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ABSTRACT

The present study was undertaken to analyse the physico chemical properties and cost of production of high-quality Kulfi enriched with date paste (Phoenix dactylifera L.) and nutmeg, targeting the development of a functional, nutritious, and consumer-acceptable frozen dairy dessert. The experiment was conducted using a Completely Randomized Design (CRD) with five treatments and four replications each. The study was conducted at the Department of Animal Husbandry and Dairy Science, Dr. Sharadchandra Pawar College of Agriculture, Baramati, affiliated with MPKV, Rahuri, during the academic year 2023 to 2025. Kulfi was prepared by incorporating date paste at levels of 0, 15, 20, 25, and 30 per cent, designated as treatments T₀, T₁, T₂, T₃, and T₄, respectively, into a standardized kulfi mix along with a constant level of nutmeg. The experimental products were evaluated for physico chemical properties by a using standard analysis protocols for fat, protein, total solids, moisture, titratable acidity, pH and ash. Among the five treatments, Kulfi with 25 per cent date paste (T₃) recorded the highest scores for all sensory parameters, with an overall acceptability of 8.78. Physico-chemical analysis of T₃ revealed improved nutritional composition: fat 8.14%, protein 6.91%, total solids 41.62%, ash 1.74%, and pH 6.68.  Cost analysis revealed T₃ to be the most viable formulation, with a production cost of ₹198.50 per kg, offering a balance of enhanced nutrition, consumer acceptability, and economic feasibility. Thus, Kulfi enriched with 25 per cent date paste and nutmeg was found to be superior in terms of nutritional profile and cost, highlighting its potential as a functional frozen dairy product for commercial production.
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1. INTRODUCTION
	Kulfi is a traditional Indian frozen dairy dessert with a dense, creamy texture, typically prepared by slow-heating sweetened milk until its volume is reduced by half. Unlike ice cream, kulfi contains no air incorporation, which gives it a harder body and richer mouthfeel (Nagajjanavar et al., 2016). It is widely consumed across India in various flavours such as mango, saffron, rose, pistachio and seasonal fruits. Due to its affordability, rich taste and simple preparation method, kulfi continues to be favoured among urban and rural consumers alike (Singh et al., 2017; Naik and Londhe, 2011).
	Dates (Phoenix dactylifera) are nutrient-dense fruits high in natural sugars such as glucose and fructose, which provide quick energy and are particularly beneficial for diabetic individuals, children. They also supply vital minerals such as potassium, calcium and iron, along with dietary fibre and antioxidants (Amiri et al., 2014; USDA, 2006). Utilization of fruits in food preparation while requiring sweet taste is a wise strategy to reduce the added sugar intake. Dates are ideal fruits to substitute added sugar in foods and they play an important role in daily nutrition of many people in the arid regions (Jain, 2012). Date fruits have been used in several forms such as juice, syrups and spreads (El Hadrami and Al-Khayri, 2012).	Comment by HP PC: Too old reference
	Nutmeg (Myristica fragrans Houtt.), a well-known Indian spice, has been historically recognized for its medicinal properties. Rich in bioactive compounds, nutmeg exhibits antioxidant, anti-inflammatory, and antimicrobial activities, making it a promising candidate for incorporation into functional foods (Aiyer, 1956; Kalidas et al., 2021).
Several studies have highlighted the potential of dates and their derivatives in enhancing the nutritional and sensory quality of dairy products. Vyawahare et al. reported that incorporating 30% date paste in burfi significantly improved its sensory attributes and acceptability compared to the control. Similarly, Haneen et al. demonstrated that fortifying yoghurt with 10–15% date paste enhanced its functional value and health benefits without compromising acceptability. Yangilar (2015) further emphasized the functional potential of date fibre in ice cream, noting improvements in texture, viscosity, melting resistance, and mineral content at 1–2% inclusion levels. These findings support the application of date-based ingredients to develop functional and consumer-preferred dairy products. 
Considering the increasing consumer demand for health-oriented desserts and the functional potential of dates and nutmeg, the present study aims to develop a kulfi formulation enriched with these two ingredients. This study focuses on evaluating the sensory attributes of the developed product including colour and appearance, flavour, texture, and overall acceptability along with analyzing its cost of production. The research aims to provide a functional, palatable, and affordable kulfi variant that meets the evolving preferences of health-conscious consumers, while also promoting the utilization of natural ingredients in traditional Indian dairy products.
2. MATERIAL AND METHODS
	The present investigation entitled “Physico chemical and cost of production Evaluation of Date-Based sugar free Kulfi with Nutmeg” was carried out during the academic year 2023–2025 at the Department of Animal Husbandry and Dairy Science, Dr. Sharadchandra Pawar College of Agriculture, Baramati, Maharashtra. The study was conducted in the dairy processing unit. All required ingredients were purchased from local market Baramati. 	Comment by HP PC: No need of repeating the title here

