



Effects of Berberine and Zinc Supplementation on Growth Performance of Murrah Buffalo (bubalus bubalis) Calves




ABSTRACT

Aims: A feed based trial was initiated to assess the effects of berberine and zinc supplementation on growth performance of Murrah buffalo calves. 
Study design: Completely randomized design
Place and Duration of Study: Livestock Research Center (LRC), Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, Uttar Pradesh, India, between July 2024 and December 2024.
Methodology: All 28 Murrah buffalo calves (average body weight 132±5.41 kg, aged 9-11 months) were placed into four groups randomly (7 in each group). All calves received a basal diet provided as a total mixed ration made up of concentrate, green fodder and straw in a (50:30:20) proportion. T1 (basal diet+800 mg/kg dry matter berberine), T2 (basal diet+60 mg/kg dry matter zinc), T3 (basal diet+800 mg/kg dry matter berberine + 60 mg/kg dry matter zinc), and Control (basal diet only) comprised the experimental groups. Throughout the trial period, body weight, body weight gain, dry matter intake and feed conversion ratio were regularly logged. 
Results: The calves mean weight was significantly greater (P<0.05) in the T3 group as contrasted with the control group. Nonetheless, statistical analysis unveiled similarities in body weight across the groups at different fortnight intervals throughout the experimental period. The body weight gain was greater (P<0.05) in T1 and T3 groups followed by T2 and control groups. Dry matter intake was statistically greater (P<0.05) in the experimental groups in relation to the control group. Feed conversion ratio was statistically reduced (P<0.05) in T1 and T3 groups followed by T2 and control groups. 
Conclusion: Dietary addition of berberine and zinc particularly in combination (T3) significantly enhances growth performance in Murrah buffalo calves by improving Body weight gain, Dry matter intake and Feed conversion ratio.
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INTRODUCTION

Global requirement for foods of animal origin is projected to surge by 70% in the year 2050 (Vander Poel et al., 2020), alongside increasing consumer preferences for non-toxic, organic and wholesome animal products which in particular instances leads to a willingness to pay higher prices (Tsiplakou et al., 2021). Therefore, using innovative feed additives to enhance animal health and product quality may yield fruitful outcomes (Babinszky et al., 2019). The aforementioned adversities highlight the growing significance of advancement across various fields of livestock feeding as highlighted by Van der Poel et al., (2020) and Tsiplakou et al., (2021). Nutritional additives are substances intentionally incorporated into livestock diets including both feed and water to improve feed standard, support development, correct nutrient inadequacy, counteract anti-nutritional factors, bind toxins and enhance livestock yield, efficiency, immunocompetence as well as provide oxidation inhibitor and immunostimulants benefits (Regulation EC 1831/2003, 2003). Berberine is a neutral benzylisoquinoline nitrogenous compound with a molar mass of 336.36 g/mol, is composed of multiple subunits. Its chemical formula is C20H18NO4+ and its structure is characterized as 5,6‐dihydro‐9,10‐dimethoxybenzo[g]‐1,3‐benzodioxolo[5,6‐a]quinolizinium, (see Figure no. 1) makes it an important molecule in medicinal chemistry and pharmacology (Tillhon et al., 2012 and Neag et al., 2018).
Furthermore, it is satisfactorily established that berberine serves as a key precursor in the formation of multiple bioactive derivatives through processes such as alteration, condensation and functional group interchange in key locations, which results in the creation of novel, potent and selective medications (W. H. Chen et al., 2005). Because of this, berberine is now produced chemically, and its sulfate or chloride salts are frequently employed in medicine. It is a yellow powder with a bitter alkaloidal flavor and no fragrance. According to Battu et al. (2010), berberine is only slightly soluble in ethanol and water, but much more soluble in its salt form. The primary feature of these iminium salts is the polar C═N+ bond's susceptibility for a nucleophile-linked bond (Tillhon et al., 2012).


