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ABSTRACT 

	Aims: The present study aimed to develop and evaluate a functional kulfi enriched with whey protein concentrate (WPC), fructo-oligosaccharides (FOS), and kokum extract to enhance nutritional value, functional properties, sensory quality, and storage stability.
Study Design: Development of functional kulfi enriched with selected functional ingredients and evaluation of physicochemical, sensory, rheological, and microbiological characteristics.
Place and Duration of Study: The study was carried out at the Department of Dairy Technology, Dairy Science College, Bengaluru, Karnataka, India, during the period from December 2024 to December 2025.
Methodology: Standardized milk containing 3.5% fat and 8.5% solids-not-fat (SNF) was concentrated to a 2:1 ratio by heating. Whey protein concentrate (1, 2, or 3%) was incorporated to enhance protein content and functionality. Sugar was partially replaced with fructo-oligosaccharides (FOS) at ratios of 25:75, 50:50, or 75:25. Elaichi powder (0.2%) and sodium alginate (0.25%) were added for flavour and stabilization. The mixture was cooled to 30°C, followed by addition of kokum extract at 6, 7, or 8%. The mix was poured into 50 ml kulfi moulds, frozen at −20°C, packaged in LDPE pouches, and stored at −20°C for analysis.
Results: The optimized kulfi (2% WPC, 50:50 sugar-to-FOS ratio, 6% kokum extract) showed high sensory acceptability with about 5.6% fat and 6.12% protein. During storage, acidity increased from 0.272% on 0th to 0.285% on 40th day. Viscosity increased from 160.33 cP to 176.00 cP. Water activity decreased from 0.912 to 0.897, and lightness (L*) decreased from 62.10 to 60.85. Standard plate count of 3.94 on 0th day to 4.06 cfu/g on 40th day, No coliforms were detected, while yeast and mould counts increased from 1.2 × 10¹ CFU/g to 2.6 × 10¹ CFU/g within acceptable limits.
Conclusion: The developed functional kulfi showed improved nutrition, desirable sensory quality, and good storage stability, indicating strong potential as a health-oriented value-added frozen dairy dessert.
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1. INTRODUCTION 

Milk and milk products have been a key part of the human diet for centuries, offering a unique mix of essential nutrients that support health and development. They provide high quality proteins, essential fatty acids, and easily absorbed minerals such as calcium, phosphorus, magnesium, potassium, and zinc. These minerals are not only vital for human health but also play an important role in dairy processing by affecting cheese texture, fermentation, and structural stability (Górska-Warsewicz et al., 2019). 

IMARC Group (2024) reported that the industry reached INR 268 billion in 2024 and is expected to expand to INR 1,078 billion by 2033, registering a CAGR of 16.7%. These trends indicate strong and accelerating demand for ice-cream products, emphasizing the commercial importance of the frozen dairy sector. Kulfi, a traditional indigenous frozen dessert, is widely produced by small-scale vendors and ice cream industries contributes significantly to seasonal employment and income generation.

Kulfi, a popular frozen dessert originating from the Indian subcontinent, was traditionally made by condensing milk and adding various flavourings such as cardamom, saffron, or nuts.  They emphasized kulfi's rich texture and unique slow-chilling process, which distinguished it from conventional ice creams.   
As per FSSAI 2011, Ice-Cream/Kulfi/Chocolate Ice Cream or Softy Ice-Cream means the frozen milk product conforming to the composition specified in the table given below, obtained by freezing a pasteurized mix prepared from milk or other products derived from milk, or both, with or without addition of nutritive sweeteners and other permitted nondairy ingredients. The said product may contain incorporated air and shall be frozen hard except in case of softy ice-cream where it can be frozen to a soft consistency. 
Kulfi is a mixture of milk products like cream, milk, SMP and non-dairy ingredients like sugar, with or without the addition of flavour, colour, stabilizer and emulsifier; further, this mixture is frozen. The ideal compositional range for kulfi mix is fat ranges from 10-16%, TS 36-45%, corn syrup solids 4-6%, SNF 9-12%, sugar 9-12%, stabilizer/emulsifier 0-0.5%   and   moisture 55-64% (Singh et al.,2018).  

Whey is a byproduct of cheese and casein manufacture in the dairy industry and is rich in lactose, proteins, fats, and other organic matter. Milk proteins are classified into caseins and whey proteins; whey proteins remain soluble in milk serum after casein precipitation during processing. The major whey proteins include β-lactoglobulin (β-lg), α-lactalbumin (α-la), bovine serum albumin (BSA), immunoglobulins (Ig), lactoferrin, and protease-peptone fractions (Kadam et al., 2018). Whey protein concentrate (WPC) contributes water binding, emulsification, gelation, and increased viscosity in reduced-fat products. It also shows high solubility, gel-forming, and foam-forming properties suitable for extrusion (Kristensen et al., 2021).