Physico-Chemical analysis of Date Kulfi: 
Determination of Fat 
The fat content of Date kulfi was determined by the Gerber method described in IS: 1224 (Part II) 1977. 	Comment by HP PC: Too old
Determination of Protein 
Protein was determined as per the method prescribed by the Indian Standard Institute in the I.S.I. Handbook of Food Analysis, Dairy Products, Part I (1980). 	Comment by HP PC: Too old
Determination of moisture
The moisture content of kulfi samples was determined as per procedure given in IS: 1479 (Part-II, 1961).	Comment by HP PC: Too old and this was applicable to all analyses carried out. However, the work looks better when you write out the methods for each procedure
Determination of Total solids 
The total solids content of the milk and kulfi mix was determined as per the method recommended by the Indian Standards Institute in “Hand Book of Food Analysis and Quality Control” SP- 18 Part XI (Dairy Product 1981). 
Determination of Titratable acidity 
The titratable acidity of Date kulfi was determined by the method described in IS: 2802 (1964).
Determination of pH 
The pH of Date kulfi was determined using the standard procedure mentioned in IS 11918: 2017. 
 
Determination of Ash
The ash content of kulfi was determined as per the procedure given in IS: (1981).
Preparation of date paste
	Dates were purchased from the local market of Baramati for preparation of date paste. dates were washed to clean dirt, then pits from date flesh were removed, flesh is soaked in warm milk for 15 min and transferred into blender to obtain smooth paste. The paste was collected in clean sterile container and used for final experimental trial.	Comment by HP PC: Font size here  is different from the previous font used. Pls be consisitent
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Plate No. 1       Date paste
Preparation of Date paste Incorporated kulfi
Kulfi is manufactured as per protocol developed by Nalkar (2012) with slight modification in procedure.
[image: ]Receiving of milk

[image: ]Filtration of milk

standardization
Buffalo milk
[image: ](fat 6% SNF 9%)

Concentration of milk
(2:1)
[image: ]
Weighing and measuring of ingredients
(Dates, Nutmeg)
[image: ]
Addition of date paste
[image: ]
Cooling of mix 30oC
[image: ]
[image: ]Aging of mix (6hrs)
[image: ]Filling into mould
[image: ]Hardening (deep freezer -20oC @ 12hrs)
[image: ]Date kulfi
Packaging and storage@-18oC
Fig. 1 Flow diagram for preparation of Date kulfi

Treatment Combinations
The research trial was conducted with the following different levels of Date paste for the preparation of Date kulfi:
T0: Condensed milk + Nutmeg + sugar 10%(Control)
T1: Condensed milk + Nutmeg +15%Date Paste
T2: Condensed milk + Nutmeg +20%Date Paste
T3: Condensed milk + Nutmeg +25%Date Paste
T4: Condensed milk + Nutmeg +30%Date Paste	
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Plate No. 2	Experimental treatment combinations
Cost of Production
The cost of producing Date paste incorporated kulfi with nutmeg was calculated by taking into account the cost of processing of finished product as well as the current market prices for the ingredients.	Comment by HP PC: This should be clearly expansiated here
3. RESULTS AND DISCUSSION
A] Physico chemical evaluation of kulfi incorporated with Date paste
	The five samples of date paste incorporated kulfi were subjected for physico chemical analysis for parameters like fat, protein, total solids, moisture, titratable acidity, pH and ash.
1) Fat
Table1: Effect of different levels of date paste on fat content of date kulfi.	Comment by HP PC: There is no place where this table 1 was referred to.
This could be written as follows; Table 1 shows the results of different levels of date paste on fat content of date kulfi
	Treatments
	Replications
	Mean

