


Selection of carrot form for preparation of carrot kulfi


Abstarct
Kulfi known by variations such as qulfi, kulfa, and kulphy. It is similar to ice cream in appearance and taste but is denser and creamier. Carrot contains high per cent of carotenoids, fiber, vitamins, antioxidants and other essential nutrients. Considering the nutritional importance and health benefits of carrot, it was planned to optimize the process for production of kulfi blended with carrot (Daucus carrota). Initially two different types of carrot viz., Orange and Red carrot was studied and red carrot was selected on the basis of sensory evaluation for further study.  Carrot was added in six different forms viz. Raw carrot with core (CF1), Raw carrot without core (CF2), Cooked carrot in water without core (CF3), Steam cooked carrot without core (CF4), Raw carrot shreds (CF5), Carrot juice (CF6). On the basis of sensory evaluation it was found that the kulfi prepared by addition of steam cooked carrot without core (CF4) had obtained maximum scored among other six forms under study and this selected form had scored 8.43, 8.40, 8.70 and 8.51 for colour and appearance, Body and texture, Flavour and overall acceptability respectively. Consumers as a whole liked the product liked ‘very much’ with an average score of 8.51.
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Introduction
Milk is a distinctive liquid that has developed to nourish newborn mammals. Milk and its by-products are highly nutrient-dense, offering important sources of essential nutrients. India's dairy sector has seen considerable growth over the years. Due to effective policies, India is now the top milk producer globally, with an annual output of 248 million tonnes in 2024-25. Approximately 46 percent of total milk production is sold in liquid form, providing essential dietary nutrition to a large segment of the population. The remaining 54 percent is processed into a variety of milk-based products like khoa, paneer, kulfi, icecream, chhana etc. to meet the evolving tastes of consumers.
Kulfi is similar to ice cream in appearance and taste but is denser and creamier. It comes in various flavors, and unlike ice cream, it is not whipped, which gives it a solid, dense texture similar to traditional custard-based ice cream. Kulfi, also known by variations such as qulfi, kulfa, and kulphy (Pandit, 2004). Kulfi is an indigenous frozen dessert that resembles ice cream or milk ice. Kulfi is a nut-based ice cream, traditionally frozen in small, conical-shaped containers. Sweetened milk, with 20-25 percent added sugar, is concentrated to about half its volume, and after cooling, ingredients such as malai, crushed almonds, pistachios, and flavorings like vanilla and rose essence are added (Tewari et al., 2021). Kulfi comes in a wide array of flavors, including traditional ones like cream, mango, rose, cardamom, saffron, and pistachio, as well as newer variations such as apple, orange, peanut, strawberry, and avocado. To further improve kulfi's functional qualities, researchers globally have explored adding fruit and vegetable pulps to the recipe, such as guava, mango, wood apple, and banana (Darade et al., 2016; Singh et al., 2017; Singh and David, 2018).
Carrot, a member of the Apiaceae (formerly Umbelliferae) family. It is the only root vegetable with a range of colors and various pigments, such as carotenoids and flavonoids, which not only provide its vibrant color but also offer antioxidant properties. The lycopene in red carrots exhibits strong oxygen-scavenging properties, which may help reduce the risk of certain cancers (Raees-ul and Prasad 2015).
Carrot is a highly valued root vegetable, consumed in various forms such as raw, cooked, pulp, powder, and juice. Due to its high content of carotenoids, fiber, vitamins, antioxidants, and other essential nutrients, carrots are incorporated into a wide range of food products. They are beneficial for managing kidney diseases, dropsy, and are considered a nervine tonic, aphrodisiac, and are also recommended for relieving uterine pain (Noella et al., 2014). The chemical composition of carrots includes 86% moisture, 0.9% protein, 0.2% fat, 10.6% carbohydrates, 1.2% crude fiber, 1.1% total ash, 80 mg of calcium per 100 g, 2.2 mg of iron per 100 g, 53 mg of phosphorus per 100 g, and 4 mg of vitamin C per 100 g (Sharma et al., 2012). Considering the nutritional importance and health benefits of carrot, it was planned to optimize the process for production of kulfi blended with carrot (Daucus carrota).
Materials and Methods
