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ABSTRACT

	Aims: The study aims to develop and standardize the process technology for kulfi enriched with coconut kernel extract and whey protein powder. It focuses on evaluating sensory attributes like body and texture, flavour, colour and appearance and overall acceptability. The objective is to optimize ingredient levels to enhance nutritional value while maintaining traditional appeal.
Study design: The study follows experimental research and performed in a laboratory to develop and standardize kulfi enriched with coconut kernel extract, whey protein powder. The optimized formulation will be selected based on sensory scores to ensure the best combination of nutritional value and consumer acceptability.
Place and Duration of Study: This research was conducted at Department of Animal Husbandry and Dairy Science, College of Agriculture, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli Maharashtra, India, during 2022-23.

Methodology: Kulfi was developed using various combinations of Condensed Buffalo Milk (CBM), Coconut Kernel Extract (CKE) and Whey Protein Powder (WPP) to achieve the desired quality attributes. The formulations included three different ratios of CBM to CKE: 80:20, 70:30 and 60:40. Sugar was added at 12% of the final volume of the unsweetened milk and extract mixture, while fresh cream was incorporated at 14% of the same volume to enhance the richness and texture of the product. WPP was included at levels of 3%, 6% and 9% (w/w) to improve the nutritional composition and textural characteristics of Kulfi. All treatments were evaluated for sensory attributes, including color and appearance, body and texture, flavor and overall acceptability, using the 9-point Hedonic scale. The research was conducted with five replications.
Results: The investigation revealed that Kulfi formulations blended with Coconut Kernel Extract (CKE) and enriched with 6% Whey Protein Powder (WPP) achieved the highest scores for overall acceptability. These scores were observed across all three blend ratios of Condensed Buffalo Milk (CBM) to Coconut Kernel Extract (CKE), with values of 8.3 for (80:20), 8.4 for (70:30) and 8.6 for (60:40) on the 9-point Hedonic scale. In contrast, the lowest overall acceptability scores were recorded for formulations enriched with 3% WPP, with corresponding values of 7.7 for (80:20), 8.1 for (70:30) and 8.1 for (60:40). These results indicate that the inclusion of 6% WPP contributed to enhanced sensory attributes, particularly in terms of body texture and flavor, whereas formulations with 3% WPP exhibited relatively lower acceptability.
Conclusion: The study demonstrated that the incorporation of Coconut Kernel Extract (CKE) and Whey Protein Powder (WPP) significantly influenced the sensory attributes of Kulfi. Among the various formulations, Kulfi enriched with 6% WPP achieved the highest overall acceptability score.
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1. INTRODUCTION 
Kulfi is a traditional Indian frozen dairy dessert that closely resembles ice cream in its composition. Sugar, a primary ingredient in Kulfi, is widely used in the food industry due to its pleasant sweetness, cost-effectiveness and high energy value. It is especially popular during the summer months and is extensively sold by the unorganized sector (Arya, S 2013). The method of making Kulfi varies from one producer to another. Typically, it involves mixing concentrated milk derived from cow, buffalo or a combination of both with sugar, nuts like almonds and spices. This blend is then frozen using a eutectic mixture of ice and salt in a 4:1 ratio. Kulfi is available in various flavours, including saffron, apple, orange, peanut, avocado, cardamom, pistachio, malai and mango (De, S. 2019).
Coconut kernel extract is a milky-white emulsion that naturally separates into a lighter creamy layer and a denser watery layer. Although not much is known about its detailed composition, its emulsion structure is similar to that of cow’s milk extracted from coconut flesh, this milk is rich in saturated fats but is considered healthier than other saturated fat sources because it is easily digested and metabolized. It also possesses antimicrobial, antibacterial, antiviral, antifungal and anti-cancer properties (Debmandal, M. 2011).
Whey, a major byproduct of the dairy industry, is valued for its numerous health benefits and is recognized as a functional food. Whey proteins account for approximately 20% of the protein in standard animal milk, which typically contains about 3.5% protein. These proteins, forming a significant portion of whey liquid, are rich in sulphur-containing amino acids that enhance antioxidant activity (Gharatkar, A. 2020). Currently, only 10% of these proteins are utilized in the form of Whey Protein Concentrate (WPC) within the food industry, indicating a need for more innovative product development to expand its usage. Whey proteins such as alpha-glycosyl peptide, beta-lactoglobulin, immunoglobulins, lactoferrin, lactalbumin and other bioactive compounds exhibit immune-strengthening, antioxidant, antiviral, antihypertensive, anticancer and metal-chelating properties (Geiser, M. 2003) Thus, considering the nutritive value of coconut kernel extract, whey protein powder, increased availability of milk at domestic level and scope for producing novelty milk products, the study was aimed to prepare a kulfi and study its sensory attributes.
2.. MATERIAL AND METHODS