Figure no. 1
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Berberine is derived from several herbal clades, encompassing Berberidacae, Papaveraceae and Ranunculaceae families (Ilyas et al., 2020). Its primary sources derived from the bark, stem, rhizomes and root systems of plants such as tree turmeric (Berberis aristata), Oregon grape (Berberis aquifolium), goldenseal (Hydrastis canadensis), coptis (Coptis chinensis) and barberry (Berberis vulgaris) (Wang et al., 2014 and 2020). Studies on berberine possess its potential to improve growth performance in mammals. Evidence suggests that berberine enrichment can enhance livestock feed intake and end body weight, thereby providing fiscal advantages in animal production (Angela and Alberico, 2015, Pociennikowska et al., 2015). The growth promoting effects of berberine in mammals have also been supported by earlier studies (Okanlawon et al., 2020, Roudini et al., 2019 and Sirotkin et al., 2018,). 
Trace elements commonly called microelements are vital nutrients needed by living organisms in minute quantities. Common examples include iodine, iron, cobalt, chromium, copper, selenium, molybdenum and zinc. These minerals are primarily acquired through dietary intake and are critical as enzyme cofactors, facilitating key biochemical processes. They serve a key role in supporting immune function, development, metabolism and breeding, thereby contributing to overall health and maintaining proper physiological balance. In Accordance with Gowda et al. (2009) and Nagalakshmi et al. (2009a), zinc is one of the most deficient minerals in the soils of most of India and many other regions of the world (Alloway, 2008). Hence as the soils were deficient, same could be reflected in feeds and fodders grown and in fauna. Zinc is a crucial trace microelement that plays several pivotal roles in the animal body comprising regulating growth by influencing feed consumption, hormonal secretion that triggers mitosis and the genetic regulation of different proteins (Huerta et al. 2002). The Zinc can be provided via feed in the form of organic, inorganic and nano compounds. Said NRC, (2001) recommended 33 ppm as dietary zinc requirement in dairy cattle.  Supplemental zinc is known to be proven to enhance growth outcomes, strengthen oxidative defense and immunological activities, maintain gut microbiota health and minimize the risk of diarrheal condition.
The most significant milch buffalo breed is the Murrah, which is native to the Indian regions of Nabha and Patiala in Punjab and Rohtak, Hisar, and Jind in Haryana. In India's sizable ruminant sector, the genetic enhancement of Murrah buffaloes' growth is crucial (Kul et al., 2018). The best dairy buffalo in the world, the Murrah, can produce over 35 kg of milk per day. In India and other nations, murrah has been utilized to enhance breeds (Kumar et al., 2017). The cornea of male Murrah buffaloes should not be white since they are somewhat reduced and should not be walled. Females are jet black in color, with black eyes that are lively and conspicuous. These animals have small, lean and watchful ears, along with small, closely coiled horns. The average body weight is approximately 445 kg for cows and 545 kg for bulls. The typical milk yield is around 2250 kg per lactation in a stretch of 310 days (Pramod et al., 2018). Known for its sturdiness and drought power, Murrah males are used extensively for drought and meat purposes. Murrah is appropriately referred to as "Black Gold" due to its wide range of contributions. Hence, this research aimed at analyzing the impact of berberine and zinc supplementation offered singly or collectively, on the growth performance of Murrah buffalo calves.

