


Evaluation of multi type mineral mixture additive in fish feed and its efficacy thereof under varied agro-climatic conditions of Punjab, India 


Abstract 
Mineral nutrition plays an important role in supporting fish growth, feed utilisation, health, and flesh quality in aquaculture. However, the comparative effectiveness of fish-specific and livestock mineral mixtures in carp feed under different agro-climatic conditions of Punjab has not been adequately evaluated. Therefore, this study assessed the effects of these mineral supplements on growth performance, production, flesh composition, and economic returns in pond-based carp culture. A 120-day field experiment was conducted at nine pond sites across Mohali/SAS Nagar, Tarn Taran, and Barnala districts of Punjab to evaluate the efficacy of mineral-mixture supplementation in carp feed under varied agro-climatic conditions. Three dietary treatments were assessed: the farmers’ control diet (T1), the control diet supplemented with 1.5 per cent fish-specific mineral mixture (T2), and the control diet supplemented with 1.5 per cent livestock mineral mixture (T3). Growth performance, feed utilisation, water quality, fish production, flesh proximate composition, and economic returns were evaluated. Water-quality variables remained within the reported suitable range for carp culture. Mineral-supplemented treatments showed improved growth and feed-use performance compared with the control, with T2 recording the highest average length gain (11.00±0.38 cm), net weight gain (376.00±16.41 g), and total production (23.1567±2.76 quintals per acre), together with the lowest feed conversion ratio (1.51±1.43). Proximate analysis showed the highest protein content (35.50±0.62%) and ash content (14.56±0.40%) in T2, while moisture and fat contents did not differ significantly among treatments. T2 also recorded the highest total return and net profit. Within the conditions of this trial, supplementation with a 1.5 per cent fish-specific mineral mixture was associated with improved carp growth, production, flesh composition, and farm-level economic performance compared with the control and livestock-mineral-mixture treatments.
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Introduction
Fish are naturally adapted to grow and survive in natural water resources such as rivers, lakes, seas, oceans, and other aquatic environments. Advances in successful culture techniques for various fish species have made it possible to rear aquatic organisms in captivity and, as a result, have increased total fish production in an attempt to fulfil the per capita requirement for animal protein (Shahabuddin et al., 1994). Along with quantity, the quality of the produce matters, as consumers are increasingly concerned about their health, food safety, and quality. They are even willing to pay more for good-quality produce. In the aquaculture industry, quality depends on the nutritional composition of fish flesh. To increase fish production, both quantitatively and qualitatively, the incorporation of a mineral mixture into fish feed is an important aspect. As essential inorganic elements, minerals strongly influence critical life processes in fish, including growth, development, and overall health (Lall & Kaushik, 2021). Recent evidence indicates that mineral bioavailability, dietary balance, and species-specific requirements are important considerations when formulating mineral-supplemented aquafeeds (Mmanda, 2025). Dietary zinc supplementation in common carp has likewise been shown to influence growth performance, feed conversion, and physiological status, reinforcing the need for appropriate mineral inclusion levels (Parveen et al., 2025).
