	
	
	




Title
 Study on optimization of Ash gourd and Beetroot-based Ready-To-Serve (RTS) beverage.
Abstract:
The intake of nutrient-rich beverages is becoming increasingly important for contemporary dietary health. This study investigates the creation and physicochemical optimization of a Ready-To-Serve (RTS) drink made by blending ash gourd (Benincasa hispida) and beetroot (Beta vulgaris). Although these vegetables have been traditionally used in Indian cuisine for their aesthetic qualities and therapeutic effects—including managing conditions such as epilepsy, diabetes, peptic ulcers, and cardiovascular issues—such health beverages have recently declined in popularity. In this study, different RTS formulations were developed by varying the ratios of ash gourd and beetroot juice to improve consumer acceptance. The physicochemical assessments—measuring moisture, pH, Total Soluble Solids (TSS), and reducing sugars—show that the blends provide notable functional benefits. Beetroot was included to boost the beverage's health-promoting properties due to its high levels of bioactive compounds like betalains and to possibly prolong shelf life by reducing pH. Sensory evaluation of five RTS samples was conducted using a 9-point hedonic scale (Ranganna, 1986) to identify the superior formulation. A panel assessed the samples based on appearance, flavor, taste, mouthfeel, and overall acceptability within a controlled environment. The highest-rated sample was selected for further study based on these sensory attributes. Recent research highlights the potential of utilizing local vegetables in food processing to satisfy increasing consumer demand for affordable and healthy options. While the produced RTS drink shows promising health benefits and appealing visuals, future studies should aim to enhance taste by adding local spices such as ginger or cardamom and test the product’s stability and retention of active compounds over time during storage.

1. Introduction
Beverages make up the most significant portion of the human diet worldwide. According to Bragg et al. (2018), drinking beverages is pleasurable for people of all ages. Fruits and vegetables have a limited shelf life since they’re highly perishable; consequently, transformed them to RTS drinks. According to FSSAI requirements, RTS beverages must include at least 10% fruit content, 10% TSS, and a maximum of 0.3% acid as citric acid. RTS beverages are characterized as non-fermented beverages produced using a variety of fruit and vegetable concentrates, sugar, water, and other ingredients. (Rathinasamy et al., 2021).
Traditional Indian cuisine includes drinks that were primarily created for aesthetic appeal but also include ingredients with nutritional and therapeutic benefits. However, these conventional health beverages have lost popularity over time.
Beta vulgaris (Red Beetroot) is widely consumed vegetable (Latorre et al., 2011). In beetroot, 87.57 percent water, 9.56 percent carbs (29.3 percent fiber and 70.7 percent sugar), 1.61% protein, and 0.17% fats have been reported. Beets are a great source of manganese and include minerals such as magnesium, calcium, iron, phosphorus, salt, and zinc. Additionally, it has a significant amount of vitamin C, biotin, folic acid, niacin, and vitamin B6. It is reported to be a great source of folate. Beetroot is well recognized for its antioxidant activity, which protects cells from oxidative stress and lowers the risk of heart disease (Ceclu and Nistor, 2020). 
The gourd family of vegetables has a lot to offer in terms of health benefits. Ash gourd, one of the wide varieties of gourds, is well recognized for its medicinal properties and is consequently frequently employed in traditional remedies. In India, the annular trailing or climbing plant known as the ash gourd (Benincasa hispida) is grown extensively. According to Ayurveda, it can be used to treat epilepsy, diabetes mellitus, peptic ulcers, urinary tract infections, and various illnesses of the neurological system (Gill et al., 2010; Palamthodi and Lele, 2014). Traditionally, this fruit has been utilized as a cardiotonic and general tonic.
"Fruits and vegetables (F&V) are important components of a healthy diet, and their sufficient daily consumption could help prevent major diseases."Ganry (2007). For the food processing business to expand and meet consumer demand, a unique RTS blend development is necessary. A new area of the food industry is beverages made from a combination of fruit, vegetables, and products from medicinal plants. The current study was designed to create beverages with the beneficial qualities of gourd vegetables. Beetroot was further chosen for blending because it is predicted to increase the shelf life via reducing the pH, helping to overcome the challenges connected with vegetable juice processing and preservation. As a result of its high concentration of bioactive substances, this may also improve the drinks' functional qualities. According to (Emelike et al., 2016) and (Hasani et al., 2018) findings, the sensory attributes of color, flavor, and overall acceptability in the spiced treated beetroot juices were boosted much more than in the control sample (Banigo et al., 2015).
"Twelve-week nitrate-rich beetroot extract supplementation improves morphological muscle quality... in postmenopausal women”, Alvares TS et al.,2025.  "Beetroot Juice Supplementation as a Healthy Aging Strategy... improved cognitive parameters in serial subtraction tasks” Nowak A et al., 2024. "Therapeutic potential of ash gourd (Benincasa hispida) juice in promoting human digestive health."Saha et al.,2025.
Synergistic Anticancer Properties: Recent studies (2023–2025) indicate that beetroot-derived betanin promotes programmed cell death (apoptosis) in breast and lung malignancy models. It shows particular promise as a sensitizing agent when paired with the chemotherapy drug doxorubicin. Concurrently, 2025 research into ash gourd triterpenoids has revealed significant toxic effects against liver cancer cells.
Body Composition Trends: Findings from a 2024 longitudinal study suggest that consistent intake of ash gourd juice leads to measurable improvements in physical health markers, including notable reductions in body mass index (BMI), body fat percentage, and waist-to-hip measurements over a 90-day period.
Psychological Health: Research emerging in late 2025 and 2026 highlights the mental health benefits of ash gourd. Using the DASS21 assessment tool, investigators found that its consumption is linked to better emotional stability and a marked decrease in clinical indicators of stress and anxiety.
Optimizing Bioavailability: According to 2025 technical data, freeze-drying (lyophilization) is superior to heat-based processing for beetroot. While standard thermal methods can destroy nearly half of the vegetable's nutrients, cold-processing effectively maintains its essential minerals and betalain concentrations.
Considering the increasing demand and non-availability of cost-effective vegetable juice, the present study on the optimization of physicochemical properties of the RTS beverage is planned.
2. Materials and Methods
The present study aimed at developing RTS beverage utilizing the juice of Ash gourd and beet root as the base material, sweetening it with sugar to introduce variety and to enhance flavor and taste. Different treatments were prepared by adding Ash gourd and beetroot in different proportions. The beverages developed under the study were further evaluated for their physicochemical properties.
2.1 Procurement of raw material 
Ash gourd and beetroot were taken from the local market of Rohtak.

