Evaluation of Kachi Ghani Cold-Press Technology for Linseed Oil: Yield, Quality, and Cost Analysis
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Linseed oil is highly valued for its rich content of polyunsaturated fatty acids, particularly α-linolenic acid, and its associated antioxidant properties. In recent years, growing consumer preference for minimally processed and nutritionally superior edible oils has renewed interest in traditional cold-press extraction methods such as Kachi Ghani, especially for small-scale and rural oil processing. The present study aimed to evaluate the performance and economic feasibility of a small-scale, batch-operated Kachi Ghani oil press for linseed oil extraction. The performance of the Kachi Ghani unit was assessed in terms of oil yield, oil recovery, processing capacity, and energy consumption. The quality of the extracted oil was evaluated using key physicochemical parameters, antioxidant activity, and Fourier Transform Infrared (FTIR) spectroscopy. In addition, a cost economics analysis was conducted to estimate production cost, net profit, and breakeven point. The kachi ghani process yielded 24.10% oil with an oil recovery of 63.43%. The extracted oil exhibited low peroxide value (1.17 meq kg⁻¹) and acid value (1.99 mg KOH g⁻¹), indicating good oxidative stability and quality. The oil extraction cost was ₹382.55 kg⁻¹, with a net profit of ₹153.41 per litre and a breakeven point of 115.41 batches per year. FTIR analysis confirmed the presence of triglycerides and polyunsaturated fatty acids, reflecting the nutritional integrity of the oil. Overall, kachi ghani cold-pressing proved to be an effective and economically viable method for linseed oil extraction, ensuring good oil quality and profitable returns. The findings highlight the practical potential of Kachi Ghani technology for adoption in small-scale and rural oil processing units, supporting sustainable and value-added oil production.
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1. Introduction
Kachi Ghani is a traditional cold-press oil extraction technique that operates under low-temperature conditions, thereby preserving the natural flavour, aroma, and nutritional attributes of the extracted oil (Chandra et al., 2020). Unlike industrial solvent extraction and screw pressing methods, which typically involve elevated temperatures and the use of chemical solvents, the Kachi Ghani process relies solely on mechanical pressure for oil recovery, minimizing thermal and chemical degradation of oil constituents (Chandra et al., 2020). This technique has gained renewed attention due to its ability to retain higher concentrations of bioactive compounds, antioxidants, and essential fatty acids, making cold-pressed oils increasingly preferred by health-conscious consumers. In recent years, the consumption of cold-pressed oils has risen substantially, driven by consumer demand for natural, minimally processed products and their superior content of bioactive substances compared to refined oils (Rabiej-Kozioł et al., 2023; Chandra et al., 2020; Grajzer et al., 2020).
Oil extraction represents a major segment of the food processing industry in India, employing diverse techniques such as screw pressing, solvent extraction, and traditional methods including Kachi Ghani. Among these, solvent extraction is the most widely adopted at the industrial level due to its high oil recovery efficiency, with n-hexane being the most commonly used solvent. However, solvent extraction is inherently a high-temperature process. Elevated temperatures during both mechanical pressing and solvent extraction significantly increase peroxide value, acid value, and conjugated diene content, indicating enhanced lipid oxidation and deterioration of oil quality, even when the overall fatty acid composition remains largely unchanged (Senphan et al., 2025; Allay et al., 2025; Hu et al., 2015). Similarly, screw press or mechanical extraction processes adversely affect oil quality by increasing peroxide and acid values, thereby compromising oxidative stability and shelf life (Kasote et al., 2013). Temperature rise during oil extraction has also been reported to influence various physicochemical properties of oils, although fatty acid and sterol compositions generally remain stable (Oyinlola et al., 2004). In contrast, the Kachi Ghani method offers superior preservation of nutritionally valuable and functional compounds, making it a suitable technique for producing high-quality edible oils.
