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Abstract
The present study investigates the effect of vanadium supplementation on the growth performance of growing Murrah buffalo calves. A total of 21 calves (aged 6–12 months; average body weight 146.48 ± 5.24 kg) were randomly assigned to three dietary groups: control (V0, 0 mg vanadium/kg dry matter), V4 (4.0 mg/kg DM), and V6 (6.0 mg/kg DM). All animals were fed a total mixed ration (TMR) for a period of 90 days and key growth parameters body weight, average daily gain (ADG), feed intake, and feed conversion ratio (FCR) were recorded fortnightly. Results revealed that calves in the V4 and V6 groups exhibited significantly higher weight gain (P < 0.05) and improved feed efficiency, as indicated by lower FCR values (V4: 10.63; V6: 9.88) compared to the control group (V0: 12.23). However, differences in overall body weight and feed intake among the groups were not statistically significant (P > 0.05). These findings demonstrate that vanadium supplementation at 4.0 and 6.0 mg/kg DM can effectively enhance growth efficiency in Murrah buffalo calves, highlighting its potential as a strategic nutritional intervention in buffalo production systems.
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Introduction 
Buffaloes play a pivotal role in the dairy and meat industries of Southeast Asia, contributing significantly to the region’s economy. In India alone, buffaloes account for approximately 55% of the total milk yield and 31% of meat production (APEDA, 2014). Despite their economic value, male buffaloes are often hindered by late puberty and delayed sexual maturity, typically reaching puberty between 24 to 30 months (Kotayya and Narasimaharao, 1972). Gulia et al. (2010) also reported lower testosterone levels in buffalo bulls compared to their bovine counterparts such as Sahiwal and Karan Fries.
The efficiency of feed utilisation in livestock systems is crucial, given that feed costs represent around 60% of total production expenses. Improving this efficiency not only enhances profitability but also helps reduce the time and resources required for animals to reach market or reproductive maturity. In buffaloes, a significant portionup to 75%of energy is allocated for maintenance rather than productive functions (ICAR, 2013). Traditional measures of feed efficiency like gross feed efficiency are limited in scope as they are influenced by growth rate and body size. Alternatively, residual feed intake (RFI), which represents the difference between observed and expected feed intake, is a better predictor of metabolic efficiency as it is independent of size and growth rate (Koch et al., 1963; Richardson and Herd, 2004).
Trace elements are integral to enzymatic and physiological processes governing immunity, metabolism, reproduction, and productivity in livestock (Spears, 2003; Suttle, 2010). While essential minerals like zinc, selenium, and copper have been extensively studied, attention has now shifted to ultra-trace elements such as vanadium. Vanadium, although historically considered non-essential, has demonstrated biological significance in several species. It functions primarily through its interactions with key enzymes like ATPases and phosphatases and exists in multiple oxidation states, primarily +3, +4, and +5 under physiological conditions (Hirano et al., 1996; Nielsen, 1984).
Vanadium supplementation has been associated with improved antioxidant status, glucose metabolism, and immune function in rodents and poultry (Francik et al., 2011; Harati et al., 2006; Liu et al., 2015). In goats, vanadium-deficient diets were linked to reproductive issues and reduced milk production (Anke et al., 2005). Positive responses to dietary vanadium have also been observed in broilers and kids, indicating its potential role in enhancing growth performance and feed conversion efficiency (Balos et al., 2017; Zarqami et al., 2018).
Though vanadium has shown promising effects in non-ruminant species, its role in ruminant nutrition remains largely unexplored. Moreover, the concept of supra-nutritional supplementation providing nutrients at levels above their established dietary requirements—has opened new avenues in livestock nutrition for improving productivity and health (Rayman et al., 2005; Maylor et al., 2006; Nielson et al., 2004). The present investigation was undertaken to evaluate the effect of vanadium supplementation on the growth performance of growing Murrah buffalo calves. This study aims to explore the possibility of using vanadium as a nutritional tool to enhance feed efficiency and promote optimal growth in buffaloes.