Table 1:   Preparation of different treatments of the RTS beverage

	Ingredients
	T1
	T2
	T3
	T4
	T5

	Beetroot
	-
	20ml
	10ml
	15ml
	5ml

	Ash gourd
	20ml
	-
	10ml
	5ml
	15ml

	Sugar
	7g
	2g
	5g
	6g
	4g

	Citric acid
	0.6g
	0.6g

	0.6g

	0.6g

	0.6g



Where T1=100% Ash gourd, T2=100% beetroot, T3=50% Ash gourd and 50% beetroot, T4=25% Ash gourd and 75% beetroot, T5=75% Ash gourd and 25% beetroot juice content.
2.2 Chemicals and Reagents
2.2.1 Fehling’s solution A:
69.28g copper sulphate pentahydrate (CuSO4 . 5H2O) was dissolved in distilled water and madeup to 1000ml. Then, filtered and stored in amber color bottle.
2.2.2 Fehling’s solution B:
 346g of Rochelle salt (Potassium sodium tartrate: KNa C4H4O6.4H2O) and 100g sodium hydroxide were dissolved in distilled water and diluted to 1000 ml. Then, filtered and transferred in amber color bottle.
2.2.3 Neutral lead acetate formulation: 
20% Neutral lead acetate solution was synthesized.
2.2.4 Potassium oxalate reagent:
 10% Potassium oxalate (K2C2O4 · H2O) reagent was prepared.
2.2.5 Preparation of Methylene blue indicator:
 1% (w/v) Methylene blue solution was prepared with distilled water.
3. Preparation of beetroot and Ash gourd for juice extraction
For further processing, the fresh, matured, and healthy beetroots and Ash gourd were sorted and chosen. After washing, they were carefully peeled with a knife and immersed in fresh water to prevent browning. After the development of Ash gourd and beetroot-based RTS beverage Page 5 blanching, the little pieces were submerged in hot water at 80°C for three to five minutes before being rinsed with tap water to stop further cooking. With the use of an electrical mixer grinder, juice was extracted, and then muslin fabric was used for filtering. 

