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ABSTRACT

	Aims: To optimize and evaluate aenriched Shrikhand, by using optimal combinations of Noni juice and Jaggery for sensory evaluation. 
Study design:Development of enriched Shrikhand by incorporating functional ingredients at varying levels to evaluate their effect on sensory properties of the product.
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 2020 to 2022.
Methodology: Shrikhand was prepared by dewheying the curd and to the obtained chakka 40% of sugar was added for Control Shrikhand and to the obtained chakka 1%, 2% and 3% Noni juice was added with 10%,15% and 20% Jaggery was added and all the samples are done with sensory evaluation by the expert panelists using 9 point hedonic scale and Shrikhand with 2% noni juice and 15% Jaggery added Shrikhand was optimized by the sensory evaluation. R Software version (4.1.3) has been used to identify the significant difference between control and other Shrikhand samples.
Results:
The optimized enriched Shrikhand with 2% Noni juice and 15% Jaggery with overall acceptability of (8.45), achieving the highest scores than other concentrations for all attributes. 
Conclusion:The study revealed that 2% Noni juice, and 15% Jaggery  powder significantly enhanced the sensory attributes of Enriched Shrikhand, improving color, texture, flavor, and overall acceptability.
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1. INTRODUCTION

India ranks first globally in milk production, with a total of 239.30 million metric tons (MMT) during 2023-2024, with a per-capita availability of 471 grams per day (BAHS, 2024). “About 50% of the total milk produced in India is converted into a variety of traditional dairy products such as ghee or makkhan (33%), fermented milk products (7%), khoa (7%) and chhana/paneer (3%) using processes such as coagulation, desiccation and fermentation” (Pugazhenthi et al.,2020).
Among 7 per cent of milk was utilizing for the manufacture of fermented milk products mainly includes Dahi, Shrikhand (sweetened concentrated curd) and Lassi (Kunwar et al., 2015). “Preservation of milk using fermentation with lactic acid bacteria was one of the oldest and efficient methods to preserve milk with its valuable nutrients. Fermented milk products have various therapeutic benefits like anti-cholesterolemic and anti-carcinogenic properties since antiquity” (Srinivas et al., 2017).
“Fermentation is a process which preserves the milk from the spoilage because milk is a perishable product and fermentation is also increases the nutritional and sensory attributes of the milk. The fermentation process is used as a method of value addition and conversion of raw materials by microorganisms and enzymes into various types of products with distinct nutritional and sensory properties” (Hati et al., 2012).
“Shrikhand is a fermented and sweetened milk product obtained from chakka, derived from the Sanskrit word ‘Shikharani’ which means sugared curd. It is popular in Gujarat, Maharashtra, and some parts of Karnataka, Madhya Pradesh, and Rajasthan. Its distinctive sweet-sour flavour, on the other hand, is gaining appeal in other parts of the country. Shrikhand has a semisolid consistency, smoothness, firmness, and palatability, making it ideal for snacking or eating with 'puree' or bread right after a meal” (Jaybhay et al., 2019).
[bookmark: _GoBack]“Noni Fruit (Morindacitrifolia) is known as a medicinal fruit belongs to the family Rubiaceae. It is a non-conventional under-utilized fruit originated in South East Asia and distributed in Polynesia, India, Australia & South America.The fruit is consumed since 2000 years and now it is emerging because of its various therapeutic benefits. Noni fruit attracted the attention of researchers in the pharmaceutical and food industry. Chemical and nutritional analyzes performed in Noni fruit reveals the existence of more than 200 phytochemical substances such as acids, alcohols, phenols, saccharides, anthraquinones, carotenoids, esters, terpenoids, flavonoids, glycosides, irridoids, ketones, lactones, lignans, nucleosides, sterols and aromatic compounds” (Almeida et al., 2019). “M. citrifolia may induce therapeutic effects, including antimicrobial, antioxidant, anti-inflammatory, antidiabetic, analgesic, anticarcinogenic properties. The main industrial products from this plant are beverages (juice drinks), powders (from dried fruits), oil (from seeds), and leaf powders. Biological and phytotherapeutic applications of M. citrifolia are promising, but more extensive studies are still required” (Almeida et al., 2019).
Jaggery is an unprocessed kind of natural sugar that is produced by concentrating sugarcane juice. Since it is utilised in pharmaceutical formulations, Jaggery also known as "medicinal sugar," is produced in India to a greater than 70 per cent global share. To produce 65-70 per cent of the Jaggery, sugarcane is used and the remaining Jaggery from other sugar-producing kinds. Jaggery serves as the base for many traditional desserts since it is a natural sweetener. Jaggery is a superb ingredient because of its sweet aroma, excellent flavour that falls between molasses and brown sugar. The nutritional and practical value of Jaggery is enhanced by the presence of protein, vitamins, and minerals. Jaggery is available in three different forms: liquid, solid, and powder. The natural flavourings like black pepper, ginger, cardamom, lemon, etc., it can be used for value addition. It's used to make kulfi, milkshakes, ice cream, and chocolate (Hirpara et al., 2020).
This study aimed to design and evaluate a nutritionally enriched Shrikhand by incorporating Noni juice and jaggery at varying levels, and to determine the optimal combination of these ingredients that enhances the sensory attributes—such as color and appearance, body and texture, flavor, and overall acceptability—of the product. By incorporating Jaggery at lower concentrations than sugar for control samples and also noni juice which is rich in phytochemicals also improves health benefits. 
    