Fructooligosaccharide (FOS) is a non-digestible carbohydrate that occurs naturally in plants such as onions, chicory, garlic, asparagus, and bananas. It has no glycemic index and is 40-50% as sweet as sugar (Vandana et al., 2015). Because our digestive enzymes are unable to break it down and it helps beneficial bacteria in the gut, FOS is a prebiotic.   FOS is produced commercially from plants or through enzymatic reactions using fructosyl transferases and β-fructofuranosidases, resulting in mixtures containing small amounts of fructose, glucose, and sucrose. These sugars are composed of 3 to 20 fructose molecules bound together by β(2→1) or β(2→6) glycosidic bonds, depending on the production method. Inulin and oligofructose have been recognized as natural food ingredients in most of Europe and have self-affirmed GRAS (Generally Recognized as Safe) status in the United States.

Kokum (Garcinia indica) belongs to the Clusiaceae family and grows in the tropical rainforests along India’s western coast. It is native to Maharashtra, Goa, Gujarat, Karnataka, and parts of the northeastern states, with major production in Maharashtra. Similar to tamarind, kokum is used in vegetarian and non-vegetarian curries. The dried rind can be stored in airtight containers for about a year. Known for its cooling properties, kokum is used to prepare “amrut kokum,” a summer beverage. Traditionally, it is used for flatulence, sunstroke, and infections. Ayurveda recognizes its benefits for sunstroke, appetite stimulation, heart health, and tumors. It contains hydroxycitric acid (HCA), which may aid weight loss and reduce cholesterol (Nayak et al., 2010). Hence, kokum-based kulfi may appeal to health-conscious consumers.

2. material and methods 

2.1 Materials
Fresh cow milk was obtained from Nandini Milk Parlor, R T Nagar, Bengaluru. Whey protein concentrate with 80 % protein was obtained from Nutrabay, India. Fructo oligo saccharides were obtained from Shree Durga Sales Corporation, Bengaluru. Sugar was obtained from the local market. Sodium alginate, used as a stabilizer, was obtained from Marine Hydrocolloids, Kochi, Kerala. Kokum extract was obtained from AAZOL, Konkan Food, Plot No. 6, Sahajivan Vividh Udyog Sangathana, Alibaug, Maharashtra. Elaichi powder Elaichi powder was obtained from local market.

2.2 Methods
The experimental kulfi was made with slight variations based on the initial standardization tests. The ingredient optimization involved varying proportions of whey protein concentrate (WPC) at 1%, 2%, and 3%; sugar substituted with fructo-oligosaccharides (FOS) at 25:75, 50:50, and 75:25; and addition of kokum extract at 6%, 7%, and 8%, as per the sensory optimization.
For the production of functional kulfi, standardized milk with 3.5% fat and 8.5% SNF was initially received and concentrated to a 2:1 ratio by heating in an open pan to increase total solids. Whey protein concentrate was then added at a 2% concentration, followed by the addition of sugar partially substituted with fructo-oligosaccharides (50:50) as per the experimental treatment. Elaichi powder (0.2%) and sodium alginate (0.25%) were also added to enhance flavour and act as a stabilizer. The mixture was cooled to 30 °C, to which kokum extract was added at 6% concentration. The standardized mixture was then poured into kulfi moulds (50 ml capacity) and frozen at -20 °C. The experimental kulfi mixture was then packed in LDPE pouches and stored under frozen conditions (-20°C). All the ingredients used in this experiment are food grade and Generally Recognized as Safe (GRAS). The statistical analysis was done using ANOVA and Critical Difference (CD) tests to determine the significant differences among the treatments. The experiment was conducted at the Department of Dairy Technology, Dairy Science College, Bengaluru, Karnataka, from December 2024 to December 2025.A detailed process flowchart (Fig. 1) outlines the production steps and experimental framework employed in this study.
2.3 Sensory Evaluation 
The sensory characteristics of the developed functional kulfi were assessed by six sensory panelists from Dairy Science College, Bengaluru, who are experts in sensory evaluation of dairy products, using a 9-point hedonic scale ranging from 1 (disliked extremely) to 9 (liked extremely). Each sample was coded with a random three-digit number to ensure blind testing, and a controlled environment was maintained to minimize external influences. The panelists assessed the functional kulfi for its colour and appearance, flavour, body and texture, and overall acceptability at refrigeration temperature (-20°C).

