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Effect of Selected Vegetable Oils on Physico-chemical Characteristics of Cow Ghee



ABSTRACT
	Effects of vegetable oils viz. palmolein, cotton seed oil and soyabean oil were evaluated on physico-chemical characteristics of cow ghee. This helps identify detectable adulteration levels useful for quality control and authentication of cow ghee, enabling detection of vegetable oils such as palmolein, cotton seed oil and soyabean oil. Cow ghee samples were added with these vegetable oils individually at various levels, i.e. 5, 10, 20, 30 and 50 per cent. Moisture, butyro-refractometer reading, refractive index, Reichert-Meissl value, Polenske value, free fatty acids, iodine value and saponification value of these samples were analysed. Butyro-refractometer reading, refractive index, Reichert-Meissl value, iodine value and saponification value differed significantly with increasing level of adulteration, particularly from 10 to 20 per cent and above, depending on the type of oil. Moisture content, Polenske value and free fatty acids demonstrated no significant change with increasing level of adulteration. Addition of vegetable oils in cow ghee can be detected by knowing the corresponding changes occurring in some of the physico-chemical characteristics of ghee samples such as Reicher-Meissl value, Butyro-refractometer reading and Iodine value.
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1. INTRODUCTION
Ghee is defined as the pure clarified fat derived solely from milk or curd or from desi (cooking) butter or from cream to which no colouring matter or preservative has been added (FSSR, 2011). Ghee has been an integral part of Indian cuisine and culture for thousands of years. Due to its nutritional, sensory qualities and economic values, it is among the most expensive and acceptable type of fat in the Indian subcontinent. In addition to its rich and pleasing sensory characteristics, ghee serves as an important carrier of four fat-soluble vitamins A, D, E and K, as well as essential fatty acids like arachidonic acid and linoleic acid (Hazra et al., 2017). Unlike other oils, ghee only contains butyric acid, a short-chain fatty acid that gives it a unique flavour and facilitates easier digestion (Kumar et al., 2015). As per Ayurvedic texts, ghee is beneficial for intelligence, memory, digestion, longevity, improving vision and complexion, detoxification, anti-inflammatory, cooling and malnourishment (Kodituwakku, 2017). Ghee production is experiencing notable growth globally, driven by increasing consumer demand and the expansion of key market players. Approximately 27.5 per cent of total milk produced in India is utilised for production of ghee (Atbhaiya et al., 2022). The size of Indian ghee market reached INR 3,482.0 billion in 2024. Looking forward, market is expected to reach INR 7,179.0 billion by the year 2033, exhibiting a compound annual growth rate (CAGR) of 8.4 per cent during 2025-2033 (IMARC, 2024). Demand of ghee is rising steadily but due to limited supply, particularly during lean season, the producers or the middle-men involved in the ghee trade, often adulterate ghee with cheaper oils and fats like vegetable oils, animal body fats, hydrogenated fats and occasionally even the non-edible mineral oils. The most common types of adulteration usually reported in ghee are vegetable oils (such as palmolein, cotton seed oil, soyabean oil etc), hydrogenated of vegetable oils and animal body fats. Because of their comparable physical characteristics and texture profile to ghee, oils and fats cannot be visually identified when added to ghee (Pathania et al., 2020). Such malpractices in the trade of ghee are prevailing and ultimately affect the quality of the ghee. To ensure authentic product to the consumer, the Government of India has established compositional standards for ghee, under FSSR and AGMARK rules. Reichert-Meissl (RM) value, butyro-refractometer (BR) reading, refractive index (RI), iodine value (IV) and saponification value (SV) are some of the physico-chemical characteristics that are employed to check the purity of ghee. Research related to physico-chemical characteristics of cow ghee adulterated with selected vegetable oils such as palmolein, cotton seed oil and soyabean oil is relatively scarce. Therefore, this study describes the effect of adulteration with selected vegetable oils on the physico-chemical characteristics of cow ghee at various levels of 5, 10, 20, 30 and 50 per cent.
2. MATERIALS AND METHODS
2.1 Preparation of Adulterated Cow Ghee Samples
All the samples were prepared and provided to us by IndiFOSS Analytical Pvt. Ltd., Ahmedabad. Samples of ghee were prepared by direct cream method as described by De (2004). For the preparation of spiked (adulterated) ghee samples, fresh refined palmolein, cotton seed oil and soyabean oil were collected from market. Ghee was first melted at 40 – 50 ℃, after which each oil was used to adulterate ghee at levels of 5, 10, 20, 30 and 50 per cent (w/w) by adding 5 g, 10 g, 20 g, 30 g and 50 g of the selected oil, respectively, and adjusting the remaining weight with pure cow ghee to maintain a total sample weight of 100 g. After adding the oils, the contents were stirred thoroughly using a glass rod or magnetic stirrer to ensure homogeneity. A total of ninety adulterated samples were prepared, with each oil having thirty samples.
2.2 Physico-chemical Characteristics
Physico-chemical characteristics such as moisture content, butyro-refractometer (BR) reading/refractive index (RI), Reichert-Meissl (RM) value, Polenske value (PV), free fatty acids (FFA), iodine value (IV), saponification value (SV) were analysed for all samples as per FSSAI (2022) methods. 
3. RESULTS AND DISUCSSION
3.1 Pure Cow Ghee and Selected Vegetable Oils
The physico-chemical characteristics of pure cow ghee, palmolein, cotton seed oil and soyabean oil is shown in the Table 1. 
Table 1. Physicochemical characteristics of cow ghee and selected vegetable oils
	Sample
	M%
	BR
	RI
	RM
	PV
	FFA
	IV
	SV

