


Quality Assessment of Ghee Residue Procured from Kolhapur Region 
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Ghee residue (GR), is a nutrient rich dairy by-product, produced during the ghee manufacturing process. Fresh GR samples (coded as GR1 to GR5) were procured from local dairies in the Kolhapur region and analysed for sensory qualities, proximate composition and their instrumental Hunter colour values. Significant variations (P<0.05) in various quality attributes were observed among the samples. The sample GR1 consistently recorded superior sensory scores and the highest protein, lactose, and ash contents, while sample GR4 and sample GR2 contained the highest fat and moisture, respectively. Instrumental colour analysis revealed that sample GR2 had the highest L*, a* and b* values. The variations in various quality attributes in GR samples it might be due the raw material used, the method followed, and the temperature and duration of heating during ghee preparation. Overall, the sample GR1 exhibited the most desirable quality attributes, indicating its potential suitability for the preparation of value-added dairy products.
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Introduction
Ghee residue (GR) is a dark-brown coloured dairy by-product, primarily comprising of solid not fat (SNF) along with entrapped fat, produced during the manufacture of ghee (Wani et al. 2022). GR is considered as a good source of essential nutrients. It primarily consists of fat, protein, lactose and minerals, and is particularly rich in calcium and phosphorus (Saji et al. 2023). In addition, it contains several flavouring compounds such as carbonyl, lactones and free fatty acids, which contribute to its characteristic’s aroma and taste (Kumbhare et al. 2021). Phospholipids in GR exhibit their antioxidant properties (Pandhare, 2023). 
The current milk production of India is 239.3 million tonnes (NDDB, 2025). About 33 % of the annual milk production in India is used for the production of ghee, and the yield of GR is about 10 % of the total ghee produced (Vashisht and Meena, 2018). Although, the GR has been utilized in various food and non-food applications, a lack of awareness regarding its quality attributes has resulted in inadequate utilization, and the majority of GR obtained is considered as waste (Sojan et al. 2021). Considering the nutritional importance of GR and its potential applications, the present investigation was undertaken.
Methodology
Fresh GR samples were procured from five different local dairies in the Kolhapur region. The samples were coded as GR1, GR2, GR3, GR4, and GR5 for identification and shown in Fig.1. Each sample was collected in clean, sterilized PET jars to ensure hygienic handling and prevent contamination during transportation.
The sensory evaluation of GR samples was carried out for colour and appearance, body and texture, taste, and overall acceptability, following standard sensory assessment procedure. The chemical composition of the samples was determined for moisture, fat, protein, lactose, and ash contents using standard analytical methods. In addition, the colour attributes of GR were measured using a ColorFlex Colorimeter (HunterLab, USA) based on the CIE Lab system, which records L* (lightness), a* (red-green), and b* (yellow-blue) values.
Sensory Evaluation of Ghee Residue
The sensory evaluation of GR samples carried out as per 9-point Hedonic scale proposed by Amerine et al. (1965). 
Proximate Composition of Ghee Residue
The moisture, fat, protein, and ash contents of GR were analysed using the methods described in AOAC (2005), while the lactose content was determined according to the Lane-Eynon method as per SP 18 (Part XI, 1981). 
Instrumental Hunter Colour Analysis of Ghee Residue
Colour analysis were carried out using ColorFlex (M/s Hunter Associates Laboratory, Inc., Reston VA, US. 
Statistical Analysis
The data obtained of various quality attributes of GR samples were analysed using Completely Randomized Design (CRD) and wherever required, using Microsoft Excel (Microsoft office 2024). 
Results and Discussion
Sensory Evaluation of Ghee Residue Samples
The sensory quality of GR samples (coded as GR1, GR2, GR3, GR4, and GR5), procured from local dairies of Kolhapur region, were evaluated for colour and appearance, body and texture, taste, and overall acceptability. The scores were expressed as mean ± standard error (SE), and differences among the samples were tested for significance using the critical difference (CD) at (P<0.05). The detailed results are presented in Table 1 and shown in Fig. 2.
Colour and Appearance
The colour and appearance of GR significantly (P<0.05) influenced the sensory quality of samples. The sample GR1 obtained the highest score (8.51±0.03), followed by sample GR2 (8.00±0.06), while sample GR3 recorded the lowest score (6.30±0.07), indicating its comparatively lower acceptability. The sample GR4 (7.11±0.06) and sample GR5 (7.20±0.05) showed optimum score. The observed variation in colour and appearance may be attributed to differences in milk type, ghee preparation method, and heating temperature and duration. According to Janghu et al. (2014), GR is a by-product of ghee production, typically exhibits a light to dark-brown colour due to the breakdown of non-fat solids during heating. Khanam and Prasuna (2017) further reported that the colour of GR depends on the non-fatty serum components of the raw material, while Munirathnamma et al. (2017) highlighted the role of processing parameters in determining its appearance. The present findings align with these reports, suggesting that raw material variability and processing conditions are the primary contributors to the differences in the colour and appearance of GR samples. 
Body and Texture
The body and texture of GR having an important role in determining its sensory quality. Significant (P<0.05) variation was observed among the samples. The sample GR1 received the highest score (8.27±0.04), indicating desirable body and texture characteristics, followed by sample GR2 (8.02±0.07). Samples GR3 (7.28±0.04), sample GR4 (7.53±0.06), and sample GR5 (7.05±0.08) recorded comparatively lower scores. The variation in body and texture can be attributed to protein denaturation and aggregation with casein, which lead to firmness in GR. Earlier, Prahlad (1954) reported that freshly obtained GR exhibits a soft and smooth body and texture, which becomes hard and gritty during storage, particularly within the first month. The present findings are in agreement with these observations, suggesting that compositional and storage related changes influence the body and texture of GR. 
Taste
The taste scores of GR samples differed significantly (P<0.05). The sample GR1 obtained the highest score (8.54±0.04), being described as rich, nutty, pleasant, and caramelized, which may be attributed to the presence of flavouring compounds in GR. The other samples recorded taste scores ranging from 6.41±0.05 to 7.54±0.04, all of which were rated above “like slightly.” The observed variation aligns with the findings of Kumbhare et al. (2021), who reported that several flavouring compounds such as carbonyls, lactones, and free fatty acids are produced during ghee manufacture and remain presents in GR. Wani et al. (2022) further noted that most of the flavours in ghee are derived from serum components, which are retained in GR, thereby contributing to its characteristic taste.