2.4 Assessment of Techno Functional and Quality Attributes for Developed Functional kulfi
The developed functional kulfi was analysed for physicochemical parameters following IS: SP 18 (Part XI) 1981. Acidity (% lactic acid) was determined by the titration method, fat by the Gerber method, protein by the Kjeldahl method, moisture by the gravimetric method, and total solids as per standard procedure. Viscosity was measured at 25°C using a Lamy Viscometer (B-one plus LR module) with spindle L2 and a duration of 30 seconds, suitable for low (LV), medium, and high (HV) viscosity measurements. Colour was evaluated using a 3nh spectrophotometer based on Beer-Lambert’s law, where L* (0–100) indicates lightness, a* (−128 to 127) greenness to redness, and b* (−128 to 127) blueness to yellowness. Water activity (aw) was measured using LabSwift–aw by determining equilibrium air humidity proportional to aw value. Microbiological analysis used dilutions 1, 2, and 3. VRBA was used for coliforms and MEA for yeast and moulds, following IS: 5401 (Part 1): 2012 and IS: 5403: 1999 (BIS). Coliform plates were incubated at 37 ± 1°C for 18–24 hours, and yeast and molds at 30 ± 1°C for 3–5 days using the pour plate method.

2.5 Statistical Analysis 
Statistical Analysis The data were analyzed using R software (version 4.1.3) for statistical computing, with the dplyr and agricolae packages employed for data organization and processing. Response variables were collected from three replications of the trials, and ANOVA tables were generated to evaluate the effects of the variables on the response measures. When the F value was found to be significant, the critical difference (P = 0.05) was calculated using a formula to identify significant differences. The tables highlight significant differences among treatment means by using distinct superscripts. 
C𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (𝐶𝐷) = √ (2 X MSS(E) X tα)/r where, 
MSS (E) = Mean Sum of squares of the error r = number of replications tα = table t value of the α level of significance.
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Fig 1. Process Flow Chart for Production of Functional kulfi


3. results and discussion

 3.1 Effect of whey protein concentrate (wpc) levels on the sensory characteristics of kulfi.
The table below indicates the effect of varying concentrations of whey protein concentrate (WPC) on the sensory attributes of kulfi. Color and appearance remained relatively similar in all treatments, with scores of 8.20 (control), 8.15 (T1), 8.35 (T2), and 8.08 (T3), which did not show any significant difference. Regarding body and texture, the scores increased from 7.83 (control) to 7.88 (T1), reached a highest point of 8.45 (T2), and then decreased to 8.12 (T3). The scores for flavor also followed a similar trend, which was highest for T2 with 8.04, followed by the control with 8.00, then T3 with 7.72, and finally T1 with 7.59. overall acceptability also followed the same trend, with the highest score for T2 with 8.21, followed by the control with 7.96, then T3 with 7.94, and finally T1 with 7.36. Kulfi with 2% WPC (T2) thus had the best attributes of body and texture, flavor, and overall acceptability.

Tvorogova et al. (2023) evaluated the effect of different protein ingredients on the sensory properties of ice cream, using casein (Cs) as the control. The control sample scored 5.6±0.1 for taste and aroma, 2.6±0.1 for structure and texture, and 1.0 for colour and appearance. Among the treatments, ice cream made with whey protein concentrates (WPCs) achieved the highest sensory scores, with 5.7±0.1 for taste and aroma and 2.8±0.1 for structure and texture, while color and appearance remained 1.0, similar to the control.   








Table 1: Effect of different levels of whey protein concentrate (WPC) on sensory attributes of kulfi.
	WPC (%)
	Colour and appearance
	Body and texture
	Flavour
	Overall acceptability

	C
	8.20ᵃ
	7.83ᶜ
	8.00ᵃ
	7.96ᵇ

	T1
	8.15ᵃ
	7.88ᶜ
	7.59ᶜ
	7.36ᶜ

	T2
	8.35ᵃ
	8.45ᵃ
	8.04ᵃ
	8.21ᵃ

	T3
	8.08ᵃ
	8.12ᵇ
	7.72ᵇ
	7.94ᵇ

	CD (p=0.05)
	0.36
	0.25
	0.31
	0.16


Note: C = Plain kulfi; T1 = 1% of WPC incorporated into the kulfi mix; T2 = 2% of WPC incorporated into the kulfi mix; T3 = 3% of WPC incorporated into the kulfi mix; %LA=Percent lactic acid CD = Critical Difference. Similar subscripts indicate non-significance at the corresponding critical difference, whereas different superscripts within the same column indicate a significant difference.

