and climate 
change, for sustainable milk production.
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