	
	RI
	RII
	RIII
	RIV
	

	T0
	9.05
	9.04
	9.05
	9.03
	9.04a

	T1
	8.45
	8.44
	8.45
	8.43
	8.44b

	T2
	8.2
	8.21
	8.22
	8.19
	8.21c

	T3
	8.15
	8.14
	8.15
	8.13
	8.14d

	T4
	8.10
	8.09
	8.11
	8.10
	8.10e

	S.E.±
	0.0050
	 
	 
	CD at 5%
	0.015



[bookmark: _Hlk198893357]The addition of date paste significantly influenced the fat content of date kulfi which ranged from 9.04 to 8.10. Highest value of fat was observed for T0 and none of the treatments were at par with it. Due to the low-fat content of date paste i.e. (0.35), it reduced the fat content of the final product because of the dilution effect. Despite this, the difference between the highest and lowest fat content values of date kulfi, as influenced by date paste was 0.94 per cent.
The findings are in accordance with the values for fat content reported by Jadhav (2002) that addition of mango pulp decreased the fat content of kulfi prepared either by incorporation of mango or sapota pulp. Gore (2020) observed that mean fat content for gulkand kulfi samples of different treatments were ranged from 9.87% for T0 and 7.13% for T3.
2) Protein
Table 2: Effect of different levels of date paste on Protein content of date kulfi.	Comment by HP PC: There is no place where this table 1 was referred to.
This could be written as follows; Table 1 shows the results of different levels of date paste on protein content of date kulfi

	Treatments
	Replications
	Mean

	
	RI
	RII
	RIII
	RIV
	

	T0
	7.10
	7.11
	7.09
	7.10
	7.10a

	T1
	6.9
	6.91
	6.90
	6.92
	6.91b

	T2
	6.84
	6.83
	6.82
	6.84
	6.83c

	T3
	6.78
	6.79
	6.77
	6.80
	6.79d

	T4
	6.69
	6.70
	6.72
	6.68
	6.70e

	S.E.±
	0.0060
	 
	 
	CD at 5%
	0.018



[bookmark: _Hlk198893856]It was observed that the average protein content of the Date kulfi sample ranged from (7.10 to 6.70) i.e. The highest protein content was observed at T0 (7.10%), which is date kulfi prepared with 0 per cent paste and the lowest at T4 (6.70%), i.e., date kulfi with 30 per cent date paste. As the amount of date paste increased, it was seen that the overall protein content gradually decreased 
The results indicate that the variation in protein content of the date kulfi was found to be statistically significant. For the protein, highest value was observed for T0 and none of the treatments were at par with it.
[bookmark: _Hlk198620326]The results of present study are in agreement with the reports of Nalkar (2012) observed the mean values for protein content of mango kulfi in phase I of the study as 4.46 per cent, 4.40 per cent, 4.37 per cent, 4.30 per cent for treatments T1 to T4.
Kirtane (2019) reported that average protein content of date kalakand varied from 16.37 to 13.64 per cent for treatment T1 to T4.
3) Total solids

Table 3 : Effect of different levels of date paste on total solids content of date kulfi.	Comment by HP PC: Do Same as table 1 and 2

	Treatments
	Replications
	Mean

	
	RI
	RII
	RIII
	RIV
	

	T0
	43.29
	43.30
	43.31
	43.32
	43.31a

	T1
	42.95
	42.92
	42.94
	42.93
	42.94b

	T2
	42.61
	42.65
	42.63
	42.62
	42.63c

	T3
	41.31
	41.33
	41.32
	41.30
	41.32d

	T4
	40.95
	40.96
	40.94
	40.93
	40.95e

	S.E.±
	0.0069
	 
	 
	CD at 5 %
	0.021


[bookmark: _Hlk198894005]The average percentage of total solids in Date kulfi sample was ranged from 43.31 to 40.95 The Control kulfi made with 0 per cent date paste i.e., T0 (43.31%) had the greatest total solids content, whereas the kulfi made with 30 per cent date paste T4 (40.95%) had the lowest total solids content because of there was highest percentage of date paste.
 As the amount of date paste increased, All the treatments significantly differed among themselves. It was seen that the total solids content gradually decreased as well.
Singh et al., (2017), the total solids percentage of various treatments decreased significantly as the amount of wood apple pulp increased, which might be due to the greater water content in the wood apple pulp-water combination. Gore (2020) observed that mean total solids content for gulkand kulfi samples of different treatments were 38.50 per cent for T0, 38.00 per cent for T1, 36.79 per cent for T2 36.34 per cent for T3 and differed significantly from each other.
4) Moisture	Comment by HP PC: Same here



Table 4 : Effect of different levels of date paste on Moisture percent of date kulfi
	Treatments
	Replications
	Mean