3.2 Effect of incorporation of different levels of wpc on the physico-chemical parameters of kulfi.
The impact of whey protein concentrate (WPC) on the physicochemical characteristics of kulfi is presented in Table 2. Fat slightly decreased with WPC addition, from 6.00% in the control to 5.60% in T1 and T2, and 5.80% in T3. Protein increased progressively from 5.37% in the control to 5.93% in T1, 6.53% in T2, and 7.18% in T3. Acidity also rose from 0.261% in the control to 0.272% in T1, 0.274% in T2, and 0.276% in T3. Viscosity increased markedly from 77.43 cP in the control to 80.33 cP in T1, 112.27 cP in T2, and 118.85 cP in T3. Overall, higher WPC levels increased protein, and viscosity, while slightly reducing fat, thereby improving the functional properties of the kulfi.

El-Zeini et al. (2016) analysed ice cream with WPC substituting milk solids-not-fat at 1%, 2%, 3%, and 4% levels and found 3% WPC to be optimal. The fat percentage in the control was 8.23%, whereas in the optimized sample, it was 8.20%, showing no variation. The protein percentage increased from 4.37% in the control to 6.82% in the optimized sample. The acidity slightly increased from 0.21% in the control to 0.23% in the optimized sample, which is in acceptable limits. Viscosity increased from 45.65 cP in the control to 60.20 cP in the optimized sample, showing improved thickness and rheological characteristics. 

Table 2: Effect of incorporation of different levels of WPC on physico-chemical parameters of kulfi.
	Whey protein concentrate (WPC)
	Fat (%)
	Protein (%)
	Acidity (%LA)
	Viscosity (cP) @25°C

	C
	6.00ᵃ
	5.37ᵈ
	0.261ᵃ
	77.43ᵈ

	T1
	5.60ᶜ
	5.93ᶜ
	0.272ᵃ
	80.33ᶜ

	T2
	5.60ᶜ
	6.53ᵇ
	0.274ᵃ
	112.27ᵇ

	T3
	5.80ᵇ
	7.18ᵃ
	0.276ᵃ
	118.85ᵃ

	CD (p=0.05)
	0.06
	0.07
	0.05
	0.10


Note: C = Plain kulfi; T1 = 1% of WPC incorporated into the kulfi mix; T2 = 2% of WPC incorporated into the kulfi mix; T3 = 3% of WPC incorporated into the kulfi mix; %LA=Percent lactic acid CD = Critical Difference. Similar subscripts indicate non-significance at the corresponding critical difference, whereas different superscripts within the same column indicate a significant difference.

3.3 Effect of different levels of FOS as a sugar replacer on sensory attributes of kulfi.
The effect of FOS substitution (Sugar: FOS) on the sensory attributes of kulfi is presented in Table 3. Colour and appearance remained nearly constant, ranging from 8.22 to 8.25, indicating little visual change. Body and texture increased from 7.83 in the control to 8.21 in 25:75 (T1) and peaked at 8.30 in 50:50 (T2), then decreased to 7.85 in T3 75:2. Flavour rose to 8.25 in 50:50 (T2), 8.15 in (T1) 25:75, and 8.08 in the control, but declined to 7.60 in 75:25(T3). Overall acceptability was highest in 50:50(T2) at 8.20, followed by 25:75 (T1) at 8.05 and the control at 7.96, and lowest in 75:25 (T3) at 7.26. Overall, moderate substitution, especially 50:50 (T2), improved sensory scores, while higher substitution reduced them.

Wood et al. (2011) investigated the effect of sugar substitution in ice cream with inulin-type FOS at 10%, 20%, and 30% levels. The control ice cream had a score of 8.63 for sweetness, 10.10 for smoothness, 9.71 for vanilla flavor, and 10.76 for overall acceptability. The highest point of acceptance was reached at the 10% level of FOS, with a score of 9.40 for sweetness, 10.96 for smoothness, 9.73 for vanilla flavor, and 11.06 for overall acceptability, indicating a definite improvement in texture and flavor. The overall acceptability at the 20 and 30% FOS level was 10.55 and 9.21 respectively.





Table 3: Effect of different levels of FOS as a sugar replacer on sensory attributes of kulfi.
	Levels of FOS (%) replacement
	Colour & Appearance
	Body & Texture
	Flavour
	Overall Acceptability

	C
	8.25ᵃ
	7.83ᵇ
	8.08ᵃ
	7.96ᵇ

	T1
	8.23ᵃ
	8.21ᵃᵇ
	8.15ᵃ
	8.05ᵃ

	T2
	8.24ᵃ
	8.30ᵃ
	8.25ᵃ
	8.20ᵃ

	T3
	8.22ᵃ
	7.85ᵇ
	7.60ᵇ
	7.26ᶜ

	CD (p=0.05)
	0.29
	0.14
	0.48
	0.25


Note: C = Plain kulfi; T1 = 25:75 concentrations of Sugar and FOS incorporated into the kulfi mix; T2 = 50:50 concentrations of Sugar and FOS incorporated into the kulfi mix; T3 = 75:25 concentrations of Sugar and FOS incorporated into the kulfi mix; CD = Critical Difference. Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.