	Cow ghee
	0.13
	41.45 
	1.4534 
	27.35
	1.47
	0.33
	31.44 
	233.92

	Palmolein
	0.04
	48.60
	1.4584
	0.46
	0.75
	0.03  
	61.76
	189.43

	Cotton seed oil
	0.03
	57.55 
	1.4643
	0.57
	0.80
	0.29
	105.40
	186.47

	Soyabean oil
	0.07
	60.85 
	1.4665
	0.71
	1.30
	0.34
	128.14
	182.37


M%: Moisture; BR: Butyro-refractometer reading; RI: Refractive index; RM: Reichert-Meissl value; PV: Polenske value; FFA: Free Fatty Acids; IV: Iodine value; SV: Saponification value
The moisture content of pure cow ghee, palmolein, cotton seed oil and soyabean oil was 0.13, 0.04, 0.03 and 0.07 per cent, respectively. The butyro-refractometer readings at 40℃ of pure cow ghee, palmolein, cotton seed oil and soyabean oil were 41.45, 48.60, 57.55 and 60.85, respectively. Their corresponding refractive index (at 40℃) values were 1.4534, 1.4584, 1.4643 and 1.4665. Reichert-Meissl values of cow ghee, palmolein, cotton seed oil and soyabean oil was 27.35, 0.46, 0.57 and 0.71, respectively. The Polenske values of pure cow ghee, palmolein, cotton seed oil and soyabean oil was 1.47, 0.75, 0.80 and 1.30, respectively. Free fatty acid content of pure cow ghee, palmolein, cotton seed oil and soyabean oil was reported to be 0.33, 0.03, 0.29 and 0.34, respectively. The iodine values for pure cow ghee, palmolein, cotton seed oil and soyabean oil was 31.44, 61.76, 105.40 and 128.14, respectively. Pure cow ghee, palmolein, cotton seed oil and soyabean oil had saponification values of 233.92, 189.43, 186.47 and 182.37, respectively. Moisture content was found to be higher in cow ghee in comparison to that of oils. The low Reichert-Meissl values in oils are associated with absence of short chain fatty acids in vegetable oils. The lower Polenske values in vegetable oils may be attributed to lack of caprylic acid and capric acids, which are the major contributors to the Polenske value. The variation in free fatty acid content may be attributed to differences in processing and storage conditions. Among all the samples soyabean oil had highest iodine values due to higher level of unsaturation in comparison to cow ghee and other vegetable oils. Higher saponification values of cow ghee might be associated with its greater proportion of short chain fatty acids. The values of physico-chemical characteristics were in close agreement with the reported values by earlier researchers (Zachariah, 2005; Kumar, 2008; Joshi, 2015; Joshi, 2019; Kauser et al., 2022).
3.2 Cow Ghee added with Palmolein
The physico-chemical characteristics of cow ghee added with different levels of palmolein is shown in the Table 2.
Table 2. Physicochemical characteristics of cow ghee added with palmolein
	Level (%)
	M%
	BR
	RI
	RM
	PV
	FFA
	IV
	SV

