Development of Ready-to-Serve (RTS) beverages from Beetroot and ashgourd: A comprehensive review
Abstract
Innovative functional beverage creation has been spurred by growing customer demand for natural, health-conscious alternatives to artificial fizzy drinks. In this work, a novel Ready-to-Serve (RTS) beverage formulated from a synergistic blend of beetroot (Beta vulgaris) and ash gourd (Benincasa hispida) is developed, and its quality is evaluated. Because of its high betalain content and antioxidant qualities, beetroot was chosen, while ash gourd was included because of its alkaline nature, low calorie content, and cooling effects.
To guarantee palatability and shelf durability, several formulations were created by altering the juice ratios while standardizing the acidity and total soluble solids (TSS). In addition to an assessment of its bioactive components, the beverage was subjected to a thorough physicochemical examination that included measurements of pH, titratable acidity, and ascorbic acid content. The best formulation was 25% ashgourd and 75% beetroot content. The addition of ash gourd successfully counterbalanced the earthy beetroot overtones, according to the results, creating a pleasant sensory profile.
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1. Introduction
“Fruits and vegetables are important components of a healthy diet, and their sufficient daily consumption could help prevent major diseases” (Ganry, 2007). The need for greater fruit and vegetable intake is discussed in the WHO/FAO study, especially in developing countries, where there is a mismatch between the quantity that might be available and what people actually eat daily. The WHO (World Health Report) 2002 identified a significant risk factor for chronic illnesses as low fruit and vegetable consumption. According to estimates, if fruit intake were adequately increased, up to 2.7 million lives may be saved annually. For the prevention and relief of numerous micronutrient deficiencies, specifically in underdeveloped countries, a joint Expert Consultation of various government organizations suggested the consumption of a minimum 400g of fruit and vegetables per day (excluding potatoes and starchy tubers) (Keller and Tukuitonga, 2007). India is just behind China in terms of global vegetable production. Currently, India's total output has surpassed 95 million metric tonnes (Singh et al., 2007). According to Prem Nath (2007), the growing production and consumption of horticulture crops, particularly vegetables, provide hope for the future as supplemental diets and supply critical nutrients.
Vegetable products are seen as a new breed of food items that have been improved to take the place of classic fried and spongy meals (USDA, 1998). Fruits are no longer considered a luxury because they are part of a significant category of preventive foods that offer the necessary amounts of vitamins and minerals for the maintenance of health (George, 1994). Due to the abundance of vitamins and minerals they contain, fruits and vegetables are vital components of the human diet. Since they include antioxidants and a variety of phytochemicals that serve to protect the body against chronic illnesses, they have emerged as star nutrients (Rajeshwari, 2003). They are now referred to as functional meals since they not only meet physiologic requirements but also have preventative effects (Kapoor and Kaur, 2004).
2. Types of fruit juices utilized for human consumption
Fruit juices are liquid products obtained from the edible portions of fruits and are typically unfermented but capable of fermentation. They may be produced from fresh or preserved raw materials and are sometimes blended to achieve desirable quality characteristics (Mihalev et al., 2018).
Based on the dispersion composition, fruit juices can be categorized as: 
2.1 Clarified juice
          Clear juice is characterized as a transparent liquid containing few suspended particles, derived from the intact and mature edible portion, which can be fresh or preserved through chilling or freezing, or a combination of different types. (Mihalev et al., 2018),
2.2 Opalescent (translucent) juice
          Opalescent juice—commonly referred to as "cloudy" or "naturally cloudy"—includes a mixture of tiny particles such as pectin, cellulose, and proteins from the fruit's cellular structure. 
In contrast to "clear" juice, which has undergone enzymatic treatment or filtration to eliminate all solids, opalescent juice preserves these particles. It scatters light, producing a milky or pearlescent glow akin to that of an opal gemstone (Fellows, 2009; Ranganna, 2010; Ting, 1989).
2.3 Cloudy (turbid) juice
          This juice has not been subjected to any clarification procedures, resulting in an unclarified juice that retains suspended particles after pressing. Typically unstable and likely to sediment quickly without stabilization treatment, larger particles can be partially eliminated (such as through centrifugation) to enhance cloud stability. (Mihalev et al., 2018).