2.1 Location and Period of Study: 
The current investigation was conducted at the Department of Animal Husbandry and Dairy Science, College of Agriculture, Dapoli (Dr. BSKKV Dapoli) – 415 712, located in Ratnagiri district, Maharashtra, India, during the academic year 2022–2023.
 
2.2 Material:
The ingredients used for kulfi making included fresh standardized buffalo milk, excellent quality fresh cream, good quality cane sugar and matured coconuts. Additionally, high-quality vanilla-flavoured whey protein powder were incorporated to enhance the nutritional profile and flavour. A good quality muslin cloth was also utilized during the preparation process to extract and separate the coconut kernel extract efficiently.

2.3 Methodology:
2.3.1 Preparation of Coconut Kernel Extract
For the preparation of coconut kernel extract, fully matured coconut fruits were selected and the kernel along with the coconut water was removed. A quantity of 500 grams of copra was taken, cut into small pieces and mixed with an equal amount of water. This mixture was ground thoroughly and allowed to soak for 15–20 minutes to enhance the extraction process. It was then ground again to ensure a finer consistency. The resulting mixture was strained using a muslin cloth and finally, it was squeezed thoroughly to obtain the complete coconut kernel extract.

2.3.2 Preparation of Kulfi
For preparation of kulfi various combinations of condensed buffalo milk, coconut kernel extract and whey protein powder were evaluated to develop kulfi of the desired quality. Following the procedure outlined by Waikar (2020) with slight modifications, kulfi was prepared using different ratios of condensed buffalo milk and coconut kernel extract: 80:20, 70:30 and 60:40, respectively. Sugar was incorporated at 12 percent of the final volume of the unsweetened condensed milk and coconut kernel extract mixture. Fresh cream was added at 14 percent of the same mixture’s volume. Additionally, whey protein powder was included at three different levels 3, 6 and 9 percent relative to the combination of condensed milk and coconut kernel extract.

Flow diagram of preparation of kulfi blended with Coconut kernel extract and enriched with Whey protein powder as follows:
FLOW CHART
Receiving of milk

Preheating (35 to 40°C for 5 min)

Filtration (Two-fold muslin cloth)

Condensing (50% of original volume)

Addition of sugar (12% of final volume of milk)

Addition of cream (14% of final volume of milk)

Addition of Coconut kernel extract as per treatment

Addition of Whey protein powder as per treatment

Ageing of mix (6-7°C for 2-3 hour)

Filling into kulfi cones

Hardening (-18 to -20°C overnight)

Final product

2.4 TREATMENT COMBINATIONS:
Various treatment combinations are as follows:
(WPP- Whey protein powder.)
Sugar @ 12 percent of unsweetened condensed milk and Coconut kernel extract mixture (w/w basis).
Fresh cream @ 14 percent of unsweetened condensed milk and Coconut kernel extract mixture (w/w basis).

