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Alterations in Serum Mineral Concentrations Following Mineral Mixture Supplementation in Postpartum Anestrus Buffaloes


ABSTRACT
The present research was conducted to evaluate the effect of mineral mixture supplementation on the serum mineral profile in postpartum anestrus buffaloes during the hot humid season. A total of 18 postpartum anestrus buffaloes were selected for an on-farm trial and divided into two treatment groups (T1 and T2) and one control group, comprising 6 animals in each group. The treatment group T1 received chelated mineral mixture (CMM) supplementation (50 g/day) for 15 days. Group T2 was subjected to CMM as in T1 plus Garbhov bolus (1 bolus/day) with feed for 15 days, while the control group was maintained on routine feeding without mineral supplementation. Blood samples were collected on Day 0 (before starting supplementation) and on Day 20, i.e., 5 days after completion of supplementation, and were analyzed for serum concentrations of calcium, phosphorus, magnesium, copper, cobalt, iron, selenium, and zinc between groups (pre- and post-treatment). Results indicated a significant (p<0.05) increase in serum levels of phosphorus, copper, iron, and zinc in T1 and calcium, magnesium, copper, and cobalt in T2 compared to baseline and control animals. The findings suggest that mineral mixture supplementation effectively restores mineral balance in postpartum anestrus buffaloes and may play a supportive role in improving reproductive efficiency, particularly under heat stress conditions.
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INTRODUCTION
Buffaloes play a vital role in the rural economy of India, and nearly two-thirds of the country’s total milk production is contributed by buffalo farming (Mondal et al., 2009). Buffaloes are known for delayed resumption of ovarian cyclicity during the postpartum period, particularly under hot humid climatic conditions (Orskov, 2007). Postpartum anestrus is a complex condition influenced by multiple factors, including negative energy balance, prolonged suckling, uterine health, and nutritional deficiencies. Among these, deficiencies or imbalances of essential macro- and micro-minerals are known to significantly affect endocrine function and normal ovarian activity (Selvaraju et al., 2009). Buffaloes face challenges in hot-humid weather due to their dark skin and sparse sweat glands, which absorb more heat (Marai and Haeeb, 2010).
Macro-minerals such as calcium and phosphorus are required for normal follicular growth, steroid hormone production, and proper neuromuscular function. In addition, trace elements including copper, zinc, and manganese act as key components of various metalloenzymes metalloenzymes involved in reproductive hormone synthesis and regulation (Balamurugan et al., 2021 and Sahu et al., 2025).
Subclinical mineral deficiencies are frequently observed in tropical regions due to poor soil mineral content and imbalanced feeding practices, particularly during periods of extreme environmental conditions (Joshi et al., 2012). Mineral mixture supplementation is considered a cost-effective and practical approach to correct such deficiencies and restore mineral balance. However, information on the changes in serum mineral profile following supplementation in postpartum anestrus buffaloes during the hot humid season is limited. Therefore, the present study was designed to assess the alterations in serum macro- and micro-mineral concentrations after mineral mixture supplementation in postpartum anestrus buffaloes.
MATERIALS AND METHODS
Animals
The present investigation was undertaken at Department of Veterinary Gynaecology and Obstetrics, College of Veterinary Science and Animal Husbandry, Anjora, DSVCKV, Durg (Chhattisgarh) during March to September 2023. Murrah buffaloes maintained at private dairy farms of Durg (Chhattisgarh) constituted experimental animals. Animals were confirmed anestrus by per-rectal examination and ultrasonography performed at weekly interval, the buffaloes having ovaries without palpable corpora lutea (CL) not observed in estrus within 120 days post calving and with no pathology in the reproductive tract was designated as “true anestrus” and 18 such buffaloes were selected for the study. Buffaloes were dewormed with Ivermectin (Hitek® bolus) 200 µg/kg body weight, orally before starting the experiment.
Experimental outlook
The selected 18 postpartum anestrus Murrah buffaloes were randomly assigned to three groups and subjected for following treatments. Under group T1, 6 true postpartum anestrus buffaloes were treated with chelated mineral mixture (CMM) Agrimin Forte® (Virbac Animal Health) at 50 g/day mixed with feed for 15 days. Similarly, in group T2, 6 true postpartum acyclic buffaloes were treated with CMM and Garbhov® bolus (Sushima Pharmaceuticals) at 1 bolus/day for 15 days. Control group comprised of 6 postpartum anestrus buffaloes kept on routine diet and given no treatment. Per-rectal palpation was carried in all three groups to observe changes on follicular structure over ovaries to note the response to treatments. Estrus and fertility response were examined as response to these treatment regimens which are not discussed elaborately in this paper. Blood (10 ml) was collected aseptically immediately before start of treatment (Day 0) and also five days after the end of treatment (Day 20). Serum was separated by centrifugation at 3000 rpm for 10 to 15 minutes and stored in sterile vials in a deep freezer at -20°C till mineral estimation.