2. material and methods 

2.1 Materials
Fresh Whole milk was procured from Students Experimental Dairy Plant (SEDP) of Dairy Science College, Hebbal, Bengaluru.DVS culture was purchased from DANISCO, Bengaluru.Good quality Noni fruit juice was procured from Axiom Ayurveda Private Limited, Bengaluru. Good quality Jaggery was procured from Organic India Private Limited, Bengaluru.Good quality cane sugar (PARRY’s) was procured from the local market, Bengaluru.
2.2 Methods
The Shrikhand was prepared as described by Venkatesh (2014)Shrikhand was prepared with a slight modification. Fresh cow milk was procured from the Student’s Experimental Dairy Plant (SEDP) Dairy Science College, Bengaluru. Subjected to heating at 950C/5min and cooled to 420C, and then Dahi culture (Lactococcus lactis ssp. lactis, Lactococcus lactis ssp. cremoris, Streptococcus thermophilus) was added at the rate of 0.2% and followed by incubation at 420C/5-6hr. Chakka was obtained by draining off whey for 12hrs using a muslin cloth at refrigeration temperature. The calculated amount of sugar at the rate of 40%was added to obtained chakka and kneading was done until smooth consistency was obtained and packed in polypropylene cups and stored at 5°C temperature.

2.2.1 Optimization of Noni juice for development of Shrikhand
To the obtained Chakka Noni fruit juice was added at three different levels such as 1%, 2% & 3% levels on chakka basis. Effect of Noni juice on the sensory properties of the Shrikhandwas studied based on 9 point hedonic scale. 
2.2.2 Optimization of Jaggery for development of Shrikhand
To the Noni fruit juice optimized Shrikhand sugar was replaced by jaggeryat three different levels such as 10%, 15% & 20% levels on chakka basis. Effect of Jaggery on the sensory properties of the Shrikhandwas studied based on 9 point hedonic scale. 
2.3 Sensory Evaluation 
The sensory characteristics of the developed enriched Shrikhand were assessed by expert sensory panelists (faculty members from the Department of Dairy Science, who are experts in sensory evaluation of dairy products) using a 9-point hedonic scale ranging from 1 (disliked extremely) to 9 (liked extremely). Control with other 3 concentrations of Shrikhand has been tested by expert panelists every time and average of three times analysis has been recorded and tabulated. Each sample was coded and a controlled environment was maintained to minimize external influences. The panelists assessed the Shrikhand for its colour and appearance, flavour, body and texture, and overall acceptability at refrigeration temperature (4±1°C).
2.4 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.
C𝑟𝑖𝑡𝑖𝑐𝑎𝑙𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (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
Standardized milk (4.5 % fat and 8.5 % SNF)
↓
Heat treatment 950C/5min
↓
Cooling to 420C
↓
Addition of lactic starter culture @ 0.2%
(Lactococcus lactis ssp. lactis, Lactococcus lactis ssp. cremoris,
Streptococcus thermophilus)
↓
Incubation at 420C for 5 to 6 hours
↓
Dahi
↓
Drainage of whey (12 hrs)
↓
Chakka
↓
Addition of Noni fruit juice (2%)
↓
Addition of Jaggery (15%)
↓
Blending
↓
Packaging (Polypropylene cups)
↓
Noni juice and jaggery enriched Shrikhand
↓
Storage at (4±10C)

