



Preparation and standardization of healthy ready to serve (RTS) beverage made from oranged juice blended with Bael fruit
Abstract
The increased demand for ready-to-serve (RTS) drinks underscores the need for formulations that are both nutritional and appealing. Bael (Aegle marmelos) is an indigenous fruit known for its antioxidants and medicinal benefits, although it is less commonly consumed due to its astringency. The goal of this study was to create and standardize RTS drinks by combining bael pulp and orange juice to increase sensory appeal and nutritional value. Three formulations were created: T1 (60% bael + 40% orange), T2 (20% bael + 80% orange), and T3 (40% bael + 60% orange), with sugar and citric acid as additions. A 9-point hedonic scale was used to evaluate the drinks' physicochemical properties (TSS, pH, acidity, and ascorbic acid concentration) as well as their sensory features. In addition, the optimized beverage had favorable nutritional characteristics, such as pH 4.8, 0.4% acidity, 18°Brix TSS, and 32.5 mg/100 mL ascorbic acid. Both safety and consumer appeal are guaranteed by these parameters, which are in line with typical quality levels for fruit-based beverages. A functional RTS beverage with enhanced palatability, nutritional content, and potential as a health-conscious substitute for traditional soft beverages is created by mixing 20% bael with 80% orange juice, according to the study's findings.
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1. Introduction
“Fruits and vegetables tend to have very limited shelf life due to their perishable nature. In order to preserve them, they are processed into Ready to Serve (RTS) beverages. RTS beverage is a non-fermented beverage prepared from fruits and vegetables of different concentrations, in addition to sugar, water, and additives. Fruits rich in sugar, vitamins, and minerals are less explored due to astringency or bitterness. This can be solved by blending such fruits with other fruits and vegetables in order to increase flavor, nutrient properties, and shelf life. These natural RTS beverages are valued for their nutritional content, refreshing quality, pleasant flavor, and medicinal properties” (Rathinasamy et. al., 2021). 
Beverages made from fruit juice or pulp are easily digestible, refreshing, thirst-quenching, flavorful, and nutritionally better than many synthetic and aerated drinks. Since these drinks are designed for direct consumption without further dilution, they offer the convenience of being easy to consume. These drinks also provide a healthier option for children and older adults who may struggle with whole fruits (Srivastava and Kumar, 2009). 

 
Today, consumers seek products that are devoid of any chemical additives, such as colors or flavors, preferring those that are natural, safe, and an extended shelf life. Therefore, beverages made from fruit juices can serve as a replacement for artificial drinks that lack nutritional value available in the market (Kanchan et. al., 2020).

 
“The shelf life of fruits and vegetables is quite short due to their perishable quality. In India, more than 20-25 percent of fruits and vegetables spoil before they can be used. Even though India is the world's second-largest producer of these products, only 15 percent of the total fruits and vegetables produced in the country are processed. A significant portion of fruit and vegetable juices becomes bitter post-extraction due to the conversion of chemical compounds” (Udayakumar et. al., 2022). 

Studies indicate that consumption of bael has a significant effect on blood glucose and lipid parameters, and bael can alleviate the symptoms of diabetes in a natural manner (Sharma et. al., 2016). Fruits and vegetables tend to have very limited shelf life due to their perishable nature. To preserve them, they are processed into Ready to Serve (RTS) beverages. “RTS beverage is a nonfermented beverage prepared from fruits and vegetables of different concentrations, in addition to sugar, water, and additives. This can be solved by blending such fruits with other fruits and vegetables to increase flavor, nutrient properties, and shelf life. These natural RTS beverages are valued for their nutritional content, refreshing quality, pleasant flavor, and medicinal properties”. (Rathinaswamy and Sudhaayyasamy, 2021)

Bael RTS drink prepared with 10% bael pulp, 14% total soluble solids, and 0.28% acidity was found most acceptable among all the treatments (Verma and Gehlot, 2006). Ready-to-serve beverages and squash were analyzed for their chemical composition after a 2-month storage period. It was observed that total sugars, reducing sugars, acidity, and browning increased, while pH, ascorbic acid, and total phenols decreased in both beverages as the storage duration increased (Nidhi et. al., 2007).
Aeglemarmelos, a member of the Rutaceae family, is also known as Bael in indigenous medicine and is said to possess several therapeutic properties. Moreover, it is said to have significant levels of sugar, glucose, and fiber. Its fruit's edible portion has iron, calcium, phosphorus, and potassium (Singh et. al., 2016). Orange plant materials have antioxidant properties because they contain many active photochemicals such as vitamins, flavonoids, terpenoids, carotenoids, coumarins, lignin, saponin, plant sterols, and so on. Orange is the most popular citrus fruit consumed worldwide, and after consumption, more than half of the fruit remains as byproducts, which contain important bioactive compounds that can be used to develop promising nutraceuticals for the treatment of non-communicable diseases (Shravan et. al., 2018). Orange juice offers health benefits and is also utilized in the treatment of cancer and heart disease. Oranges contain Vitamin C, Vitamin B, potassium, and magnesium. Among the blended squashes, the mixture with a ratio of 25:5 received the highest scores for sensory attributes (Nath et. al., 2005).