	Control
	0.13
	41.45a
	1.4534a
	27.35a
	1.47
	0.33
	31.44a
	233.92

	5
	0.13
	41.70a
	1.4536a
	26.32ab
	1.11
	0.33
	32.45a
	216.64

	10
	0.12
	41.97a
	1.4538a
	24.71b
	1.45
	0.34
	34.37ab
	218.69

	20
	0.12
	42.80b
	1.4543b
	22.42c
	1.32
	0.32
	36.76bc
	215.30

	30
	0.12
	43.50b
	1.4548b
	20.72c
	1.27
	0.27
	38.88c
	210.20

	50
	0.11
	44.95c
	1.4558c
	14.28d
	1.23
	0.29
	45.14d
	206.69


M%: Moisture; BR: Butyro-refractometer reading; RI: Refractive index; RM: Reichert-Meissl value; PV: Polenske value; FFA: Free Fatty Acids; IV: Iodine value; SV: Saponification value
The moisture content of cow ghee adulterated with 5, 10, 20, 30 and 50 per cent palmolein was reported as 0.13, 0.12, 0.12, 0.12 and 0.11 per cent, respectively. There was no statistically significant difference found (P > 0.05) among the samples. Kauser et al. (2023) reported that the moisture content of pure ghee was 0.16 per cent, and it increased to 0.17, 0.18 and 0.19 per cent when adulterated with 5, 10 and 20 per cent palm oil. The difference between the results obtained by Kauser et al. (2023) and ours might be because of the difference in initial moisture content of pure palmolein that was 0.04 per cent (Table 1). Since, moisture content remained fairly constant at all levels of adulteration, it cannot be considered a reliable parameter for detecting palmolein adulteration in cow ghee.
Cow ghee adulterated with 5, 10, 20, 30 and 50 per cent palmolein demonstrated butyro-refractometer readings of 41.70, 41.97, 42.80, 43.50 and 44.95, respectively. Gandhi and Lal (2017) reported butyro-refractometer reading of 41.57 for control which got increased to 42.07, 42.73 and 42.95 when adulterated with 5, 10 and 15 per cent palmolein, respectively, which aligns well with our findings. A significant change in butyro-refractometer reading was noted when palmolein was incorporated at levels of 20 per cent or higher in cow ghee. Zachariah (2005), Joshi (2019) and Kauser et al. (2022) reported that palm oil adulteration in ghee remains undetectable at 20 per cent adulteration levels. Gandhi and Lal (2017) reported that butyro-refractometer value of cow ghee added with palmolein could not be detected even at 15 per cent level of adulteration. In contrast, the present study demonstrates that palmolein adulteration in cow ghee can be reliably detected when the adulteration level reaches 20 per cent or higher.
Cow ghee adulterated with 5, 10, 20, 30 and 50 per cent palmolein showed corresponding refractive index values of 1.4536, 1.4538, 1.4543, 1.4548 and 1.4558, respectively. El – Nabawy et al. (2023) further confirmed these patterns, reporting milk fat refractive index as 1.4538, rising to 1.4540, 1.4542, 1.4546 and 1.4570 with increasing adulteration of 5, 10, 20 and 50 per percent palm oil addition, confirming similar trend observed in present study. A noticeable variation in refractive index was observed when palmolein was added at the rate of 20 per cent or more to cow ghee. Hence, refractive index measurement can be used to detect the presence of palmolein in cow ghee at a minimum level of 20 per cent.
The Reichert-Meissl values for cow ghee adulterated with palmolein at 5, 10, 20, 30 and 50 per cent levels were 26.32, 24.71, 22.42, 20.72 and 14.28, respectively. Gandhi et al. (2014) investigated the effect of palmolein adulteration in cow ghee and reported the Reichert-Meissl value of pure cow ghee to be 29.50, while the values at 5, 10 and 15 per cent levels of adulteration were 28.88, 26.68 and 25.19, respectively, which follow the declining trend observed in the present study. A significant difference was observed in Reichert-Meissl value when palmolein was added at the rate of 10 per cent or more in the cow ghee. Gandhi et al. (2014) also reported that palmolein adulteration in cow ghee with the help of Reichert-Meissl value can be easily detected at all levels except 5 per cent. Supporting this, the present study demonstrates that adulteration with vegetable oil such as palmolein in cow ghee is detectable at 10 per cent and above using the Reichert-Meissl value.