3.4 Effect of different levels of FOS as a sugar replacer on physico-chemical parameters of kulfi. 
The effect of varying concentrations of FOS as a sugar substitute on the physico-chemical properties of kulfi is presented in Table 4. Fat remained constant at 6.00% in all treatments, showing no effect of FOS substitution. Protein increased from 5.37% in the control to 6.57% in T1 (25:75), 6.50% in T2 (50:50), and 6.62% in T3 (75:25). Acidity remained nearly unchanged, from 0.261 in the control to 0.277 in T1 (25:75), and 0.276 in both T2 (50:50) and T3 (75:25), indicating no effect of FOS. Viscosity increased significantly from 77.43 cP in the control to 154.5 cP in T1 (25:75), 152.3 cP in T2 (50:50), and 151.2 cP in T3 (75:25). Thus, while fat and acidity were unaffected, FOS increased protein content and significantly enhanced viscosity, producing a more structured kulfi mix.

Aishwarya et al. (2025) studied FOS supplementation at 25%, 50%, 75%, and 100% in low-fat functional lassi and found the most desirable physico-chemical properties at 25% concentration. Fat increased from 0.10% in the control to 0.21% at 25% FOS, while protein rose from 2.69% in control to 3.25% in functional kulfi, indicating improved nutritional quality. Acidity decreased from 0.62% lactic acid in the control to 0.51% in the optimized sample, enhancing palatability. Viscosity also increased markedly from 12.20 cP in control to 26.92 cP in functional kulfi, resulting in a richer and creamier texture.
Table 4: Effect of different levels of FOS as a sugar replacer on physico-chemical parameters of kulfi.
	Sugar: FOS
	Fat (%)
	Protein (%)
	Acidity (%)
	Viscosity (cP) @25°C

	C
	6.00a
	5.37c
	0.261a
	77.43d

	T1
	6.00a
	6.57ab
	0.277a
	154.5a

	T2
	6.00a
	6.50b
	0.276a
	152.3b

	T3
	6.00a
	6.62a
	0.276a
	151.2c

	CD(p=0.05)
	0.081
	0.121
	0.43
	0.37


Note: C = Plain kulfi; T1 = 25:75 concentrations of Sugar and FOS incorporated into the kulfi mix; T2 = 50:50 concentrations of Sugar and FOS incorporated into the kulfi mix; T3 = 75:25 concentrations of Sugar and FOS incorporated into the kulfi mix; CD = Critical Difference. Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.

3.5 Effect of incorporation of different levels of kokum extract on sensory attributes of kulfi. 
The effect of different levels of kokum extract on sensory attributes is shown in Table 5. Kokum was added at 6% (T1), 7% (T2), and 8% (T3). Color and appearance showed a slight increase from 8.25 in control to 8.52 at T1, followed by a decrease to 8.37 at T2 and 8.31 at T3, which was desirable at T1. Body and texture showed a considerable increase from 7.83 in control to 8.65 at T1, followed by a decrease to 8.31 at T2 and 8.05 at T3. The scores for flavor changed from 8.08 in control to 7.96 at T1, then to 7.60 at T2 and 7.45 at T3. Acceptability also followed the same trend, increasing to 8.85 at T1, then to 8.36 at T3 and 8.20 at T2, while control remained at 7.96. Thus, moderate addition of kokum, especially at T1, improved color, body, and texture, and acceptability, but higher levels resulted in a substantial decrease in sensory values.

Raorane et al. (2014) evaluated the ice cream prepared with amrit kokum. The product scored 8.04 for color, 8.30 for flavor, and 8.16 for texture, with an average of 8.16 when prepared.