	In the climatic conditions of Punjab, carps are predominantly cultured in this region. Like all animals, carps rely on minerals to support essential structural and metabolic processes. Their diet must include major minerals—fluorine (F), calcium (Ca), iron (Fe), magnesium (Mg), and phosphorus (P)—alongside vital trace elements such as zinc (Zn), iodine (I), cobalt (Co), molybdenum (Mo), sulphur (S), fluorine (F), manganese (Mn), and copper (Cu) (Watanabe et al., 1997; Lall, 2002; Ogino & Takeda, 1976). These nutrients can be provided to fish by incorporating a mineral mixture into the fish feed. Feed management in commercial aquaculture is one of the most crucial factors, as the cost of production per kilogram of fish is dependent on the feeding regime because growth efficiency and feed wastage directly depend on the quality and quantity of fish feed (Mazid et al., 1997; Biswas et al., 2006). Feed additives in Labeo rohita have been reported to affect growth performance, feed efficiency, flesh composition, and production economics (Islam et al., 2023). Dietary protein level has also been shown to influence feed consumption, utilisation, protein retention, and growth in Nilem carp (Siahaan et al., 2024).
Accordingly, a direct field comparison of fish-specific and livestock mineral mixtures under the varied agro-climatic conditions of Punjab is needed to assess their relative effects on carp growth, production, flesh composition, and farm-level economics.
	The primary aim of this research was to assess the efficiency of a cost-effective, fish-specific mineral mixture in comparison with an animal-specific mineral mixture for fish growth and total production of carp species in pond aquaculture systems under semi-intensive conditions.
1. Materials and Methods
1.1 Study Area 
The study area covered three distinct agro-climatic zones of Punjab—Mohali, Tarn Taran, and Barnala districts—each with specific implications for aquaculture. Mohali (30.70°N, 76.72°E; 316 m asl) lies in the Shivalik foothill zone, with sandy loam to loam soils and a humid subtropical climate, with relatively higher rainfall and groundwater recharge. Tarn Taran (31.45°N, 74.93°E; 229 m asl), located in the central alluvial plains, has fertile loamy soils, abundant canal irrigation, and a semi-arid climate. Barnala (30.38°N, 75.55°E; 227 m asl) belongs to the Malwa region, with soil texture varying from sandy loam to clay loam, low organic matter, and an arid to semi-arid climate, with limited rainfall and groundwater constraints. Together, these districts represent varied soil types and climatic gradients of Punjab, offering a comprehensive base for comparative field studies. Three ponds (approximately 2.0 acres in area) were selected from each district (3 ponds × 3 districts = 9 experimental sites) for the study. Each experimental site is depicted as a pinpoint location in Figure 1.
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Figure 1: Map showing pin point locations of the experimental sites (Modified from Power BI) 
2.2 Experimental Setup
The present experiment consisted of two treatments, i.e., T2 and T3, which were replicated at three different locations, i.e., Tarn Taran, SAS Nagar, and Barnala. The farmers’ practice was treated as the control treatment (T1). The experiment was carried out in identical ponds, each with an area of 2.0 acres, and was conducted for 120 days. Treatment-wise details of the feed composition are presented in Table 1.
Table 1: Treatment wise detail of feed composition used in the trial
	Treatment
	Practice/ Intervention
	Feed Details