Cow ghee adulterated with 5, 10, 20, 30 and 50 per cent levels of palmolein showed Polenske values of 1.11, 1.45, 1.32, 1.27 and 1.23, respectively. No statistically significant variation (P > 0.05) was observed among Polenske values of cow ghee samples adulterated with varying concentrations of palmolein. Several studies have indicated the limitations of using the Polenske value to identify adulteration in ghee. Bhore (2012) found that Polenske value was ineffective in detecting body fat adulteration in ghee at any concentration, while Rakesh (2016) reported similar results, noting its inability to detect adulteration levels up to 20 per cent. The findings of the present study align with these earlier reports, as Polenske value proved ineffective in detecting adulteration of palmolein in cow ghee. This is further supported by previous research from Singhal (1980), Sharma (1992), Zachariah et al. (2010) and Patel (2011), all whom found Polenske value to be an unreliable parameter for assessing ghee adulteration. Based on our results and literature, it can be observed that Polenske value is not a reliable indicator for detecting low levels of palmolein adulteration in cow ghee.
Cow ghee samples adulterated with 5, 10, 20, 30 and 50 per cent palmolein showed free fatty acid content of 0.33, 0.34, 0.32, 0.27 and 0.29, respectively. No statistically significant difference (P > 0.05) was found in free fatty acid content among all samples. Studies on the effect of palmolein adulteration on free fatty acid content of cow ghee is relatively limited. Kauser et al. (2023) reported the free fatty acid content of 0.32, 0.68, 1.00 and 1.70 for control, 5, 10 and 20 per cent level of palm oil adulteration, respectively. Thus, determination of free fatty acid content cannot be relied upon to detect palmolein adulteration in cow ghee.
Cow ghee adulterated with palmolein at concentrations of 5, 10, 20, 30 and 50 per cent, demonstrated iodine values of 32.45, 34.37, 36.76, 38.88 and 45.14, respectively. Gandhi et al. (2015) reported iodine value of pure cow ghee to be 38.69 which got increased to 39.90, 41.11 and 42.31 when adulterated with palmolein at 5, 10 and 15 per cent levels, respectively, which follows the increasing trend found in current study. A significant variation in iodine values was observed when palmolein was incorporated at levels of 20 per cent or above in cow ghee. Gandhi et al. (2015) also reported that iodine value is a reliable indicator for detecting palmolein adulteration in ghee at the 15 per cent level. However, the findings of the present study indicate that palmolein adulteration in cow ghee can be effectively detected at 20 per cent using iodine value as a parameter.
The saponification values of cow ghee adulterated with 5, 10, 20, 30 and 50 per cent palmolein were 216.64, 218.69, 215.30, 210.20 and 206.69, respectively. No statistically significant variations (P > 0.05) were observed in saponification values among ghee samples adulterated with varying concentrations of palmolein. Although a slight decline in saponification value was observed with increasing palmolein addition, a clear and consistent decreasing trend became apparent only when adulteration exceeded 10 per cent. Thus, saponification value can serve as a useful indicator for detecting palmolein adulteration only when the adulteration level exceeds 10 per cent. 
3.3 Cow Ghee added with Cotton Seed Oil
The physico-chemical characteristics of cow ghee added with different levels of cotton seed oil is shown in the Table 3.
Table 3. Physicochemical characteristics of cow ghee added with cotton seed oil
	Level (%)
	M%
	BR
	RI
	RM
	PV
	FFA
	IV
	SV