2.4 Pulp-enriched juice
         This contains a significant number of pulp particles, or coarse cloud particles, with diameters of more than 100 micrometers. The majority of these are actual larger fruit particles. To make pulp-enriched juice, cloudy juice and fruit purée can be combined (Will et al., 2008). Smoothies, blended drinks formed from mashed fruits, could potentially use this kind of dispersion mechanism. Purées made from fruits and vegetables have the biggest cloud particles (Mihalev et al., 2018).
3. Ready-To-Serve
As per the regulatory guidelines set by the Food Safety and Standards Authority of India (FSSAI, 2011), RTS beverages are formulated with specific compositional and microbiological criteria to ensure safety and quality. These beverages must contain a minimum 10% fruit or vegetable juice, with TSS maintained at a minimum of 10°Brix. The acidity level, expressed as citric acid, should not exceed 0.3%. In terms of preservation, the permissible limits include sulphur dioxide up to 70 ppm and benzoic acid up to 120 ppm.
Microbiological quality is also strictly regulated, with total plate counts restricted to acceptable limits, while yeast and mould populations must remain minimal. Additionally, coliform organisms should be completely absent in a 100 ml sample, indicating hygienic processing and safe handling practices.
RTS beverages are designed for direct consumption without further dilution, which distinguishes them from concentrates and syrups. A diverse range of fruits, such as mango, citrus varieties, berries, litchi, guava, pineapple, and grapes, are commonly utilized in their formulation. The production process generally includes blending of ingredients, homogenization to ensure uniformity, thermal processing (such as pasteurization) for microbial stability, and packaging under sanitary conditions to maintain shelf life and product integrity (Rathinasamy et al., 2021).
4. Functional ingredients for the RTS as per their antioxidant activity
4.1 Beetroot
Beetroot (Beta vulgaris) is widely consumed worldwide due to its rich content of biologically active compounds, including betalains, dietary nitrates, polyphenols, and folates, as well as essential micronutrients. These constituents contribute significantly to its recognized antioxidant and anti-inflammatory characteristics, supporting its application in traditional medicine, natural food colorants, and functional food formulations (Ceclu & Nistor, 2020).
The antioxidant capacity of beetroot is primarily due to vitamin C and other phytochemicals, which help in mitigating oxidative stress and neutralizing free radicals (Clifford et al., 2015). Additionally, the presence of lipid-soluble antioxidants, including vitamin E, contributes to cellular protection and supports physiological functions related to immune response and tissue integrity.
Beetroot also demonstrates a moderate glycaemic index (approximately 61) with a relatively low glycaemic load, indicating a controlled impact on postprandial blood glucose levels when consumed in typical dietary portions. Furthermore, its high concentration of inorganic nitrates is associated with enhanced nitric oxide production in the body, which facilitates vasodilation and contributes to improved cardiovascular function, including regulation of blood pressure.
In addition to these effects, bioactive compounds such as phytosterols may interfere with cholesterol absorption, thereby supporting lipid profile management and reducing the risk of oxidative modification of low-density lipoproteins (LDL). The combination of high moisture content, dietary fibre, and naturally occurring carbohydrates also promotes satiety, which may aid in appetite regulation and energy intake control.

Table 1: Chemical properties of beetroot juice {Source: Kale et al. (2018)}
	Chemical properties
	Average value

	TSS(⸰Brix) 
pH 
Titrable acidity (%) 
Reducing sugar (%) 
Total sugar (%) 
Ascorbic acid(mg/100g) 
Betalain (mg/100g) 
	9.0 
6.3 
0.014% 
4.2% 
7.93 
10.01 
14.20

	
	

	
	

	
	



4.2 Ashgourd
          Benincasa hispida, commonly known as ash gourd or winter melon, has been cultivated for a long time, particularly in East Asia, where its use dates back several centuries (Ng, 1993). It is believed to have been introduced into the Indian subcontinent through early trade and cultural exchanges involving travelers and missionaries (Peter, 1998). In India, its cultivation is widespread across regions such as Andhra Pradesh, Tamil Nadu, Karnataka, Maharashtra, and Kerala. The crop is known by various vernacular names, including wax gourd and white pumpkin, with the term “wax gourd” originating from the characteristic waxy coating that develops on the mature fruit surface (Sheshadri, 1993).
