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Abstract 
This study aimed to evaluate the effect of vanadium supplementation on the blood biochemical profile of growing Murrah buffalo calves. A total of 21 calves (6–12 months) were divided into three groups: control (T0), 4 mg/kg DM vanadium (T4), and 6 mg/kg DM vanadium (T6). The calves were fed a total mixed ration for 90 days, with blood samples taken every two weeks to measure parameters such as glucose, non-esterified fatty acids, total cholesterol, HDL cholesterol, and alkaline phosphatase. The results showed no significant differences in any of these parameters across the three groups (P > 0.05). Therefore, vanadium supplementation at 4.0 and 6.0 mg/kg DM had no effect on the blood biochemical profile, indicating that it is safe for the metabolic health of Murrah buffalo calves.
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Introduction 
India is home to the world’s largest buffalo population, contributing approximately 58% of the global buffalo population and accounting for around 30% of the country’s total Cara beef production. As Livestock Census of 2019, Uttar Pradesh leads with a buffalo population of approximately 33 million, followed by Rajasthan with 13.7 million, and Gujarat with 10.5 million. The growth rates for these states vary, with Uttar Pradesh showing a significant increase of 7.81%, Rajasthan at 5.53%, and Gujarat at 1.52%. This growing buffalo population highlights the importance of buffaloes in India’s agricultural and livestock sectors.
Vanadium (V) is a trace element that has recently gained attention for its role in various biological processes. Though considered a newer essential element for living organisms, vanadium has demonstrated significant metabolic effects in species like rats and poultry. Studies have shown that vanadium acts as a cofactor for certain enzymes, such as bromoperoxidase in marine algae (Butler, 1998). In rats, vanadium supplementation has been shown to affect glucose metabolism by inhibiting Na+/K+ ATPase activity in the intestines, leading to a reduction in intestinal glucose transport (Madsen et al., 1993; Hajjar et al., 1987). Furthermore, vanadium deficiency in goats led to skeletal deformities and increased mortality, underscoring its essential role in animal health (Anke et al., 1990).
The role of vanadium in regulating various blood biochemical parameters, such as glucose, cholesterol, and liver enzymes, is of particular interest. Vanadium has been shown to enhance insulin sensitivity by stimulating the phosphorylation of insulin receptors, thereby improving glucose uptake by muscle, heart, and adipose tissues (Crans et al., 2004). Additionally, vanadium is known to lower plasma cholesterol and triglyceride levels by inhibiting the HMG-CoA reductase enzyme, which plays a key role in lipid metabolism. Vanadium’s effects on liver enzymes, such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP), have been less explored but may offer insight into its potential for improving liver function and overall metabolic health in livestock.
Despite growing evidence of vanadium’s role in metabolic processes, its effects on blood biochemical parameters in livestock, particularly in buffalo calves, remain underexplored. Blood biochemical markers are crucial indicators of an animal’s metabolic health, and understanding how vanadium supplementation impacts these parameters could provide valuable insights for improving the health and productivity of Murrah buffalo calves. Therefore, this study aims to evaluate the effect of vanadium supplementation on blood biochemical parameters, including glucose, non-esterified fatty acids, total cholesterol, HDL cholesterol, and key liver enzymes in growing Murrah buffalo calves. This research could contribute to the understanding of vanadium’s potential benefits in livestock management, particularly in improving metabolic health and performance in buffalo calves.
Materials and Methods
Study Location
The experiment was conducted at the Livestock Research Center, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, Uttar Pradesh, India (29°01’ N, 77°45’ E, 224.659 m altitude). The region experiences a subtropical climate, with temperatures ranging from 20 to 35°C and relative humidity of 60–80% during the study period (October 2020–January 2021).
Experimental Design
Twenty-one Murrah buffalo calves, aged 6–12 months with an average body weight of 146.48 ± 5.24 kg and mean age of 9.14 ± 0.88 months, were selected for the study. The calves were stratified based on body weight and age and randomly assigned to three treatment groups (n=7 per group) using a randomized block design. The treatments included:(Table 1.)
Diet and Management
The Total Mixed Ration (TMR) was formulated according to the guidelines provided by the National Research Council (NRC). The composition of the TMR offered to Murrah buffalo calves according (Table 2). Vanadium supplementation was incorporated into the concentrate using a precision mixer to ensure uniform distribution of the mineral across the TMR. The calves were fed twice daily, at 8:00 AM and 4:00 PM, ad-libitum, and refusals were collected and weighed daily to monitor intake. Weekly feed analysis was conducted to determine the dry matter, crude protein, and ash content of the TMR. The calves were housed in a tie barn with individual feeding troughs to prevent feed sharing. Bedding (straw) was replaced weekly to maintain cleanliness and comfort. Clean drinking water was provided ad-libitum through automatic waterers. Calves were dewormed with albendazole and vaccinated against foot-and-mouth disease one week before the trial began. Daily health checks were performed to ensure no clinical abnormalities occurred.