	
	RI
	RII
	RIII
	RIV
	

	T0
	56.71
	56.70
	56.69
	55.70
	56.45c

	T1
	57.05
	57.08
	57.06
	56.05
	56.81c

	T2
	57.39
	57.35
	57.37
	56.38
	57.12bc

	T3
	58.69
	58.67
	58.68
	56.69
	58.18ab

	T4
	59.05
	59.04
	59.06
	57.05
	58.55a

	S.E. ±
	0.37
	
	
	CD at 5% 
	1.12


 
[bookmark: _Hlk198894302]In was observed that the average moisture content of date incorporated kulfi ranged from (56.45 to 58.55). The control kulfi made with 0 per cent date paste T0 (56.45%) had the lowest moisture content, whereas the date kulfi made with 30 per cent date paste i.e., T4 (58.55%) had the greatest moisture content because of there was highest amount incorporation of date paste. Among the treatments (T1, T2, T3 and T4) values differ significantly as from each other. The moisture content was increased due the addition of date paste in the kulfi. It may be due to of moisture content of date paste.
[bookmark: _Hlk198491493]These results are in agreement with Kale (2011) observed that increase in the level of kesar mango pulp, there was proportionate increased in the moisture content in kulfi. Gore (2020) studied that 
5) Titratable acidity	Comment by HP PC: Do same here

Table 5 : Effect of different levels of date paste on titratable acidity (%LA) of date kulfi
	Treatments
	Replications
	Mean

	
	RI
	RII
	RIII
	RIV
	

	T0
	0.14
	0.14
	0.13
	0.13
	0.13e

	T1
	0.14
	0.14
	0.14
	0.14
	0.14d

	T2
	0.158
	0.16
	0.16
	0.16
	0.16c

	T3
	0.184
	0.19
	0.18
	0.19
	0.18b

	T4
	0.20
	0.20
	0.20
	0.20
	0.20a

	S.E.±
	0.0007
	 
	 
	CD at 5%
	0.002


[bookmark: _Hlk198895952][bookmark: _Hlk198896020]The results presented in Table.5 indicated that the average acidity of date kulfi at T0, T1, T2, T3 and T4 was 0.13, 0.14, 0.16, 0.18 and 0.20 (%LA), respectively. The highest titratable acidity was observed in T4 (0.20), i.e., date kulfi with 30 per cent date paste and the lowest was observed in control sample T0 (0.13). The acidity showed slight increase in trend with an increase in the level of date paste.
The findings of present study, are in concurrence with findings of samant (2019) and Vyawahare (2022)). The titratable acidity shows increasing trend with increase in tender coconut flesh and date paste respectively.
Samant (2019) observed that titratable acidity was found to be 0.152, 0.154, 0.156, 0.159 and 0.160 per cent at 5, 10, 15, 20 and 25 per cent level of tender coconut flesh. Titratable acidity increased with increased level of tender coconut flesh.Vyawahare (2022) developed burfi with addition of date paste observed that titratable acidity increased with increase in level of date paste in burfi.
6) pH

Table 6 : Effect of different levels of date paste on pH of date kulfi	Comment by HP PC: Same here

	Treatments
	Replications
	Mean

	
	RI
	RII
	RIII
	RIV
	

	T0
	6.96
	6.93
	6.95
	6.94
	6.95a

	T1
	6.84
	6.79
	6.82
	6.80
	6.81b

	T2
	6.78
	6.78
	6.77
	6.76
	6.77c

	T3
	6.69
	6.70
	6.68
	6.65
	6.68d

	T4
	6.58
	6.57
	6.59
	6.60
	6.59e

	S.E.±
	0.0083
	 
	 
	CD at 5%
	0.025


[bookmark: _Hlk198896204][bookmark: _Hlk198896279]The results indicated that average pH of date kulfi samples were ranged from 6.95 to 6.59. The Control kulfi T0 (6.95), shows the highest pH, whereas the date kulfi made with 30 per cent date paste, T4 (6.59), had the lowest pH. As the amount of date paste increased, it was seen that the overall pH gradually decreased as well. The pH of date paste might be the cause of this progressive decrease of pH in date paste from T0 to T4. 
The results indicate that the variation in pH of the date kulfi was found to be statistically significant. For the pH, highest value was observed for T0 and none of the treatments were at par with it. The pH value of date kulfi was decreased with increase in the level of date paste.
The results are in correlation with kale (2011) and Vyawahare (2022) reported Kale (2011) observed that increase in the level of kesar mango pulp, there was proportionate increased in the pH of kulfi. Vyawahare (2022) reported that addition of date paste in burfi, as the level of date paste increase the pH of burfi increases.
7) Ash
Table 7: Effect of different levels of date paste on Ash content of date kulfi	Comment by HP PC: Same here
	Treatments
	Replications
	Mean