From a nutritional perspective, ash gourd is characterized by high moisture content and low caloric density, making it suitable for incorporation into a variety of dietary preparations such as beverages and fresh formulations. It provides a variety of essential micronutrients, including B-complex vitamins (thiamine, riboflavin, and niacin) and vitamin C, along with minerals such as calcium, iron, phosphorus, zinc, magnesium, copper, and manganese. Also, it contains bioactive phytochemicals, including flavonoids, alkaloids, glycosides, tannins, and phenolic compounds, which contribute to its functional properties (Palamthodi et al., 2019).
The high dietary fibre content of ash gourd plays an important role in supporting gastrointestinal health by enhancing bowel function and promoting a favourable gut microbial environment. Its low energy value combined with high fibre and water content, contributes to increased satiety, which may assist in regulating energy intake. Furthermore, the predominance of potassium relative to sodium supports its suitability in dietary strategies aimed at maintaining cardiovascular health (Palamthodi et al., 2019).
Ash gourd has also been associated with various traditional therapeutic applications, including its use in managing digestive discomfort and conditions related to gastric acidity. However, such claims require further validation through controlled scientific studies. The presence of anti-inflammatory and antimicrobial constituents suggests potential benefits in supporting immune function, although more evidence-based research is needed to substantiate these effects.
 Chemical properties of ashgourd juice
In a study on the nutritive value of Ash gourd, Morton (1971) examined the nutrient profiles of the fruit at two maturity stages. The analysis revealed that immature fruits contained nitrogen-free extract carbohydrates at 2.69%, crude fibre at 0.56%, calcium at 0.11%, and iron at 0.0006%. In contrast, the fully matured fruits showed slightly different nutritional characteristics, with carbohydrate levels at 2.24%, crude fibre at 0.68%, calcium at 0.15%, iron at 0.0024%, and an additional fat content of 0.3%, which was not notably recorded in the immature stage.
According to Mathad et al. (2005), the fruit of ash gourd contains several key phytochemical components, including tri-terpenoids, flavonoids, glycosides, carotene, various vitamins, β-sitosterin, and uronic acids as its primary constituents.
Gopalan et al. (2007) noted that ash gourd fruit is characterized by a remarkably high water content (96.5%), minimal fat (0.1 g), low caloric value (10 kcal), along with a calcium concentration of 30 mg and a niacin level of 0.4 mg per 100 g of fresh fruit.
5. Juice blending for nutrition enhancement in different RTS beverages
Blending juice is one of the effective methods to enhance nutritional quality and taste. The vitamin and mineral content can be boosted depending on the types and quality of the fruits and vegetables selected (Deka et al., 2000; Ndife et al., 2014). To make nectar, RTS beverages, etc., two or more juices are mixed in different ratios to balance the beverages' flavor and aroma. Additionally, customers today prefer more novel, tastier, and healthier food items  (Deka, 2000). Fruit juices are given a flavor boost by adding spices to make them more consumer appealing.
According to Emelike et al. (2016) and Hasani et al. (2018), the sensory characteristics like color, flavor, and overall acceptability in the spiced-treated beetroot juices were boosted much more than in the control sample (Banigo et al., 2015).
According to Stampanoni (1993), adding sugar to apple flavors boosts fruitiness and ripeness, and diminishes the green-leafy overtones. Increases in acidity boost sourness and tanginess to a certain extent, whereas levels that are excessively high have a detrimental effect on sweetness (Bonnans and Noble, 1993).
The efficacy of fortification and mixing techniques in RTS beverages is supported by recent studies. A mango-mint functional RTS beverage demonstrated enhanced antioxidant qualities, sensory quality, and storage stability for up to 60 days (Kumari et al., 2025).
 Similarly, a cucumber–pomegranate functional drink enriched with herbal extracts demonstrated enhanced antioxidant activity and natural preservation (Khalid et al., 2024). 
Additionally, studies on mixes of guava, wood, apple, and ginger revealed that optimal ratios greatly enhanced nutritional content and palatability (Verma & Deen, 2024).
 Starfruit-based RTS drinks enhanced with herbs like mint and basil demonstrated improved organoleptic and functional properties (Pillai et al., 2024).
 Research on dragon fruit RTS beverages revealed improved antioxidant activity and sensory acceptance with optimized formulations (Ghorband & Joshi, 2023). 
To enhance the physical stability and quality of functional RTS beverages, stabilization methods, such as the use of hydrocolloids, have also been investigated (Kumari & Sharma, 2024).