Materials and Methods 
The study was conducted at the Livestock Research Centre, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, Uttar Pradesh, India, located at 29°01” N, 77°45” E, and 224.659 m. altitude. The subtropical climate during the experimental period (October 2020–January 2021) featured temperatures ranging from 20 to 35°C. Twenty-one growing Murrah buffalo calves, aged 6 to 12 months with a mean body weight of 146.48 ± 5.24 kg and mean age of 9.14 ± 0.88 months, were selected for the 90-day trial. To ensure balanced baseline characteristics, calves were stratified by body weight and age and randomly assigned to three treatment groups of seven animals each. The control group (V0) received a total mixed ration (TMR) without vanadium supplementation, while the V4 and V6 groups received TMR supplemented with 4.0 mg and 6.0 mg vanadium per kg dry matter (DM), respectively, using vanadyl sulphate. A 7-day adaptation period preceded the trial to acclimate calves to the TMR and housing conditions.
The TMR was formulated according to NRC guidelines, comprising 45% concentrate (maize, soybean meal, wheat bran), 35% maize silage, and 20% wheat straw, with approximately 12% crude protein and 65% total digestible nutrients. Diets were iso-nitrogenous and iso-caloric across groups, and vanadium was incorporated into the concentrate and mixed thoroughly to ensure uniform distribution. Calves were housed in a tie barn system with individual feeding troughs to prevent feed sharing, and the facility was cleaned daily. Clean drinking water was provided ad-libitum. Before the trial, calves were dewormed with albendazole, vaccinated against foot-and-mouth disease, and monitored daily for health, with no adverse events reported during the study.
Data were analysed using mixed models in SPSS version 20.0 (SPSS, Inc., Chicago, IL, USA) to evaluate the effects of vanadium supplementation (0, 4.0, 6.0 mg/kg DM) on growth performance of Murrah buffalo calves over 90 days. The model will be used as follows:
Yij = µ + Ti+ Fj+ + eij
Where, Yij = dependent variable; µ = overall mean of a population; Ti = effect of the treatment (different doses of V) (i = 1….3); Fj= effect of fortnight (j = 0….6); (T×F) ij = effect of the interaction between effect of treatments and fortnights; eij=random error. 
The pair-wise comparison of means will be carried out using ‘Tukey’s Multiple Range Test’.
Results
The influence of vanadium supplementation on body weight in Murrah buffalo calves is summarized in Table 1. The initial (0 day) body weights were comparable across all groups, with values of 146.33 kg (V0), 146.98 kg (V4), and 146.14 kg (V6). By the end of the 90-day feeding trial, the body weights increased to 179.50 kg, 185.86 kg, and 187.93 kg for V0, V4, and V6 groups, respectively. Although numerical differences were observed, statistical analysis revealed no significant variation (P > 0.05) in body weight among the treatment groups at any observation point (0, 15, 30, 45, 60, 75, and 90 days).
The effect of vanadium supplementation on body weight gain is presented in Table 2. On day 15, average daily gains were 0.36 kg (V0), 0.43 kg (V4), and 0.47 kg (V6). The overall mean daily body weight gain across the study period was 0.37, 0.43, and 0.46 kg/day in V0, V4, and V6, respectively. Notably, the BWG was significantly higher (P < 0.05) in the vanadium-supplemented groups (V4 and V6) compared to the control (V0). Furthermore, the V6 group demonstrated significantly greater weight gain (P < 0.05) on days 15, 45, and 75 compared to the other groups, indicating a dose-responsive effect of vanadium supplementation on growth performance.
Daily feed intake data are depicted in Table 3. The mean feed consumption during the trial was 4.50 kg/day (V0), 4.57 kg/day (V4), and 4.58 kg/day (V6). Although feed intake was numerically higher in the vanadium-fed groups, the differences were not statistically significant (P > 0.05). Additionally, feed consumption patterns across the observation intervals did not show significant variation among the groups.