Estimation of minerals
Serum concentrations of major elements like calcium, phosphorus and magnesium were estimated by semi auto-analyzer (Microlab 300) using serum diagnostic kit as per specification of manufacturers' protocols (Figure 01). Trace minerals viz. cobalt, copper, iron, zinc and selenium in blood serum were estimated using Atomic Absorption Spectrophotometer - AAS4141; Electronics Corporation of India Limited, Hyderabad (Figure 02) employing flame atomization techniques after acid digestion of samples.
Statistical analysis
The data obtained were analysed statistically for testing the significance of differences within and between groups. The data generated on various parameters pre- and post-treatment were analysed by t-test and one way analysis of variance (ANOVA) between different groups and significant values were further analysed by Duncan’s multiple range test (DMRT), as per standard statistical method described by Snedecor and Cochran (1994).
RESULTS AND DISCUSSION
Major minerals
Overall mean serum concentrations of major minerals measured in different treatment groups of postpartum anestrus buffaloes are presented in Table 1. In the present study, mean serum calcium concentration on days 0 and 20, were found to be 7.20±1.10 and 8.36±1.10 mg/dl in chelated Agrimin Forte supplemented group (T1), 7.09±0.70 and 8.76±0.55 mg/dl in CMM plus Garbhov bolus treated group (T2) and 6.62±0.30 and 7.06±0.52 mg/dl in control group. When compared within groups, the calcium concentration increased significantly (p≤0.05) in group T2 after treatment as compared to its level before treatment. In contrast to T2, the increase in T1 and control group was statistically non-significant. Calcium concentrations not varied statistically between treatments pre- or post-treatment.
Phosphorus concentration estimated on day 0 and day 20 were 5.38±0.29 and 6.46±0.38 mg/dl in group T1, 5.37±0.56 and 6.77±0.57 mg/dl in group T2 and 5.41±0.29 and 5.30±0.24 mg/dl in control group. There was an observed significant (p≤0.05) improvement in phosphorus levels in group T1. The change in group T1 and control were statistically insignificant within or between the treatment groups, neither before nor after the treatment.
In the present study, pre- and post- treatment mean serum magnesium concentrations were 1.87±0.29 and 2.07±0.38 mg/dl in group T1, 2.08±0.28 and 2.50±0.33 mg/dl in group T2, and 1.85±0.49 and 1.74±0.40 mg/dl in control group. When compared within groups, the magnesium concentration increased significantly (p≤0.05) in group T2 after treatment. In contrast to T1, the increase in T2 group and decrease in control group was statistically non-significant. Magnesium concentrations not varied statistically between treatment groups on days 0 and 20.
Alterations in mean concentrations of macro elements in control group were statistically non-significant however the values were well within physiological range pre- and post-treatment. Similar to present study, increase in levels of minerals as a result of supplementation was also reported by Lall et al. (2004), Biswas et al. (2005), Savalia et al. (2013) and Dutta et al. (2022). Minerals like calcium, phosphorus and magnesium also influence the ability of animals to utilize other trace minerals.
Ward et al. (1996) reported that conventional inorganic trace minerals dissociate rapidly in the rumen and may interact with dietary antagonists, which reduces their availability for absorption. Further, Ward et al. (1996) and Bailey et al. (2001) stated that chelated organic minerals are bound to organic ligands, thereby enhancing their stability and bioavailability in the animal. Joshi et al. (2012) suggested that buffaloes exposed to extreme temperature and humidity should receive adequate electrolyte supplementation to minimize oxidative stress. In addition, field trials conducted by Tiwari et al. (2012) in buffaloes from hilly regions showed that strategic mineral mixture supplementation improved serum calcium and phosphorus levels and reduced the incidence of anestrus and repeat breeding. Overall, the mineral status of the treated buffaloes improved, indicating that supplementation with CMM enhanced mineral absorption, which was reflected in the increased serum concentrations of these minerals.
Trace elements
Overall mean serum concentrations of trace elements Cu, Co, Fe, Zn and Se were measured in different treatment groups. The values in ppm are represented in Table 2. In the present study, mean serum copper concentration on day 0 and 20 was found to be 0.73±0.20 and 1.38±0.16 ppm in group T1, 1.34±0.16 and 2.12±0.17 ppm in group T2 and 1.08±0.10 and 0.90±0.11 ppm in control group. When pre and post treatment values of copper compared within treatments, there was significant (p<0.05) increase in group T1 and highly significant (p<<0.05) increase in group T2 copper concentration on day 20 as compared to levels on day 0. In contrast to T1 and T2, the decrease in copper level of control group was statistically non-significant. Copper concentrations also varied statistically between treatment groups pre- and post-treatment. There was significant (p≤0.05) difference in copper levels before treatment, similarly highly significant (p<<0.05) differences were recorded between T1, T2 and control groups post treatment.