The present investigation was carried out at the Department of Animal Husbandry and Dairy Science, Mahatma Phule Krushi Vidyapeeth, Rahuri. The fresh, clean cow milk was procured from Research Cum Development Project (RCDP) on cattle, Department of Animal Husbandry and Dairy Science (AHDS), M.P.K.V., Rahuri. Good quality of cane sugar, Amul cream and carrot was procured from local market of Rahuri. Sodium alginate was procured online on flipcart app in a single lot and used as stabilizing agent.
Methodoloy
Preparation of form of carrot
Raw carrot with core (CF1)
	Fresh carrots were washed and peeled the upper part using hand peeler to remove upper 1-2mm periderm. Then cut 2cm of both tip and top and grated with hand grater. 
Raw carrot without core (CF2)
	Fresh carrots were washed and peeled the upper part using hand peeler to remove upper 1-2mm periderm. Then cut 2cm of both tip and top. Remove the core with the help of knife discard it and grated remaining portion with the help of hand grater.
Carrot cooking in water without core (CF3)
Fresh carrots were washed. Then peeled and inner core of carrot was removed manually. Pieces were steam cooked in water for 10 min then vigorously mixed to obtain homogeneous puree by KENSTAR electric mixture.
Carrot steam cooking without core (CF4)
Fresh carrot pulp was prepared with the procedure given by Barakat et al., 2018 with slight modification. Fresh carrots were washed. Then peeled and inner core of carrot was removed manually. Pieces were steam cooked under live steam for 10 min to inactivate pectinase and peroxidase enzymes as well as to tenderize the carrot tissue then vigorously mixed to obtain homogeneous puree by KENSTAR electric mixer.
Raw carrot flex (CF5)
	Fresh carrots were washed, peeled the upper part using hand peeler to remove upper 1-2mm periderm and cut 2cm of both tip and top. Then made a small thin slices (flex) of carrot and used for kulfi preparation.
Preparation of carrot juice (CF6)
	Carrot juice was made with procedure given by Abasy et al 2012 with slight modification.  carrots were “topped” and “tailed” using a sharp knife, thoroughly washed with tap water, trimmed and peeled using a hand peeler (Approximately 1.00 mm of the periderm was removed by peeling and 2 cm of both tip and top were also removed by trimming) and were cut into sticks by sharp knife (1×3×1cm). The sticks were then blanched for 15 min in boiling water with a ratio of 1:1 w/v carrot: water. The sticks along with blanching water were blended in a electric blendor at a maximum velocity for 6 min to get fine paste. 
Preparation of Carrot Kulfi
The Carrot Kulfi was prepared as per the method suggested by Kadam (2021) with certain modifications. Initially cow milk was taken and filtered through muslin cloth, then the milk was standardized to 5 per cent fat.
The standardized milk was then transferred in open pan/karahi over a brisk fire. The milk was stirred continuously and side of karahi was also scrapped to avoid any scorching or charring of milk solids at the bottom of karahi. Vigorous stirring with the help of stirrer was accomplished by scrapping process till the product reached up to 50 per cent concentration. At this stage temperature was lowered and add sugar 16 per cent and stabilizer 0.4 per cent of condensed milk. After that cool it up to room temperature and carrot pulp was added @20 per cent of condensed milk, respectively. Then the Kulfi mix kept in refrigerator at 0 to 50C for 2 to 3 hrs for ageing. After ageing transfer Kulfi mix into Kulfi mould and kept overnight for hardening at -20 ± 2°Cin deep freezer. And finally Kulfi was stored at -18±2ºC in deep freezer.
Receiving milk
↓
Pre-heating (35-400C)
↓
Filtration of milk
↓
Standardization
(5% milk Fat)
↓
Evaporation of milk
(50 % of original volume of milk)
↓
Addition of sugar
(16 % of milk)
↓
Addition of sodium alginate
(0.4% of milk)
↓
Mixing
↓
Addition of Carrot 
(20% of milk)
↓
Transferring mix into Kulfi mould
↓
Hardening (-20 ± 2°C overnight)
↓
carrot Kulfi
Storage (-18 ± 2 ºC)
Fig. 1 Flow chart for Kulfi preparation
All these six treatment combinations were analyzed for sensory qualities and one best was selected.
Sensory evaluation
The acceptability of kulfi was analyzed through organoleptic evaluation. A sensory judging panel of eight panelists was formed. A 9-point hedonic scale proforma was used for a scoring. The panelists evaluated kulfi for color and appearance, flavor, texture, melting rate and overall acceptability. 
Statistical Analysis
To generate meaningful inferences, the data of storage samples were analysed using (CRD) Completely Randomized Design and (FCRD) Factorial Completely Randomized Design (Snedecor and Cochran, 1994).
Result and discussion
Effect on colour and appearance score	