MATERIALS AND METHODS

The research was run at the Livestock Research Center (LRC), Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, Uttar Pradesh, India. A 120-day experiment was conducted using twenty-eight Murrah buffalo calves having a mean body weight of 132±5.41 kg and aged 9 to 11 months. The calves were individually weighed and distributed randomly into four groups following a completely randomized design, with each group comprising seven calves. All animals were kept individually in proper ventilated stalls with unrestricted supply of fresh water. The diets for the calves were prepared as per the recommendation of NRC (NRC, 2001) (Table no. 1). The total mixed ration (TMR), which was made every day by combining concentrate, green fodder, and straw in a 50:30:20 ratio, was given to the calves as their basal diet. All four groups were fed the basal diet was identical except that group 2 (T1) received additional berberine (800 mg/kg dry matter), group 3 (T2) received additional zinc (60 mg/kg dry matter), and group 4 (T3) received both berberine (800 mg/kg dry matter (DM)) and zinc (60 mg/kg dry matter (DM)) respectively. The zinc content in the basal (TMR) diet was 38.9 mg/kg feed. Hence, claves in the zinc-supplemented groups received a total 98.9 mg/kg feed (38.9 mg/kg from the basal diet plus 60 mg/kg from supplementation). The amount of berberine administered to each calf in the respective treatment groups was determined based on their dry matter intake (DMI). The calculated doses of berberine and zinc were carefully blended with concentrate ration (100 g) and individually supplied to the calves in their assigned groups. Before the commencement of the study, all experimental calves underwent deworming with Albomar® (Virbac Mumbai, India) applied @10 mg/kg body mass.

Table no. 1 Components and makeup of the diet provided over the period of 120-day

	Dietary components
	Content (g/kg on dry matter basis or as indicated)

	Ingredients composition
	

	Straw from wheat
	140

	Straw from paddy
	60

	Green berseem feed
	180

	Oat green fodder
	120

	Ground yellow maize
	260

	Bran from wheat
	55

	Mustard seed cake
	170

	Mineral Vitamin premix*
	15

	Chemical composition
	

	Dry matter 
	558

	Crude protein 
	142

	Ether extract 
	34

	Neutral detergent fibre 
	440

	Acid detergent fibre 
	290

	Calcium
	9.3

	Phosphorus
	4.1

	Zinc (mg/kg)
	38.9


*Composition of premix per kilogram: Vitamin - A - 3,200,000 IU, Vitamin - D3 - 640,000 IU, Vitamin -E - 300 IU, Vitamin - K - 0.4 g, Vitamin - B2 - 2.0 g, Vitamin - B12 - 6.0 mg, Nicotinamide - 4.0 g, Vitamin - B5 - 1.0 g, Choline salt - 120 g, Calcium - 300 g, Phosphorus - 36 g, Sodium - 20 g, Copper - 0.8 g, Iodine - 0.8 g, Iron - 8 g, Manganese - 22 g, Zinc - 21 g and Cobalt - 40 mg.

The body weight of the experimental calves was noted before the commencement of the study and consequently at fortnightly gaps throughout the 120-day experimental period. The animals are weighed in the morning at 06:30 h, prior to feeding and watering, using a digital weighing scale. The amounts of feed offered and rejected were logged to calculate dry matter intake (DMI), body weight gain (BWG) and feed conversion ratio (FCR) expressed as kilograms of total DMI per kilogram of body weight gain, were also calculated. Dry matter content was determined using AOAC method 973.18c, crude protein by method 4.2.08, ether extract by method 920.85, and total ash by method 923.03. Samples of feed and fodder residues were desiccated at 60 °C in a drying oven as the first step, then granulated using a Wiley mill to be screened using a 1-mm sieve (AOAC, 2005). Neutral and acid detergent fiber were analyzed following the methodologies defined by Van Soest et al. (1991). Mineral content in total mixed ration (TMR) was analyzed via “Inductively Coupled Plasma Optical Emission Spectrometry” (ICP-OES) utilizing the Agilent 5800 apparatus (Agilent Technologies, CA, USA).
The growth performance data were examined with the MIXED Model with repeated measures by SPSS (Version 20.0, IBM Corp., Armonk, NY, USA). Differences among group’s means across fortnightly intervals were subjected to comparison using “Tukey’s Multiple Range Test”.

