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Studies on Sensory Attributes and cost of production of Kulfi blended with Coconut (Cocos nucifera L.) Kernel Extract and Enriched with Whey Protein Powder and Date (Phoenix dactylifera L.) Pulp
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ABSTRACT

	Aims: The study aims to develop and standardize a process for preparing kulfi enriched with coconut kernel extract, whey protein powder and date pulp. It focuses on evaluating sensory attributes such as colour and appearance, body and texture, flavour and overall acceptability, along with the production cost. The primary objective is to optimize the levels of these ingredients to enhance the nutritional, sensory and economic value of the kulfi while preserving its traditional appeal.
Study design: The study focuses on developing and standardizing a kulfi blended with coconut kernel extract, whey protein powder and date pulp. It aims to optimize these ingredients to enhance key sensory attributes colour and appearance, body and texture, flavour and overall acceptability while maintaining the traditional qualities of kulfi. The research also evaluates the production cost to determine the economic viability for commercial-scale manufacturing.
Methodology: A comprehensive study optimized kulfi quality by blending condensed buffalo milk and coconut kernel extract in three ratios (80:20, 70:30, 60:40) with a fixed 6% whey protein powder and varying date pulp levels (6%, 8%, 10%). Sugar (12%) and fresh cream (14%) were added to each base mixture, creating nine treatment combinations. Sensory evaluation using a 9-point Hedonic scale assessed colour and appearance, body and texture, flavour and overall acceptability. Production costs were also analysed. The experiment included five replications for statistical reliability.
Results: Kulfi formulations prepared with blends of condensed buffalo milk and coconut kernel extract in proportions of 80:20, 70:30 and 60:40 enriched with 6% whey protein powder and 8% date pulp (T1D2, T2D2, T3D2), received the highest overall acceptability scores of 8.58, 8.60 and 8.76 respectively. Lower scores, ranging from 7.82 to 8.36, were recorded for the same blends with only 6% date pulp (T1D1, T2D1, T3D1). The highest production cost (Rs. 275.20/kg) was observed in T3D3, which included 10% date pulp in the 60:40 blend, followed by T3D2 (Rs. 273.40/kg). The lowest cost was noted in T1D1 (Rs. 240.40/kg), using an 80:20 blend with 6% date pulp. 
Conclusion: The kulfi prepared with a blend of condensed buffalo milk and coconut kernel extract, enriched with 6% whey protein powder and 8% date pulp, showed the highest overall acceptability. Moderate inclusion of date pulp (8%) offered a balance between sensory quality and production cost.
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1. INTRODUCTION 
	Kulfi is a traditional Indian frozen dairy dessert widely popular across the Indian subcontinent. Known for its rich texture, dense body and distinct caramelized flavor, kulfi is traditionally prepared by slow cooking milk until it thickens, followed by sweetening and freezing the mixture in molds placed in ice-salt slurries. Unlike western ice creams, kulfi is not whipped, making it denser and slower to melt. Its popularity has surged due to its unique taste, cultural roots and affordability (Apurva Giri, 2007; Jadhav, 2002).
	A key ingredient in kulfi is condensed milk, often made from cow or buffalo milk. Among these, buffalo milk is especially valued for its high fat content, dense consistency and superior nutritional profile compared to cow milk. India and Pakistan together produce about 80% of the world’s buffalo milk, which is used extensively in dairy products like ghee, paneer, butter oil and kulfi (Sarfaraz Ahmad et al., 2008; Siregar et al., 2021). Milk provides essential macronutrients and micronutrients such as calcium, protein, vitamin D and B12, supporting growth and health (Silva et al., 2023).
	Coconut kernel extract, derived from the white flesh of mature coconuts, is another ingredient that can be incorporated into kulfi to improve its texture and nutritional quality. This extract forms a natural emulsion similar to milk and contains healthy saturated fats that are metabolized efficiently by the body. It also possesses antimicrobial and antioxidant properties. Coconut fat has been used successfully in dairy alternatives like margarine and imitation cheese and up to 80% of milk fat in ice cream can be replaced with coconut kernel fat without affecting sensory quality (De Mandal & Mandal, 2011; Seow & Gwee, 1997; Biswas, 2012).
	Whey protein powder, a high-quality protein derived from milk during cheese-making, can be added to enrich kulfi. It is rich in essential amino acids, immunoglobulins, lactoferrin and antioxidant compounds, contributing to muscle building, immune support and metabolic health. Despite its nutritional benefits, only a small fraction of whey proteins is currently utilized in food products, indicating potential for innovation in functional dairy foods (Seelam, 2017; Saxton, 2021; Gangurde, 2011).
	Date pulp, extracted from the fruit of the date palm (Phoenix dactylifera), offers natural sweetness and a dense source of quick-energy sugars, along with essential minerals, fiber and antioxidants. Dates are widely used in Arabian and South Asian desserts and are considered one of the oldest cultivated fruits. Their incorporation into products like kulfi not only enhances taste but also adds health benefits, making them an excellent natural sweetener (Tengberg et al., 2012; Al Yammahi et al., 2022; Ahmed et al., 2012). 
	Kulfi enriched with condensed buffalo milk, coconut kernel extract, whey protein powder and date pulp combine traditional appeal with enhanced nutritional value. These formulations offer high-quality protein, essential fats, vitamins, minerals and natural antioxidants, positioning kulfi as not only a delightful dessert but also a functional food with notable health benefits (Jadhav, 2002; Sontakke, 2022). Considering the superior nutritional profile of these ingredients, the widespread availability of milk in India and the growing demand for novel dairy products, the present study was undertaken to formulate kulfi and assess its sensory attributes as well as production cost.