Linseed (Linum usitatissimum L.) oil is highly valued due to its rich content of polyunsaturated fatty acids, particularly α-linolenic acid, along with oleic acid, linoleic acid, and other bioactive constituents (Oomah et al., 2001). Despite its nutritional importance, linseed oil extraction poses significant challenges because polyunsaturated fatty acids are highly susceptible to thermal oxidation and degradation. Consequently, cold-press extraction methods such as Kachi Ghani are preferred to maintain oil stability and nutritional integrity. In India, linseed is cultivated over approximately 3.30 lakh hectares, contributing about 1.72 lakh tonnes to the country’s annual oilseed production (Raj et al., 2020). Major linseed-growing states include Madhya Pradesh, Uttar Pradesh, Chhattisgarh, Bihar, Rajasthan, Orissa, and Karnataka. The crop exhibits an average productivity of 523 kg ha⁻¹ and accounts for nearly 7% of global linseed production (Sahu et al., 2024). Linseed is cultivated for both oil extraction and fibre production, supporting its economic and industrial relevance (Biradar et al., 2023; Maurya et al., 2017).
Beyond extraction efficiency and oil quality, economic feasibility is a critical determinant of the sustainability and commercial viability of cold-pressed oil production systems. A comprehensive cost analysis provides valuable insights into capital investment, operational costs, and profitability, thereby assisting entrepreneurs and stakeholders in making informed decisions regarding the establishment and operation of oil extraction units. Understanding the cost economics is essential to ensure that cold-press oil extraction remains competitive with conventional industrial methods.
In this context, the present study aims to evaluate the performance of a Kachi ghanioil press for linseed oil extraction by assessing its extraction efficiency, oil yield, and quality parameters. Additionally, an economic analysis of the extraction process is undertaken to determine its feasibility for commercial-scale adoption. The outcomes of this study are expected to provide scientifically relevant and practical insights for researchers, processors, and entrepreneurs interested in cold-pressed oil extraction technologies.
2. Materials and methods
2.1. Raw materials and chemicals
Linseed (Linum usitatissimum L.), variety RLC 148, was procured from Krishi Vigyan Kendra, Raipur, Chhattisgarh. The seeds were cleaned and sorted to remove impurities and foreign matter. After cleaning, the linseeds were stored under controlled conditions to maintain quality for subsequent analysis and oil extraction. All the solvents and chemicals used in this study were of analytical grade and were procured from reputed manufacturers. Each experiment and oil extraction procedure was performed with three replications to minimize experimental error, and the mean values were calculated.
2.2. Oil extraction process
Oil extraction was carried out using a cold press technology i.e. Kachi Ghani oil press. The press was powered by a 3.3 HP electric motor, operating at a constant speed of 25 RPM, ensuring consistent mechanical pressure throughout the extraction process. A batch of 5 kg linseed sample was used for oil extraction. The seeds were gradually fed into the ghani oil press, where mechanical pressure facilitated oil release. During extraction, water was periodically added in controlled quantities, based on seed texture, to enhance oil recovery by improving seed cohesion and crushability. To complete the oil extraction of 5 kg seed, total time of 1.5 to 2 hours was required. The extracted oil was collected in a designated tray as it seeped out. The crude oil was immediately subjected to filtration using filter press to remove solid impurities and residual seed material. The filtered oil was transferred into cleaned glass bottles and stored at 4°C to prevent oxidation and to ensure stability for further analysis.
2.3. Performance evaluation
2.3.1. Oil yield and recovery
The oil yield and recovery were determined by accurately measuring the weight of the extracted oil using a analytical weighing balance. After filtration, the oil was transferred to a clean container and weighed. The oil yield was then calculated as a percentage of the initial seed weight, serving as a crucial indicator of the extraction efficiency. (Thilakarathna et al., 2023)
Oil yield (%) = O/W	(1)