RESULTS AND DISCUSSION

“The effects of berberine and zinc supplementation on growth performance of Murrah buffalo calves” are compiled in Table no. 2. The mean body weight of calves in the T3 group was statistically greater (P<0.05) when compared with control group. However, no notable differences in body weight were detected among the groups at various fortnight intervals throughout the study period. The mean body weight gain was statistically higher (P<0.05) in T1, T2, and T3 groups compared to the control with particularly greater gains detected in T1 and T3 groups. Calves supplementated with berberine (800 mg/kg DM), zinc (60 mg/kg DM) or their combination (berberine 800 mg/kg DM + zinc 60 mg/kg DM) demonstrated a significant increment (P<0.05) in mean dry matter intake (DMI) against control group. Furthermore, a significant reduction in feed conversion ratio (FCR) (P<0.05) was witnessed in the supplemented groups relative to the control. Specifically, FCR was reduced in the T3 group on day 15; on day 30 it was lower in T1 and T3 groups; on day 60 reductions were observed in the T2 and T3 groups and on day 75, all groups under treatment i.e. (T1, T2, and T3) presented a significant decrease in FCR versus control group.

Table no. 2 Effects of berberine and zinc supplementation on growth performance of Murrah buffalo calves over a 120-day study period

	Variables
	Days
	Treatments
	SEM
	P-value

	
	
	Control
	T1
	T2
	T3
	
	T
	D
	T×D

	Body weight (BW), (kg)
	0
	132.69
	132.11
	132.47
	132.54
	3.82
	
	
	

	
	15
	135.87
	136.09
	136.24
	137.44
	3.81
	
	
	

	
	30
	140.30
	141.42
	141.16
	142.85
	3.85
	
	
	

	
	45
	144.29
	146.31
	145.91
	147.78
	3.77
	
	
	

	
	60
	148.32
	151.35
	151.18
	153.04
	3.81
	
	
	

	
	75
	152.19
	156.56
	156.18
	158.70
	3.92
	
	
	

	
	90
	157.05
	162.42
	161.71
	164.73
	3.93
	
	
	

	
	105
	162.14
	168.73
	167.52
	171.17
	3.88
	
	
	

	
	120
	167.57
	174.82
	173.75
	177.41
	3.91
	
	
	

	
	Mean
	148.94a
	152.20ab
	151.79ab
	153.96b
	3.86
	0.053
	0.000
	1.000

	Body weight gain (BWG), (kg/day)
	15
	0.21a
	0.27b
	0.25ab
	0.33c
	0.01
	
	
	

	
	30
	0.30a
	0.36b
	0.33ab
	0.36b
	0.01
	
	
	

	
	45
	0.27a
	0.33b
	0.32ab
	0.33b
	0.01
	
	
	

	
	60
	0.27a
	0.34b
	0.35b
	0.35b
	0.02
	
	
	

	
	75
	0.26a
	0.35b
	0.33b
	0.38b
	0.02
	
	
	

	
	90
	0.32a
	0.39b
	0.37ab
	0.40b
	0.02
	
	
	

	
	105
	0.34a
	0.42ab
	0.39ab
	0.43b
	0.02
	
	
	

	
	120
	0.36
	0.41
	0.42
	0.42
	0.01
	
	
	

	
	Mean
	0.29a
	0.36bc
	0.34b
	0.37c
	0.01
	0.000
	0.000
	0.536

	Dry matter intake (DMI), (kg/day)
	15
	3.00
	3.12
	3.14
	3.17
	0.10
	
	
	

	
	30
	3.11
	3.26
	3.28
	3.31
	0.09
	
	
	

	
	45
	3.25
	3.42
	3.42
	3.45
	0.09
	
	
	

	
	60
	3.39
	3.59
	3.57
	3.62
	0.09
	
	
	

	
	75
	3.52
	3.76
	3.73
	3.79
	0.09
	
	
	

	
	90
	3.66
	3.91
	3.92
	3.97
	0.09
	
	
	

	
	105
	3.82
	4.07
	4.12
	4.17
	0.09
	
	
	

	
	120
	4.01a
	4.26ab
	4.34ab
	4.41c
	0.09
	
	
	

