An Economic Analysis of Sweet Curd Production within the Dairy Value Chain: A Study of the Terai region of West Bengal, India

Abstract
Although interest in value-added dairy products is increasing, empirical evidence regarding their economic viability remains limited. Specifically, there is a lack of research on the economic viability and cost structure of traditional fermented dairy products, such as sweet curd (Mishti Doi), within regional value chains. This study aims to assess the economic viability of sweet curd production across four blocks in the Terai District of West Bengal, India, by analysing cost structures, profitability, market concentration, and seasonal production dynamics. Primary data were collected from 31 purposively selected dairy processing units over one year (April 2024 to March 2025) using structured interview schedules. Data were analyzed using benefit-cost ratio analysis, market concentration indices (CR4, HHI, Gini coefficient), and the seasonal index. The results indicate that variable costs constitute 98.6% of total production costs, with fluid milk accounting for 59–62% (Rs 44–51/kg). Regional production costs range from Rs 71.84/kg in Coochbehar-II to Rs 86.35/kg in Alipurduar-I, driven largely by milk procurement price differentials (Rs 36.61–42.91/L). Benefit-cost ratios range from 1.44 to 1.72, confirming economic viability across all blocks, with Coochbehar-II recording the highest profit margin at 71.9% (net profit: Rs 51.68/kg). Low Gini coefficients (0.07–0.15) indicate equitable distribution of market shares. Seasonal indices range from 86% during the monsoon (July–September) to 112.57% during the festive season (September–December). Labor costs account for 9.24% of total production expenses, combining family and hired Labor. Spoilage rates are effectively managed below 0.64%. The study concludes that sweet curd production is economically promising across the Terai region, with an average benefit-cost ratio of 1.61 and weighted average profit margins of 37.9%. Improving milk procurement strategies and adopting adaptive seasonal management are critical to enhancing long-term profitability and sustainability within the dairy value chain.
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1. Introduction
Mishti Doi, a beloved sweet curd from Bengal, is more than just a dessert; it’s a cherished dairy product that holds significant value in the local processing industry (Chandan, 2017; Savaiano & Hutkins, 2021). This traditional fermented sweet yoghurt typically has a short shelf life of about 5 to 7 days when kept in the fridge (around 4–5°C), due to its high moisture and sugar content, along with the activity of microbes (Rasane et al., 2017; Raju & Pal, 2011). If stored at 10°C, it lasts only about 3 days, and poor storage conditions can lead to issues like hardening, whey separation, or spoilage (Nuryadi et al., 2019). This study examines the economic factors surrounding sweet curd production in four blocks of the Terai region in West Bengal, India, focusing on how efficiently raw milk is turned into the final product. It fits into the broader picture of dairy value chain development in India, where value-added dairy products are crucial for boosting rural livelihoods and farm incomes. To enhance production processes and ensure economic sustainability, especially given the seasonal ups and downs in milk availability and quality, it’s necessary to understand the cost structure and profitability metrics (Mishra et al., 2025; Parmar et al., 2020; Gulati et al., 2022). 
Sweet curd is regarded as one of the major milk products with strong consumer demand in the Terai districts of West Bengal throughout the year. Hence, dairy farmers in this zone face derived demand for their fluid milk, based on variations in processed items, where sweet curd plays a major role. The processing is done by traditional method through boiling of fluid milk with sugar, followed by induced fermentation done under a hemispheric bamboo-made thatched cover. The present study tries to examine the performance of said value addition process from the viewpoint of cost structure, profitability, employment generation, concentration of market structure and seasonality of product.
The research looks into input costs, production factors, Labor needs, equipment depreciation, and the revenue generated from different production scales, using benefit-cost ratio analysis techniques (Schwab & Lusztig, 1969; Cotter, 2021). The study aims to achieve several objectives: (i) to estimate and compare the production costs and profitability of sweet curd across the four study blocks; (ii) to analyze market concentration and competitive dynamics among sweet curd processing units; (iii) to explore the seasonal variations in sweet curd production; and (iv) to evaluate Labor utilization and job creation within the sweet curd production process.
2. Methodology
2.1 Sample Collection
Purposive sampling methodology was employed to select dairy processing facilities operating within the Terai district boundaries. The research was carried out across four blocks in terai region, each with different sample sizes: Coochbehar-II (n=11 units), Tufanganj-I (n=10 units), Alipurduar-I (n=4 units), and Alipurduar-II (n=6 units). This targeted sampling strategy facilitated a thorough representation of various production scales and operational frameworks within the area. Data collection occurred from April 2024 to March 2025, effectively capturing seasonal fluctuations and production trends that align with the methodologies utilised in dairy sector research (Anika et al., 2024; Katoch et al., 2024).
2.2 Art of making Sweet Curd
Although there remains some procedural business secret by tradition process of sweet curd but researcher could identify the steps. After the collection of fluid milk, the processing starts through boiling of the same during evening hours. The boiling continues for 2 to 3 hours, when sugar is being added in between as a sweetener throughout the process, the temperature is maintained at about 600 – 700 °C, and the processor uses wood as a fuel source only. 
In the second part, the warm milk concentrate is poured in earthen pot container (each with 1kg of curd), which are then placed in a circular mode keeping burning charcoal in centre. Now the total arrangement is covered by bamboo made thatched dome (Tupri in local language), which is again covered by wet jute hessian to keep the micro environment humid and warm inside. The said operation takes 14 to 24 hours to complete.
2.3 Data Collection
Primary data were gathered regarding daily milk handling volumes, costs of raw materials, Labor needs, equipment utilisation, and production output in accordance with established protocols in dairy economics research (Alli et al., 2020). The cost components encompassed milk procurement, sugar, fuel, containers, equipment depreciation, and Labor (including both imputed family Labor and hired Labor). Revenue information was collected based on daily disposal volumes and current market prices.
2.4 Methods
Seasonality Index (SI) = (quarter average / annual average) × 100; 
Market concentration was evaluated through the use of Concentration Ratio (CR4), 
The Herfindahl-Hirschman Index (HHI) =Where Si represents individual market shares
The Gini coefficient was used to gain insight into competitive dynamics 
3. Result and Analysis
3.1 Sample Characteristics and Production Scale
Table 1: About the processing units and their daily average business scale per firm per day
	