Blood Collection
Blood samples were collected from the jugular vein of the calves at fortnightly intervals using EDTA-coated Vacutainer tubes at 07:00 AM, prior to feeding and watering. The samples were centrifuged at 3000 rpm for 30 minutes, and the separated plasma was stored in Eppendorf tubes at -20°C for subsequent analysis of antioxidant levels, immune status, and energy and lipid metabolites. The hematocrit portion was washed three times with 0.9% normal saline solution, followed by centrifugation after each wash. Distilled water was then gradually added to the erythrocyte pellet with continuous stirring to prepare the hemolysate. The hemolysate was stored at -20°C for later estimation of antioxidant enzyme activities, specifically superoxide dismutase (SOD) and catalase. 
Statistical Analysis
Statistical analysis will be conducted using mixed models in SPSS version 20 (SPSS for Windows, V 20.0). The model will estimate the treatment effects of different vanadium (V) supplementation doses on the blood biochemical profile of growing Murrah calves. The model is as follows:
Yij = µ + Ti + Fj + (T×F) ij + eij
Where:
· Yij = dependent variable
· µ = overall mean
· Ti = treatment effect (different doses of V)
· Fj = fortnight effect
· (T×F)ij = interaction effect between treatment and fortnight
· eij = random error
Pairwise comparisons will be performed using Tukey’s Multiple Range Test.
Results and Discussion
Plasma Glucose: The plasma glucose concentrations for different groups of Murrah buffalo calves. Before dietary vanadium supplementation, the plasma glucose concentrations were 3.28, 3.30, and 3.32 mmol/L for the T0, T4, and T6 groups, respectively. Throughout the study period (days 15, 30, 45, 60, 75, and 90), vanadium supplementation did not significantly affect plasma glucose concentrations (P > 0.05). Additionally, the overall mean glucose concentration was statistically similar across all three groups (Table 3). Several studies have explored vanadium’s influence on glucose metabolism with varying outcomes. Early research (Cupo & Donaldson, 1987) indicated enhanced glucose absorption and metabolism in chicks, while Glezer and Lev (1993) and Madsen et al. (1993) reported improved glucose tolerance and reduced absorption in diabetic and normal rats, respectively. Matsubara et al. (1995) and Goldwaser et al. (1999, 2000) also observed significant reductions in blood glucose levels in hyperglycemic models following vanadium administration. However, contradictory results were reported in ruminants. Roy et al. (2015) and Heidari et al. (2016) found increased glucose levels with vanadium supplementation, Gupta et al. (2020) in calves and cows showed no significant change in plasma glucose levels (P > 0.05).
Non-Esterified Fatty Acids (NEFA): The non-esterified fatty acid (NEFA) concentrations across all groups. On day 0, NEFA concentrations were 145.82 (T0), 145.79 (T4), and 145.84 (T6) µmol/L. At day 90, the NEFA concentrations were 151.53, 150.95, and 147.01 µmol/L, respectively. No significant differences (P > 0.05) were observed in NEFA concentrations throughout the study (Table 4). Research on vanadium supplementation reveals mixed effects on plasma non-esterified fatty acids (NEFA) and cholesterol levels in ruminants. Heidari et al. (2016) observed that increasing levels of vanadium in dairy cows led to a quadratic increase in plasma glucose and a significant (P < 0.05) decrease in NEFA concentration. Contrastingly, Pal et al. (2018) found no significant changes in NEFA concentrations among calves, indicating a possible species or age-related difference in response to vanadium. Meanwhile, Sushkov et al. (2019) reported that vanadium supplementation reduced esterified cholesterol levels, suggesting an influence on lipid metabolism.
Total Cholesterol: Total cholesterol levels in all groups are shown in (Table 5). The mean total cholesterol concentrations were 3.66 (T0), 3.69 (T4), and 3.70 (T6) mmol/L. No significant differences were found in total cholesterol concentrations at any of the time points (P > 0.05), with the overall mean being statistically similar across the groups. Vanadium supplementation has shown varied effects on cholesterol metabolism and liver function across different studies. Some researchers observed a reduction in liver cholesterol and phospholipids, and inhibition of cholesterol synthesis (Mountain et al., 1956; Snyder & Cornatzer, 1958; Mascitelli & Citterio, 1959). In poultry, vanadium improved eggshell thickness without affecting egg cholesterol (Hafez & Kratzer, 1976). Results on blood cholesterol levels were inconsistent some studies reported increases (Saxena et al., 2013), while others noted decreases (Pal et al., 2018) or no change (Roy et al., 2015; Gupta et al., 2020). These inconsistencies suggest that vanadium’s effect is dose-dependent and influenced by species and experimental conditions, warranting further research.