Sugar is an important element in many foods, such as cured meats, preserves, frozen fruits, and confections. Sugar is a nutritional source of energy. Sugar is perhaps the most effective food in terms of calories generated per acre. Sucrose, or cane sugar, is the standard for sweetness, and other sweeteners are evaluated as 100% sucrose. Reactions of cane sugar in aqueous solution are essential in both manufacturing (the process occurs almost exclusively in solution) and food processing. (Gemma. et. al., 2024). Citric acid is a popular and safe acidulant in the food, sugar, confectionery, and beverage industries due to its pleasant taste, high water solubility, chelating, and buffering capabilities. in sherbets as a flavor adjunct, and ice cream as an emulsifier. Furthermore, esters of Citric acid are used to preserve foodstuffs. (Marin and Matic, 2007)
2. Materials and Methods:
2.1 Ingredients
The material used for the preparation of beverages was fresh fruits (1kg), oranges, sugar, and citric acid, which were procured from the local market.
2.2 Formulation of Blended RTS
The fresh fruits, including bael fruits and oranges, were selected for the trial on the basis of maturity indices. The fruits were thoroughly washed, and sorting, grading, and deseeding were carried out manually. The peels were removed, and the juice was prepared using a grinder and strainer, i.e., juice was extracted. The extracted juice was then mixed with the pulp. Sugar syrup and citric acid were added to the mixture. The juice and ingredients were heated for 3 minutes at 60–90°C. After heating, the blended juice was filtered using a strainer, and the total amount of the final product was measured. The ready-to-serve (RTS) beverage was then bottled in PET bottles. Pasteurization of the RTS was carried out at 90°C for 30 seconds. Finally, the bottled
RTS was stored at a temperature between 6 oC to 10 oC, as shown in Figure 1.
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Figure 1: Flowchart for RTS
2.3. Treatment Details
The present investigation was carried out in the Department of Food Technology, Yashavantrao Chavan Institute of Science, Satara. Results obtained during the investigation are tabulated and statistically analyzed. Based on a review of the literature and preliminary trials, the experimental work plan was prepared with details of the trials as given in the table and shown in Table 1.
Table 1: Details of Treatment Combination
	Sr. No.
	Ingredients
	Trail 1
	Trial 2
	Trial 3

	1
	Bael fruit juice
	60%
	20%
	40%

	2
	Orange juice
	40%
	80%
	60%

	3
	Sugar
	10%
	20%
	15%

	4
	Citric acid
	0.8%
	0.8%
	0.7%


2.4 Proximate Analysis

This analysis includes estimation of TSS, acidity, pH value, and ascorbic acid analysis of the sample, as shown in Table 3.
2.5.1 Determination of TSS


Total Soluble Solids were analyzed by using an ERMA hand refractometer. A single drop of sample was deposited over the prism while being seen through the eyepiece with the projection inlet pointed towards the light. Direct readings from the refractometer are used to determine the scale point where the boundary line of the shaded area intersects the unshaded area (Manual FASSAI).
2.5.2 Determination of acidity
      

Titrable acidity can be expressed conveniently in gms acid per 100 g or per 100 ml as appropriate, by using the factor appropriate to the acid as follows:

Sample preparation:

Dilute the known weight of sample with neutralized water and titrate to just before the end endpoint with 0.1 N NaOH using 0.3 ml phenolphthalein for each 100 ml solution being titrated. Transfer measured volume (2-3 ml) of solution into about 20ml of neutral water in a small beaker. (In this extra dilution, fruit juice becomes so pale that phenolphthalein colour is easily seen.) If the test shows that the endpoint is not reached, pour the extra diluted solution back into the original solution, add more alkali, and continue titration to end endpoint. By comparing dilutions in small beakers, differences produced by a few drops of 0.1 N NaOH can be easily observed (Manual FASSAI).

2.5.3 Determination of pH Value
PH is the measurement of H+ ion activity; It measures active acidity. pH may be determined by measuring the electrode potential between glass and reference electrodes; a pH meter is standardised using standard pH buffers. Use a homogenized sample for the determination of pH. Preparation of sample for pH measurement: Liquids. Immerse the standardized electrode tip into the solution and stir the sample gently using a rod or "flea" to give a constant pH value ( Manual-FASSAI).
2.5.4 Determination of ascorbic acid


Take a 10 ml sample, dilute with 3% metaphosphoric acid containing 0.2 mg ascorbic acid mL-1, and volume makeup to 100 ml, and filter the mixture. Pipette 10 ml of filtrate into a conical flask and titrate with standard dye 2,6-dichlorophenol-indophenol to a pink endpoint. The result was calculated once the titer value was recorded (Manual- FASSAI)
2.5.5. Sensory analysis:-