Feed conversion efficiency is illustrated in Table 4. The FCR values were 11.28 (V0), 9.69 (V4), and 8.81 (V6), indicating improved feed efficiency in vanadium-supplemented groups. Statistical analysis showed a significant reduction in FCR (P < 0.05) in both V4 and V6 groups compared to the control, particularly during days 15, 30, and 60 of the study. This suggests enhanced nutrient utilization and better growth efficiency in buffalo calves receiving vanadium supplementation.
Discussion 
In the present study, the effects of dietary vanadium supplementation at 4.0 and 6.0 mg/kg DM were evaluated in growing Murrah buffalo calves to assess its potential role in enhancing growth performance. Interestingly, no significant improvement in final body weight was observed across the treatment groups. This result aligns with the findings of Hansard et al. (1982), who also reported no notable impact of vanadium on body weight in sheep.However, literature on this topic presents mixed results. Kumar et al. (2017) in crossbred calves and Digvijay et al. (2019) in Sahiwal calves have both reported that vanadium supplementation positively influenced body weight, indicating that breed differences, environmental factors, or dietary interactions might account for the variation in outcomes.
While overall body weight remained statistically unchanged, the daily body weight gain (BWG) revealed a more promising trend. Calves receiving 6.0 mg/kg DM vanadium showed a significant increase in BWG, suggesting better nutrient utilization and growth rate under supplemented conditions. This observation is consistent with the findings of Zarqami et al. (2018) in goat kids, Yang et al. (2019) in yaks, and Gupta et al. (2020) in Haryana heifers. On the other hand, Singh et al. (2020) reported no such effect in Sahiwal calves supplemented with 3, 6, or 9 mg/kg DM vanadium, showing that responses may vary based on specific physiological and management conditions.
Regarding feed consumption, the results indicated no significant difference between groups, implying that vanadium supplementation did not stimulate appetite or voluntary feed intake. These findings are in agreement with earlier reports by Haenlein and Anke (2011) in goats, Heidari et al. (2016) in cows, Tripathi et al. (2019) in lactating goats, and Singh et al. (2020) in Sahiwal calves. However, some conflicting reports exist—Digvijay et al. (2019) observed lower feed intake at higher vanadium doses in Sahiwal calves, while Gupta et al. (2020) reported increased intake in Haryana heifers.
The most consistent and notable outcome was the improvement in Feed Conversion Ratio (FCR). Calves fed with vanadium at 4.0 or 6.0 mg/kg DM exhibited a significantly lower FCR, indicating improved efficiency in converting feed into body mass. These findings are well-supported by previous studies such as Ousterhout and Berg (1981) and Benabdeljelil and Jensen (1990) in poultry, and Pal et al. (2018) in crossbred calves, where vanadium supplementation led to enhanced feed efficiency.
Conclusion 
The present study aimed to evaluate the effects of vanadium supplementation at doses of 4.0 and 6.0 mg/kg DM on the growth performance of Murrah buffalo calves. While vanadium supplementation did not result in significant improvements in final body weight or feed intake, it did show a marked effect on body weight gain (BWG), particularly at the higher dose of 6.0 mg/kg DM. This suggests that vanadium may enhance nutrient utilization and growth efficiency in buffalo calves, even in the absence of substantial changes in feed intake. The Feed Conversion Ratio (FCR) was significantly improved in the supplemented groups, indicating enhanced feed efficiency. These findings support the potential role of vanadium as an effective nutritional supplement for improving feed efficiency and growth performance in buffalo calves. However, further research is necessary to explore the mechanisms underlying vanadium's effects, as well as the long-term impacts on health and productivity. Given the variability in responses across different species and breeds, more studies are warranted to determine the optimal dosage and sustainable application of vanadium supplementation in various livestock systems.
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Table 1. Effect of vanadium supplementation on body weight (kg) of Murrah buffalo calves
	Day
	Treatment
	SEM
	P-value