6. Chemical reactions affecting the shelf-life of RTS beverages
In food, the browning process often happens. Depending on the substance and the level of response, colors might range from pale yellow to dark brown or black. Browning is seen as advantageous in some meals, such as honey, chocolate, the brown crust on baked products, etc., but harmful in others, such as when fruits and vegetables are dehydrated and begin to brown (Srivastava and Kumar, 2007).
There are two types of browning reactions: enzymatic and non-enzymatic. The oxidation of polyphenolic substances by oxidative enzymes in plant cells underlies many of the enzymatic responses that are observed in fruits and vegetables. Non-enzymatic browning processes usually include sugar or chemicals that are linked to sugar (Srivastava and Kumar, 2007).
6.1 Enzymatic browning
It is a common occurrence seen in fruits and vegetables. including apples, bananas, and potatoes, particularly when plant tissues are damaged or exposed to air. This reaction is primarily mediated by oxidative enzymes such as polyphenol oxidase (PPO), also referred to as phenolase, tyrosinase, or catechol oxidase. In intact tissues, enzymatic browning is limited due to the spatial separation between enzymes and their phenolic substrates; however, mechanical disruption (e.g., cutting or bruising) facilitates their interaction, leading to rapid discoloration (Queiroz C et al., 2008; Yoruk R & Marshall M R, 2003).

The underlying mechanism involves the enzymatic oxidation of phenolic compounds to form highly reactive o-quinones. These reactions undergo non-enzymatic polymerization reactions, resulting in the formation of brown-colored pigments collectively known as melanins. The reaction pathway typically includes the hydroxylation of monophenols to o-diphenols, followed by their oxidation to o-quinones. Common phenolic substrates involved in this process include tyrosine, caffeic acid, chlorogenic acid, and protocatechuic acid. In addition to polyphenol oxidase, other enzymes such as peroxidases may also contribute to the overall browning reaction under certain conditions (Srivastava & Kumar, 2007).
It is important to note that the extent of enzymatic browning varies among different plant species, as some lack significant levels of the enzymes or substrates required for this reaction. The degree of browning can be quantitatively assessed using the browning index (BI), which serves as an indicator of color change resulting from oxidative reactions during processing, storage, or drying. Reported BI values vary depending on the type of fruit, packaging conditions, and storage environment, with studies indicating a range of approximately 0.29 to 1.72 in juices derived from fruits such as cranberry, cherry, grape, aronia, and pomegranate (Hirschler, 2012; Ponting et al., 1960).

6.1.1 Prevention of enzymatic browning
The prevention of enzymatic browning in fruits and vegetables can be achieved through several methods. These include the use of chelating agents such as EDTA to bind and remove copper ions required for enzyme activity, packaging under vacuum or inert gases to limit oxygen exposure, and blanching as a heat treatment to inactivate polyphenol oxidase. Additionally, low-temperature storage helps to slow enzymatic reactions, while drying reduces water activity below the level required for enzyme function. Advanced techniques such as irradiation and high-pressure processing are also effective. Furthermore, the use of phenolic antioxidants, acidulants, and browning inhibitors such as sulphur dioxide (SO₂) and ascorbic acid can significantly reduce browning (Rai, 2006).
6.2 Non-enzymatic browning 
Non-enzymatic browning is a process that results in the brown pigmentation of food without the involvement of any enzymes. Caramelization, the Maillard process, and ascorbic acid browning are examples of non-enzymatic browning (Srivastava & Kumar, 2007).
6.2.1 Maillard reaction
The Maillard reaction, commonly referred to as a carbonyl–amine reaction, is a non-enzymatic browning reaction that happens between reducing sugars and amino compounds, particularly amino acids and proteins, leading to the formation of complex brown-colored compounds called melanoidins, which lead to characteristic changes in color, flavor, and aroma in food products (Martins S I F S et al., 2000; Nursten H E, 2005).
The Maillard reaction plays a significant role in the development of desirable sensory attributes in foods such as baked goods, breakfast cereals, and malt-based products. It contributes to the formation of appealing flavors and the characteristic brown coloration associated with thermal processing. However, the extent and nature of the reaction depend on several factors, including the concentration and type of reducing sugars, the composition of amino acids, processing temperature, moisture content, and duration of heating (Srivastava & Kumar, 2007).