Fig.1: Flow chart showing preparation of RTS beverage from Beetroot and Ash gourd
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3.1 Standardization of RTS beverage:
 RTS beverages are those that have had any base material, such as fruit or vegetable juice, significantly changed in composition during preparation so that no additional dilution is required prior to serving and are thus drunk in Ready-To-Serve form (Deka, 2000). Beetroot and ash gourd were used as the foundational ingredients for several RTS beverage combinations. RTS beverage uses sugar as a sweetening agent. The combinations were created in accordance with Table 2's FPO criteria.

Table 2:  FPO specifications for RTS beverage (Source: FPO 1966) 

	Sr. No.
	Constituents
	Quantity

	1.
	Min. fruit juice (percent)
	10

	2.
	Min. TSS (0Brix)
	10

	3.
	Max. Acidity (percent)
	0.3



4. Proximate analysis of ashgourd-beetroot based RTS
4.1 Estimation of moisture content
 The moisture content of jam was determined as per (AOAC, 2000) 
Procedure: A dry and clean Petri plate was weighed (W1). Now 5g of sample was accurately weighed and added in the Petri plate (W2). Plate was then transferred to oven at a temperature of 105◦C for 3 hours. The plate was taken out and cooled in dessicator for few minutes till the room temperature reached and weighed to a dried weight (W3). Repeated the same till two consecutive weights and observed moisture percent was calculated.
Moisture % = [(W2-W3)/(W2-W1)]× 100
 where,
 W1 = weight of empty Petri plate (g) 
W2 = weight of Petri plate + sample
 W3 = weight of Petri plate + dried sample
4.2 Estimation of pH value:
[bookmark: _Int_LNDrO1Fo]pH level of the sample was determined by the method given by Ranganna (1986).
“A digital glass electrode pH meter was used to measure the pH at room temperature. The device was calibrated using standard buffer solutions with values 4.0 and 7.0 before the sample was measured.”
4.3 Determination of Total Soluble Solids: 
TSS of different samples was determined using the methods of Ranganna (1995). A hand refractometer was used to determine the TSS of fresh and stored samples.
4.4 Assessment of reducing sugar: 
“The idea behind Lane and Eynon's (1995) approach for determining reducing sugar is the reduction of Fehling's solution through the reduction of sugars. Fehling's reagent is a combination of alkaline Rochelle salt (sodium potassium tartrate) and copper sulphate. The cupric hydroxide stabilized in this alkaline solution and forms a combination with Rochelle salt, which stops its precipitation. Under chemical reactions, reducing sugars convert complex cupric hydroxide to scarlet, which is an insoluble cuprous oxide. Methylene blue, an oxidation-reduction indicator, predicts the reaction's end point. Finding the factor for Fehling's solution is the first stage. The amount of invert sugar (g) needed to totally diminish Fehling's solution—typically 5 milliliters blend of Fehling's A and B solutions—is known as the Fehling factor.” Initial non-reducing sugars and reducing sugars like sucrose that undergo modest hydrolysis of acid to become reducing sugars are both considered total sugars.
 Procedure:
4.4.1 Standardization of Fehling’s solution for reducing sugar:
After precisely weighing 4.75g of analytic reagent grade sucrose, it was added to a 500ml volumetric flask with 50ml of distilled water. After adding 5 milliliters of concentrated hydrochloric acid, the mixture was left for a whole day. The volume was then calculated when the solution was titrated with sodium hydroxide using phenolphthalein as an end point indicator. A 100 ml volumetric flask was filled with 25 ml of the solution after it had been well mixed. The solution was then moved to a burette and titrated against Fehling's solution for the sample as described below.
4.4.2 Calculation:
 Titre: V1 (ml)
     Factor for Fehling’s solution (g of invert sugar): 0.0025×V1 (g)
4.4.3 Preparation of sample:
Weigh 20g of the sample accurately and transfer to 500ml volumetric flask. 100ml water was added and NaOH solution was added to neutralize, till the end point of phenolphthalein was reached. Add 10ml solution of neutral lead acetate and shook and allowed to stand for ten minutes. Add Potassium oxalate solution incrementally till no further precipitation occur.  Volume was made up, and the solution was mixed and filtered via Whatmann’s No. 1 filter paper. Filtrate was transferred to a 50ml burette. 5ml of Fehling’s A and B solutions was pipet out in a 250ml conical flask. About 10ml water was added and mixed. The sugar solution poured out from the burette, followed by three drops of methylene blue indicator. The solution was heated to boiling. Continue to add sugar solution till blue color disappears and displays brick red end point. Final titre value was jotted down. 
Therefore,
 Reducing sugar% = 0.0025×100 ×V1×V2/ V3×W
 Where, 
W (g): Weight of sample
 V2 (ml): Dilution volume for the sample
 V3 (ml): Volume of clarified sample solution (required for Fehling’s reaction) (titre)