	T1a = Condensed milk 80% + Coconut kernel extract 20% + 3% WPP 
	
T1

	T1b = Condensed milk 80% + Coconut kernel extract 20% + 6% WPP
	

	T1c = Condensed milk 80% + Coconut kernel extract 20% + 9% WPP
	

	T2a = Condensed milk 70% + Coconut kernel extract 30% + 3% WPP
	
T2

	T2b = Condensed milk 70% + Coconut kernel extract 30% + 6% WPP
	

	T2c = Condensed milk 70% + Coconut kernel extract 30% + 9% WPP
	

	T3a = Condensed milk 60% + Coconut kernel extract 40% + 3% WPP
	
T3

	T3b = Condensed milk 60% + Coconut kernel extract 40% + 6% WPP
	

	T3c = Condensed milk 60% + Coconut kernel extract 40% + 9% WPP
	



2.5 REPLICATIONS
Trial was conducted with five replications.
2.6 SENSORY EVALUATION
The product was evaluated for sensory characteristics, viz. colour and appearance, body and texture, flavour and Overall acceptability using 9-points hedonic scale as per IS: 6273 (Part-II), 1971. A panel of 10 semi trained judges was formulated for this purpose. The samples were coded every time to conceal their identity and were offered to the judges for evaluation of the quality attributes.
2.7 STATISTICAL ANALYSIS
For present investigation FCRD (Factorial Completely Randomized Design) was employed using five replications and nine treatments.

3. RESULT AND DISCUSSION 
To develop high-quality Kulfi, three different ratios of condensed milk to coconut kernel extract were evaluated: 80:20, 70:30 and 60:40 respectively. Alongside these blends, whey protein powder was added at three concentrations 3%, 6% and 9% to study its effect on the sensory properties of Kulfi. The objective was to identify the most preferred formulation based on sensory assessments of flavour, texture, colour and overall acceptability.
3.1 Effect of different levels of blends of Condensed milk and Coconut kernel extract and Whey protein powder on Colour and appearance of Kulfi.
[bookmark: _Hlk197543711]The highest sensory scores for colour and appearance were recorded in Kulfi samples containing 6% whey protein powder across all three blend ratios of condensed buffalo milk to coconut kernel extract: T1b (80:20) scored 7.8, T2b (70:30) scored 8.0 and T3b (60:40) scored 8.1. In contrast, the lowest scores were observed in samples with 3% whey protein powder T1a (7.5), T2a (7.8) and T3a (7.9) for the same respective blend ratios. An increasing trend in colour and appearance scores was noted with the rising levels of coconut kernel extract in the base mixture. Specifically, the score improved from 7.5 to 7.8 (0.3-point increase) when the coconut kernel extract increased from 20% to 30% and from 7.8 to 7.9 (0.1-point increase) with a further increase to 40%. Similarly, increasing the whey protein powder concentration also enhanced colour and appearance scores. For example, in the T1 blend (80:20), the score increased from 7.5 at 3% whey protein to 7.8 at 9% (0.3-point rise). In T2 (70:30) and T3 (60:40) blends, the scores increased from 7.8 to 8.0 and from 7.9 to 8.1, respectively (0.2-point rise in both cases).
These findings suggest that coconut kernel extract imparts a natural and appealing colour to Kulfi, while whey protein powder contributes to better emulsification and ingredient blending, thereby enhancing visual uniformity and brightness. The interaction of these ingredients plays a crucial role in determining the product's visual appeal. Statistical analysis confirmed that the effects of individual treatments, as well as the interaction between blend ratios and whey protein levels, were significant at both 1% and 5% levels of significance. Overall, the results indicate that increasing the levels of both coconut kernel extract and whey protein powder leads to a corresponding improvement in the colour and appearance of Kulfi.
Table 1. Average Colour and appearance of Kulfi (9-Point Hedonic Scale)
	Levels of blends (%)
	Levels of Whey protein powder (%)
	Mean

	
	a
	b
	c
	

	T1
	7.5
	7.8
	7.7
	7.66c

	T2
	7.8
	8
	7.9
	7.90b

	T3
	7.9
	8.1
	8
	8.00a

	Mean
	7.73c
	7.97a
	7.87b
	7.85


ANOVA:
	SV
	DF
	SS
	MSS
	Cal F
	Tab F (5%)
	Significance
	Tab F (1%)
	Significance