Overall Acceptability 
The overall acceptability of GR samples varies significantly (P<0.05). The sample GR1 (8.43±0.03) was the most preferred sample, followed by sample GR2 (7.75±0.05), while sample GR3 (6.66±0.02) received the lowest score. The sample GR4 (7.39±0.04) and sample GR5 (7.09±0.03) showed moderate sensory acceptability. The superior score of GR1 may be attributed to its desirable colour and appearance, smooth and soft body and texture when fresh (Prahlad, 1954), and the presence of flavouring compounds such as carbonyls, lactones, and free fatty acids, which impart characteristic sensory properties (Janghu et al., 2014; Kumbhare et al., 2021). These findings highlight that the combined influence of colour and appearance, body and texture, and taste components contributes to the overall acceptability of GR samples.
Proximate Composition of Ghee Residue Samples
The chemical composition of GR samples (coded as GR1, GR2, GR3, GR4, and GR5) was analysed for moisture, fat, protein, lactose, and ash contents. These parameters are considered as quality attributes and has an important role in defining the potential applications of GR. The analysis revealed significant variations (P<0.05) among the samples, which may be attributed to differences in ghee preparation methods and processing on GR. The detailed results are presented in Table 2 and depicted in Fig. 3.
Moisture
Moisture content is an important parameter influencing the texture, shelf life, and microbial stability of GR. Significant (P<0.05) variations were observed among the samples, with values ranging from 11.50±0.07 to 25.20±0.05 %. The highest moisture content was recorded in sample GR2 (25.20±0.05 %), whereas the lowest was noted in sample GR3 (11.50±0.07 %), which could be attributed to ghee preparation at higher temperatures or heating for longed duration. The moisture contents in other samples were observed GR5 (21.30±0.07 %), GR1 (17.50±0.04 %), and GR4 (12.70±0.06 %). These differences reflect variations in ghee manufacturing methods, and temperature and duration of heating. The present findings are in agreement with earlier reports of Santha and Narayanan (1978), Janghu et al. (2014), Munirathnamma et al. (2017), and Ramesh et al. (2018). 
Fat
Fat content in GR, influencing both its energy value and flavour profile. Among the analysed GR samples, the highest fat content was recorded in sample GR4 (54.70±0.05 %), which may be attributed to without processed GR (fat not separated from GR) or overheating during ghee preparation. GR3 also exhibited a relatively high fat content (48.50 ± 0.04 %), while moderate levels were found in sample GR5 (39.27 ± 0.08 %). The fat contents in samples GR2 (38.40±0.06 %) and GR1 (35.20±0.07 %) showed comparatively lower fat percentages, suggesting higher fat separation efficiency in the respective processing units. The significant variation in fat content among samples (P<0.05) indicates differences in ghee manufacturing methods across dairy units. These findings are consistent with earlier reports by Santha and Narayanan (1978), Janghu et al. (2014), Munirathnamma et al. (2017), and Ramesh et al. (2018).
Protein
The protein content of GR samples varied significantly (P<0.05), ranging from 20.50±0.06 % to 32.44±0.05 %. The highest protein content was recorded in sample GR1 (32.44±0.05 %), followed by sample GR5 (29.85±0.05 %) and sample GR3 (28.25±0.05 %). The sample GR2 contained 25.35±0.06 % protein, while sample GR4 showed the lowest value (20.50±0.06 %). The variation in protein levels among samples may be attributed to differences in raw material quality and ghee processing methods. Excessive heat treatment during ghee preparation can cause protein denaturation, leading to reduced protein content in GR. These results are in agreement with earlier findings reported by Santha and Narayanan (1978), Janghu et al. (2014), and Ramesh et al. (2018).
Lactose
Lactose is the principal sugar component of milk, and its content in GR samples ranged from 5.80±0.05 % to 10.35±0.05 %. The highest value was recorded in sample GR1 (10.35±0.05 %), followed by sample GR4 (9.85±0.07 %), sample GR3 (8.50±0.06 %), and sample GR2 (7.10±0.07 %), while the lowest was observed in sample GR5 (5.80±0.05 %). The variation in lactose levels among samples may be attributed to the extent of lactose degradation during the boiling stage of ghee preparation, which reduces residual lactose in GR. The lactose contents are in line with earlier findings reported by Santha and Narayanan (1978) and Munirathnamma et al. (2017). 
Ash
Ash content, is an indicator of the mineral composition of GR, varied significantly (P<0.05) among the samples, ranging from 2.25±0.07 % to 4.51±0.07 %. The highest value was observed in sample GR1 (4.51±0.07 %), indicating greater mineral retention, followed by sample GR2 (3.95±0.06 %) and sample GR5 (3.78±0.05 %). The sample, GR3 (3.25±0.05 %) and sample GR4 (2.25±0.07 %) showed comparatively lower ash contents. The observed variation may be attributed to differences in ghee preparation methods, processing on GR, and total solids content of the raw material. Similar findings for ash content in GR have been reported by Santha and Narayanan (1978), Janghu et al. (2014), Munirathnamma et al. (2017), and Ramesh et al. (2018).
Instrumental Hunter Colour Analysis of Ghee Residue
Colour is an essential quality attribute of GR, as it affects consumer perception. The colour characteristics of GR samples (coded as GR1, GR2, GR3, GR4, and GR5), procured from local dairies, were evaluated using the CIE Lab colour system, which quantifies L* (lightness), a* (red-green intensity), and b* (yellow-blue intensity) values. The analysis revealed significant differences (P<0.05) among the samples for all colour parameters. The mean values, along with the SEm and CD value at the 5 % level, are presented in Table 3 and illustrated in Fig. 4. 
L* Value
The L* values of GR samples varied significantly (P<0.05), ranging from 12.72±0.05 to 34.96±0.06. The sample GR2 recorded the highest L* value (34.96±0.06), indicating a lighter appearance, whereas sample GR5 showed the lowest value (12.72±0.05), reflecting a darker colour. The variation in lightness may be attributed to differences in ghee preparation methods, temperature and duration of heating during ghee preparation. The author Wani et al. (2022), noted that GR generally exhibits a dark-brown colour. Similar observations of L* value have been reported by Sangma et al. (2025) evaluating protein-rich energy bars developed from GR, supporting the present findings.
a* Value
The a* values of GR samples showed significant variation (P<0.05), ranging from 2.17±0.04 to 10.48±0.06. The variation in red-green intensity may be attributed to differences in ghee preparation methods, Maillard reactions, and caramelization happens due to heating during ghee boiling process. The highest a* value in sample GR2 indicates development of reddish colour, while lower values in other samples indicates reduced red colour intensity. The a* values were reported by Sangma et al. (2025) during colour evaluation of GR based protein-rich energy bars, supporting the present values.