2.. MATERIAL AND METHODS

2.1 Location and period of study: 
The present study was carried out during the academic year 2022–2023 in the Department of Animal Husbandry and Dairy Science at the College of Agriculture, Dapoli (Dr. B.S.K.K.V Dapoli) 415 712, situated in Ratnagiri district, Maharashtra, India.

2.2 Material:
	The ingredients employed in the preparation of kulfi included fresh standardized buffalo milk, high-quality fresh cream, refined cane sugar and mature coconuts. To improve the nutritional value and flavour, premium vanilla-flavoured whey protein powder and high-quality dates were incorporated. A fine muslin cloth was utilized during the extraction process to efficiently separate the coconut kernel extract.
2.3 Methodology:
2.3.1 Preparation of Coconut Kernel Extract:
· Fully matured coconut fruits were selected for the preparation of coconut kernel extract.
· The kernel and coconut water were separated from the coconut.
· 500 grams of copra was cut into small pieces and mixed with an equal amount of water.
· The mixture was thoroughly ground and left to soak for 15–20 minutes to enhance extraction.
· It was ground again to achieve a finer consistency.
· The resulting mixture was strained through a muslin cloth.
· The coconut kernel extract was then squeezed thoroughly to obtain the complete extract.

2.3.2 Preparation of Date pulp: 
· The fresh Kimia variety dates were carefully washed and cleaned to eliminate any impurities.
· After deseeding, the dates were cut into small pieces.
· A mixer-grinder operated electrically was used to make the pulp by adding a small quantity of water.
· To obtain a smooth and fine date pulp, 100 ml of water was adequate for every 250 grams of deseeded dates.
· This prepared date pulp was then incorporated into the kulfi formulation.

2.3.3 Preparation of Kulfi: 
	To develop kulfi with desirable sensory and nutritional qualities, different combinations of condensed buffalo milk, coconut kernel extract and whey protein powder were systematically evaluated. The preparation method was based on the procedure outlined by Waikar (2020), with slight modifications to suit the present study. Three formulations were developed using varying ratios of condensed buffalo milk and coconut kernel extract: 80:20, 70:30 and 60:40, respectively. To each formulation, sugar was added at 12% of the final volume, while fresh cream was incorporated at 14% of the same volume. Whey protein powder was added uniformly at a constant level of 6% across all combinations. The optimized formulations from each of the three treatments (T1, T2 and T3) were further blended with date pulp at concentrations of 6%, 8% and 10% (w/w), resulting in a total of nine experimental kulfi variants for evaluation.

FLOW CHART 1 : 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 6% Whey protein powder 

Addition of date pulp 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 @ 6% of unsweetened condensed milk and Coconut kernel extract mixture (w/w basis).
Sugar @ 12 per cent of unsweetened condensed milk and Coconut kernel extract mixture (w/w basis).
Fresh cream @ 14 per cent of unsweetened condensed milk and Coconut kernel extract mixture (w/w basis).

List 1 : Treatment details 
	T1D1 = Condensed milk 80% + Coconut kernel extract 20% + 6% WPP + 6% Date pulp.