Fig. 1. Process Flow Chart for Production of Morindacitrifolia (Noni) juice and Jaggery enriched Shrikhand

3. results and discussion

3.1 Effect of various levels of Noni juice on the Sensory Attributes of Shrikhand
In the sensory evaluation,The study examined the sensory characteristics of Shrikhand with the addition of 1 per cent, 2 per cent & 3per cent noni juice. Table 1 and figure 1, includes the scores pertaining to colour and appearance, body and texture, flavour and overall acceptability of product as adjudged by a panel of judges during sensory evaluation of control and experimental Shrikhand.The average sensory score for the colour and appearance of control was 8.00, the scores of Noni enriched Shrikhand was 7.73, 8.83 and 6.83 respectively for Shrikhand added with various concentrations of 1 per cent, 2per cent and 3 per cent of noni juice. The average sensory score for the body and texture of control was 8.81, the scores of Noni enriched Shrikhand was 7.95, 8.08 and 7.30 respectively for Shrikhand added with various concentrations of 1 per cent, 2per cent and 3 per cent of noni juice. The average sensory score for the flavourof control was 7.83, the scores of Noni enriched Shrikhand was 7.50, 8.50 and 7.50 respectively for Shrikhand added with various concentrations of 1 per cent, 2per cent and 3 per cent of noni juice. The average sensory score for the Overall acceptibility of control was 8.16, the scores of Noni enriched Shrikhand was 8.08, 8.73 and 7.56 respectively for Shrikhand added with various concentrations of 1 per cent, 2per cent and 3 per cent of noni juice. 
SimilarlyDeshpande et al. (2019) Yogurt Fortified With Noni Juice 3, 6 and 9 per cent – 3% noni juice was optimized, increase in addition of Noni juice linearly increased the setting time, acidity and synergies of the product while pH and TSS decreased. It was concluded that yogurts prepared from cow milk with addition of 3 per cent noni juice found to be more acceptable than other treatments. Appearance -8.1, Colour - 8.3, flavour- 8.4, texture- 8.4, taste- 8.0, overall acceptability - 8.1.On contrary, Elango et al. (2017) done study on ice cream by supplementing Noni fruit. Ice cream mixes were prepared by supplementing noni fruit at 5, 7.5 and 10 per cent levels. 7.5% noni fruit added icecream was optimized, appearance – 8.5, flavour - 8.16, body and texture - 8.83, overall acceptability – 8.66  
Table 1: Effect of various levels of Noni juice on the Sensory Attributes of Shrikhand
	Levels of Noni fruit juice
(per cent)
	
Colour and Appearance

	Body and Texture
	
Flavor

	
Overall Acceptability


	Control
	8.00b
	8.81a
	7.83a
	8.16b

	T1
	7.73b
	7.95b
	7.60a
	8.08b

	T2
	8.83a
	8.08b
	8.50a
	8.73a

	T3
	6.83c
	7.30c
	7.50a
	7.56b

	CD (P≤0.05)
	0.55
	0.35
	1.11
	0.57



Note: C = Control Shrikhand, the results were average of three trials (n=3), CD = Critical Difference, Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.