	
	RI
	RII
	RIII
	RIV
	

	T0
	0.98
	0.97
	0.96
	0.99
	0.98e

	T1
	1.32
	1.35
	1.30
	1.32
	1.32d

	T2
	1.53
	1.55
	1.51
	1.54
	1.53c

	T3
	1.74
	1.73
	1.76
	1.71
	1.74b

	T4
	1.94
	1.96
	1.91
	1.92
	1.93a

	S.E.±
	0.0095
	 
	 
	CD at 5%
	0.029


[bookmark: _Hlk198896505][bookmark: _Hlk198896718]The data shows the mean ash content of the kulfi samples ranged from 0.98, to 1.93 per cent for the ash content of fresh kulfi samples significantly influenced due to the addition of date paste.The kulfi sample T4 highest ash content over the rest of treatments. because of high mineral content of date, the ash content was increased as the level of date paste increased. The treatment T0 had lowest ash content i.e. 0.98 per cent.
The results obtained in this study are synonymous with the result obtained by David (2014) studied the effect of different level of ash gourd pulp for manufacturing dietetic kulfi. He reported the ash content for T3 (0.96), T2 (0.94), T1, (0.92) and T0 (0.75). F. Yangilar (2015) studied Mineral Contents and Physical, Chemical, Sensory Properties of Ice cream Enriched with Date Fibre and reported the ash percentage of various treatments increased significantly as the amount of date paste increased, which might be due to the greater mineral content in the date paste.

B] Cost of production of kulfi incorporated with date paste
	All the required ingredients for preparation of Date paste incorporated kulfi were rated as per the market price of 2024-2025. The manufacturing cost of is presented in Table 8
	From the Table 8 it can be said that, the cost of production of kulfi for treatments T0, T1, T2, T3 and T4  were Rs. 107.3, 160.5, 179.5, 198.5 and 217.5, respectively 
Table 8: Cost of production of kulfi incorporated with Date paste 	Comment by HP PC: Same here
	Sr.No.
	Particulars
	Price
	Treatments

	
	
	
	T0
	T1
	T2
	T3
	T4

	
	
	
	Qt.
	Amt.
	Qt.
	Amt.
	Qt.
	Amt.
	Qt.
	Amt.
	Qt.
	Amt.

	1
	Buffalo milk(lit)
	65/lit
	1
	65
	1
	65
	1
	65
	1
	65
	1
	65

	2
	Sugar(gm)
	38/kg
	100
	3.8
	0
	0
	0
	0
	0
	0
	0
	0

	3
	Dates(gm)
	380/kg
	0
	0
	150
	57
	200
	76
	250
	95
	300
	114

	4
	Nutmeg(mg)
	10
	0.15
	1
	0.15
	1
	0.15
	1
	0.15
	1
	0.15
	1

	5
	Electricity(hr)
	7/unit
	6
	10
	6
	10
	6
	10
	6
	10
	6
	10

	6
	Fuel(gm)
	50/kg
	150
	7.5
	150
	7.5
	150
	7.5
	150
	7.5
	150
	7.5

	7
	Labour(min)
	250/day
	30
	15
	30
	15
	30
	15
	30
	15
	30
	15

	8
	Packaging material
	0.5/unit
	10
	5
	10
	5
	10
	5
	10
	5
	10
	5

	 
	Total
	 
	 
	107.3
	 
	160.5
	 
	179.5
	 
	198.5
	 
	217.5




Fig.2: Cost of production of Kulfi incorporated with Date paste


4. CONCLUSION
The results of the investigation would lead to conclusions as under; The Date kulfi with the optimal formulation i.e. T3 with (25% Date paste) had the physico-chemical composition as 8.14 per cent fat, 6,91 per cent protein, 41.62 per cent total solids, 58.18 per cent Moisture, 0.18 Per cent L.A. lactic acidity, 6.68 pH and 1.74 per cent Ash. The cost of preparation of control kulfi sample was Rs. 107.3 /kg. The cost of preparation under different treatments T0, T1, T2 and T3 were Rs. 160.5/kg, Rs. 179.5 kg, Rs. 198.5/kg and Rs. 217.5 /kg, respectively Hence, the 25 per cent date paste formulation (T3) was identified as the ideal combination for developing date paste and nutmeg incorporated kulfi.		Comment by HP PC: No need of this
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