



Short Research Article

Comparative Analysis of Blood Serum Mineral Profiles in Murrah Buffalo Across Seasons  
Abstract
The main objective of the study was to determine how the hot-humid and cold seasons affected the biochemical parameters (serum minerals) of ten adult female Murrah buffalo. Serum was extracted from each blood sample after it was aseptically drawn from the jugular vein. An automated blood biochemistry analyzer (Turbochem100) was used to determine all biochemical parameters, such as serum mineral assays. The mean±SE values of calcium showed a non-significant (p>0.05) effect of season, but the mean±SE values of phosphorus and magnesium showed a significant (P≤0.05) effect of hot-humid and cold seasons. : For Murrah buffalo to be healthy, productive, and reproductively efficient, the mineral profile—particularly calcium, phosphorus, and magnesium—is essential. Seasonal fluctuations in feed supply, climate stress, and physiological needs make them even more crucial.
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1. Introduction 
A domestic breed of water buffalo raised for dairy production is the Murrah Buffalo (Bubalus bubalis). The Murrah breed of buffaloes has a large body, a head and neck that are relatively long, short, tightly curved horns, a well-developed udder, broad hips, and drooping fore and hind parts (Minervino et al., 2020). The long tail extends to the fetlocks. The tail, face, and extremities may occasionally have white markings, although the body color is typically jet black. In many developing nations, buffalo contribute significantly to the agricultural economy by producing milk, meat, and draught power. Asian buffaloes are the most promising domestic animals in terms of production potential (Rife, 1962).
In terms of performance, the Murrah breed has outperformed the world's top dairy buffaloes (Kumar, 2021). It has long been recognized that in uncomfortable environments, especially outside of an animal's thermo-neutral zone, some of the metabolizable energy needed for production is redirected to ensure thermal balance. Consequently, productivity is decreased when there is environmental stress. The productivity of buffaloes and cows is impacted by both heat and cold stress, but little is known about how these animals' bodies react to harsh seasonal conditions (Yanez-Pizana et al., 2020). A key indicator of an animal's physiological and pathological conditions is changes in hemato-biochemical parameters (Hassan et al., 2012; Mamun et al., 2013). Stress during the summer and monsoon significantly alters the blood's biochemical and hormonal composition, which lowers the animals' productivity (Ganaie et al., 2013). In light of this, the current study was conducted to assess how seasonal variation in Murrah buffalo affects biochemical (serum mineral) factors.

Murrah buffalo's serum calcium levels are significantly impacted by seasonal variation, primarily as a result of variations in temperature, feed availability, and physiological stress. Lower blood calcium levels are common throughout the summer (hot months). Heat stress reduces feed intake, which in turn reduces calcium intake. Increased sweating and metabolic stress change the mineral balance (Lakhani et al., 2018).

 Reduced rumen efficiency affects calcium absorption. Calcium levels are somewhat to moderately higher in the winter (cold months) than in the summer. Feed intake is enhanced by comfortable temperatures. improved digestion and use of nutrients. Calcium levels vary throughout the monsoon and rainy seasons, and they may be adequate or inadequate. Green fodder may have a low mineral density despite being abundant. 
High moisture content dilutes nutrient absorption. Possible mineral imbalances (e.g., increased potassium hindering calcium absorption). Fetal skeletal growth during pregnancy (late gestation) is a significant physiological factor that raises the need for calcium. A higher milk output results in a higher calcium loss (Valldecabres and Silva-del-Rio, 2021).
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Fig. 1. Effects of seasonal variation on calcium in murrah buffalo (Source: BioRender.com).
Phosphorus levels in Murrah buffalo are also greatly impacted by seasonal variation, primarily due to dietary changes, physiological demands, and climate stress. It is commonly observed that blood phosphorus levels have dropped during the summer, or hot months. 
Feed intake is decreased by heat stress, which consequently lowers phosphorus intake. 
Higher maintenance energy requirements reduce the availability of nutrients for mineral balance. Reduced rumen microbial activity affects phosphorus intake. Weakness and issues with reproduction were caused by a lack of appetite, which reduced milk production (Dayal et al., 2017).