	Control
	0.13
	41.45a
	1.4534a
	27.35a
	1.47
	0.33
	31.44a
	233.92a

	5
	0.11
	42.03a
	1.4538a
	26.08ab
	1.10
	0.31
	35.46ab
	217.93ab

	10
	0.09
	43.07b
	1.4545b
	24.40b
	1.30
	0.32
	39.34b
	210.57bc

	20
	0.11
	44.37c
	1.4555c
	21.52c
	1.22
	0.33
	45.73c
	203.33bc

	30
	0.11
	46.05d
	1.4566d
	19.19d
	1.03
	0.25
	54.15d
	196.07bc

	50
	0.09
	49.22e
	1.4587e
	14.56e
	0.95
	0.22
	68.40e
	190.49c


M%: Moisture; BR: Butyro-refractometer reading; RI: Refractive index; RM: Reichert-Meissl value; PV: Polenske value; FFA: Free Fatty Acids; IV: Iodine value; SV: Saponification value
Cow ghee samples adulterated with cotton seed oil at 5, 10, 20, 30 and 50 per cent levels had moisture contents of 0.11, 0.09, 0.11, 0.11 and 0.09 per cent, respectively. No statistically significant differences (P > 0.05) were found among the ghee samples. Patel (2011) examined the impact of pig body fat on moisture content of cow ghee and found that it decreased from 0.0663 (pure) to 0.0705 and 0.0691 with 2 and 5 per cent levels of adulteration, respectively. The difference in the results might be attributed to the initial moisture content of cow ghee (0.13%) and cotton seed oil (0.03%) (Table 1). The moisture content across all levels remained almost similar, thus moisture content cannot be relied upon to detect cotton seed oil adulteration in cow ghee.
Cow ghee samples adulterated with cotton seed oil at 5, 10, 20, 30 and 50 per cent levels had corresponding butyro-refractometer readings of 42.03, 43.07, 44.37, 46.05 and 49.22, respectively. The findings of Atbhaiya et al. (2022) aligns well with our observations, the researcher reported butyro-refractometer reading of control ghee at 40.53, which progressively increased to 40.32, 41.77 and 42.45 at 1, 5 and 10 per cent adulteration levels of cotton seed oil. A significant change in butyro-refractometer reading was observed when cotton seed oil was incorporated at 10 per cent or higher levels in cow ghee. Sharma and Singhal (1995) reported that 10 percent adulteration of body fats in ghee could be detected using the butyro-refractometer reading as an indicator. Similarly, the present study found that butyro-refractometer reading can also be a useful parameter for detecting cotton seed oil adulteration in cow ghee when the adulteration level is 10 per cent or more.
The refractive index of cow ghee samples adulterated with 5, 10, 20, 30 and 50 per cent cotton seed oil were 1.4538, 1.4545, 1.4555, 1.4566 and 1.4587, respectively. Joshi (2019) investigated the effect of cotton seed oil adulteration in ghee and reported refractive index of control to be 1.4545 while the values at 5, 10, 15 and 20 per cent levels of adulteration were 1.4549, 1.4554, 1.4560 and 1.4568, respectively. A notable variation in refractive index was found when cotton seed oil was added at concentrations of 10 per cent or more to cow ghee. Thus, refractive index measurement can serve as an effective parameter for detecting cotton seed oil adulteration at a minimum level of 10 per cent in cow ghee.