Mean serum cobalt concentration recorded in different treatment groups pre- and post- treatment was 1.76±0.64 and 1.67±0.50 ppm in T1, 0.68±0.22 and 1.37±0.47 ppm in T2, and 0.68±0.15 and 1.08±0.20 ppm in control group. A significant (p<0.05) increase in cobalt concentration was observed before to after treatment in group T2. In contrast to T2, alterations in serum cobalt concentrations were non-significantly in T1 and control group.
Mean serum iron concentration recorded in different groups of postpartum anestrus buffaloes were 1.89±0.10 and 2.13±0.06 ppm in T1, 1.86±0.13 and 2.05±0.28 ppm in T2 and 1.82±0.11 and 1.65±0.12 ppm in control group, respectively on days 0 and 20. The mean iron concentration increased significantly (p<0.05) in group T1 after CMM treatment.
Overall serum zinc concentrations estimated in different treatment groups of postpartum anestrus buffaloes before and after treatment were 3.56±0.54 and 4.91±0.39 ppm in group T1, 3.65±0.70 and 3.85±0.46 ppm in group T2 and 3.63±0.31 and 4.15±0.73 ppm in control group. The mean zinc concentration increased significantly (p≤0.05) in group T1 as a result of CMM supplementation when compared to day 0. In contrast to T1, the increase in T2 and control groups was statistically non-significant. Zinc concentrations not varied statistically between the groups before and after treatment.
Mean serum selenium concentration was recorded in treatment groups before and after treatment. The reported values were 0.69±0.03 and 0.77±0.04 ppm in T1, 0.69±0.06 and 0.77±0.05 ppm in group T2 and 0.63±0.03 and 0.70±0.20 ppm in control group. The mean selenium levels altered numerically between pre- and post- treatments in both the treatments as well as control group.
Although the estimated values of the studied trace elements were within physiological range, the effect of CMM and Garbhov bolus supplementation was clearly evident by improvement in serum concentrations of copper, cobalt, iron and zinc, in either or both of the treatment protocols. However, none of treatment group reflected significant increase in selenium concentration of treated Murrah buffaloes.
The present study demonstrated significant changes in serum trace mineral concentrations following CMM supplementation along with the routine diet in the treatment groups. These findings are consistent with earlier reports of of Lall et al. (2004) in anestrus buffalo heifers, Biswas et al. (2005) in postpartum Murrah buffaloes, Kumar et al. (2012) in anestrus lactating buffaloes, and Butani et al. (2016) in repeat breeder Murrah buffaloes who reported improvement in blood mineral status after supplementation of minerals in addition to the routine ration. Setia et al. (1994) also observed that serum zinc and copper concentrations increased progressively with advancing lactation in buffaloes, which aligns with the trend recorded in the present investigation.
Supplementation of minerals in chelated form has been reported to enhance body condition and improve early conception rates in buffaloes. Furthermore, adequate serum levels of copper and zinc are positively associated with improved reproductive performance, while deficiencies of these trace elements are linked with delayed puberty, reduced conception rates, and increased embryonic losses in bovines.
Fertility response
Mineral imbalance is strongly associated with delayed ovarian activity in buffaloes. The observed increase in serum calcium and phosphorus following supplementation indicates improved mineral absorption and bioavailability.
Supporting the observations in the present trial, previous studies by Balamurugan et al. (2021) and Dutta et al. (2022) have reported that supplementation with trace minerals including copper and zinc enhances circulating reproductive hormones and fertility outcomes in ruminants. Copper and zinc are known to have significant correlation with reproductive hormones progesterone and estradiol as they are specific activators of enzyme systems that help in maintaining the activity of hormones in blood. In crossbred cows and buffaloes, dietary copper, zinc, selenium and vitamin E significantly increased estradiol and progesterone levels, resulting in improved postpartum reproductive performance compared with control cows. Supplementation of mineral mixture over extended periods has also been shown to improve pregnancy rates to artificial insemination.
The considerable variability observed in response to mineral supplementation may be influenced by several factors, including the form of minerals provided (chelated versus inorganic), duration and level of supplementation, dosage rate, as well as the age, parity and production status of the treated buffaloes. These influencing factors, however, have not been extensively documented in the literature. Although limited information is available regarding improvement of fertility through mineral mixture supplementation in anestrus buffaloes during the hot-humid season, studies by Tanwar (2019) and Mujawar et al. (2019) have reported encouraging estrus expression and enhanced fertility following mineral supplementation.
CONCLUSION
Mineral mixture supplementation effectively improves serum macro- and micro-mineral concentrations in postpartum anestrus buffaloes during the hot humid season. Restoration of mineral homeostasis may serve as a supportive therapeutic approach to enhance reproductive performance and help reduce the incidence of silent estrus and repeat breeding in postpartum buffaloes.
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Table 1: Serum concentrations of major minerals (Mean±SE) in treatment groups of postpartum anestrus buffaloes.
	Parameters
	Treatment Groups