5. Results
 The present study is related to the physicochemical properties of Ash gourd and beetroot raw juice and the RTS with their combination in different ratios to finally arrive at optimum combinations of Ash gourd and beetroot for maximum acceptance by the consumers.
5.1 Physicochemical characteristics of ashgourd and beetroot raw juice
The composition of raw beetroot and ashgourd juice is given in Table 3. Different components as moisture, TSS, titrable acidity and pH were recorded as 92.16%, 8, 0.13% and 5.76 respectively for beetroot juice and similarly, chemical composition of ashgourd was observed as moisture 97.93%, TSS 3.1◦Bx, titrable acidity 0.23% and pH 5.22 respectively. Fruits and vegetables have high moisture content. Among ashgourd and beetroot, beetroot has lower moisture content due to high content of dietary fiber content which has more water holding capacity thus lowering the water content. TSS in the juices is due to the presence of soluble solids. Titrable acidity is the measure of inherent acids present in juices and is inversely related to the pH of the juice. The results reported were in close agreement with the study conducted by Bhardwaj and Pandey (2011) and Ahammed et al. (2014).
Table 3: Chemical composition of (raw) juice
	Parameter
	Beetroot juice
	Ashgourd juice

	Moisture %
	92.16±0.76
	97.93±0.11

	TSS (◦Bx)
	8±0.2
	3.1±0.36

	Total acidity (% citric acid)
	0.134±0.001
	0.23±0.02

	pH
	5.76±0.25
	5.22±0.10




5.2 Physicochemical characteristics of RTS beverage
5.2.1 Reducing sugar 
The maximum reducing sugar concentration was recorded at T2 (4.25%), i.e., 100% beetroot RTS drink, as shown in Table 4. This value was closely followed by T5 (3.72), i.e., 25% ash gourd and 75% beetroot RTS drink. The lowest value recorded (2.65) was for T1, i.e., 100% for Ash gourd RTS. “The reducing sugar content was higher in beet-based RTS drinks than in Ash gourd-based RTS drinks because Wax gourds have no sucrose but they contain 0.5g glucose and 0.5g fructose per 100g of edible part (Wills et al., 1984), and this might be the reason for the low reducing sugar content in the Ash gourd-based RTS.”
Table 4: Reducing sugar (%) of different RTS samples

	Treatments
	Reducing sugar (%)

	T1
	2.65±0.01a

	T2
	4.25±0.02e

	T3
	3.19±0.02c

	T4
	2.84±0.07b

	T5
	3.72±0.02d


Where, T1 = 100% Ash gourd, T2 = 100% beetroot, T3 = (50-50) %Ash gourd and beetroot, T4 = (75-25) % Ash gourd and beetroot, T5 = (25-75) % Ash gourd and beetroot juice content
5.2.2 TSS: 
“Due to the breakdown of polysaccharides into monosaccharides and disaccharides, blended beverages showed the least amount of TSS increase (Sashikumar 2015).” “According to Nilugin and Mahendran (2011), the concentration of total soluble solids in palmyrah pulp increases from 8 to 16% at 15° Brix.”
TSS gives the soluble solids content of beverages, as it might reveal the level of sweetness. The TSS value has an impact on the flavor of the fruit. TSS content in RTS drinks was 10◦Bx, according to Table 5. It was maintained consistently throughout all RTS drinks, i.e., at their lowest concentration. The TSS of the samples is due to the natural sweetness and the sugar added in different proportions. Beetroot-based RTS was naturally sweet and require lesser amount of artificial sugar as compared to ashgourd, as ashgourd is bitter in taste, but the TSS was kept at its minimum concentration for improved health.