Study Area
	Total number of firms 
	Use of fluid Milk (Litres)
	Sugar Qty (kg)

	Production of curd (Kg)
	Milk Price
(Rs/litre)
	Curd price
(Rs/kg)

	Coochbehar-II
	11
	168.47
	40.74
	140.39
	36.61
	123.52

	Tufanganj-I
	10
	137.36
	42.94
	117.38
	37.59
	124.00

	Alipurduar-I
	4
	129.49
	37.87
	107.91
	42.91
	127.43

	Alipurduar-II
	6
	143.22
	49.62
	119.15
	42.36
	121.70

	Average
	31
	148.51
	42.80
	124.66
	38.85
	123.82


Source: Primary data collected through field survey (April 2024- March 2025)

Among the surveyed regions, Coochbehar-II’s eleven processing units demonstrate maximum in utilisation of fluid milk (168.47 L per day per firm) and sugar (40.74 kg), yielding in a production output of 140.39 kg of curd at a relatively low milk price of Rs 36.61 per litre. In comparison, Tufanganj-I, consisting of 10 firms, uses less milk (137.36 L) but a greater amount of sugar (42.94 kg), producing 117.38 kg of curd. Alipurduar-I operates on a smaller scale with 4 firms, consuming 129.49 L of milk and 37.87 kg of sugar to yield 107.91 kg of curd, despite higher milk prices (Rs 42.91 per litre). Alipurduar-II, comprising 6 firms, achieves a balance by using 143.22 L of milk and 49.62 kg of sugar, resulting in 119.15 kg of curd. On average, firms consume 148.51 L of milk and 42.80 kg of sugar, leading to the sale of 124.66 kg of curd at Rs 123.82 per kg, with milk priced at Rs 38.85 per litre. Coochbehar-II demonstrates efficiency through high production volume, whereas Alipurduar encounters cost-related challenges, highlighting the need for supply chain interventions in oligopolistic markets.
3.2. Analysis of variable cost other than Labor (per day per processing unit)
Table 2: Cost of variable items per firm per day (in Rs)
	Blocks
	Fluid Milk
	Sugar
	Fuel
	Container
	Total Variable Cost