Table 5: Effect of incorporation of different levels of kokum extract on sensory attributes of kulfi.
	Levels of Kokum Extract (%)
	Colour & Appearance
	Body & Texture
	Flavour
	Overall Acceptability

	C
	8.25ᵇ
	7.83ᵈ
	8.08ᵃ
	7.96ᵈ

	T1
	8.52ᵃ
	8.65ᵃ
	7.96ᵃ
	8.85ᵃ

	T2
	8.37ᵃ
	8.31ᵇ
	7.60ᵇ
	8.20ᶜ

	T3
	8.31ᵇ
	8.05ᶜ
	7.45ᵇ
	8.36ᵇ

	CD (p=0.05)
	0.18
	0.15
	0.23
	0.13


Note: C = Plain kulfi; T1 = 6% of kokum extract incorporated into the kulfi mix; T2 = 7% of kokum extract incorporated into the kulfi mix; T3 = 8% of kokum extract incorporated into the kulfi mix; CD = Critical Difference. Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.

3.6 Effect of storage period on sensory attributes of functional kulfi stored at frozen temperature (–20°C).
Storage duration had a significant effect (p ≤ 0.05) on the sensory properties of both control and functional kulfi, with a progressive decrease from 0th day to 40th day. In the control kulfi, color and appearance decreased from 8.25 on 0th day to 8.10 on 20th day and 7.84 on 40th day; body and texture decreased from 7.83 to 7.65 and 7.30; flavor decreased from 8.08 to 7.90 and 7.65; and overall acceptability decreased from 7.96 to 7.82 and 7.48 on 0th ,20th and 40th day respectively. Similarly, the functional kulfi showed a decrease in color and appearance from 8.49 to 8.40 and 8.15; body and texture from 8.60 to 8.42 and 8.12; flavor from 8.59 to 8.50 and 8.25; and overall acceptability from 8.80 to 8.60 and 8.35 at 0th day, 20th day, and 40th day, respectively, and also maintained a higher score compared to the control kulfi.

Aswathy et al. (2022) assessed the replacement of fat in dietetic chhana kulfi and observed the changes in sensory attributes for 80 days. The scores for flavor reduced from 8.80 to 7.95 in control and 8.20 to 7.90 in fat-replaced kulfi. Scores for body and texture reduced from 8.90 to 7.70 in control and 8.30 to 7.65 in fat-replaced kulfi. Scores for color and appearance remained unchanged at 8.10. Overall acceptability decreased from 8.90 to 7.90 in control and 8.20 to 7.75 in fat-replaced kulfi, but remained in acceptable limits (all the above results were the 0th day and the 80thday scores).

Table 6: Effect of storage period on sensory attributes of functional kulfi stored at frozen temperature (–20°C).
	Storage period (Days)
	Control kulfi(C)
	Functional kulfi (FK)

	
	Colour & appearance
	Body & texture
	Flavour
	Overall acceptability
	Colour & appearance
	Body & texture
	Flavour
	Overall acceptability

	0
	8.25ᵃ
	7.83ᵃ
	8.08ᵃ
	7.96ᵃ
	8.49ᵃ
	8.60ᵃ
	8.59ᵃ
	8.80ᵃ

	20
	8.10ᵇ
	7.65ᵇ
	7.90ᵇ
	7.82ᵇ
	8.40ᵇ
	8.42ᵇ
	8.50ᵇ
	8.60ᵇ

	40
	7.84ᶜ
	7.30ᶜ
	7.65ᶜ
	7.48ᶜ
	8.15ᶜ
	8.12ᶜ
	8.25ᶜ
	8.35ᶜ

	CD (P=0.05)
	0.061
	0.292
	0.036
	0.036
	0.030
	0.038
	0.023
	0.087


Note: Control = Plain kulfi; FK = kulfi incorporated with optimized functional ingredients; CD = Critical Difference. Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.

3.7 Effect of storage period on physico chemical properties of developed Functional kulfi stored at frozen temperature (-20℃).
The effect of storage on control (C) and developed functional kulfi (FK) at –20°C on their physico-chemical properties. For total solids, the control kulfi increased from 34.23% to 34.66% to 34.78% on 0th,20th,40th day respectively, while the functional kulfi increased from 34.15% to 34.33% and 34.56% respectively.

Fat content remained unchanged in both samples, which were 6.00% for control and 5.60% for functional kulfi respectively at all time intervals. Protein content increased gradually during storage: in control, it increased from 5.375%   to 5.425% to 5.469% on 0th,20th,40th day respectively, whereas in functional kulfi, it showed higher values, increasing from 6.125% to 6.212% and 6.298% respectively.

Acidity also increased slightly but consistently control increased from 0.261% to 0.269% to 0.275% on 0th,20th,40th day respectively, and functional kulfi from 0.272% to 0.283% and 0.290% respectively. Moisture content decreased slightly during storage: control decreased from 65.84% to 65.67% to 65.20% on 0th,20th,40th day respectively, while functional kulfi decreased from 65.84% to 65.67% and 65.15% respectively.