Where
O	= Weight of the extracted oil (kg)
W 	= Weight of total seed sample (kg)

Oil recovery (%) = 𝑂𝑘𝑎𝑐ℎℎ𝑖 𝑔ℎ𝑎𝑛𝑖/𝑂𝑆𝑜𝑥ℎ𝑙𝑒𝑡	(2)

Where,
O Kachi gahni = Oil extracted from kachi ghani
O Soxhlet 	  = Oil extracted from Soxhlet apparatus

2.3.2. Capacity
Machine capacity was calculated by using the equation (3) according to Bandara et al., 2014.
C = S/T	(3)

Where,
S = Mass of the linseed fed (kg)
T = Time taken for processing (h)

2.3.3. Energy consumption
E = P/O	(4)
Where,
E = Energy consumption (kW/kg)
P = Electrical power consumed (kW)
O = Crude oil recovered (kg)

2.4. Quality analysis of extracted oil
2.4.1. Peroxide value
The peroxide value was determined using the AOCS, 2003 method to quantify the concentration of substances capable of oxidizing potassium iodide (KI). The results were expressed in milliequivalents of peroxide per 1000 grams of oil (meq/kg oil), indicating the extent of primary lipid oxidation.
2.4.2. Acid value
The acid value was measured as the milligrams of potassium hydroxide (KOH) required to neutralize the free fatty acids present in one gram of oil (mg KOH/g oil), following the FSSAI, 2021 standard. It serves as an indicator of hydrolytic rancidity, as free fatty acids are released during triglyceride decomposition.
2.4.3. Free fatty acid value
The FFA content was calculated based on the acid value. The results were expressed as a percentage of oleic acid equivalent(% as oleic acid), following FSSAI, 2021 guidelines. using the equation:
Acid value (%)= 1.99 × FFA	(5)

2.4.4. Radical scavenging activity
The antioxidant activity of the oil was assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay, as described by Suri et al. (2021) and Cisneros et al., (2014). The absorbance of the reaction mixture was measured at 515 nm using a UV-Vis spectrophotometer, and the radical scavenging activity (RSA) was calculated accordingly.
2.4.5. Total phenolic content
The total phenolic content (TPC) of the oil was determined using the Folin-Ciocalteu reagent method. The concentration of phenolics was calculated from a gallic acid standard curve and expressed as mg gallic acid equivalents  per 1000 grams of oil (mg GAE/g), following the procedure outlined by Muangrat et al. (2018).
2.4.6. Refractive index
The refractive index of the oil was determined using a digital refractometer at room temperature. The prism surface was cleaned with a dry tissue before applying 1–2 drops of filtered oil. The lid was closed, and the measurement was recorded from the refractometer display.
2.4.7. Colour
The colour of the extracted linseed oil was analyzed using a digital colorimeter (Linshang LS172). A clear, filtered oil sample was placed in a petri dish, and the colorimeter sensor was positioned over the sample. The instrument was calibrated against a standard white reference before measurement.
2.4.8. Specific gravity
The specific gravity of the oil was measured using a pycnometer. The clean and dried pycnometer was filled completely with filtered oil, and the excess oil was removed from the stopper’s capillary pore. The weight of the pycnometer filled with oil was recorded using an analytical balance, and the same procedure was followed for water. The specific gravity was then calculated using the standard equation (6).
Specific Gravity = (A − B)/(C − B)	(6)

Where,
A = Weight of sample with specific gravity bottle (g)
B = Weight of specific gravity bottle (g)
C = Weight of specific gravity bottle with water

2.4.9. FTIR analysis of linseed oil
The functional groups present in the linseed oil sample were identified using FTIR spectroscopy. The analysis was carried out using a Brooker vertex 70 FTIR spectrometer. The spectrum was recorded in the range of 4000–5000 cm⁻¹ in % transmittance mode (Oyirinde and Bello,2016).
2.4.10. Cost analysis Fixed cost
a) Depreciation
Depreciation = (P − S )/(N × L)	(7)

Where,
P = Total investment cost,
S = Salvage value (10% of P) 
L = Life of machine
N = Working hours of machine
b) Annual interest @ 10% of investment
Interest = (S + P)/2 × R/100 × 1/N	(8)

c) Miscellaneous (housing and insurance) 1.5 % of total investment

Variable cost
a) Raw material cost (Rs/yr)
b) Packaging material (Rs/yr)
c) Electricity (Rs/yr)
d) Repair and Maintenance Cost @ 2 % Initial Cost for Agricultural machinery (ASEA Standard, 2001)
Initial cost x annual working hour
e) Labour charge @ Rs 300/ day/ labour
Cost of processing
Cost of processing = Fixed Cost + Variable cost
Break-even point
Break-even point (BEP) is the point at which total expenses and total revenues are equal. It was calculated by using following formula (Bochare et al., 2022)
Break Even Point = (Fixed Asset Cost )/(Market Cost − Variable Production Cost)	(9)