	TRET
	8
	1.784
	0.2231
	22.306
	2.21
	S
	3.05
	S

	C
	2
	1.392
	0.6962
	69.622
	3.26
	S
	5.25
	S

	W
	2
	0.163
	0.0816
	8.156
	3.26
	S
	5.25
	S

	C x W
	4
	0.229
	0.0572
	5.722
	2.63
	S
	3.89
	S

	Error
	36
	0.360
	0.0100
	-
	-
	-
	-
	-

	Total
	44
	-
	-
	-
	-
	-
	-
	-



	Particulars
	SE (M)
	SE (D)
	CD 5%
	CV
	CD 1%

	C
	0.026
	0.037
	0.074
	1.247
	0.099

	W
	0.026
	0.037
	0.074
	
	0.099

	C x W
	0.045
	0.063
	0.128
	
	0.172



3.2 Effect of different levels of blends of Condensed milk and Coconut kernel extract and Whey protein powder on Body and Texture of Kulfi.
[bookmark: _Hlk197543737]The highest scores for body and texture were observed in Kulfi samples containing 6% whey protein powder across all three blend ratios of condensed buffalo milk and coconut kernel extract: T1b (80:20) and T2b (70:30) each scored 8.7, while T3b (60:40) scored 8.8. In contrast, the lowest scores were recorded in samples with 3% whey protein powder: T1a (7.7), T2a (8.4) and T3a (8.3), respectively. A gradual increase in body and texture scores was noted with the rise in coconut kernel extract levels. Specifically, the score improved from 7.7 to 8.4 (0.7-point increase) when coconut kernel extract increased from 20% to 30%. However, a slight decrease from 8.4 to 8.3 (0.1-point) was observed when the extract level was increased further to 40%. Similarly, as the whey protein powder concentration increased from 3% to 9%, the body and texture scores improved across all blend ratios. In the T1 blend (80:20), the score increased from 7.7 to 8.7 (1.0-point rise), while in T2 (70:30) and T3 (60:40), the scores increased from 8.4 to 8.7 (0.3-point) and from 8.3 to 8.8 (0.5-point), respectively.
These results highlight the synergistic effects of coconut kernel extract, condensed milk and whey protein powder in enhancing the body and texture of Kulfi. Coconut kernel extract contributes natural fats and dietary fibres, which add creaminess and improve mouthfeel. Condensed milk, being rich in lactose and proteins, functions as a stabilizer and emulsifier, helping to minimize ice crystal formation and contributing to a smooth, velvety texture. Whey protein powder, known for its strong water-binding and emulsifying properties, enhances product consistency, imparts a cohesive structure and reduces syneresis. The combined effect of these ingredients results in a denser, creamier and more stable Kulfi with enhanced sensory quality. Statistical analysis confirmed that the effects of individual treatments, as well as the interaction between the proportions of condensed milk, coconut kernel extract and whey protein powder, were significant at both the 1% and 5% levels of significance. Overall, the findings clearly indicate that increasing the levels of coconut kernel extract and whey protein powder leads to a consistent improvement in the body and texture scores of Kulfi.
Table 2. Average Body and Texture of Kulfi (9-Point Hedonic Scale) 
	Levels of blends (%)
	Levels of Whey protein powder (%)
	Mean

	
	a
	b
	c
	

	T1
	7.7
	8.7
	8.3
	8.23b

	T2
	8.4
	8.7
	8.6
	8.57a

	T3
	8.3
	8.8
	8.6
	8.57a

	Mean
	8.13c
	8.73a
	8.50b
	8.46


ANOVA:
	SV
	DF
	SS
	MSS
	Cal F
	Tab F (5%)
	Significance
	Tab F (1%)
	Significance