Fig 2: Effect of various levels of Noni juice on the sensory characteristics of Shrikhand
3.2 Effect of different levels of Jaggery on sensory characteristics of Morindacitrifolia(noni) juice optimized Shrikhand
3.2.1 Effect of various levels of Jaggery on the sensory characteristics ofMorindacitrifolia(noni) juice optimized Shrikhand
The average sensory score for the colour and appearance of control sample was 8.00 compared with other samples to which jaggery was added at the rate of 10%, 15% and 20% on the basis of chakka has secured scores such as 7.95, 8.17 and 7.23 respectively. The significantly highest score of 8.17 was obtained for the Shrikhand added with 15% of jaggery on the basis of Chakka to the noni juice enriched Shrikhand. The average sensory score for the body and texture of control sample was 8.78 compared with other samples to which jaggery was added at the rate of 10%, 15% and 20% on the basis of chakka has secured scores such as 7.63, 8.51 and 7.27 respectively. The Significantly highest score of 8.51 was obtained for the Shrikhand added with 15% of jaggery on the basis of Chakka. The highest significant score for flavour obtained for Noni juice enriched Shrikhand added with 15% jaggery (C2) was 8.31 compared with other samples such as control, C1 and C3 were 7.81, 7.38 and 7.42 respectively, in which C1 sample was added with 10% Jaggery and C2 sample was added with 20% jaggery. The highest overall acceptability score of 8.45 was recorded by C2 sample added with 15% Jaggery while the C3 sample with 20% Jaggery received least score of 7.56, whereas other two samples control and C1 with 10% Jaggery secured 8.16 and 7.88 respectively. In sample C2 has a score (8.45) significantly different from the other samples.
Similarly Noronha. (2021), studied the effect of level of replacement of jaggery to sugar in the preparation of Shrikhand wadi, the control sample sugar was prepared by addition of sugar (J0) @ 125% of chakka. The other treatments included J1 (100% sugar and 25% jaggery), J2 (75% sugar and 50% jaggery), J3 (50% sugar and 75% jaggery), J4 (25% sugar and 100% jaggery), J5 (125% jaggery). The obtained product was evaluated for sensory, physico-chemical properties, texture properties. Similarly the development of Basundi, attempt has been made by using Jaggery as a sugar replacement. Jaggery is added to milk at concentrations of 6% (T1), 7% (T2), and 8% (T3). The sensory ratings for the T1, T2, and T3 samples were 7.45, 7.75, and 7.24, respectively. The findings showed that adding 7% Jaggery to milk at a concentration of 3/4 of the original volume can yield Jaggery basundi of good quality and with acceptable sensory scores (Gavaliet al., 2021).
	Levels of Jaggery
(per cent)
	Colour and Appearance

	Body and Texture

	Flavour
	Overall Acceptability

	Control
	8.00a
	8.78a
	7.81b
	8.16ab

	C1
	7.95a
	7.63b
	7.38c
	7.88bc

	C2
	8.17a
	8.51a
	8.31a
	8.45a

	C3
	7.23b
	7.27b
	7.42bc
	7.56c

	CD (P=.05)
	0.20
	0.48
	0.30
	0.35


Note: C = Control Shrikhand, the results were average of three trials (n=3), CD = Critical Difference, Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.
Table 2: Effect of different levels of Jaggery on the sensory Characteristics of Morindacitrifolia (Noni) juice enriched Shrikhand


Fig 3. Sensory Evaluation of Noni Juiceusing a 9-Point Hedonic Scale

4. Conclusion

The study evaluated the sensory attributes of enriched Shrikhand with varying concentrations of Noni juice and jaggery by the expert panelists using 9 point hedonic scale. Noni juice because of its phytochemicals and jaggery will have some health benefits. The results demonstrated that noni juice and jaggery significantly influenced the sensory qualities of the Shrikhand. Specifically, the 2% Noni juice and 15% Jaggery added Shrikhand achieved the highest sensory ratings in colour and appereance, body and texture, flavour and overall acceptability.  

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
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Control	Colour and Appearance	Body and Texture	Flavour	Overall acceptibility	8	8.81	7.83	8.16	T1	Colour and Appearance	Body and Texture	Flavour	Overall acceptibility	7.73	7.95	7.6	8.08	T2	Colour and Appearance	Body and Texture	Flavour	Overall acceptibility	8.83	8.08	8.5	8.7299999999999986	T3	Colour and Appearance	Body and Texture	Flavour	Overall acceptibility	6.83	7.3	7.5	7.56	






Control	Colour and Appearance	Body and Texture	Flavour	Overall acceptibility	8	7.95	8.17	7.23	C1	Colour and Appearance	Body and Texture	Flavour	Overall acceptibility	8.7800000000000011	7.63	8.51	7.2700000000000014	C2	Colour and Appearance	Body and Texture	Flavour	Overall acceptibility	7.81	7.38	8.31	7.42	C3	Colour and Appearance	Body and Texture	Flavour	Overall acceptibility	8.16	7.88	8.4500000000000028	7.3599999999999985	