3. Result and discussion
3.1. Performance evaluation of kachi ghani
The performance of the Kachi ghanioil press was evaluated based on key parameters such as oil yield, oil recovery, processing capacity and energy consumption as given in Table 1. The oil yield obtained from linseed using the Kachi Ghani oil press was 24.10%, while the oil recovery was 63.43%. These values indicate the efficiency of the traditional pressing method in extracting oil from linseed. Although mechanical pressing methods generally yield less oil as compared to solvent extraction. The oil recovery percentage suggests that a significant portion of the oil present in the seeds was successfully extracted, though some oil remained in the cake. The processing capacity of the oil press was determined to be 2.5 kg/hr, reflecting the throughput efficiency of the system. Kachi Ghani is a traditional oil extraction method and have relatively low processing capacity compared to industrial expellers which highlights its suitability for small-scale oil production. The energy consumption for oil extraction was recorded as 1.40 kW/kg, indicating the power requirement for the mechanical pressing operation. The energy demand is influenced by factors such as seed moisture content, pressing temperature, and mechanical resistance of the seeds. 
3.2. Quality analysis
The quality of the extracted linseed oil was evaluated based on physicochemical properties, oxidative stability, and bioactive components, as mentioned in Table 2. The peroxide value of 1.17 meq/kg oil indicates good oxidative stability, suggesting minimal lipid oxidation and a longer shelf life. The acid value of 1.99 mg KOH/g oil and free fatty acid content of 1.00% are within acceptable limits for cold-pressed edible oils, ensuring good quality and stability. Lower acid values indicate minimal hydrolytic degradation, which helps to maintain oil purity. The radical scavenging activity of 33.06% and total phenolic content of 34.24 mg GAE/g suggest a significant presence of bioactive compounds, which contribute to the antioxidant properties of the oil, enhancing its nutritional and oxidative stability. These values indicate that cold-press extraction via Kachi ghaniretains beneficial phytochemicals, making the oil a good source of natural antioxidants. The refractive index of 1.47 confirms the purity and composition of the oil, while the specific gravity of 1.08 aligns with standard values, indicating its quality and authenticity. The color parameters (L: 9.65, a: -0.76, b: 14.42) suggest a light yellow to golden hue, which is typical for cold- pressed linseed oil. The minimal redness (a value) and higher yellowness (b value) indicate good retention of natural pigments and minimal thermal degradation.
The FTIR spectrum of the control linseed oil sample (Figure 1) reveals distinct absorption bands that confirm the presence of triglycerides and polyunsaturated fatty acids. Prominent peaks at 2923.22 cm⁻¹ and 2853.12 cm⁻¹ correspond to aliphatic C–H stretching, while a strong peak at 1742.82 cm⁻¹ is characteristic of ester C=O stretching, indicative of triglyceride structures. Additional peaks at 1461.47 cm⁻¹ and 1159.86 cm⁻¹ are attributed to C–H bending and C–O stretching vibrations, respectively. The absorption band at 720.09 cm⁻¹ suggests the presence of long-chain hydrocarbons. These spectral features confirm that the linseed oil is rich in triglycerides and contains significant amounts of polyunsaturated fatty acids such as α-linolenic, linoleic, and oleic acids. Overall, the spectrum supports the identification of linseed oil as a nutritionally valuable, triglyceride- rich vegetable oil with a high content of essential fatty acids.
3.3. Cost economics
The cost economic analysis of linseed oil processing was conducted to assess the operational feasibility and profitability of the unit. The total variable cost per year, as detailed in Table 3, was calculated to be 3,75,473.88 Rs. Additionally, the fixed cost incurred annually was 43,305.60 Rs, leading to a total annual cost of 4,31,468.00 Rs. From the total oil yield of 1127.88 kg/year, the processing cost was estimated to be 382.55 Rs/kg. Considering the market value, a net profit of 153.41 Rs/litre of oil was observed, highlighting the economic sustainability of the process (Table 4). Batch-wise analysis further supported the profitability of the operation. As presented in Table 5, the total revenue per batch from oil and cake was 789.95 Rs, while the raw material and variable costs per batch were 275.00 Rs and 414.70 Rs, respectively. The breakeven point was found to be 115.41 batches/year, which is achievable under standard operating conditions. The results shows that linseed oil processing is economically viable, with reasonable production costs, profitable margins, and manageable breakeven requirements. The utilization of oilseed cake as a by-product significantly contributes to additional revenue, further enhancing the economic potential of the enterprise.
4. Conclusion
The present study evaluated the performance, quality, and economic feasibility of linseed oil extraction using a traditional Kachi Ghani oil press. The oil yield of 24.10% and oil recovery of 63.43% demonstrate the efficiency of the cold-pressing technique, despite its lower throughput compared to industrial systems. The method proved suitable for small-scale operations, with a processing capacity of 2.5 kg/h and moderate energy consumption of 1.403 kW/kg. Quality analysis confirmed that the extracted linseed oil retained key physicochemical and nutritional attributes, with acceptable peroxide and acid values. The FTIR spectral analysis confirmed the presence of triglycerides and polyunsaturated fatty acids, reinforcing the nutritional value and authenticity of the cold-pressed oil. Economic evaluation revealed that linseed oil processing under the studied conditions is financially viable, with a processing cost of 382.55 Rs/kg and a net profit of 153.41 Rs/litre. The study demonstrates that the traditional Kachi Ghani oil press is a practical, cost-effective, and nutritionally advantageous method for small-scale linseed oil extraction, making it a suitable choice for small-scale and rural oil processing units.
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Table 1 Performance evaluation of Kachi ghanioil press unit
	Parameter
	Values (mean)