Phosphorus levels are either normal or greater throughout the winter (cold months) than during the summer. increased dry matter intake, better nutritional absorption and digestion, concentrate availability, and balanced feedstock. Phosphorus levels vary from moderate to low (usually insufficient) during the monsoon/rainy Season. Despite being abundantly accessible, green fodder often has a low phosphorus level. High moisture reduces the intake of dry materials. Monsoon-related soil mineral imbalances affect the quality of fodder (Singh and Nath, 2020).
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Fig. 2. Effects of seasonal variation on phosphorus in murrah buffalo (Source: BioRender.com).
Although it often fluctuates less dramatically than calcium or phosphorus, seasonal change also affects the status of magnesium in Murrah buffalo. Nevertheless, the balance of magnesium can be impacted by variations in climate, fodder type, and diet. Magnesium levels have somewhat to substantially dropped throughout the summer, or hot months. Feed intake is reduced by heat stress, which consequently reduces magnesium intake. The electrolyte balance can be altered by heat, hydration, nutrition, health status, and stress conditions. Reduced rumen activity affects the absorption of magnesium. Magnesium levels are relatively steady or slightly higher during the winter (cold months). Increased feed intake, enhanced digestion, rumen efficiency, and an increase in dry matter consumption (Metson and Saunders, 1978).
2. Materials And Methods

2.1 The Management and Nourishment of Experimental Animals: Ten adult, in good physiological status and healthy females of the Murrah breed of buffalo, weighing between 300 and 350 kg, who were raised at the Livestock Farm Complex (LFC) Buffalo farm at the Post Graduate Institute of Veterinary Education and Research (P.G.I.V.E.R.), Jaipur, Rajasthan, were included in our study. This hot, semi-arid region in northern India is situated 1417 feet above sea level at 26.9° N and 75.8° E. The Murrah buffaloes were kept in accordance with standard farm management procedures. They were kept in hygienic, well-ventilated sheds. In the shed, green fodder (berseem/lucerne and oats, depending on seasonal availability) and concentrate mixture were given to each animal at a rate of 5 kg per day.
2.2 Sample Collection, Processing, and Preservation: During the hot-humid and cold seasons, adult female Murrah buffalo blood samples were taken from the same animals (N=10). To quantify the serum minerals (calcium, phosphorus, and magnesium) in Murrah buffalo under seasonal change, blood samples were drawn from each animal  seasonal, on the same day. To assess several biochemical (serum minerals) parameters, blood samples (5 ml each) were taken aseptically from the jugular vein with the least amount of stress to the animals and placed straight into the non-EDTA vials. Non-EDTA vials were left undisturbed for 15 to 30 minutes at room temperature in a slanting position at 45˚ angles, allowing the blood to clot. The clot was then removed by centrifuging the vials for 15 minutes/2500RPM. Serum, the resultant supernatant, was collected and used to measure serum minerals. Up until the assay's execution, the serum (Minerals) samples were kept at -20°C.
2.3 Specifics of the Analytical Processes: The current study was conducted at the Post Graduate Institute of Veterinary Education and Research (P.G.I.V.E.R.), Jaipur, in the Department of Veterinary Physiology and Biochemistry. The following subhead presents the analytical procedure: 
2.4 Biochemical Studies: Serum that was kept in a deep freezer (-20°C) was used to estimate the blood biochemical (serum minerals) parameters. The Department of Veterinary Physiology and Biochemistry, P.G.I.V.E.R., Jaipur, used an automated TurboChem 100 blood biochemistry analyzer with Jeva Diagnostic Kits to estimate the serum minerals (calcium, phosphorus, and magnesium) as a company standard protocol.
2.5 Analysis of Statistics: The findings were displayed as mean±SE. The t-test: Paired to Samples for Means was used to statistically evaluate the data in accordance with Snedecor and Cochran (1994), and the findings were interpreted.