	T1D2 = Condensed milk 80% + Coconut kernel extract 20% + 6% WPP + 8% Date pulp.

	T1D3 = Condensed milk 80% + Coconut kernel extract 20% + 6% WPP +10% Date pulp.

	T2D1 = Condensed milk 70% + Coconut kernel extract 30% + 6% WPP + 6% Date pulp.

	T2D2 = Condensed milk 70% + Coconut kernel extract 30% + 6% WPP + 8% Date pulp.

	T2D3 = Condensed milk 70% + Coconut kernel extract 30% + 6% WPP + 10% Date pulp.

	T3D1 = Condensed milk 60% + Coconut kernel extract 40% + 6% WPP + 6% Date pulp.

	T3D2 = Condensed milk 60% + Coconut kernel extract 40% + 6% WPP + 8% Date pulp.

	T3D3 = Condensed milk 60% + Coconut kernel extract 40% + 6% WPP + 10% Date pulp.



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 
	A 6% level of whey protein powder was used in combination with three different blends of condensed milk and coconut kernel extract: 80% condensed milk + 20% coconut kernel extract, 70% condensed milk + 30% coconut kernel extract and 60% condensed milk + 40% coconut kernel extract. These combinations were selected for further investigation. To prepare kulfi enriched with coconut kernel extract, whey protein powder and date pulp, the mixtures were further blended with date pulp at levels of 6%, 8% and 10% (w/w) relative to the condensed milk and coconut kernel extract blend. The sensory evaluation of kulfi enriched with coconut kernel extract, whey protein powder and date pulp were carried out to assess attributes such as colour and appearance, body and texture, flavour and overall acceptability by a panel of semi-trained judges. The findings of the sensory assessment for the kulfi prepared with coconut kernel extract, whey protein powder and date pulp are presented below:
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Table 1.  Average Colour and appearance of Kulfi (9-Point Hedonic Scale)
	Levels of blends (%)
	Levels of Date pulp (%)
	Mean

	
	D1
	D2
	D3
	

	T1
	7.6
	8.08
	7.92
	7.87c

	T2
	8.08
	8.28
	8.08
	8.15b

	T3
	8.1
	8.38
	8.2
	8.23a

	Mean
	7.93c
	8.25a
	8.07b
	8.08


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

	TRET
	8
	2.0040
	0.2505
	29.2792
	2.21
	S
	3.05
	S

	T
	2
	1.0720
	0.5360
	62.6494
	3.26
	S
	5.25
	S

	D
	2
	0.7720
	0.3860
	45.1169
	3.26
	S
	5.25
	S

	T x D
	4
	0.1600
	0.0400
	4.6753
	2.63
	S
	3.89
	S

	Error
	36
	0.308
	0.0087
	-
	-
	-
	-
	-

	Total
	44
	-
	-
	-
	-
	-
	-
	-



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

	T
	0.024
	0.034
	0.069
	1.128
	0.092

	D
	0.024
	0.034
	0.069
	
	0.092

	T x D
	0.041
	0.059
	0.119
	
	0.159


The highest scores for colour and appearance of kulfi were recorded in the formulations blended with coconut kernel extract and enriched with whey protein powder and date pulp, using blend ratios of 80:20, 70:30 and 60:40 (condensed buffalo milk to coconut kernel extract) at 6% whey protein powder and 8% date pulp. These treatments T1D2 (8.08), T2D2 (8.28) and T3D2 (8.38), respectively showed superior sensory attributes. Conversely, the lowest scores were observed in the same blend ratios with 6% whey protein and 6% date pulp T1D1 (7.60), T2D1 (8.08) and T3D1 (8.10).
It was noted that increasing the level of coconut kernel extract in the base mixture led to an improvement in colour and appearance scores from 7.60 to 8.08 (an increase of 0.48) when increasing coconut kernel extract from 20% to 30% and from 8.08 to 8.10 (a marginal rise of 0.02) when increasing from 30% to 40%. Additionally, a rise in the proportion of date pulp enhanced the body and texture scores of kulfi. For instance, in T1 (80:20 ratio), scores increased from 7.60 to 8.08 (0.48%) as date pulp increased from 6% to 10%. Similarly, T2 (70:30) showed an increase from 8.08 to 8.28 (0.20%) and T3 (60:40) rose from 8.10 to 8.38 (0.28%).
The variation in colour and appearance with increasing levels of date pulp can be attributed to the natural pigments and sugars present in dates. These include caramel-like sugars and browning compounds, which deepen the colour of kulfi, making it more vibrant and visually appealing. The high sugar content in dates also contributes to this richer colour. Statistical analysis indicated that the effects of treatment, as well as the interaction between condensed buffalo milk, coconut kernel extract and whey protein powder, were significant for colour and appearance at both 1% and 5% levels of significance. In summary, the findings clearly show that increasing levels of coconut kernel extract and date pulp enhance the colour and appearance scores of kulfi.
Kedaree (2024) observed that the addition of guava powder influenced the colour and appearance of kulfi, with the highest score (8.5) for T1 (5% guava powder) due to its appealing yellowish hue, while the lowest score (6.95) was for T0 (no guava powder). T1 was significantly superior to other treatments. Aswathy (2022) found no significant difference in colour and appearance of control and fat-replaced dietetic chhana kulfi during 80-day storage, with the latter scoring slightly higher (8.80) due to the stable colouring effect of lutein ester.
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Table 2. Average Body and texture of Kulfi (9-Point Hedonic Scale) 
	Levels of blends (%)
	Levels of Date pulp (%)
	Mean