HDL-Cholesterol: The plasma concentration of HDL cholesterol for all three groups of growing Murrah buffalo calves is presented in (Table 6). Vanadium supplementation did not significantly affect HDL cholesterol levels (P > 0.05), with similar concentrations observed across all three groups throughout the study period. The overall mean concentrations were 2.22 mmol/L (T0), 2.25 mmol/L (T4), and 2.22 mmol/L (T6), indicating no statistically significant differences in HDL cholesterol levels between the groups. Several studies have explored the effects of vanadium supplementation on high-density lipoprotein (HDL) cholesterol levels, revealing mixed outcomes. Goldfine et al. (2000) reported that in humans, high doses of vanadium led to a reduction in total cholesterol, but also resulted in a decrease in HDL cholesterol. In contrast, Subrahmanyam et al. (2013, 2016) found that administering vanadium to rabbits led to increased HDL cholesterol levels, indicating a potentially beneficial effect in certain animal models. Similarly, Soveid et al. (2013) observed an increase in HDL cholesterol in diabetic patients following oral vanadium administration, despite no significant changes in triglyceride levels. However, contradictory findings were reported by Pillai et al. (2014) and Shah et al. (2016), where vanadium treatment in diabetic rats led to a dose-dependent decrease in HDL cholesterol levels. These divergent results suggest that the impact of vanadium on HDL cholesterol is highly variable, influenced by species, health status (e.g., diabetic vs. non-diabetic), dosage, and the chemical form of vanadium used. Various studies have examined the effects of vanadium supplementation on alanine aminotransferase (ALT) activity, revealing both neutral and adverse outcomes depending on species, dosage, and chemical form of vanadium. Singh (2016) found no significant alteration in ALT levels in Sahiwal calves supplemented with vanadium at doses of 2, 4, and 8 ppm, suggesting its safety at these concentrations in bovine species. Conversely, Hoda et al. (2012) observed elevated ALT and AST activities in rats exposed to high concentrations of vanadium (150 mg/L) and nickel (180 mg/L), indicating liver dysfunction due to heavy metal toxicity. Supporting this, Hosseini et al. (2013) reported that a single injection of sodium metavanadate (V5+) in rats significantly increased ALT levels, demonstrating vanadium's hepatotoxic potential at higher doses. Similarly, Koyuturk et al. (2005) documented increased ALT activity in both normal and diabetic rats following a 60-day treatment with 100 mg/kg vanadyl sulfate, reflecting biochemical liver alterations. In line with these findings, Roy et al. (2015) observed increased ALT levels in mice administered with a vanadium–rutin complex, particularly at a 90-ppm dose during subacute toxicity trials. Overall, while lower doses of vanadium may be safe, higher concentrations or prolonged exposure can lead to significant hepatic enzyme disturbances, highlighting the importance of dosage regulation.
Alkaline Phosphatase (ALP): The activity of Alkaline Phosphatase (ALP) in the blood plasma of Murrah buffalo calves supplemented with or without vanadium over a 90-day period (Days 0, 15, 30, 45, 60, 75, and 90) showed no statistically significant (P > 0.05) differences among the three treatment groups, with overall mean ALP values of 35.58 IU/L (T0), 34.98 IU/L (T4), and 33.96 IU/L (T6), suggesting that vanadium supplementation had no notable impact on ALP activity in these animals, similar to trends observed for ALT and AST (Table 7). In contrast, previous studies on diabetic rats have shown varied effects of vanadium on ALP activity, with Koyuturk et al. (2005) reporting a substantial increase after 60 days of vanadyl sulfate administration (100 mg/kg), whereas Li et al. (2009) observed a significant decrease (P < 0.01) in ALP activity following 20 days of V5dipic-NH₂ treatment at doses of 0.1 and 0.3 mg/mL. Similarly, Yanardag et al. (2009) noted increased ALP levels in diabetic rats given 0.2 mM/kg vanadium for 12 days, while Xie et al. (2014) reported reduced ALP activity in rats treated with Vdipic-Cl. In ruminants, Pal et al. (2018) found significantly higher (P < 0.05) ALP levels in calves receiving 6 and 9 mg V/kg DM, suggesting that dosage and species-specific responses influence the biochemical effects of vanadium supplementation.
Conclusion 
The study investigated the impact of vanadium supplementation at 4.0 and 6.0 mg/kg dry matter (DM) on the blood biochemical profile of growing Murrah buffalo calves over a 90-day period. The results revealed no significant differences (P > 0.05) in plasma glucose, non-esterified fatty acids (NEFA), total cholesterol, HDL cholesterol, or alkaline phosphatase (ALP) levels among the control (T0), 4 mg/kg DM (T4), and 6 mg/kg DM (T6) groups. These findings suggest that vanadium supplementation at the tested doses does not alter key blood biochemical parameters in Murrah buffalo calves, indicating its safety for their metabolic health. The lack of significant effects contrasts with some previous studies in other species, where vanadium influenced glucose and lipid metabolism, highlighting potential species-specific or dose-dependent responses. Therefore, while vanadium supplementation at 4.0 and 6.0 mg/kg DM appears metabolically neutral in Murrah buffalo calves, further research is needed to explore its effects at higher doses or in different physiological conditions to fully elucidate its role in livestock nutrition and health.
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Table 1. Treatment Groups Used in the Experimental Design
	Treatment Group
	Description