Colour and appearance gives the first impression about any food product and thus plays an important role in deciding the consumer’s acceptability of the same. From the Table 1 it is clear that the colour and appearance score of kulfi was significantly affected by the forms of carrot. The maximum colour and appearance score (8.56±0.01) was obtained to kulfi containing Raw carrot without core (CF2) form. The panel of judge comments that carrot flex settled at the bottom of mould and spread unevenly also carrot juice (CF6) shows dull colour to kulfi. After that carrot cooking with water without core (CF3) was too much loss of colour in water. While the other form like Raw carrot with core (CF1) and Carrot steam cooking without core (CF4) liked very much by the judges. Kumar et al. (2020) prepared paneer kheer with incorporation of carrot and showed colour and appearance score ranges from 8.8 to 6.12 which varied significantly to each other. Kedaree et al. (2021) also studied kulfi blended with guava powder and reported that colour and appearance score differ according to level of guava powder.  
Effect on body and texture score
The body and texture score was ranges from 7.54±0.02 to 8.40±0.06. The maximum score recorded for treatment CF4 and minimum score recorded for treatment CF6. The comments of judge on kulfi prepared in the form of juice (CF3), cooking in water without core (CF3) had weak body and texture as compared to other. The judges also reviewed on using carrot flex form (CF5) it was not applicable because carrot flex settled at the bottom and there not evenly distributed so it make uneven body and texture.  While the carrot form i.e, steam cooking without core was liked very much by judges, it showed best score among other treatment. Also all the treatments significantly differ from each other. Patel and Singh (2011) and Singh et al (2017)  also studied effect of carrot on body and texture of sago based sweetened condensed carrot yoghurt and effect of incorporation of wood apple pulp on sensory properties of Kulfi.
Effect on flavour score
Panel member liked the taste of version CF4, they were followed by version CF2, CF1, CF6, CF5 and CF3. The maximum score (8.70±0.05) for flavor was recorded for kulfi prepared by using steam cooking carrot pulp without core, where as minimum score (7.23±0.05) kulfi prepared with carrot cooking in water without core (CF3). The lowest score for CF3 may be because of flat or bland flavor. Kumar et al (2020) reported that addition of carrot paste in paneer kher increase the flavor score. Mane et al (2019) also reported that addition of carrot juice affect the sensory quality of flavored milk which is prepared from double toned milk.  
Effect on overall acceptability score
The data pertaining to forms of carrot on overall acceptability are depicted in Table 1. It was observed that overall acceptability score was significantly (p<0.05) affected by the forms of carrot. Form CF4 was most liked by panel member while form CF2 got a place after CF4. They were followed by CF1, CF6, CF5 and CF3. Significant difference was found between all forms of carrot. From the above results it clearly seen that the kulfi prepared by the addition of the steam cooking carrot pulp without core had maximum score. Patel et al (2020) reported that Amaranthus kulfi get highest score for overall acceptability. Singh et al (2017) investigated that kulfi prepared by wood apple with 15 per cent pulp got highest overall acceptability score. 
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Table no.1 Effect of different forms of carrot on sensory quality (Score) of kulfi
	Treatment
	Sensory attributes

	
	Colour and appearance
	Body and texture
	Flavour
	Overall acceptability

	CF1
	8.25d±0.02
	8.32e±0.04
	8.49d±0.01
	8.35b±0.03

	CF2
	8.56f±0.01
	8.16d±0.03
	8.50e±0.03
	8.41b±0.05

	CF3
	8.06c±0.04
	7.67b±0.05
	7.23a±0.05
	7.66a±0.02

	CF4
	8.43e±0.03
	8.40f±0.06
	8.70f±0.05
	8.51b±0.01

	CF5
	7.25a±0.02
	7.99c±0.04
	7.89b±0.06
	7.71a±0.04

	CF6
	7.67b±0.05
	7.54a±0.02
	8.22c±0.04
	7.80a±0.06



Fig. 2 Effect of different forms of carrot on sensory quality (Score) of kulfi



Conclusions
Result of the present study indicated that the resultant product was analysed for sensory parameters of colour and appearance, Body and texture, Flavour and overall acceptability. From this study it was summarized that kulfi prepared by addition of steam cooked carrot without core form was most acceptable. The selected form had score 8.43, 8.40, 8.70 and 8.51 for colour and appearance, Body and texture, Flavour and overall acceptability respectively.
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