	Oil Yield (%)
	24.10

	Oil Recovery (%)
	63.43

	Capacity (kg/hr)
	2.5

	Energy Consumption (kW/kg)
	1.40



Table 2 Quality evaluation of extracted oil
	Quality Parameter
	Values

	Peroxide Value (meq/kg oil)
	1.17

	Acid Value (mg KOH/g oil)
	1.99

	Free Fatty Acid (%)
	1.00

	Radical Scavenging Activity (%)
	33.06

	Total Phenolic Content (mg GAE/g)
	34.24

	Refractive Index
	1.47

	
Color
	L
	9.65

	
	a
	- 0.76

	
	b
	14.42

	Specific Gravity
	1.08



Table 3 Total variable cost
	
Particulars
	Quantity of material required 
(for 1 year)
	Rate of the material required
	
Expenditure

	a)	Raw material cost (Rs/yr)
	4680 kg
	55 Rs/kg
	257400.00

	b)	Packaging material (Rs/yr)
	1473.17 unit
	4 Rs/unit
	5892.68

	c)	Electricity (Rs/yr)
	1872 unit
	6.5 Rs/ unit
	12168.00

	d)	Labour cost (Rs/yr)
	312 days
	300 Rs/labour
	93600.00

	e)	Repair and maintenance cost (2%)
	
	
	6413.20

	Total variable cost per year
	375473.88



Table 4 Total fixed cost
	Total fixed cost

	a)	Toal investment cost
	2,70,660.00

	b)	Depreciation (10%)
	24,359.40

	c)	Annual interest (10%)
	14,886.30

	d)	Miscellaneous (1.5%)
	4,059.90

	Total fixed cost per year
	4,3305.60

	Total cost, Rs/yr (Total fixed+Total variable)
	4,31,468

	Total extracted oil, kg/year
	1127.88

	Oil processing cost, Rs/kg (Production Cost)
	382.55

	Net Profit, Rs/Litre (Market cost-Production cost)
	153.41
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Table 5 Selling cost of outcomes and Break-even point
	Particulars
	Value (Rs)

	Selling cost of oil per batch
	665.00

	Selling cost of cake per batch
	124.95

	Selling cost of oil and cake
	789.95

	Cost of Raw material pe batch
	275.00

	Variable cost Rs pe batch
	414.70

	Breakeven point (no. of Batch per year)
	115.41



[image: ]
Figure 1 FTIR spectroscopy of Linseed oil sample
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