	T0 (control)
	Total mixed ration (TMR) without vanadium supplementation.

	T4
	TMR supplemented with 4.0 mg vanadium/kg dry matter (DM) as vanadyl sulfate (VOSO₄·5H₂O, purity ≥97%).

	T6
	TMR supplemented with 6.0 mg vanadium/kg dry matter (DM) as vanadyl sulfate.



Table 2. Composition of Total Mixed Ration (TMR) Offered to Murrah Buffalo Calves
	Ingredient
	Percentage (%)

	Maize Grain
	18.0

	Soybean Meal
	10.0

	Wheat Bran
	17.0

	Mineral Mixture
	1.5

	Salt
	0.5

	Maize Silage
	35.0

	Wheat Straw
	20.0

	Total
	100



Table 3. Effect of vanadium supplementation on Glucose (mmol/L) of Murrah buffalo calves
	Day
	Treatment
	SEM
	P-value

	
	T0
	T4
	T6
	
	Contrast
	Linear
	Quadratic

	0
	3.28
	3.30
	3.32
	0.06
	0.915
	0.718
	0.835

	15
	3.31
	3.38
	3.37
	0.07
	0.999
	0.964
	0.979

	30
	3.35
	3.40
	3.40
	0.06
	0.560
	0.348
	0.611

	45
	3.39
	3.41
	3.50
	0.10
	0.982
	0.870
	0.925

	60
	3.42
	3.45
	3.48
	0.06
	0.900
	0.695
	0.821

	75
	3.41
	3.43
	3.55
	0.06
	0.414
	0.254
	0.505

	90
	3.39
	3.45
	3.50
	0.08
	0.868
	0.649
	0.792

	Mean
	3.38
	3.40
	3.45
	0.07
	0.648
	0.537
	0.486


Table 4. Effect of vanadium supplementation on NEFA (µmol/L) of Murrah buffalo calves
	Day
	Treatment
	SEM
	P-value