	
	T1 (n=6)
	T2 (n=6)
	Control (n=6)

	Calcium
(mg/dl)
	Day 0
	7.20±1.10
	7.09±0.70a
	6.62±0.30

	
	Day 20
	8.36±1.10
	8.76±0.55b
	7.06±0.52

	Phosphorus
(mg/dl)
	Day 0
	5.38±0.29a
	5.37±0.56
	5.41±0.29

	
	Day 20
	6.46±0.38b
	6.77±0.57
	5.30±0.24

	Magnesium
(mg/dl)
	Day 0
	1.87±0.29
	2.08±0.28a
	1.85±0.49

	
	Day 20
	2.07±0.38
	2.50±0.33b
	1.74±0.40


Means bearing different superscripts a and b shows significant differences (p<0.05) between rows.

Table 2: Serum concentrations of trace elements (Mean±SE) in treatment groups of postpartum anestrus buffaloes.
	Parameters
	Treatment Groups

	
	T1 (n=6)
	T2 (n=6)
	Control (n=6)

	Copper
(ppm)
	Day 0
	0.73±0.20Aa
	1.34±0.16Ba
	1.08±0.10AAB

	
	Day 20
	1.38±0.16Bb
	2.12±0.17Cb
	0.90±0.11A

	Cobalt
(ppm)
	Day 0
	1.76±0.64
	0.68±0.22a
	0.68±0.15

	
	Day 20
	1.67±0.50
	1.37±0.47b
	1.08±0.20

	Iron
(ppm)
	Day 0
	1.89±0.10a
	1.86±0.13
	1.82±0.11

	
	Day 20
	2.13±0.06b
	2.05±0.28
	1.65±0.12

	Zinc
(ppm)
	Day 0
	3.56±0.54a
	3.65±0.70
	3.63±0.31

	
	Day 20
	4.91±0.39b
	3.85±0.46
	4.15±0.73

	Selenium
(ppm)
	Day 0
	0.69±0.03
	0.69±0.06
	0.63±0.03

	
	Day 20
	0.78±0.04
	0.77±0.05
	0.70±0.20


Means bearing different superscripts A, B, C shows significant differences (p<0.05) between columns and a, b shows significant differences (p<0.05) between rows.
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Figure 01: Estimation of major minerals using semi auto-analyzer and kits
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Figure 02: Atomic Absorption Spectrophometry (AAS) assembly for estimation of trace elements
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