	T1
	Farmers Practice
	Control fish diet constitutes of rice bran and mustard meal mixed in same proportion

	T2
	Recommended
	Control fish diet + 1.5 per cent of fish specific mineral mixture

	T3
	Intervention
	Control fish diet + 1.5 per cent of livestock mineral mixture (Type 2)



Both the fish-specific and livestock mineral mixtures (Type 2) were procured. The mineral content specifications of both mineral mixtures are provided in Table 2. Feeding was carried out daily at 5% of the total body weight in two split doses. The experimental feed was formulated in dry form and incorporated into the pond using the broadcasting method.

Table 2: Mineral content specification of the mineral mixtures used in the study
	Sr. No.
	Contents
	Fish Specific Mineral Mixture (%)
	Livestock Mineral Mixture (Type 2) (%)

	1.
	Moisture
	<5.00
	5.0

	2.
	Calcium
	17.60
	20.0

	3.
	Phosphorus
	13.40
	12.0

	4.
	Magnesium
	3.38
	5.0

	5.
	Zinc
	0.20
	0.80

	6.
	Iron
	1.00
	0.4

	7.
	Copper
	0.021
	0.100

	8.
	Manganese
	0.087
	0.12

	9.
	Iodine
	0.00624
	0.026

	10.
	Sulphur
	-
	1.8-3.0

	11.
	Cobalt
	-
	0.012

	12.
	Silica
	-
	3.0



2.3 Water Quality Analysis
For the estimation of pond water quality, samples were collected and examined monthly to assess various parameters, including water pH, dissolved oxygen, total alkalinity, and total hardness (APHA, 2012). For the analysis, water samples were collected at monthly intervals in the morning hours to maintain uniformity of sample collection across the different experimental sites.
2.4 Calculation of Growth Parameters
The experimental ponds were sampled monthly to record fish length and weight in each treatment using a measuring scale and an electronic balance, respectively. After completion of the study (120 days), growth performance was calculated using growth indices such as Total Length Gain (TLG) and Net Weight Gain (NWG) for each treatment using the formulae given below:
· Total length gain (TLG) = Final length gain – Initial length gain
· Net weight gain (NWG) = Final weight gain – Initial weight gain
· FCR = Dry weight of feed given in g / Wet weight gain in g


2.5 Proximate Analysis of Fish Flesh
Proximate analysis of fish flesh was performed after completion of the trial using the AOAC (1990) method. For the estimation of moisture content, flesh samples were analysed gravimetrically in a hot-air oven at 100 ± 10°C for 24 h, whereas crude protein content was estimated using the micro-Kjeldahl method. Flesh samples were analysed with petroleum ether (boiling point: 40–60°C) in an Electrothermal Soxhlet Apparatus for the estimation of crude lipid. Further, the defatted samples were used for the estimation of crude fibre (Patra, 2002). A muffle furnace was used to ignite flesh samples (at 500 ± 50°C for 10 h) to estimate ash content.
2.6 Economic Evaluation
At the end of the study, economic evaluation was carried out using standard farm management indicators, namely total production, gross profit, net profit, and the benefit-cost (B:C) ratio. Total production was estimated as the sum of marketable fish yield obtained from each unit area or pond. Gross profit was calculated as the difference between the total revenue (TR) from fish sales and the variable costs (VC) incurred during production, expressed as Gross Profit = TR – VC. Net profit considered all costs, both fixed (FC) and variable, and was derived using Net Profit = TR – (VC + FC), providing a realistic measure of farm profitability. The B:C ratio, a widely accepted measure of economic viability, was computed as B:C Ratio = TR / TC, where TC represents the total cost (VC + FC). A B:C ratio greater than 1.0 indicates that the enterprise is economically feasible, while values below unity reflect financial unsustainability.
2.7 Statistical Analysis
Data were analysed statistically using a statistical package (SPSS 23.0 for Windows, SPSS Inc., Richmond, CA, USA). One-way ANOVA and Duncan’s multiple range tests were applied to assess the efficacy of mineral mixture in fish feed on fish growth, proximate analysis of feed, and economic evaluation of culture in ponds (p ≤ 0.05).
2. RESULTS AND DISCUSSION 
3.1 Water Quality 
Collected water samples were analysed to assess pond water quality, including water pH, D.O., total alkalinity, and total hardness, according to the methods of the American Public Health Association (APHA, 2012). The values were within the optimum range for carp aquaculture, and no significant difference was observed among the different treatments. pH ranged from 8.12±0.19 to 8.59±0.20, while the dissolved oxygen content varied from 4.95±0.05 to 5.05±0.07 mg/L in the different treatments, with no significant difference. Total alkalinity ranged from 257.50±13.70 to 304.83±6.11 mg/L, and water hardness ranged from 323.83±27.83 to 342.17±39.66 mg/L in the different treatments (Table 3).
Table 3: Water quality parameters in different experimental groups
	Parameter
	T1
	T2
	T3