	
	D1
	D2
	D3
	

	T1
	7.8
	8.78
	8.4
	8.33c

	T2
	8.5
	8.78
	8.76
	8.68a

	T3
	8.4
	8.88
	8.66
	8.65b

	Mean
	8.23c
	8.81a
	8.61b
	8.55


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

	TRET
	8
	4.404
	0.551
	27.994
	2.21
	S
	3.05
	S

	T
	2
	1.142
	0.571
	29.028
	3.26
	S
	5.25
	S

	D
	2
	2.592
	1.296
	65.910
	3.26
	S
	5.25
	S

	T x D
	4
	0.670
	0.168
	8.520
	2.63
	S
	3.89
	S

	Error
	36
	0.708
	0.020
	-
	-
	-
	-
	-

	Total
	44
	-
	-
	-
	-
	-
	-
	-



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

	T
	0.036
	0.051
	0.104
	1.619
	0.139

	D
	0.036
	0.051
	0.104
	
	0.139

	T x D
	0.063
	0.089
	0.180
	
	0.241


The highest scores for body and texture of kulfi were observed in formulations blended with coconut kernel extract and enriched with whey protein powder and date pulp, using blend ratios of 80:20, 70:30 and 60:40 (condensed buffalo milk to coconut kernel extract), with 6% whey protein and 8% date pulp. These treatments T1D2 (8.78), T2D2 (8.88) and T3D2 (8.88) demonstrated superior texture quality. In contrast, the lowest scores were recorded for treatments with the same base proportions but containing only 6% date pulp T1D1 (7.80), T2D1 (8.50) and T3D1 (8.40).
It was observed that increasing the level of coconut kernel extract from 20% to 30% in the base mixture improved the body and texture score of kulfi from 7.80 to 8.50, an increase of 0.70. However, a further increase to 40% coconut kernel extract resulted in a slight decrease in score from 8.50 to 8.40 (a drop of 0.10). Regarding the effect of date pulp, an increase from 6% to 10% led to an improvement in body and texture scores. For example, in T1 (80:20 ratio), the score increased from 7.82 to 8.58 (0.76). In T2 (70:30), the overall acceptability rose from 8.36 to 8.60 (0.24) and in T3 (60:40), it increased from 8.20 to 8.76 (0.56).
Statistical analysis revealed that the treatment combinations, including the levels of condensed buffalo milk, coconut kernel extract, whey protein powder and date pulp, had a significant effect on body and texture. The interaction effects were statistically significant at both 1% and 5% levels of significance. Overall, the results indicate that an increase in the levels of coconut kernel extract and date pulp positively influences the body and texture of kulfi.
Kedaree (2024) reported that kulfi with 5% guava powder (T1) had the highest body and texture score (8.55), significantly superior to other treatments, while T0, T2 and T3 were at par. Aswathy (2022) found that body and texture scores of both control and fat-replaced dietetic chhana kulfi declined significantly during frozen storage, indicating the negative impact of prolonged storage on texture quality.
3.3 Effect of different levels of Date pulp on Flavour of Kulfi blended with coconut kernel extract and enriched with Whey protein powder and Date pulp.
Table 3. Average Flavour of Kulfi (9-Point Hedonic Scale) 
	Levels of blends (%)
	Levels of Date pulp (%)
	Mean