b* Value
The b* values of GR samples differed significantly (P<0.05), ranging from 1.56±0.05 to 14.44±0.06. The higher b* value in sample GR2 indicates greater yellowness, which may be related to processing on GR and raw material used for preparation of ghee, whereas the low value in GR5 reflects reduced yellow pigmentation. The similar b* values were reported by Sangma et al. (2025) for GR based protein-rich energy bar.
Conclusions 
[bookmark: _Hlk210042308]The study highlighted that GR samples procured from local dairies in the Kolhapur region exhibited significant variations (P<0.05) in sensory attributes, proximate composition, and instrumental colour values. Among the samples, the sample GR1 consistently showed superior sensory quality, along with the highest protein, lactose, and ash contents. The sample GR4 and sample GR2 recorded the highest fat and moisture contents, respectively. Colour analysis of GR samples exhibited notable differences in L*, a* and b* values, the variations in colour values it might be due to Maillard reactions and caramelization during ghee boiling process. The variations in various quality attributes in GR samples indicating the influence of ghee preparation method, temperature and duration of heating, and raw material used for the preparation of ghee. The sample GR1 exhibits the most desirable properties, indicating its potential suitability for the preparation of value-added dairy products.
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Table 1. Sensory attributes (score) of ghee residue samples
	Ghee residue samples
	Sensory attributes (score)*