Chetan et al. (2021) reported that total solids increased slightly during frozen storage. In the control, total solids increased from 40.15% on 0th day to 40.70% on 40th day, whereas in functional kulfi, it increased from 40.50% to 41.08% during the same period, with significant differences between the two. Fat percentage in control remained unchanged at 10.11% from 0th day to 40th day. In functional kulfi, it increased to 10.18% on 40th day. Protein percentage in control remained constant at 6.20% up to 30th day and 6.19% on 40th day, whereas in functional kulfi, it increased to 7.15% up to 30th day and 7.14% on 40th day, showing that storage at −18 °C has a minimal effect.

Aswathy et al., (2022) developed fat replaced dietetic chhana kulfi. In the control, acidity rose from 0.23% on the 0ᵗʰ day to 0.24% on the 20ᵗʰ day, remained 0.24% on the 40ᵗʰ day, and increased to 0.26% on the 60ᵗʰ day and 80ᵗʰ day. In the fat-replaced kulfi, acidity increased from 0.24% on the 0ᵗʰ day to 0.25% on the 20ᵗʰ day, remained 0.25% on the 40ᵗʰ day, and further rose to 0.27% on the 60ᵗʰ day and 80ᵗʰ day. The overall increase was significant in both samples, indicating mild acid development during storage.

Table 7: Effect of storage period on physico chemical properties of developed Functional kulfi stored at frozen temperature (-20℃).
	Days
	Total Solids
	Fat
	Protein
	Acidity(%LA)
	Moisture

	
	%

	
	C
	FK
	C
	FK
	C
	FK
	C
	FK
	C
	FK

	0
	34.23ᵇ
	34.15ᵇ
	6.00ᵃ
	5.60ᵃ
	5.375ᵃ
	6.125ᵃ
	0.261ᵃ
	0.272ᵃ
	65.84ᵃ
	65.84ᵃ

	20
	34.66ᵃ
	34.33ᵃᵇ
	6.00ᵃ
	5.60ᵃ
	5.425ᵃ
	6.212ᵃ
	0.269ᵃ
	0.283ᵃ
	65.67ᵃᵇ
	65.67ᵃ

	40
	34.78ᵃ
	34.56ᵃ
	6.00ᵃ
	5.60ᵃ
	5.469ᵃ
	6.298ᵃ
	0.275ᵃ
	0.290ᵃ
	65.20ᵇ
	65.15ᵇ

	CD (p=0.05)
	0.33
	0.27
	0.40
	0.22
	0.31
	0.24
	0.24
	0.26
	0.36
	0.49


Note: Control = Plain kulfi; FK = kulfi incorporated with optimized functional ingredients; %LA=percent lactic acid, CD = Critical Difference. Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.

3.8 Effect of Storage period on the Rheological and Colour Parameters of Functional Kulfi Stored at frozen temperature -20°C.
The viscosity of the functional kulfi (FK) was considerably higher than that of the control (C) throughout storage. At the 0ᵗʰ day, viscosity was 160.33 cP in FK compared to 77.43 cP in C, and it increased further by the 40ᵗʰ day to 176.00 cP in FK and 85.00 cP in C, indicating a consistently thicker structure in the functional formulation. Water activity (aᵥ) was slightly higher in FK (0.935) than in C (0.928) at the 0ᵗʰ day; however, both samples showed a slight decrease by the 40ᵗʰ day, reaching 0.926 (FK) and 0.925 (C), reflecting minimal changes during frozen storage.

During frozen storage at –20°C, colour values changed gradually from the 0th day to the 40th day. The L* value increased slightly, showing increased lightness; in control from 74.11 to 74.64 to 75.35 on 0th,20th,40th day respectively, and in functional kulfi from 64.30 to 64.64 to 68.49 on 0th,20th,40th day respectively. The a* value decreased over storage; in control from –1.77 to –1.61 to –1.39 on 0th,20th,40th day respectively, and in functional kulfi from 7.19 to 6.83 to 5.88 on 0th,20th,40th day respectively. The b* value also decreased; in control from 10.86 to 10.40 to 9.61 on 0th,20th,40th day respectively, and in functional kulfi from 7.65 to 6.13 to 4.31 on 0th,20th,40th day respectively, indicating reduced yellowness during storage.

Aswathy et al. (2022) analysed the colour differences of fat-replaced dietetic chhana kulfi stored for 80 days in the frozen state.The value of L* in the control sample decreased from 87.93 on the 0ᵗʰ day to 72.35 on the 80ᵗʰ day, whereas in the fat-replaced kulfi, it decreased from 85.16 to 80.04. The value of a* in the control sample varied from 2.72 on the 0ᵗʰ day to 2.31 on the 80ᵗʰ day, whereas in the fat-replaced kulfi, it decreased from 4.67 to 3.83. Likewise, the b* values of the control sample decreased from 21.41 to 20.69, whereas in the fat-replaced kulfi, it decreased from 28.85 to 25.55.