	pH
	8.19±0.13a
	8.59±0.20a
	8.12±0.19a

	Dissolved Oxygen (ppm)
	5.05±0.07a
	4.95±0.05a
	5.03±0.91a

	Total Alkalinity (ppm)
	291±7.6a
	257.50±13.70b
	304.83±6.11a

	Total Hardness (ppm)
	323.83±27.83a
	331.00±33.71a
	342.17±39.66a


Values are Mean±S.E Alphabetic subscripts (a, b, c) indicates significant differences within a row (p≤0.05)
3.2 Fish Growth and Production
After completion of the experiment, Average Length Gain (ALG), Net Weight Gain (NWG), and Specific Growth Rate (SGR) were determined in the different experimental groups and are presented in Table 4. Fish fed mineral-mixture-supplemented feed (T2 & T3) exhibited significant increases in ALG, NWG, and SGR compared with fish fed the control feed under farmers’ practice (T1), indicating the positive effect of incorporating mineral mixture into fish feed. The variation in total fish production among the different experimental groups is presented diagrammatically in Figure 2. It shows a significant increase in total fish production (quintals per acre) in T2 and T3 compared with the control group (T1).
	Feed Conversion Ratio (FCR) was also estimated for the different trial groups, and the highest FCR was observed in T1, followed by T3 and T2; the changes were significant (p < 0.05) compared with T1. In the current study, better FCR performance was observed in the two treatment groups (T2 & T3) compared with the control group, indicating the positive effect of supplementation of feed with mineral mixture.
Table 4: Values of growth indices in the different treatments
	Parameter
	Treatments

	
	T1
	T2
	T3

	Initial Average Length (cm)
	14.450±0.58a
	14.450±0.58a
	14.083±0.86a

	Final Average Length (cm)
	21.417±0.62c
	24.633±0.80a
	23.250±0.86b

	Average Length Gain (cm)
	6.967±0.24c
	11.00±0.38a
	9.167±0.19b

	Initial Average Weight (g)
	114.83±3.87b
	166.00±22.75a
	153.00±19.45a

	Final Average Weight (g)
	443.67±16.78c
	542.00±21.65a
	492.17±36.26b

	Feed Conversion Ratio
	1.63±1.71a
	1.51±1.43b
	1.56±1.22b

	Net Weight Gain (g)
	328.83±18.11c
	376.00±16.41a
	339.17±26.52b

	Total Production
	19.1617±3.22b
	23.1567±2.76a
	22.1617±3.04a


Values are Mean±S.E. Alphabetic subscripts (a, b, c) indicates significant differences within a row (p≤0.05)
Mineral mixtures contain essential amino acids, which are of significant importance in fish growth and production (Kumar et al., 2019). Scientists also reported that incorporating mineral mixture at 2% had a great influence on the survival and growth of carp fingerlings, as the specific growth rate and harvested fish biomass increased (Azim et al., 2002; Islam et al., 2008).
FCR is a major parameter in the quality analysis of fish feed. The lowest FCR was observed in treatment T2, where fish were fed a fish-specific mineral mixture. FCR has a direct relationship with total production and net profit earned. Maximum fish production was observed in T2 at 23.1567±2.76 quintals per acre, followed by T3 (22.1617±3.04) and T1 (19.1617±3.22). Besson et al. (2020) concluded that FCR is key to enhancing profit and is also beneficial in reducing the occurrence of eutrophication at the farm level.
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b

Figure 2: Total fish production in different treatments (Quintals per acre)
Kumar et al. (2019) evaluated the effects of a mineral mixture as a feed supplement on fish growth performance and examined its impact on total fish yield and economic returns. The trials were conducted in practising fish farmers’ earthen ponds under a composite fish farming system with six species. The study revealed that fish fed mineral-mixture-supplemented feed exhibited significant improvements in daily weight gain, feed conversion ratio, feed conversion efficiency, and survival compared with the farmers’ practice.
Vijayan et al. (2025) conducted an experiment by incorporating the formulated fish-specific mineral mixture into carp diets to analyse its impact on the growth and health of experimental fish. They reported that supplementation with the formulated mineral mix in fish feed had a positive impact, significantly (p < 0.05) improving specific growth rate, flesh quality, protein efficiency ratio, and feed conversion ratio in Indian major carps.
3.3 Flesh quality of the fish
Proximate analysis of carp flesh showed noticeable improvements in fish fed mineral-supplemented diets, especially in Treatment 2, in which a fish-specific mineral mixture was used (Table 5). The protein content was highest in T2 (35.50±0.62%), which was significantly higher than in T1 and T3, indicating better growth and muscle development in fish receiving the specialised mineral supplementation. Ash content, which reflects mineral deposition in fish flesh, also recorded the highest values in T2 (14.56±0.40%) and T3 (14.20±0.41%), suggesting improved mineral utilisation by the fish. On the other hand, moisture and fat contents did not vary significantly among the treatments, indicating that mineral supplementation mainly influenced protein and mineral accumulation without affecting the overall water and lipid composition of the flesh. Overall, the findings suggest that the inclusion of a fish-specific mineral mixture in carp feed can enhance flesh quality and nutritional composition more effectively than a conventional livestock mineral mixture.
Table 5: Proximate Analysis of Fish Muscle
	Treatments
	Protein (%)
	Ash (%)
	Moisture (%)
	Fat (%)