	
	D1
	D2
	D3
	

	T1
	8.08
	8.88
	8.58
	8.51b

	T2
	8.08
	8.88
	8.58
	8.51b

	T3
	8.18
	8.88
	8.78
	8.61a

	Mean
	8.11c
	8.88a
	8.65b
	8.5466


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

	TRET
	8
	5.375
	0.672
	91.621
	2.21
	S
	3.05
	S

	T
	2
	0.280
	0.140
	19.121
	3.26
	S
	5.25
	S

	D
	2
	4.914
	2.457
	335.030
	3.26
	S
	5.25
	S

	T x D
	4
	0.181
	0.045
	6.167
	2.63
	S
	3.89
	S

	Error
	36
	0.264
	0.007
	-
	-
	-
	-
	-

	Total
	44
	-
	-
	-
	-
	-
	-
	-



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

	T
	0.022
	0.031
	0.063
	0.975
	0.085

	D
	0.022
	0.031
	0.063
	
	0.085

	T x D
	0.038
	0.054
	0.110
	
	0.147


The highest flavour scores were recorded for kulfi formulations blended with coconut kernel extract and enriched with whey protein powder and date pulp, using blend ratios of 80:20, 70:30 and 60:40 (condensed buffalo milk to coconut kernel extract), with 6% whey protein and 8% date pulp. Treatments T1D2, T2D2 and T3D2 each achieved a flavour score of 8.88. In contrast, the lowest scores were observed in the corresponding formulations with only 6% date pulp: T1D1 (8.08), T2D1 (8.08) and T3D1 (8.18).
It was observed that increasing the level of coconut kernel extract from 20% to 30% did not alter the flavour score, which remained constant at 8.08. However, a further increase to 40% resulted in a slight improvement, raising the score from 8.08 to 8.18 (an increase of 0.10). On the other hand, increasing the date pulp level from 6% to 10% led to a significant enhancement in flavour, with scores rising from 8.08 to 8.88 across the treatments. This trend was noted in T1 (80:20 ratio), T2 (70:30) and T3 (60:40) formulations.
The improvement in flavour with higher levels of date pulp is attributed to the inherent sweetness and complex taste profile of dates. Dates are rich in natural sugars primarily glucose and fructose as well as minerals and dietary fibre, all of which contribute to a more pronounced and enjoyable kulfi flavour. Their caramel-like taste, with undertones of honey and molasses, blends harmoniously with the creamy base of kulfi, producing a more intense and satisfying flavour as the concentration of date pulp increases.
Statistical analysis confirmed that the flavour of kulfi was significantly influenced by treatment combinations, including the proportions of condensed buffalo milk, coconut kernel extract, whey protein powder and date pulp. These effects were statistically significant at both 1% and 5% levels of significance. In conclusion, increasing levels of coconut kernel extract and date pulp lead to a notable improvement in the flavour profile of kulfi.
Kedaree (2024) found that kulfi with 5% guava powder (T1) had the highest flavour score (8.55), while the lowest (6.85) was for kulfi without guava powder (T0), indicating flavour enhancement with guava addition. Aswathy (2022) reported a significant decline in flavour of control chhana kulfi during storage, whereas the fat-replaced dietetic variant showed better flavour stability, likely due to low storage temperature preserving its quality over time.
3.4 Effect of different levels of Date pulp on Overall acceptability of Kulfi blended with Coconut kernel extract and enriched with Whey protein powder and Date pulp.
Table 4. Average Overall acceptability of Kulfi (9-Point Hedonic Scale) 
	Levels of blends (%)
	Levels of Date pulp (%)
	Mean