Table 5: TSS of different RTS samples

	Treatments
	TSS (◦Bx)

	T1
	10±0.05a

	T2
	10±0.05a

	T3
	10±0.05a

	T4
	10±0.05a

	T5
	10±0.05a


where, T1 = 100% Ashgourd, T2 = 100% beetroot, T3 = (50-50) % ashgourd and beetroot, T4 = (75-25) % ashgourd and beetroot, T5 = (25-75) % ashgourd and beetroot juice content.


5.2.3 Moisture Content
The shelf life and freshness of a food product are influenced by its moisture content. Moisture content of a freshly prepared RTS sample varied significantly (p<0.05) from 92% to 97.7%. Moisture content of control sample (T01) was found to be higher due to lack of dietary fibers and moisture content of control sample (T02) was lower as beetroot have higher water retention capacity due to the presence of dietary fibers. Similar values of moisture content of control sample (T01) have been reported by Ng(1993). The following table makes it clear that as beetroot concentration increases, moisture content decreases due to high water retention capacity of beetroot.
Table 6:  Moisture content of different RTS samples
	Treatments
	Moisture content (%)

	T01
	97.7±0.14e

	T02
	92±0.01a

	T1
	97.6±0.20d

	T2
	94.2±0.41c

	T3
	92.1±0.20b

	Mean for treatments
	94.72


Where, T01 = 100% ashgourd  based RTS; T02 = 100% beetroot based RTS; T1 = RTS with 25% beetroot and 75% ashgourd; T2 = RTS with 50% beetroot and 50% ashgourd; T3 = RTS with 75% beetroot and 25% ashgourd 
5.2.4 pH value
The hydrogen ion activity in a solution is determined by the pH value. The value of pH significantly varied (p<0.05) for all the samples from 3.95 to 4.76. pH value of control sample (T02) is found to be highest as beetroot is alkaline in nature and is itself used as an indicator to detect acidity of different samples. The increasing trend of pH in RTS beverages is due to increase in beetroot content which therefore decreases the acidity of the beverage.
Table 7:  pH value of different RTS samples
	Treatments
	pH

	T01
	5.27±0.01d

	T02
	5.91±0.08e

	T1
	3.95±0.10 a

	T2
	4.63±0.07b

	T3
	4.76±0.04c

	Mean for treatments
	4.90


Where, T01 = 100% ashgourd  based RTS; T02 = 100% beetroot based RTS; T1 = RTS with 25% beetroot and 75% ashgourd; T2 = RTS with 50% beetroot and 50% ashgourd; T3 = RTS with 75% beetroot and 25% ashgourd 
6. Future Recommendations:
Here are some recommendations for further research and development of  RTS beverages using Ash gourd and Beetroot, based on the findings of the presented study:
6.1 Improvements in Palatability and Flavor:
The study found that the combination of Ash gourd and beetroot made for an attractive dish with many health benefits, but the flavor could be improved to make it more appealing to humans. Things that could be looked into in the future:
6.1.1 Adding Indigenous Spices: Try out ginger, lemon, or cardamom to cover up any earthy flavors from the vegetables and make the dish taste better.
6.1.2 Alternative Sweeteners: Looking into natural low-calorie sweeteners like stevia to keep the drink healthy while also making it diabetic-friendly.
6.2 Testing for stability and shelf life: 
The paper says that beetroot was chosen in part because it is thought to lower pH and make things last longer. In the future, studies should:
6.2.1 Do Long-term Storage Studies: Keep an eye on the beverage's physicochemical and microbial stability for several months at different temperatures (room temperature vs. refrigeration). 
6.2.2 Bioactive Compound Retention: To make sure the "functional" quality stays the same, check how quickly betalains (from beetroot) and other antioxidants break down over time.
7. Conclusion and Summary
The research was conducted to develop RTS, which was achieved by combining varying amounts of beetroot and Ash gourd. For the creation of various blends, varied ratios of Ash gourd and beetroot were used. The treatments T1 (100% Ash gourd) and T2 (100% beetroot) were regarded as the control RTS, while the treatments T3 (50% Ash gourd and 50% beetroot), T4 (75% Ash gourd and 25% beetroot), and T5 (25% Ash gourd and 75% beetroot) were regarded as the RTS samples.
It was determined that the combination of Ash gourd and beetroot produced a product with a lot of health advantages as well as a pleasing color and appearance, making it more alluring. However, the flavor can be altered to make it more palatable to humans. 
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