	T1
	33.36±0.64b
	13.01±0.15b
	60.26±0.52a
	5.20±0.05a

	T2
	35.50±0.62a
	14.56±0.40a
	60.36±0.85a
	5.26±0.06a

	T3
	33.83±0.40b
	14.20±0.41a
	59.40±0.60a
	5.21±0.03a


Values are Mean±S.E Alphabetic subscripts (a and b) indicates significant differences within a column (p≤0.05)
3.4 Economic Evaluation
The economic evaluation of the different treatments revealed significant variation in expenditure, revenue, and profitability (Table 6). Among the groups, the maximum expenditure was recorded in T3 (₹1,03,833.33±13,869.43), followed by T2 and T1. However, the higher costs in T3 did not correspond to maximum profitability, as the highest total return was achieved in T2 (₹2,50,488.33±39,009.13), which ultimately yielded the maximum net profit (₹1,47,655.00±25,992.87) and the highest benefit-cost (B:C) ratio of 1.389. In contrast, T1 recorded the lowest return and profitability, with a B:C ratio of 1.089.
Table 6: Economics of the different treatments in the trial 
	Treatments
	Total Expenditure
	Total Return
	Net Profit
	BC Ratio

	T1
	77,900.00±18,035.63b
	2,10,448.33±41,895.50 b
	1,16,048.33±29,467.27 b
	1.089±0.21 b

	T2
	1,02,833.33±13,553.39 a
	2,50,488.33±39,009.13 a
	1,47,655.00±25,992.87 a
	1.389±0.10 a

	T3
	1,03,833.33±13,869.43a
	2,45,190.00±39,289.06 a
	1,41,356.67±25,642.36 a
	1.304±0.10 a


Kumar et al. (2019) also reported an increase in total fish production in the experimental group fed mineral-mixture-supplemented feed compared with the control group. The increased fish production directly enhances farmers’ income, as indicated by the B:C ratio.
3. Conclusion
Within the 120-day field trial conducted across three agro-climatic locations of Punjab, mineral supplementation was associated with improved carp growth, feed utilisation, production, and selected flesh-quality attributes compared with the farmers’ control diet. The fish-specific mineral-mixture treatment (T2; 1.5 per cent inclusion) recorded the highest average length gain, net weight gain, total production, protein content, and ash content, while also showing the lowest feed conversion ratio among the three treatments. The livestock-mineral-mixture treatment (T3) also performed better than the control for several production measures but did not exceed T2. Economic evaluation indicated that T2 achieved the highest total return and net profit despite higher expenditure than the control. Overall, the findings show that, under the specific pond-culture and feeding conditions evaluated, supplementation with a 1.5 per cent fish-specific mineral mixture can improve production performance and selected flesh-composition characteristics of cultured carp. The interpretation should remain confined to the conditions and duration of the present experiment. 

Limitation
This study was limited to nine pond sites located in three districts of Punjab and a single 120-day production cycle. Both mineral-mixture treatments were evaluated at only one inclusion level (1.5 per cent), so a dose-response relationship was not assessed. The findings therefore represent the specific pond, feeding, and agro-climatic conditions used in the trial. In addition, species-specific responses within the carp culture system were not presented separately, which limits interpretation of whether all cultured carp species responded similarly to mineral supplementation.
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