Cow ghee samples adulterated with 5, 10, 20, 30 and 50 per cent cotton seed oil showed Reichert-Meissl values of 26.08, 24.40, 21.52, 19.19 and 14.56, respectively. Atbhaiya et al. (2022) confirmed this trend, reporting control ghee having 29.90 Reichert-Meissl value, decreasing to 29.81, 26.95 and 25.41 at 1, 5 and 10 per cent levels of cotton seed oil adulteration. A marked difference in Reichert-Meissl value was detected when cotton seed oil was added at levels of 10 per cent or more to cow ghee. Shinde et al. (2020) and Atbhaiya et al. (2022) reported that Reichert-Meissl value can serve as an indicator for detecting cotton seed oil adulteration in ghee only above the 10 per cent level. However, the present study found that Reichert-Meissl value can be effectively used to detect adulteration of cotton seed oil at or beyond the 10 per cent level in cow ghee.
The Polenske values of cow ghee adulterated with 5, 10, 20, 30 and 50 per cent cotton seed oil were 1.10, 1.30, 1.22, 1.03 and 0.95. There was no statistically significant (P > 0.05) variation in the Polenske values of ghee samples adulterated with varying levels of cotton seed oil. Earlier work by Bhore (2012) revealed that Polenske value failed to identify adulteration with animal fats, while Rakesh (2016) further confirmed its unreliability, showing no detection even at 20 per cent adulteration levels. In the current investigation, similar limitations were observed when cotton seed oil was used as an adulterant. Thus, these findings reinforce that the Polenske value lacks sensitivity for detecting adulteration of cotton seed oil in cow ghee.
The free fatty acid content of cow ghee adulterated with 5, 10, 20, 30 and 50 per cent cotton seed oil were 0.31, 0.32, 0.33, 0.25 and 0.22, respectively. There was no statistically significant difference (P > 0.05) in free fatty acid content among the ghee samples. Research on the influence of cotton seed oil adulteration on the free fatty acid content of cow ghee is relatively scarce. Free fatty acid content remained almost similar at all levels of adulteration, thus free fatty acid content cannot be relied upon for cotton seed oil adulteration in cow ghee.
The iodine values of cow ghee adulterated with 5, 10, 20, 30 and 50 per cent cotton seed oil were 35.46, 39.34, 45.73, 54.15 and 68.40, respectively. Findings of Atbhaiya et al. (2022) supports these observations, reporting iodine value of control ghee to be 34.40, with values of 33.37, 37.34 and 39.85 at 1, 5 and 10 per cent adulteration levels, respectively. A significant change in iodine value was observed when cotton seed oil was incorporated at levels of 10 per cent or higher in cow ghee. Joshi (2019) stated that iodine value is not a precise tool for detecting adulteration of ghee with vegetable oils. However, in the present study, iodine value was found to be a useful parameter for identifying cotton seed oil adulteration in cow ghee when the adulteration level reached 10 per cent or higher.
Cow ghee adulterated with 5, 10, 20, 30 and 50 per cent cotton seed oil had saponification values of 217.93, 210.57, 203.33, 196.07 and 190.49, respectively. Limited research is available on how cotton seed oil adulteration influences the saponification value of cow ghee. A noticeable difference in saponification value was observed when cotton seed oil adulteration reached 10 per cent or higher. Thus, saponification value can be a useful parameter for identifying cotton seed oil adulteration at a minimum level of 10 per cent in cow ghee.
3.4 Cow Ghee added with Soyabean oil
The physico-chemical characteristics of cow ghee added with different levels of soyabean oil is shown in the Table 4.
Table 4. Physicochemical characteristics of cow ghee added with soyabean oil
	Level (%)
	M%
	BR
	RI
	RM
	PV
	FFA
	IV
	SV