	
	D1
	D2
	D3
	

	T1
	7.82
	8.58
	8.34
	8.25c

	T2
	8.36
	8.6
	8.46
	8.47b

	T3
	8.2
	8.76
	8.5
	8.49a

	Mean
	8.12c
	8.65a
	8.43b
	8.40


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

	TRET
	8
	2.9858
	0.3732
	17.1378
	2.21
	S
	3.05
	S

	T
	2
	0.5458
	0.2729
	12.5306
	3.26
	S
	5.25
	S

	D
	2
	2.0498
	1.0249
	47.0612
	3.26
	S
	5.25
	S

	T x D
	4
	0.3902
	0.0977
	4.4796
	2.63
	S
	3.89
	S

	Error
	36
	0.784
	0.0219
	-
	-
	-
	-
	-

	Total
	44
	-
	-
	-
	-
	-
	-
	-



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

	C
	0.038
	0.054
	0.109
	1.736
	0.147

	W
	0.038
	0.054
	0.109
	
	0.147

	C x W
	0.066
	0.093
	0.189
	
	0.254


The highest overall acceptability scores were recorded for kulfi formulations blended with coconut kernel extract and enriched with whey protein powder and date pulp, using condensed buffalo milk and coconut kernel extract in ratios of 80:20, 70:30 and 60:40. These treatments, which incorporated 6% whey protein and 8% date pulp, included T1D2 (8.58), T2D2 (8.60) and T3D2 (8.76). In contrast, the lowest acceptability scores were observed in the same blend ratios containing only 6% date pulp: T1D1 (7.82), T2D1 (8.36) and T3D1 (8.20).
It was noted that increasing the level of coconut kernel extract from 20% to 30% resulted in an improvement in overall acceptability, with scores rising from 7.82 to 8.36 (0.54 point increase). However, a further increase to 40% led to a slight decrease in score, from 8.36 to 8.20 (reduction of 0.16). Meanwhile, increasing the level of date pulp from 6% to 10% significantly enhanced the overall acceptability of kulfi. For example, in T1 (80:20), the score improved from 7.82 to 8.58 (0.76 increase), while in T2 (70:30), it rose from 8.36 to 8.60 (0.24) and in T3 (60:40), from 8.20 to 8.76 (0.56).
The improvement in overall acceptability with higher levels of date pulp can be attributed to its positive influence on the kulfi's colour, texture and flavour. The addition of date pulp imparts a rich brown hue, enhancing visual appeal and contributes to a smoother, creamier texture due to its natural sugars and gelatinous consistency. In terms of flavour, dates lend a sweet, caramel-like taste that complements the creamy dairy base, resulting in a well-balanced and indulgent flavour profile. These combined attributes contribute to the increased overall acceptability as date pulp concentration rises.
Statistical analysis confirmed that overall acceptability was significantly affected by the treatment combinations, including levels of condensed buffalo milk, coconut kernel extract, whey protein powder and date pulp. These effects were statistically significant at both the 1% and 5% levels. In summary, increasing the levels of coconut kernel extract and date pulp enhances the overall acceptability of kulfi, with optimal results observed at 30% coconut kernel extract and 8% date pulp.
Kedaree (2024) reported that kulfi with 5% guava powder (T1) had the highest overall acceptability score (8.52), making it the most preferred treatment, significantly superior to T0, T2 and T3. Aswathy (2022) found that overall acceptability of both control and fat-replaced dietetic chhana kulfi declined significantly during frozen storage, with initial differences diminishing over time, indicating good stability of both variants under prolonged freezing conditions.
3.5 Cost of Kulfi blended with Coconut kernel extract and enriched with Whey protein powder and Date pulp (based on cost of ingredients only)
Cost of raw material used:  
1.  Milk 			:– Rs. 60/ 1000 ml.
2.  Coconut kernel extract 	:– Rs. 14/ 100 ml.
3.  Cream			:– Rs. 67/ 250 gm.
4.  Sugar 			:– Rs. 40/ 1000 gm.
5.   Whey protein powder	:– Rs. 2075/kg
6. Date (Black)		:– Rs. 400/kg 
The highest production cost, amounting to Rs. 275.20 per kg, was observed in the kulfi formulation T3D3. This variant was prepared using a 60:40 blend of condensed buffalo milk and coconut kernel extract, enriched with 6% whey protein powder and 10% date pulp. It was followed closely by treatment T3D2, with a cost of Rs. 273.40 per kg, containing the same base blend and whey protein concentration but with 8% date pulp. In contrast, the lowest production cost, Rs. 240.40 per kg, was noted in treatment T1D1, which consisted of an 80:20 ratio of condensed buffalo milk to coconut kernel extract, along with 6% whey protein powder and 6% date pulp.
Table 5 Cost of Kulfi blended with Coconut kernel extract and enriched with Whey protein powder and Date pulp (based on cost of ingredients only)
	Treatments
	T1D1
	T1D2
	T1D3
	T2D1
	T2D2
	T2D3
	T3D1
	T3D2
	T3D3