	Coochbehar-II
	6188.62
	1,683.20
	260.91
	942.43
	9075.16

	Tufanganj-I
	5172.16
	1,763.62
	241.00
	732.84
	7909.62

	Alipurduar-I
	5542.35
	1,607.95
	240.00
	760.38
	8150.68

	Alipurduar-II
	6051.45
	2,103.75
	241.67
	795.00
	9191.87

	Average
	5750.74
	1780.83
	248.06
	822.80
	8602.43


Source: Primary data collected through field survey (April 2024- March 2025)

The table presents the total variable costs per day for sweet curd production across four Terai blocks, based on data from 31 surveyed firms. These costs include fluid milk, sugar, fuel, and containers, with an average annual expenditure of Rs 8,602.43 per firm. Fluid milk represents the largest cost component, accounting for 66.8% of the total (averaging Rs 5,750.74), highlighting its central role in sweet curd production. Sugar comprises 20.7% (Rs 1,780.83), with notable regional variation: Coochbehar-II reports the lowest average at Rs 1,683, while Alipurduar-II reports the highest at Rs 2,104. Fuel costs are relatively consistent, ranging from Rs 240 to Rs 262 (2.9%), and the average cost of containers is Rs 823 (9.6%), which increases with production volume. Coochbehar-II incurs the highest total costs (Rs 9,075) due to greater milk usage, but benefits from economies of scale with 11 firms in operation. Tufanganj- I record the lowest costs (Rs 7,910), whereas the Alipurduar regions fall within the mid-range (Rs 8,151 to Rs 9,192).
3.3Analysis of fixed costs 
Table 3: Calculation of depreciation on equipment and building (per firm per day in Rs.)
	Blocks
	Cauldron
	Spatula
	Buckets
	Freezer
	Tupri/Cover
	Building
	Total Fixed Cost

	Coochbehar-II
	17.06
	1.68
	4.33
	78.95
	4.22
	24.83
	131.07

	Tufanganj-I
	15.76
	1.55
	4.30
	84.11
	4.50
	29.73
	139.95

	Alipurduar-I
	15.31
	1.31
	3.82
	83.56
	3.80
	22.60
	130.40

	Alipurduar-II
	20.40
	1.63
	4.97
	80.82
	3.04
	28.25
	139.11

	Average
	17.06
	1.58
	4.38
	81.57
	4.03
	26.78
	135.40


Source: Primary data collected through field survey (April 2024- March 2025)

With an average daily freezer depreciation cost of Rs. 81.57, this table shows the capital and depreciation costs of critical processing equipment and infrastructure. At Rs. 26.78 per day, building costs rank as the second-highest expense, depending on the facility. Although inexpensive, the other essential equipment for processing is cauldrons (Rs. 17.06), buckets (Rs. 4.38), tupri (bamboo-made hemispheric cover) (Rs. 4.03), and spatulas (Rs. 1.58). The average daily fixed cost comes at Rs. 135.40, or roughly 1.4% of operating costs. 

3.4 Analysis of Labor cost cum employment generation
Table 4: Generation of employment and their respective costs (per firm per day) 
	
Blocks
	Imputed Labor
	Hired Labor
	
Total Labor cost (Rs)
	
Average Labor Cost per Kg of output(Rs)

	
	Number
	Labor
hours
	
Cost (Rs)
	
 Number
	Labor

hours
	
Cost (Rs)
	
	

	Coochbehar-II
	1.29
	6.29
	314.29
	2.00
	15.11
	566.67
	880.96
	6.28

	Tufanganj-I
	1.44
	7.67
	383.33
	2.00
	14.00
	525.00
	908.33
	7.74

	Alipurduar-I
	1.67
	11.00
	550.00
	1.50
	13.00
	487.50
	1037.50
	9.61

	Alipurduar-II
	1.17
	5.83
	291.67
	1.80
	12.40
	465.00
	756.67
	6.35

	Average
	1.36
	7.25
	362.6
	1.90
	13.95
	523.33
	885.93
	7.19


Source: Primary data collected through field survey (April 2024- March 2025)