	
	V0
	V4
	V6
	
	Contrast
	Linear
	Quadratic

	
	
	
	
	
	
	
	

	0
	146.33
	146.98
	146.14
	5.24
	0.993
	0.981
	0.912

	15
	151.79
	153.37
	153.12
	5.25
	0.976
	0.865
	0.893

	30
	157.18
	159.86
	159.90
	5.22
	0.921
	0.727
	0.844

	45
	162.76
	166.39
	166.97
	5.19
	0.837
	0.587
	0.820

	60
	168.34
	172.99
	173.92
	5.16
	0.737
	0.472
	0.781

	75
	174.00
	179.39
	181.04
	5.21
	0.636
	0.370
	0.781

	90
	179.50
	185.86
	187.93
	5.18
	0.527
	0.284
	0.749

	Mean
	162.84
	166.41
	167.00
	5.21
	0.489
	0.269
	0.649


Table2. Effect of vanadium supplementation on body weight gain (kg/d) of Murrah buffalo calves
	Day
	Treatment
	SEM
	P-value

	
	V0
	V4
	V6
	
	Contrast
	Linear
	Quadratic

	15
	0.36
	0.43
	0.47
	0.01
	<0.001
	<0.001
	0.276

	30
	0.36
	0.43
	0.45
	0.01
	<0.001
	<0.001
	0.016

	45
	0.37
	0.43
	0.47
	0.01
	<0.001
	<0.001
	0.243

	60
	0.37
	0.44
	0.46
	0.01
	<0.001
	<0.001
	0.050

	75
	0.38
	0.43
	0.47
	0.01
	<0.001
	<0.001
	0.931

	90
	0.37
	0.43
	0.46
	0.01
	<0.001
	<0.001
	0.180

	Mean
	0.37
	0.43
	0.46
	0.01
	<0.001
	<0.001
	<0.001



Table 3. Effect of vanadium supplementation on feed consumption (kg/d) of Murrah buffalo calves
	Day
	Treatment
	SEM
	P-value

	
	V0
	V4
	V6
	
	Contrast
	Linear
	Quadratic

	15
	4.10
	4.12
	4.09
	0.15
	0.994
	0.979
	0.916

	30
	4.25
	4.32
	4.29
	0.15
	0.948
	0.877
	0.778

	45
	4.50
	4.47
	4.48
	0.15
	0.990
	0.908
	0.935

	60
	4.56
	4.66
	4.67
	0.15
	0.837
	0.588
	0.818

	75
	4.71
	4.84
	4.87
	0.15
	0.734
	0.469
	0.777

	90
	4.87
	5.02
	5.07
	0.15
	0.631
	0.365
	0.776

	Mean
	4.50
	4.57
	4.58
	0.15
	0.705
	0.456
	0.706


Table 4. Effect of vanadium supplementation on feed conversion ratio of Murrah buffalo calves
	Day
	Treatment
	SEM
	P-value

	
	V0
	V4
	V6
	
	Contrast
	Linear
	Quadratic

	15
	11.28
	9.69
	8.81
	0.40
	0.002
	<0.001
	0.492

	30
	11.88
	10.03
	9.51
	0.47
	0.006
	0.002
	0.270

	45
	12.14
	10.36
	9.53
	0.50
	0.006
	0.002
	0.457

	60
	12.27
	10.62
	10.11
	0.43
	0.006
	0.002
	0.289

	75
	12.48
	11.35
	10.27
	0.33
	0.001
	<0.001
	0.955

	90
	13.35
	11.71
	11.07
	0.50
	0.015
	0.005
	0.430

	Mean
	12.23
	10.63
	9.88
	0.44
	<0.001
	<0.001
	0.084