	
	T0
	T4
	T6
	
	Contrast
	Linear
	Quadratic

	0
	145.82
	145.79
	145.84
	0.38
	0.995
	0.963
	0.931

	15
	147.25
	147.16
	149.84
	1.16
	0.245
	0.154
	0.372

	30
	149.85
	148.65
	150.51
	1.30
	0.602
	0.722
	0.351

	45
	148.63
	149.17
	148.76
	1.48
	0.969
	0.952
	0.811

	60
	150.81
	152.57
	151.15
	1.27
	0.595
	0.854
	0.323

	75
	148.86
	151.69
	152.11
	1.26
	0.170
	0.086
	0.446

	90
	151.53
	150.95
	147.01
	1.92
	0.252
	0.130
	0.505

	Mean
	148.96
	149.43
	149.90
	1.32
	0.835
	0.660
	0.684


Table 5. Effect of vanadium supplementation on Total Cholesterol (mmol/L) of Murrah buffalo calves
	Day
	Treatment
	SEM
	P-value

	
	T0
	T4
	T6
	
	Contrast
	Linear
	Quadratic

	0
	3.63
	3.66
	3.64
	0.13
	0.990
	0.976
	0.892

	15
	3.68
	3.61
	3.62
	0.12
	0.891
	0.716
	0.760

	30
	3.71
	3.67
	3.68
	0.12
	0.972
	0.875
	0.860

	45
	3.67
	3.63
	3.72
	0.10
	0.850
	0.724
	0.754

	60
	3.69
	3.62
	3.76
	0.12
	0.754
	0.715
	0.518

	75
	3.65
	3.61
	3.70
	0.14
	0.908
	0.828
	0.707

	90
	3.61
	3.60
	3.81
	0.19
	0.739
	0.516
	0.679

	Mean
	3.66
	3.69
	3.70
	0.11
	0.573
	0.575
	0.372


Table 6. Effect of vanadium supplementation on HDL-Cholesterol (mmol/L) of Murrah buffalo calves
	Day
	Treatment
	SEM
	P-value

	
	T0
	T4
	T6
	
	Contrast
	Linear
	Quadratic

	0
	2.14
	2.16
	2.19
	0.09
	0.912
	0.672
	0.990

	15
	2.17
	2.22
	2.22
	0.11
	0.937
	0.761
	0.853

	30
	2.20
	2.28
	2.26
	0.11
	0.887
	0.731
	0.733

	45
	2.25
	2.27
	2.21
	0.15
	0.967
	0.871
	0.843

	60
	2.28
	2.26
	2.22
	0.12
	0.955
	0.768
	0.957

	75
	2.27
	2.25
	2.21
	0.18
	0.974
	0.823
	0.967

	90
	2.24
	2.24
	2.20
	0.14
	0.977
	0.844
	0.940

	Mean
	2.22
	2.25
	2.22
	0.13
	0.941
	0.950
	0.731


Table 7. Effect of vanadium supplementation on Alkaline Phosphatase (IU/L) of Murrah buffalo calves
	Day
	Treatment
	SEM
	P-value

	
	T0
	T4
	T6
	
	Contrast
	Linear
	Quadratic

	0
	10.18
	10.15
	10.11
	0.29
	0.987
	0.871
	0.992

	15
	12.78
	12.65
	12.73
	0.78
	0.993
	0.971
	0.915

	30
	15.04
	15.32
	13.89
	0.95
	0.547
	0.407
	0.477

	45
	16.97
	16.37
	16.43
	1.18
	0.932
	0.762
	0.831

	60
	17.68
	17.06
	18.70
	1.34
	0.733
	0.629
	0.540

	75
	18.49
	17.88
	16.84
	1.48
	0.766
	0.476
	0.915

	90
	19.02
	16.14
	16.24
	1.14
	0.257
	0.162
	0.381

	Mean
	15.74
	15.08
	14.99
	0.73
	0.610
	0.363
	0.691