This table shows the dynamics between imputed family Labor and hired Labor in small scale dairy processing industry. Firms typically engage 1.9 numbers of hired workers (13.95 Labor working hours, Rs. 523.33 wages) and 1.36 numbers of family workers (7.25Labor working hours daily, Rs. 362.60 cost) daily. With the highest imputed cost and the greatest reliance on family Labor, Alipurduar -I represent more inclination to family-run businesses. The range of Labor costs per kilogram of curd, which reflects the relationship between costs, production efficiency, and scale economies, is Rs. 6.28 to Rs. 9.61. The average daily cost of Labor is Rs. 885.93, or roughly 5.76% of total revenue. The results highlight the productivity advantages of larger operations and point to an efficient combination of family knowledge and hired Labor that improves flexibility and cost effectiveness (Katoch et al., 2024). 

3.5 Production of output and revenue generation
Table 5: Accounts of Daily production and Revenue generation
	
Blocks
	
Production Qty (kg)
	
Spoilage (kg)
	
Disposable Qty (kg)
	
Average Total Revenue (Rs)

	Coochbehar-II
	140.39
	0.64
	139.76
	17,263.15

	Tufanganj-I

	117.38
	0.29
	117.10
	14,520.4

	Alipurduar-I
	107.91
	0.53
	107.38
	13,683.43

	Alipurduar-II
	119.15
	0.54
	118.61
	14,434.87

	Average
	124.66
	0.49
	124.18
	15,369.08


Source: Primary data collected through field survey (April 2024- March 2025)

The table shows curd production, spoilage and generation of revenue per day for different blocks. On average, each firm produces 124.66 kg of curd with a spoilage rate of 0.39%. Coochbehar-II has the highest production at 140.39 kg and earns Rs. 17,263.15. Tufanganj-I have the lowest spoilage rate at 0.25%, producing 117.38 kg and earning Rs. 14,520.40, which also suggests stronger quality control. Alipurduar-I produce the least curd at 107.91 kg, earns Rs. 13,683.43, and has a spoilage of 0.53 kg. Alipurduar-II falls in the middle with 119.15 kg produced, Rs. 14,434.87 in revenue, and 0.54 kg of spoilage. In general, spoilage is well managed, and changes in revenue are mostly due to differences in production, not quality problems (Marchi et al., 2022).

3.6 Analysis of the cost of production and the net profit per kg of sweet curd 
Table 6: Cost Structure analysis per Kg of Sweet curd and net profit (in Rs)

	Cost component
	Coochbehar-II
(Rs/kg)
	Tufanganj-I
(Rs/kg)
	Alipurduar-I
(Rs/kg)
	Alipurduar-II
(Rs/kg)
	Average
(Rs/kg)

	A. Variable costs

	Fluid Milk
	44.08
(61.35)
	44.06
(57.74)
	51.36
(59.25)
	50.79
(59.68)
	46.31
(59.65)

	Sugar
	11.99
(16.69)
	15.02
(19.69)
	14.90
(17.32)
	17.66
(20.62)
	14.44
(18.60)

	Fuel
	1.86
(2.59)
	2.05
(2.69)
	2.22
(2.58)
	2.02
(2.36)
	2.00
(2.57)

	Container
	6.71
(9.34)
	6.24
(8.18)
	7.05
(8.20)
	6.67
(7.79)
	6.59
(8.49)

	Labor
	6.27
(8.73)
	7.74
(10.14)
	9.61
(11.17)
	6.35
(7.41)
	7.19
(9.26)

	Total Variable Cost
	70.91
(98.70)
	75.11
(98.44)
	85.14
(98.6)
	83.49
(98.61)
	76.53
(98.57)

	B. Fixed Costs

	Equipment and building depreciation
	0.93
(1.29)
	1.19
(1.56)
	1.21
(1.40)
	1.17
(1.38)
	1.10
(1.42)

	Total costs per kg (A+B)
	71.84
(100)
	76.30
(100)
	86.35
(100)
	84.66
(100)
	77.63
(100)

	Selling Price per kg
	123.52
	124.00
	127.43
	121.70
	123.82

	Net Profit per kg
	51.68
	47.70
	41.08
	37.04
	46.19


Source: Primary data collected through field survey (April 2024- March 2025) (Figures within parentheses indicate percentage of the total of respective column)