	
	Mean
	3.47a
	3.67b
	3.69b
	3.74b
	0.09
	0.000
	0.000
	1.000

	Feed conversion ratio (FCR)
	15
	14.72b
	11.91ab
	12.74ab
	9.77a
	0.79
	
	
	

	
	30
	10.58b
	9.21a
	10.03ab
	9.19a
	0.33
	
	
	

	
	45
	12.38
	10.57
	10.98
	10.77
	0.66
	
	
	

	
	60
	12.76b
	10.94ab
	10.26a
	10.45a
	0.59
	
	
	

	
	75
	13.84b
	10.95a
	11.43a
	10.06a
	0.53
	
	
	

	
	90
	11.42
	10.11
	10.79
	9.98
	0.52
	
	
	

	
	105
	11.39
	9.73
	10.87
	9.78
	0.54
	
	
	

	
	120
	11.24
	10.56
	10.49
	10.70
	0.47
	
	
	

	
	Mean
	12.29c
	10.50ab
	10.95b
	10.09a
	0.56
	0.000
	0.000
	0.194


T1, berberine supplemented group (800 mg/kg DM); T2, zinc supplemented group (60 mg/kg DM); T3, Combined berberine and zinc supplemented group (800+60 mg/kg DM); SEM, Standard  error of the  mean; T, effect of treatments, D, effect of days; T×D, treatment-by-day interaction.  
a, b, c Values within a single row marked by varying superscripts indicate significant differences at P<0.05.


Berberine, either alone or in combination with zinc integrated into the feed, enhanced body weight gain and dry matter intake along with a considerable decrease in the feed conversion ratio (FCR) in Murrah buffalo calves. Supporting our results, Jianing Lu et al. (2023) analysis confirmed that berberine intake enhanced body weight, average daily gain (ADG) and average daily feed intake (ADFI) in Ira rabbits. Similarly, Cui Zhu et al. (2020) observed increased final body weight, ADG, and ADFI in yellow-feathered broilers fed berberine supplemented diets. The increase in body weight (BW) recorded in this study may possibly because of berberine’s potential to minimize the incidence of diarrheal condition and improve feed intake, as pointed out by Xu et al., 2020 and Malekinezhad et al., (2020). Additionally, our observations aligned with the data of Navid Ghavipanje et al. (2021), who demonstrated that berberine inclusion enhanced dry matter (DM), net energy for lactation (NEL) and metabolizable protein (MP) intake in dairy goats throughour the transition phase, indicating improved nutrient utilization and a more balanced energy status. However, high levels of berberine may negatively impact growth performance, potentially due to its pungent taste decreasing taste appeal and amount of feed consumed (Kosalec et al., 2009). Zinc (Zn) is a minor element required for growth and cellular metabolism in livestock. Jadhav et al. (2008) emphasized that an optimal level of dietary Zn is essential for promoting growth and that reduced Zn levels can negatively impact growth performance and feed intake. In the support of this, Junhao Liu et al. (2023) revealed that Holstein dairy calves (aged 1 to 14 days) supplemented with zinc proteinate and zinc oxide significantly improved average daily gain and lowerd feed conversion ratio, while also decreasing the incidence of diarrheal condition throughout the study period. Zinc may help improve growth rates by regulating digestive enzyme activity and maintaining acid-base balance (Sales, 2013). However, unlike the present study, Hadi Fagari-Nobijari et al. (2012) in young Holstein bulls and Erika L. Lundy-Woolfolk et al. (2023) in steers reported no significant impact of adding zinc on body weight, dry matter intake or average daily gain. These contrasting results could be attributed to variations in environmental factors or differences in experimental conditions.
 
CONCLUSION

The current research highlights that supplementing the diet of berberine and zinc, individually or in combination, significantly enhanced body weight, body weight gain and dry matter intake while effectively lowering the feed conversion ratio in Murrah buffalo calves. These outcomes highlight the positive impact of berberine and zinc on growth performance. Interestingly, supplementing with both zinc and berberine produced better results than using them separately, indicating a synergistic effect.
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