	Buffalo milk
	Qty (gm.)
	160
	160
	160
	140
	140
	140
	120
	120
	120

	
	Cost (Rs.)
	9.60
	9.60
	9.60
	8.40
	8.40
	8.40
	7.20
	7.20
	7.20

	Coconut kernel extract
	Qty (gm.)
	40
	40
	40
	60
	60
	60
	80
	80
	80

	
	Cost (Rs.)
	5.60
	5.60
	5.60
	8.40
	8.40
	8.40
	11.20
	11.20
	11.20

	Condensed
Milk
	Qty (gm.)
	100
	100
	100
	100
	100
	100
	100
	100
	100

	
	Cost (Rs.)
	15.20
	15.20
	15.20
	16.80
	16.80
	16.80
	18.40
	18.40
	18.40

	Cream
(14%)
	Qty (gm.)
	14
	14
	14
	14
	14
	14
	14
	14
	14

	
	Cost (Rs.)
	3.75
	3.75
	3.75
	3.75
	3.75
	3.75
	3.75
	3.75
	3.75

	Sugar
(12%)
	Qty (gm.)
	12
	12
	12
	12
	12
	12
	12
	12
	12

	
	Cost (Rs.)
	0.48
	0.48
	0.48
	0.48
	0.48
	0.48
	0.48
	0.48
	0.48

	Whey protein powder
	Qty (gm.)
	6
	6
	6
	6
	6
	6
	6
	6
	6

	
	Cost (Rs.)
	12.45
	12.45
	12.45
	12.45
	12.45
	12.45
	12.45
	12.45
	12.45

	Date pulp
	Qty (gm.)
	6
	8
	10
	6
	8
	10
	6
	8
	10

	
	Cost (Rs.)
	2.40
	3.20
	4
	2.40
	3.20
	4
	2.40
	3.20
	4

	Total qty. of Kulfi prepared (gm.)
	138
	140
	142
	138
	140
	142
	138
	140
	142

	Total cost of Kulfi (Rs.)
	34.28
	35.08
	35.88
	35.88
	36.68
	37.48
	37.48
	38.28
	39.08

	Production cost of Kulfi per 100 gm (Rs.)
	24.84
	25.05
	25.26
	25.26
	26.20
	26.39
	26.39
	27.34
	27.52

	Production cost of Kulfi per 1000 gm (Rs.)
	248.40
	250.50
	252.60
	252.60
	262.00
	263.90
	263.90
	273.40
	275.20


Fig. 1. Cost of kulfi blended with Coconut kernel extract and enriched with Whey protein powder and Date pulp (Based on cost of ingredients only)
4 CONCLUSIONS
The incorporation of whey protein powder (6%) and date pulp (8%) significantly improved the quality attributes and acceptability of kulfi prepared with a base blend of condensed buffalo milk and coconut kernel extract. Among the tested formulations, the combinations with varying proportions of condensed buffalo milk and coconut kernel extract namely 80:20 (T1D2), 70:30 (T2D2) and 60:40 (T3D2) all showed high sensory acceptability. The cost of production increased slightly with higher levels of coconut kernel extract, ranging from Rs. 250.50/kg for T1D2, Rs. 262.00/kg for T2D2 and Rs. 273.40/kg for T3D2. Overall, the addition of functional ingredients like whey protein and date pulp enhanced both the nutritional value and consumer acceptability of kulfi, making these formulations suitable for commercial production with varying cost considerations.
Waikar Maleeha (2020) reported that the addition of betel vine leaf extract increased the production cost of kulfi, with T2 (Rs. 170.42/kg) being the most acceptable formulation despite higher cost. Similarly, Samant Sneha (2019) found that tender coconut flesh raised kulfi production costs, with the most preferred formulation, T4, costing Rs. 156.80/kg. Both studies highlight that added functional ingredients increase costs but enhance product acceptability.
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PLATE 1. KULFI WITH DIFFERENT LEVELS OF CONDENSED BUFFALO MILK, COCONUT KERNEL EXTRACT, WHEY PROTEIN POWDER AND DATE PULP 



Production cost of kulfi per 100 gm (Rs.)	
T1D1	T1D2	T1D3	T2D1	T2D2	T2D3	T3D1	T3D2	T3D3	24.84	25.05	25.26	25.26	26.2	26.39	26.39	27.34	27.52	Treatments


Price Rs./100gm
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