This comprehensive cost-benefit analysis table breaks down the per-kilogram economics of sweet curd (Mishti Doi) production across four production regions. The cost structure is dominated by Variable costs, making up an average of 98.57% of total production expenses, while fixed costs are a mere 1.42%. The primary cost driver is fluid milk, which accounts for 59-62% of total costs in these regions (ranging from Rs 44.06 to 51.36 per kg). Following closely is sugar, the second largest expense, costing between Rs 14.44 and 17.66 per kg (17-21% of total costs). Other costs include Labor (Rs 6.27-9.61/kg), earthen containers (Rs 6.24-7.05/kg), and fuel (Rs 1.86-2.22/kg). Notably, the Alipurduar region has higher production costs (Rs 84.66-86.35/kg) compared to Coochbehar-II and Tufanganj-I (Rs 71.84-76.30/kg), due to higher milk procurement prices. Labor costs vary significantly, from Rs 6.27/kg in Coochbehar-II to Rs 9.61/kg in Alipurduar-I, reflecting differences in regional wages and operational efficiency. While selling prices remain fairly stable (Rs 121.70-127.43/kg), profit margins differ widely. Coochbehar-II boasts the highest net profit at Rs 51.68/kg (a 71.9% margin), while Alipurduar-II has the lowest at Rs 37.04/kg (43.8% margin). On average, net profit across all regions stands at Rs 46.19/kg, indicating strong profitability despite limited opportunities for cutting costs in fuel, containers, and depreciation.
3.7 Comprehensive economic viability: Benefit-Cost Analysis
Table 7: Comprehensive Benefit- Cost Analysis and Profitability Metrics 
	Blocks
	Total Variable costs (TVC) (Rs)
	Total Fixed costs (Rs)
	
Total costs (TC) (Rs)
	Total Revenue (Rs)
	Profit over TVC (Rs)
	 Profit over TC (Rs)
	Profit Margin (%)
	Benefit-cost Ratio

	
	
	
	
	
	
	
	Over TVC
	Over TC
	Over TVC
	Over TC

	Coochbehar-II
	9956.12
	131.07
	10087.19
	17,263.15
	7307.03
	7175.96
	42.33
	41.57
	1.72
	1.71

	Tufanganj-I
	8817.95
	139.95
	8953.90
	14,520.40
	5702.45
	5566.50
	39.27
	38.33
	1.64
	1.62

	Alipurduar-I
	9188.18
	130.40
	9318.58
	13683.43
	4495.25
	4364.85
	32.85
	31.90
	1.48
	1.47

	Alipurduar-II
	9978.54
	139.11
	10117.65
	14,434.87
	4456.33
	4317.22
	30.87
	29.91
	1.44
	1.43

	Average
	9494.21
	135.40
	9628.33
	15369.08
	5874.86
	5740.75
	37.90
	37.02
	1.61
	1.59


Source: Primary data collected through field survey (April 2024- March 2025) *Per Processing unit per day

A financial analysis of sweet curd production in four regions is shown in this table, with an emphasis on profitability metrics in connection to total costs (TC) and total variable costs (TVC). At 98.6% of total expenses, variable costs predominate. Tufanganj-I costs Rs 8,954, while Alipurduar-II costs Rs 10,118. Alipurduar-II has the lowest profit margin at 30.87% and makes Rs 4,456 per batch, while Coochbehar-II leads with a profit margin of 42.33% over TVC and makes Rs 7,307 per batch. Coochbehar-II's benefit-cost ratios of 1.72 (TVC) and 1.71 (TC) demonstrate profitability in every region. Although the overall average benefit-cost ratio of 1.61 indicates strong profitability, regional differences point to areas with lower performance that could use improvement (Wolf, 2010).
3.8 Market Concentration and Competitive Dynamics in the Production of Sweet Curd
Table 8: Market concentration, HHI and Gini ratio of sweet curd processing firms
	Market Segment
	CR4 (%)
	HHI
	Gini

	Coochbehar-II
	47.35
	982.97
	0.15

	Tufanganj-I
	49.80
	1071.97
	0.12

	Alipurduar-I
	100.00
	2548.72
	0.08

	Alipurduar-II
	72.46
	1694.19
	0.07

	Overall
	59.79
	1351.37
	0.11


Source: Primary data collected through field survey (April 2024- March 2025)