	Control
	0.13
	41.45a
	1.4534a
	27.35a
	1.47
	0.33
	31.44a
	233.92a

	5
	0.11
	42.40ab
	1.4541ab
	26.14ab
	1.03
	0.27
	35.40a
	221.11ab

	10
	0.11
	43.35b
	1.4547b
	25.17bc
	1.05
	0.27
	41.41b
	199.35bc

	20
	0.11
	45.30c
	1.4560c
	23.02cd
	1.23
	0.26
	49.23c
	195.93bc

	30
	0.13
	47.01d
	1.4572d
	20.94d
	1.01
	0.30
	60.24d
	197.49bc

	50
	0.10
	50.73e
	1.4598e
	14.28e
	0.95
	0.19
	80.28e
	188.61c


M%: Moisture; BR: Butyro-refractometer reading; RI: Refractive index; RM: Reichert-Meissl value; PV: Polenske value; FFA: Free Fatty Acids; IV: Iodine value; SV: Saponification value
Cow ghee adulterated with 5, 10, 20, 30 and 50 per cent soyabean oil exhibited moisture contents of 0.11, 0.11, 0.11, 0.13 and 0.10 per cent, respectively. There was no statistically significant difference (P > 0.05) in the moisture content among cow ghee samples adulterated with varying levels of soyabean oil. Research on the effect of soyabean oil adulteration on the moisture content of cow ghee is limited. Although minor variations were observed, no clear increasing or decreasing trend was evident with higher levels of soyabean oil adulteration. Thus, moisture content cannot be considered a reliable parameter for detecting soyabean oil adulteration in cow ghee.
Cow ghee adulterated with 5, 10, 20, 30 and 50 per cent soyabean oil showed butyro-refractometer readings of 42.40, 43.35, 45.30, 47.01 and 50.73, respectively. Shinde et al. (2020) reported the butyro-refractometer reading of pure cow ghee to be 41.77, with values increasing to 41.87, 42.10, 42.57 and 43.60 upon adulteration with soyabean oil at levels of 1, 2.5, 5 and 10 per cent, respectively. The values obtained in the present study aligns well with the previous findings. A significant change in butyro-refractometer reading was noted when soyabean oil was added at 10 per cent or more to cow ghee. Thus, butyro-refractometer measurement can effectively detect soyabean oil adulteration in cow ghee at a minimum concentration of 10 per cent.  
The refractive index values of cow ghee adulterated with 5, 10, 20, 30 and 50 per cent soyabean oil were 1.4541, 1.4547, 1.4560, 1.4572 and 1.4598, respectively. Joshi (2019) evaluated the impact of corn oil adulteration in ghee and reported a control refractive index of 1.4545, which increased to 1.4553, 1.4563, 1.4567 and 1.4574 at 5, 10, 15 and 20 per cent levels, respectively – closely matching the upward trend seen in our work. Corn oil exhibit unsaturation levels similar to soyabean oil, so the results are comparable in case of refractive index. A noticeable shift in refractive index was observed in our study when soyabean oil was added into cow ghee at 10 per cent or higher. Therefore, measuring refractive index can reliable in identifying soyabean oil adulteration in cow ghee at concentrations of 10 per cent or above.
The Reichert-Meissl values of cow ghee adulterated with 5, 10, 20, 30 and 50 per cent soyabean oil were 26.14, 25.17, 23.02, 20.94 and 14.28, respectively. Shinde et al. (2020) reported the Reichert-Meissl value of pure cow ghee to be 28.89, with values decreasing to 28.47, 27.86, 27.14 and 26.26 upon adulteration with soyabean oil at levels of 1, 2.5, 5 and 10 per cent, respectively, closely following the trend observed in the present study. A pronounced change in Reichert-Meissl value was observed when soyabean oil was incorporated at 10 per cent or higher in cow ghee. Several researchers have reported that the adulteration of ghee with animal body fats (Singhal et al., 1973; 1980; Sharma, 1992) and vegetable oils (Zachariah et al., 2010) at 20 per cent level may remain undetectable. Kumar (2008) observed that adulteration at 15 per cent level with animal body fats and vegetable oils can be detected using Reichert-Meissl value as an indicator, whereas the present study revealed that adulteration at 10 per cent level with vegetable oil such as soyabean oil is detectable using Reichert-Meissl value as a base.