Table 8. Effect of Storage period on the Rheological and Colour Parameters of Functional Kulfi Stored at frozen temperature -20°C.
	Days
	Viscosity (cP) @25°C
	Water activity (aw)
	L*
	a*
	b*

	
	C
	FK
	C
	FK
	C
	FK
	C
	FK
	C
	FK

	0
	77.43ᶜ
	160.33ᶜ
	0.928ᵃ
	0.935ᵃ
	74.11ᶜ
	64.30ᵇ
	-1.77ᵃ
	7.19ᵃ
	10.86ᵃ
	7.65ᵃ

	20
	81.20ᵇ
	168.00ᵇ
	0.926ᵃ
	0.931ᵃ
	74.64ᵇ
	64.64ᵇ
	-1.61ᵃ
	6.83ᵇ
	10.40ᵇ
	6.13ᵇ

	40
	85.00ᵃ
	176.00ᵃ
	0.925ᵃ
	0.926ᵃ
	75.35ᵃ
	68.49ᵃ
	-1.39ᵃ
	5.88ᶜ
	9.61ᶜ
	4.31ᶜ

	CD (p =0.05)
	0.19
	0.21
	0.29
	0.25
	0.22
	0.39
	0.25
	0.29
	0.30
	0.28


Note: Control = Plain kulfi; FK = kulfi incorporated with optimized functional ingredients; CD = Critical Difference. Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.
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3.9 Effect of storage period on microbiological quality of Functional kulfi stored at frozen temperature (-20℃).
Microbial quality of the control (C) and functional kulfi (FK) stored at -20°C indicates a gradual increase in standard plate counts (SPC). In log10 cfu/g, SPC in the control increased from 4.03 to 4.09 to 4.14 on 0th,20th,40th day respectively. In the functional kulfi, SPC slightly increased from 3.94 to 3.99 to 4.06 on 0th,20th,40th day respectively.  

Coliforms were NIL in both samples on 0th day and 20th day, indicating good hygiene, and remained undetectable throughout the storage period. Yeast and mold counts were also NIL on 0th day and 20th day for both samples; however, on 40th day, counts emerged at 1.20 log10 cfu/g in the control and 1.58 log10 cfu/g in the FK. In general, microbial counts gradually increased with storage time, but both samples remained microbiologically safe under frozen storage (p ≤ .05).
Table 9: Effect of storage period on microbiological quality of Functional kulfi stored at frozen temperature 
 (-20℃).
	Storage Interval (Days)
	SPC
	Coliforms

	Yeast & Moulds


	
	log10 cfu/g

	
	C
	FK
	C
	FK
	C
	FK

	0
	4.03ᵃ
	3.94ᵇ
	NIL
	NIL
	NIL
	NIL

	20
	4.09ᵃ
	3.99ᵃ
	NIL
	NIL
	NIL
	NIL

	40
	4.14ᵃ
	4.06ᵃ
	NIL
	NIL
	1.20
	1.58

	CD (p=0.05)
	0.19
	0.07
	–
	–
	–
	–


Note: Control = Plain kulfi; FK = kulfi incorporated with optimized functional ingredients; CD = Critical Difference. Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.

Chetan et al. (2021) developed a functional kulfi and monitored its microbiological safety for 40 days when stored at −18 °C. The total bacterial count increased gradually in both samples: from 4.22 log10 cfu/g to 4.70 log10 cfu/g on day 40 in the control, and from 4.40 to 4.80 log10 cfu/g in the functional kulfi. Coliforms and yeast/mould were below detectable limits in both samples throughout the storage period. However, on day 40, the functional kulfi recorded 1.0 log10 cfu/g for both coliforms and yeast/mould, while the control remained free from bacterial growth.   

4.CONCLUSION
In conclusion, incorporation of 2% WPC, a 50:50 sugar: FOS mixture, and 6% kokum extract significantly improved the sensory quality of the functional kulfi compared to the control. The formulation enhanced physicochemical properties by increasing protein and total solids while maintaining acidity, thereby improving structure. WPC increased viscosity, body, and texture; FOS enhanced nutritional value without affecting sensory quality; and kokum extract improved flavour and imparted a reddish colour. The product showed higher viscosity with stable water activity, acceptable L*, a*, and b* values, and microbiological safety, with no coliforms and safe yeast, mould, and standard plate counts during storage.
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