The table analyzes the intensity of competition using three key metrics: the four-firm concentration ratio (CR4), the Herfindahl-Hirschman Index (HHI), and Gini coefficients. Alipurduar-I exhibits a CR4 of 100%, indicating a complete oligopoly, whereas Cooch Behar-II demonstrates a high level of competition with a CR4 of 47.35%. The HHI for Alipurduar-I is 2,548.72, reflecting a highly concentrated market. In contrast, Cooch Behar-II and Tufanganj-I display slightly moderate competition, with HHIs of 982.97 and 1,071.97, respectively. Despite these differences in market concentration, the low Gini coefficients (ranging from 0.07 to 0.15) suggest a relatively equitable distribution of market share. These findings indicate that even in structurally concentrated markets, the competitive landscape can remain balanced, with firms exhibiting comparable capabilities and effective strategies. Overall, the market demonstrates moderate concentration, as evidenced by a 59.79% CR4 and an HHI of 1,351.37 (Porter, 2008; Cabral, 2017). 
3.9 Analysis of the seasonal variation of sweet curd demand
Table 9: Seasonality indices of production
	Blocks
	April-June SI (%)
	July-September SI (%)
	September-December SI (%)
	December-March SI (%)

	Coochbehar-II
	91.51
	90.96
	110.99
	106.55

	Tufanganj-I
	91.33
	89.21
	113.58
	105.88

	Alipurduar-I
	91.31
	90.66
	111.15
	106.89

	Alipurduar-II
	90.56
	86.68
	114.71
	108.05

	Average Total
	91.24
	89.52
	112.57
	106.67


Source: Primary data collected through field survey (April 2024- March 2025)

This table showcases the seasonal ups and downs in sweet curd demand across different regional markets, measured by Seasonal Indices (SI). Production exhibits a notable decline, and conversely, with SIs ranging from 91.24% to 112.57% . The decline is particularly sharp, hitting 89.52% from July to September, largely due to monsoon-related issues like a decrease in milk supply and spoilage due to warm, humid weather. On the other side, from September to December, production soars to a peak of 112.57% SI, thanks to better post-monsoon weather conditions and the festive season's demand. Alipurduar-II stands out with the most significant seasonal variation, showing a 28-point gap between its highest and lowest production levels. The period from December to March also remains robust at 106.67% SI, benefiting from favourable winter weather and continued festival demand. These patterns highlight the importance of strategic planning in capacity, working capital, and inventory management to ensure profitability throughout the year (Kumar et al., 2011; Parmar et al., 2020; Yasmin et al.,2012).
4. Discussion
Financial evaluation across Terai district production facilities reveals substantial variations in operational expenses and return margins, primarily influenced by fluid milk, which accounts for 59-62% of production costs. Coochbehar-II is more efficient (Rs 36.61/L) than Alipurduar (Rs 42.91/L), where an oligopolistic market structure (CR4: 100%, HHI: 2,548.72) favours established firms with economies of scale. The benefit-cost ratio ranges from 1.44 to 1.72, showing that procurement efficiency greatly affects profitability, with Coochbehar-II achieving a 71.9% profit margin compared to Alipurduar-II's 42.5%. Labor engagement analysis indicates that family Labor optimises resource use in smaller operations. Seasonal production variability (SI: 86-113%) presents challenges, especially during monsoons (89.52% SI), but peaks in festive seasons (112.57% SI) allow for profit maximisation. A spoilage rate below 0.64% suggests effective quality control across regions, despite economic disparities.
5. Conclusion
The investigation establishes the financial viability of sweet curd processing across Terai region facilities, with benefit-cost analysis yielding favourable benefit-cost ratios averaging 1.61 and profit margins of 37.9%. However, the differences in performance across regions call for targeted interventions. The current oligopolistic market structure offers stability for established processing units but makes it tough for newcomers to break in. The study also points out low Gini coefficients (0.07-0.15), which suggest a fair distribution of market share. Seasonal management plays a vital role in profitability, pushing producers to adopt adaptive strategies such as cold storage and maintaining working capital reserves. Looking ahead, future research should explore value addition, consumer preferences, and climate-resilient technologies to boost efficiency and income generation in the region.
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