The Polenske values of cow ghee adulterated with 5, 10, 20, 30 and 50 per cent soyabean oil were 1.03, 1.05, 1.23, 1.01, 0.95, respectively. No statistically significant (P > 0.05) difference was found among the Polenske values of the ghee samples adulterated with different levels of soyabean oil. Research has consistently shown that the Polenske value is an unreliable marker for ghee adulteration. Earlier work by Sharma (1992) and Patel (2011) further supports this observation, highlighting Polenske value’s limitations in authenticity testing for ghee. Thus, the findings indicate that Polenske value lacks the precision needed to detect minor adulteration with soyabean oil in cow ghee.
The free fatty acid content of cow ghee adulterated with 5, 10, 20, 30 and 50 per cent soyabean oil were 0.27, 0.27, 0.26, 0.30 and 0.19 per cent, respectively. There was no statistically significant difference (P > 0.05) in free fatty acid content among the ghee samples. The research on impact of soyabean oil adulteration on free fatty acid content of cow ghee is scarce. There was no increasing or decreasing trend was observed, thus free fatty acids (FFA) is not a reliable parameter to detect soyabean oil adulteration in cow ghee.
Cow ghee adulterated with 5, 10, 20, 30 and 50 per cent soyabean oil showed iodine values of 35.40, 41.41, 49.23, 60.24 and 80.28, respectively. Kumar (2008) investigated the effect of soyabean oil adulteration in cow ghee and reported iodine value of pure cow ghee to be 36.61, while the iodine values at 5, 10 and 15 per cent levels of adulteration were 40.24, 43.33 and 46.89, respectively, which follow the increasing trend observed in the present study. The iodine value showed a significant change in the present study when soyabean oil was mixed into cow ghee at 10 per cent or more. Kumar (2013) reported that adulteration of ghee with soyabean oil becomes detectable only above the 5 per cent level. Similarly, in the present study, it was observed that iodine value can serve as a useful indicator for detecting soyabean oil adulteration in cow ghee at or beyond the 10 per cent level.
Cow ghee samples adulterated with 5, 10, 20, 30 and 50 per cent soyabean oil had saponification values of 221.11, 199.35, 195.93, 197.49 and 188.61, respectively. While a minor reduction in saponification value was noted with increasing soyabean oil content, a distinct and steady downward trend only emerged when adulteration surpassed 30 per cent. This aligns with the findings of Hamed et al. (2019), who concluded that saponification numbers are ineffective in detecting vegetable oil adulteration in buffalo butter when added level is below 25 per cent. Thus, saponification value can be a reliable marker for detecting soyabean oil adulteration only when the adulteration level exceeds 30 per cent.
4. CONCLUSION
The study on physico-chemical analyses revealed that cow ghee samples adulterated with palmolein from 20 per cent and above showed significant increase in butyro-refractometer reading, refractive index and iodine value while Reichert-Meissl value showed a significant decrease from 10 per cent onward. Cow ghee samples adulterated with cotton seed oil and soyabean oil at 10 per cent and above showed significant changes in butyro-refractometer reading, refractive index, Reichert-Meissl value, iodine value and saponification value. These characteristics proved useful for detecting adulteration of palmolein, cotton seed oil and soyabean oil at specific levels. Moisture content, free fatty acid content and Polenske values remained statistically non-significant for all vegetable oils. However, saponification value was non-significant for palmolein added cow ghee. Therefore, these characteristics are not reliable for detecting adulteration of palmolein, cotton seed oil and soyabean oil in cow ghee. These findings imply that the significantly changed physico-chemical characteristics can be used as markers for detecting adulteration of cow ghee with palmolein, cotton seed oil and soyabean oil, with RM value serving as a potential marker for adulteration at levels as low as 10%.  
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