The scientific method for eliciting, quantifying, evaluating, and interpreting reactions as perceived by the senses of sight, smell, touch, taste, and hearing is sensory assessment. Semi-trained panel members, who were academic staff members of the Yashavantarao Chavan Institute of Science, Satara, were asked to rate the overall products on a 9-point hedonic scale with descriptive words ranging from 1 (Dislike extremely) to 9 (Like extremely). They were evaluated for sensory qualities such as appearance, color, taste, flavor, and texture. (Wichchukit and O'Mahony, 2022) 
Table 2: Point Hedonic Scale

	Sr. No.
	Remarks
	Score

	1
	Like extremely
	9

	2
	Like very much
	8

	3
	Like moderately
	7

	4
	Like slightly
	6

	5
	Neither like nor dislike
	5

	6
	Dislike slightly
	4

	7
	Dislike moderately
	3

	8
	Dislike very much
	2

	9
	Dislike extremely
	1


3. Result
The present investigation was carried out in the Department of Food Technology, Yashavantrao Chavan Institute of Science, Satara, during 2023-2024. Results obtained from the statistical analysis revealed that orange & Beal fruit can be satisfactorily added together for making a beverage can be considered a nutritious, functional and shelf stable product, offering a promising avenue for value addition to indigenous fruits and contributing to health- focused beverage-According to the analysis of different treatments, T2 (20% beal fruit juice and 80% orange juice) was found to be best in terms of organoleptic and Nutritional quality.
Table 3: Chemical Analysis
	Sr.no
	Test done
	Result

	1.
	TSS
	18°

	2.
	PH
	4.8

	3.
	Acidity
	0.4

	4.
	Ascorbic acid
	32.5


Table 4: Sensory Analysis of RTS
	Parameters
	Trail 1
	Trial 2
	Trial 3

	Appearance
	7.1
	8.3
	6.1

	Color
	7.3
	7.7
	6.8

	Odour
	7.2
	7.9
	6.4

	Flavour
	7.3
	8.1
	6.5

	Taste
	7.4
	7.7
	6.7

	Texture
	7.9
	8.6
	6.2

	Overall Acceptability
	7.2
	7.3
	7.3


The sensory qualities in terms of color, flavor and texture, and aroma were assessed by a panel of 10 judges with a 9-point hedonic scale. The data regarding the sensory evaluation is presented in Table 4 below.
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Figure 2: Sensory evaluation score

Discussion 

The current study aims to create a ready-to-serve (RTS) beverage by mixing orange and bael fruit juices. The chemical composition of the optimized beverage (Table 3) showed a total soluble solids (TSS) value of 18°Brix, which falls within the ideal sweetness range for fruit-based drinks and increases customer acceptance. Sethi et al. (2016) showed similar TSS levels (16-20°Brix) in blended fruit drinks, indicating that the formulation fulfills conventional consumer expectations for sweetness. The pH of 4.8 and titratable acidity of 0.4% are within the approved range for fruit drinks, assuring microbiological safety and a longer shelf life. These values are consistent with the findings of Roy et al. (2018), who found that acidity levels of 0.3-0.5% preserve flavor balance while suppressing spoiling microbes. The beverage also had a high ascorbic acid level of 32.5 mg/100 mL, which added greatly to its nutritional value. This value is equivalent to those found in orange-based drinks enhanced with indigenous fruits, demonstrating that mixing bael and orange may maintain vitamin C stability (Kumar et al., 2019).

The sensory evaluation (Table 4) revealed that Trial 2 (20% bael juice and 80% orange juice) received the highest marks for most sensory aspects, including appearance (8.3), odor (7.9), flavor (8.1), taste (7.7), and texture (8.6). Its overall acceptability (7.3) was somewhat higher than Trial 1 (7.2) and equal to Trial 3, but its consistently better attribute values demonstrate its stronger customer preference.
The improvement in sensory attributes can be due to the synergy between orange's pleasant acidity and bael's distinct flavor profile, which created balance and increased palatability. Similar advantages were shown in blended bael-lime drinks, where optimal blending ratios boosted customer acceptance (Sharma & Gupta, 2021). Trial 3 (with a larger amount of bael juice) scored worse in all categories, suggesting that too much bael juice added astringency and disrupted the desired flavor balance.
4. Conclusion 

The present study demonstrated that blending bael pulp with orange juice can be effectively utilized to prepare a nutritious and consumer-acceptable ready-to-serve (RTS) beverage. Among the formulations tested, T2 (20% bael juice + 80% orange juice) emerged as the most suitable combination, offering superior sensory scores for appearance, flavor, and texture, along with desirable physicochemical properties such as 18°Brix TSS, 0.4% acidity, pH 4.8, and 32.5 mg/100 mL ascorbic acid. The balanced proportion of bael and orange not only enhanced palatability but also contributed additional functional benefits, including antioxidant potential and digestive support. These findings suggest that bael–orange RTS beverages hold promise as a health-oriented alternative to conventional carbonated and synthetic drinks. Overall, the study highlights the scope for commercial utilization of underexploited indigenous fruits like bael in value-added beverage development, addressing both consumer health demands and food industry innovation.
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