	
	Colour and appearance
	Body and texture
	Taste
	Overall acceptability

	GR1
	8.51±0.03a
	8.27±0.04a
	8.54±0.04a
	8.43±0.03a

	GR2
	8.00±0.06b
	8.02±0.07b
	7.23±0.06c
	7.75±0.05b

	GR3
	6.30±0.07d
	7.28±0.04d
	6.41±0.05e
	6.66±0.02e

	GR4
	7.11±0.06c
	7.53±0.06c
	7.54±0.04b
	7.39±0.04c

	GR5
	7.20±0.05c
	7.05±0.08e
	7.04±0.03d
	7.09±0.03d

	SE(m)
	0.06
	0.07
	0.05
	0.04

	CD (P<0.05)
	0.18
	0.20
	0.15
	0.12


   *Mean ± SE of four replications within column followed by different superscripts are significantly (P<0.05) different from each other.






Table 2. Average chemical composition of ghee residue samples
	Ghee residue samples
	Constituents*

	
	Moisture (%)
	Fat (%)
	Protein (%)
	Lactose (%)
	Ash (%)

	GR1
	17.50±0.04c
	35.20±0.07e
	32.44±0.05a
	10.35±0.05a
	4.51±0.07a

	GR2
	25.20±0.05a
	38.40±0.06d
	25.35±0.06d
	7.10±0.07d
	3.95±0.06b

	GR3
	11.50±0.07e
	48.50±0.04b
	28.25±0.05c
	8.50±0.06c
	3.25±0.05d

	GR4
	12.70±0.06d
	54.70±0.05a
	20.50±0.06e
	9.85±0.07b
	2.25±0.07e

	GR5
	21.30±0.07b
	39.27±0.08c
	29.85±0.05b
	5.80±0.05e
	3.78±0.05c

	SE(m)
	0.06
	0.07
	0.05
	0.06
	0.07

	CD (P<0.05)
	0.19
	0.20
	0.18
	0.19
	0.20


*Mean ± SE of four replications within column followed by different superscripts are significantly (P<0.05) different from each other.


Table 3. Colour values of ghee residue samples
	Ghee residue Samples
	Colour values**

	
	L*
	a*
	b*

	GR1
	23.55±0.05b
	7.48±0.05b
	7.77±0.04b

	GR2
	34.96±0.06a
	10.48±0.06a
	14.44±0.06a

	GR3
	18.30±0.04d
	2.17±0.04d
	2.33±0.05d

	GR4
	20.45±0.07c
	5.66±0.05c
	5.28±0.07c

	GR5
	12.72±0.05e
	3.82±0.07e
	1.56±0.05e

	SE(m)
	0.06
	0.05
	0.06

	CD (P<0.05)
	0.19
	0.17
	0.18


**Mean ± SE of four replications within column followed by different superscripts are significantly (P<0.05) different from each other.






















Fig. 2. Sensory attributes (score) of ghee residue samples
























Fig. 3. Chemical composition of ghee residue samples





















Fig. 4. Hunter colour values of ghee residue samples
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