	TRET
	8
	1.531
	0.1914
	27.782
	2.21
	S
	3.05
	S

	C
	2
	0.096
	0.0482
	7.000
	3.26
	S
	5.25
	S

	W
	2
	1.144
	0.5722
	83.065
	3.26
	S
	5.25
	S

	C x W
	4
	0.290
	0.0726
	10.532
	2.63
	S
	3.89
	S

	Error
	36
	0.248
	0.0069
	- 
	 -
	 -
	- 
	 -

	Total
	44
	 -
	- 
	 -
	 -
	 -
	 -
	- 



	Particulars
	SE (M)
	SE (D)
	CD 5%
	CV
	CD 1%

	C
	8
	1.531
	0.191
	27.782
	2.21

	W
	2
	0.096
	0.048
	7.000
	3.26

	C x W
	2
	1.144
	0.572
	83.065
	3.26



3.3 Effect of different levels of blends of Condensed milk and Coconut kernel extract and Whey protein powder Flavour on of Kulfi.
The highest flavour scores were recorded in Kulfi samples containing 6% whey protein powder across all three blend ratios of condensed buffalo milk and coconut kernel extract: T1b (80:20) scored 8.7, T2b (70:30) scored 8.8 and T3b (60:40) scored 8.9. Conversely, the lowest scores were observed in samples with 3% whey protein powder: T1a (7.9), T2a (8.1) and T3a (8.2), respectively. An increase in the level of coconut kernel extract resulted in a progressive improvement in flavour scores. Specifically, flavour ratings rose from 7.9 to 8.1 (0.2-point increase) as the coconut kernel extract level increased from 20% to 30% and from 8.1 to 8.2 (0.1-point rise) with a further increase to 40%. Similarly, an increase in whey protein powder concentration from 3% to 9% led to noticeable improvements in flavour scores across all blend ratios. For instance, in T1 (80:20), the score improved from 7.9 to 8.7 (0.8-point increase); in T2 (70:30), from 8.1 to 8.8 (0.7-point increase); and in T3 (60:40), from 8.2 to 8.9 (0.7-point increase).
These findings highlight the complementary roles of condensed milk, coconut kernel extract and whey protein powder in enhancing the overall flavour profile of Kulfi. Condensed milk imparts a rich, creamy sweetness that forms the flavour base, while coconut kernel extract contributes a distinctive nutty and tropical note that deepens the complexity of taste. Whey protein powder, in addition to enhancing nutritional value, subtly improves the mouthfeel and provides a mild umami flavour that balances the overall sweetness. This synergy among the ingredients results in a richer, creamier and more complex flavour profile, increasing the sensory appeal of the Kulfi. Statistical analysis confirmed that the effects of individual treatments, as well as the interaction between the proportions of condensed buffalo milk, coconut kernel extract and whey protein powder, were significant at both the 1% and 5% levels of significance. In conclusion, the results clearly indicate that increasing the levels of coconut kernel extract and whey protein powder leads to a corresponding increase in the flavour score of Kulfi.
Table 3. Average Flavour of Kulfi (9-Point Hedonic Scale) 
	Levels of blends (%)
	Levels of Whey protein powder (%)
	Mean

	
	a
	b
	c
	

	T1
	7.9
	8.7
	8.5
	8.37c

	T2
	8.1
	8.8
	8.5
	8.47b

	T3
	8.2
	8.9
	8.7
	8.60a

	Mean
	8.07c
	8.80a
	8.57b
	8.48


ANOVA:
	SV
	DF
	SS
	MSS
	Cal F
	Tab F (5%)
	Significance
	Tab F (1%)
	Significance