6.2.2Caramelization
       Caramelization occurs when sugars are exposed to elevated temperatures, typically above 160 °C, in the absence of amino compounds. Under these conditions, sugars undergo thermal degradation (pyrolysis), leading to the formation of a range of intermediate and end products responsible for characteristic brown coloration and distinct flavor profiles.
This reaction is widely utilized in food processing to enhance sensory attributes, particularly in products such as confectionery and desserts, where the development of caramel-like flavor and color is desirable. However, excessive heating can result in over-decomposition of sugars, producing undesirable dark pigmentation and bitter off-flavors, thereby negatively affecting product quality (Ranganna, 1986).
6.2.3 Browning of ascorbic acid 
       Ascorbic acid degradation represents another pathway of non-enzymatic browning in food systems. During storage or processing, ascorbic acid undergoes oxidative reactions that lead to the formation of intermediate compounds, which subsequently participate in further reactions resulting in pigment formation and discoloration. This process can negatively affect the visual quality of food products, particularly in beverages and preserved items.
The rate of ascorbic acid oxidation is affected by some factors such as temperature, oxygen availability, and storage conditions. Lower temperatures are known to retard these reactions, thereby helping to preserve color and overall product quality (Srivastava & Kumar, 2007).
7 Storage stability of RTS
          Fruits are perishable goods, affected by environmental factors like temperature and sunlight, as well as enzyme activity, cause them to lose quality while in transit. Juice deterioration can be reduced with the use of cutting-edge technologies, allowing for longer-term storage. Fruits that were fresh and fully ripe were chosen, and juice was collected from them. The juices were filtered and removed, and then they were pasteurized for 15 minutes at 72 degrees Celsius. The product was kept at a cold temperature while being analyzed for ascorbic acid, acidity, pH, total soluble solids, and reducing and non-reducing sugars at intervals of 0 to 28 days after every 7-day period. Fresh juice's storage durability was considerably decreased (p < 0.05) by physicochemical factors, although microbiological studies revealed no significant changes (p > 0.05). For juices at 4°C, the pH values ranged from 3.7 to 5.5. At 4°C, °Brix values ranged from 10 to 14. There were 8 to 15 mg of ascorbic acid per 100 ml, reducing sugar content ranged from 2.95 to 4.44%, and the total plate count varied from 0 to 1.7×104. (Rahman et al., 2011)
8 Regulations for Ready-to-Serve Beverages
Standards established by regulatory bodies such as  FSSAI provide specific standards for the composition and safety of RTS beverages, which include a minimum fruit content of  10%, atleast 10% TSS, and not more than of 0.3% acidity as citric acid. RTS beverages are non-fermented drinks created by blending fruits and vegetables in appropriate concentrations, along with sugar, water, and various additives. (Rathinasamy et al., 2021). These beverages are referred to as ready-to-serve beverages since they are consumed directly without dilution. This category includes the majority of packaged fruit beverages. For RTS beverages, a wide variety of fruits are preferred, including mango, citrus fruits, berries, litchi, guava, pineapple, and grapes. In RTS, pulp, the necessary amount of water, sweeteners, acid, stabilizer, coloring, and flavoring ingredients are added without altering the quality of the product.
9. Conclusion
A study was performed to develop a Ready-to-Serve (RTS) beverage by mixing beetroot and ash gourd juices in different ratios. Five variations were prepared: T1 (100% ash gourd) and T2 (100% beetroot) acted as control samples, while T3 (50:50), T4 (75% ash gourd + 25% beetroot), and T5 (25% ash gourd + 75% beetroot) were the experimental blends. The final drink was standardized to contain 10% juice, 10°Brix TSS, and 0.03% acidity.
The samples were stored for 28 days and tested regularly for changes in chemical, sensory, and microbial properties. Over time, the pH and vitamin C levels decreased, whereas acidity, TSS, and reducing sugars showed an increase. Sensory qualities like color, taste, and overall acceptability gradually declined during storage.
Among all the formulations, T5 (75% beetroot and 25% ash gourd) was rated the best in terms of sensory quality. Microbiological analysis showed no presence of coliform bacteria, indicating that the product was safe for consumption. Overall, the study found this blend to be the most suitable, with good quality maintained for up to 14 days.
10. Limitations
· The toxicity test for the blend was not carried out, as it is very important to keep health as the priority.
· All the components of beet root and ashgourd were not determined.
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