3. Results and Discussions
3.1 Serum Minerals

Table 1: Effect of Hot-humid and Cold season on Mean±SE values of Serum Calcium, Phosphorus and Magnesium in Murrah buffalo (N=10) 
	Parameter
	Season
	Mean±SE
	Observation

	Calcium (mg/dL)
	Hot-humid
	10.41±0.72
	NS

	
	Cold
	9.07±0.54
	

	Phosphorus (mg/dL)
	Hot-humid
	6.53±0.24
	*

	
	Cold
	7.64±0.40
	

	Magnesium (mg/dL)
	Hot-humid
	9.17±2.11
	*

	
	Cold
	2.88±0.40
	

	N
	=
	No. of Animals

	NS
	=
	Non-significant (P>0.05)

	**
	=
	Highly Significant (P≤0.01)

	*
	=
	Significant (P≤0.05)


3.2 Serum Calcium 
In the hot-humid and cold seasons, the mean±SE values of serum calcium (mg/dl) were found to be 10.41±0.72 and 9.07±0.54, respectively. In comparison to the hot-humid season, the mean±SE value of serum calcium was non-significantly (P>0.05) lower during the cold season.  

Jabber et al. (2012) found similar results in growing buffalo heifers, whereas Shrikhande et al. (2008) found similar results in cattle. According to Gottam (2020), Pugal sheep's plasma calcium levels were marginally lower during the cold season than during the hot and wet (hot-humid) season. Environmental factors, and physiological conditions could all contribute to this difference.

The current findings were in contrast to those of Joshi et al. (2012), who found that Murrah buffaloes had significantly (P≤0.05) reduced Ca in hot environments compared to cold ones. Similar findings were found in cattle by Liang et al. (2026). Increased dietary consumption during the winter may be the cause of the observed elevated calcium levels. 
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Fig. 3. Serum calcium level of Murrah buffalo.
3.3 Serum Phosphorus

Serum phosphorus (mg/dl) mean±SE values for the hot-humid and cold seasons were found to be 6.53±0.24 and 7.64±0.40, respectively. In comparison to the hot, humid season, the mean±SE value of serum phosphorus was considerably (P≤0.05) higher during the cold season. Joshi et al. (2012) reported considerably (P≤0.05) higher values in Murrah buffaloes during the cold season compared to hot environments, which is similar to the current study's findings. Similar findings were reported by Bargaa et al. (2016) in Moroccan camels and Rathwa et al. (2017) in Indigenous sheep. Summertime saw lower levels of inorganic phosphorus, which may have been caused by a decrease in feed intake.

The current results were at odds with measurements made in cattle by Shrikhande et al. (2008) and in crossbred cattle by Shah et al. (2017). Summertime elevated blood phosphorus levels may be caused by environmental stresses as well as dehydration and impaired renal function. 

Free radical production changes oxidative metabolism, which disrupts the cell's ionic environment and lowers serum phosphorus levels by raising cortisol during stress. Serum mineral concentrations may also differ as a result of other medical disorders, such as diabetes, kidney failure, etc., but this is not relevant to the current study because the sample population is deemed healthy.
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Fig. 4. Serum phosphorus level in Murrah buffalo.
3.4 Serum Magnesium

Serum magnesium (mg/dl) mean±SE values for the hot-humid and cold seasons were 9.17±2.11 and 2.88±0.40, respectively. The hot-humid season had a considerably (P≤0.05) greater mean±SE value of serum magnesium than the cold season. Shah et al. (2017) reported similar results. They found that whereas blood magnesium levels in crossbred cattle did not significantly differ between spring and winter, they did exhibit significant seasonal fluctuations, with significantly lower levels in spring and winter compared to summer and spring. Similar findings were also reported by Bargaa et al. (2016) on Moroccan camels.
The current findings ran opposed to those of Joshi et al. (2012), who found that serum magnesium levels in Murrah buffaloes were considerably (P≤0.05) lower during the hot season than in the winter. The same findings were also reported by Shrikhande et al. (2008) in cattle. 
Serum magnesium concentrations were lower during periods of extreme environmental conditions that can stress animals., suggesting that it plays a part in oxidative stress-related processes. The increased serum value magnesium in the early stages of life was a result of both decreased magnesium availability in diet and increased magnesium usage for bone formation. The renal system is the primary site of magnesium homeostasis.
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Fig.5. Serum magnesium level in Murrah buffalo.
4. Conclusion:
The present study on Murrah buffalo revealed significant seasonal variations in blood serum mineral profiles. Phosphorus and magnesium values were shown to be significantly impacted by the hot-humid and cold seasons, although calcium readings showed no discernible seasonal variation.
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