	TRET
	8
	3.671
	0.4589
	65.556
	2.21
	S
	3.05
	S

	C
	2
	0.283
	0.1416
	20.222
	3.26
	S
	5.25
	S

	W
	2
	3.246
	1.6229
	231.841
	3.26
	S
	5.25
	S

	C x W
	4
	0.142
	0.0356
	5.079
	2.63
	S
	3.89
	S

	Error
	36
	0.252
	0.0070
	- 
	 -
	 -
	- 
	 -

	Total
	44
	 -
	- 
	 -
	 -
	 -
	 -
	- 



	Particulars
	SE (M)
	SE (D)
	CD 5%
	CV
	CD 1%

	C
	0.022
	0.031
	0.062
	0.955
	0.083

	W
	0.022
	0.031
	0.062
	
	0.083

	C x W
	0.037
	0.053
	0.107
	
	0.144



3.4 Effect of different levels of blends of Condensed milk and Coconut kernel extract and Whey protein powder on Overall acceptability of Kulfi.
The highest overall acceptability scores were recorded for Kulfi samples containing 6% whey protein powder in all three blending ratios of condensed buffalo milk and coconut kernel extract. The scores were 8.3 for T1b (80:20), 8.4 for T2b (70:30) and 8.6 for T3b (60:40). In contrast, the lowest scores were obtained in samples with 3% whey protein powder: 7.7 for T1a and 8.1 each for T2a and T3a. An increasing trend in overall acceptability was observed with the inclusion of higher levels of coconut kernel extract. Specifically, the score increased from 7.7 to 8.1 (0.4-point rise) as the coconut kernel extract level increased from 20% to 30%. However, there was no change in the score (remained at 8.1) when the level was further increased to 40%. Likewise, an increase in whey protein powder concentration led to improvement in overall acceptability scores across all blend ratios. In T1 (80:20), the score rose from 7.7 to 8.3 (0.6-point increase), in T2 (70:30) from 8.1 to 8.4 (0.3-point increase) and in T3 (60:40) from 8.1 to 8.6 (0.5-point increase).
The overall acceptability of Kulfi, which encompasses sensory attributes such as colour and appearance, body and texture and flavour, was enhanced through the inclusion of condensed milk, coconut kernel extract and whey protein powder. Condensed milk, with its rich, creamy character, contributed to the smooth, dense consistency and enhanced both the sweetness and visual appeal of the Kulfi. Coconut kernel extract provided a delicate tropical flavour and aroma that complemented the sweetness of condensed milk, while slightly lightening the colour for better visual appeal. Whey protein powder contributed to improved mouthfeel and creaminess, reduced ice crystal formation and added a subtle umami balance, all of which enhanced the sensory harmony of the final product. Statistical analysis revealed that the effects of the individual treatment factors condensed milk, coconut kernel extract and whey protein powder on overall acceptability were significant. However, the interaction between these treatment combinations was found to be statistically non-significant at both the 1% and 5% levels of significance. In summary, the results clearly indicate that an increase in the levels of coconut kernel extract and whey protein powder leads to a corresponding improvement in the overall acceptability score of Kulfi.
Table 4. Average Overall acceptability of Kulfi (9-Point Hedonic Scale) 
	Levels of blends (%)
	Levels of Whey protein powder (%)
	Mean

	
	a
	b
	c
	

	T1
	7.7
	8.3
	8.1
	8.03c

	T2
	8.1
	8.4
	8.3
	8.27b

	T3
	8.1
	8.6
	8.4
	8.37a

	Mean
	7.97c
	8.43a
	8.27b
	8.22


ANOVA:
	SV
	DF
	SS
	MSS
	Cal F
	Tab F (5%)
	Significance
	Tab F (1%)
	Significance

	TRET
	8
	1.0000
	0.1250
	17.8571
	2.21
	S
	3.05
	S

	C
	2
	0.3000
	0.1500
	21.4286
	3.26
	S
	5.25
	S

	W
	2
	0.7000
	0.3500
	50.0000
	3.26
	S
	5.25
	S

	C x W
	4
	0.0000
	0.0000
	0.0000
	2.63
	NS
	3.89
	NS

	Error
	36
	0.252
	0.0070
	- 
	 -
	 -
	- 
	 -

	Total
	44
	 -
	- 
	 -
	 -
	 -
	 -
	- 



	Particulars
	SE (M)
	SE (D)
	CD 5%
	CV
	CD 1%

	C
	0.022
	0.031
	0.062
	0.998
	0.083

	W
	0.022
	0.031
	0.062
	
	0.083

	C x W
	0.0374
	0.053
	0.107
	
	0.144



4. CONCLUSIONS
[bookmark: _GoBack]The study concluded that increasing the levels of coconut kernel extract and whey protein powder significantly improved the sensory attributes of Kulfi, including colour and appearance, body and texture, flavour and overall acceptability. The best results were observed in samples with 6% whey protein powder across all blend ratios. Coconut kernel extract enhanced visual appeal, creaminess and flavour with its natural colour and fat content. Whey protein powder improved emulsification, texture and mouthfeel. Overall, the synergistic interaction of these ingredients contributed to a richer, creamier and more appealing Kulfi product.
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PLATE 1. KULFI WITH DIFFERENT LEVELS OF CONDENSED BUFFALO
MILK, COCONUT KERNEL EXTRCT AND WHEY PROTEIN POWDER [PHASE - I]
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