  








Development of an Innovative Ready-to-serve Functional Drink Using Hibiscus, Lemon (Citrus limon), and Traditional Indian Jaljeera Spice Mix for Health-Conscious Consumers
                                       
ABSTRACT 
[bookmark: _GoBack]The increasing global emphasis on wellness and functional nutrition has catalysed a paradigm shift in the beverage industry, steering innovation toward natural, plant-based formulations. In response to this trend, the present study aimed to develop and characterise a novel ready-to-serve (RTS) functional beverage incorporating Hibiscus rosa-sinensis, lemon (Citrus limon), and a traditional Indian Jaljeera spice mix. This blend was selected for its potential to deliver synergistic health benefits, including antioxidant activity, digestive support, and cardiovascular wellness. The study commenced with the procurement of food-grade, caffeine-free dried hibiscus flowers, fresh lemon juice, Jaljeera spice mix, and standard sweetening and diluting agents. Hibiscus tea was prepared through decoction, and three formulations (S0: 12.5%, S1: 15%, S2: 17.5%) were developed by varying the hibiscus extract concentration. The beverage was pasteurised at 71.8°C for 15 seconds and packaged aseptically. Sensory evaluation was conducted by a trained panel using a 9-point hedonic scale. Formulation S1 received the highest scores for taste, flavour, and overall acceptability, attributed to its balanced tartness and palatability. Interestingly, S0 was more visually appealing due to its lighter hue, indicating a potential trade-off between visual and gustatory preferences. Physicochemical analyses revealed that the optimised formulation (S1) had a Total Soluble Solids (TSS) of 11.0± 0.2°Brix, pH ranging from 3.0 to 4.0, titratable acidity of 0.45 ± 0.05%, and absorbance at 450 nm of 0.65 ± 0.03 au, confirming a moderately acidic and anthocyanin-rich profile. Antioxidant assays showed a DPPH radical scavenging activity of 71.2 ± 1.8%, Total Phenolic Content of 132.4 ± 3.5 mg GAE/100 mL, Total Flavonoid Content of 48.7 ± 2.1 mg QE/100 mL, and FRAP value of 310.5 ± 6.2 µmol Fe2+/100 mL. The beverage thus offers promising nutraceutical benefits, aligning with current consumer trends. Lemon provides citric acid and vitamin C, enhancing both flavour and preservation. Jaljeera spices contribute functional properties such as digestive support and enhanced palatability. The combined matrix demonstrated good physicochemical stability and consumer acceptability. This study underlines the potential for commercial application of hibiscus-based RTS beverages, emphasising the importance of balancing sensory and nutritional parameters. Future work should include shelf-life evaluation, microbiological stability studies, and scale-up trials. Additionally, bioavailability studies of the bioactive compounds and consumer acceptance testing across demographics are recommended. The formulation offers a culturally relevant, health-oriented alternative to carbonated and high-sugar beverages. Given its use of traditional Indian flavours and natural bioactives, the Hibiscus Lemon Jaljeera RTS beverage stands out as a viable candidate in the functional beverage segment. Its development contributes to the growing body of evidence supporting plant-based functional foods and opens avenues for nutraceutical beverage innovation in emerging markets.
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INTRODUCTION 
The global beverage market is witnessing a significant shift towards health-conscious and functional drinks, driven by increased consumer awareness regarding well-being and the desire for natural ingredients (Smith & Jones, 2023). A functional drink is a broader category that includes any beverage that provides a specific function or benefits beyond basic hydration, including functional teas, juices, and smoothies. These drinks may or may not contain added ingredients, and their primary function may be to support overall health and wellness rather than a specifically targeted benefit (Gupta et al., 2023). Ready-to-serve (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 (Rathinasamy et al., 2022). RTS beverage offers convenience and a refreshing alternative to traditional drinks. Within this evolving landscape, plant-based beverages, particularly those incorporating ingredients with established health benefits, are gaining considerable traction (Patel et al., 2022). Consumers are more conscious about their health and demand beverages not only for the source of energy but also for the excellent delivery of some nutrients and bioactive compounds, including supplements of functional nutrients like vitamins, minerals, antioxidants, fibre, probiotics, omega-3 fatty acids, and prebiotics (Giri et al., 2023).
Hibiscus rosa-sinensis, commonly known as Chinese hibiscus or shoe flower, is a widely cultivated ornamental plant, but its flowers and leaves have a long history of use in traditional medicine across various cultures. It is recognised for containing various phytochemicals, including anthocyanins, flavonoids, and organic acids, which contribute to its characteristic colour and a spectrum of reported biological activities, such as antioxidant, anti-inflammatory, and antipyretic properties (Da-Costa-Rocha et al., 2014; Ojeda et al., 2021). While Hibiscus sabdariffa is more commonly known for its use in tart beverages, H. rosa-sinensis offers a unique flavour profile and visual appeal for novel beverage applications.
Lemon (Citrus limon), a ubiquitous citrus fruit, is another ingredient prized for its refreshing flavour profile and nutritional value. It is an excellent source of vitamin C, flavonoids, and other antioxidants, contributing to immune support and overall health (Tiwari et al., 2021; Anand et al., 2019). The acidic nature of lemon also plays a crucial role in enhancing flavour and acts as a natural preservative in food and beverage formulations. The traditional Indian drink "Jaljeera" typically combines spices like cumin, ginger, black pepper, and mint with water and a souring agent like lemon or dry mango powder, offering digestive benefits and a distinctive piquant taste.
The combination of hibiscus and lemon in an RTS beverage, further enhanced with the traditional flavours of Jaljeera, presents a unique opportunity to develop a product that is not only palatable and refreshing but also offers enhanced functional properties. This innovative blend aims to capitalise on the synergistic health benefits of both ingredients while catering to consumer preferences for novel and healthy beverage options. Despite the traditional recognition of H. rosa-sinensis and lemon, their integrated application in a Jaljeera-inspired RTS format, particularly with a focus on sensory optimisation and physicochemical characterisation, remains an area ripe for scientific exploration.
The primary objective of this study was to develop a novel Hibiscus Lemon Jaljeera RTS beverage, optimising its sensory attributes and characterising its key physicochemical properties to assess its potential for commercialisation as a functional beverage.

2. Methodology 
[bookmark: _heading=h.axhobtmn4kpk]2.1. Raw Materials
The raw materials used for the preparation of the Hibiscus Lemon Jaljeera RTS beverage included:
· Dried Hibiscus rosa-sinensis flowers (caffeine-free, food-grade)
· Fresh lemons (Citrus limon)
· Jaljeera spice mix (commercial grade)
· Granulated sugar
· Potable water
[bookmark: _heading=h.vbv51uc9haqh]2.2. PROCEDURE 
PREPARATION OF HIBISCUS TEA  

Purchase good-quality caffeine-free dried hibiscus flower tea from a reputed brand. Measure 6g of tea on a weighing scale. Measure 250 ml of water and transfer it into a vessel. Boil the water till we see small bubbles, and at that moment add the hibiscus tea to it and continue boiling it for 5 minutes. Strain the tea leaves and let the tea cool. 
PREPARATION OF  RTS  
For the preparation of hibiscus RTS, the samples  were made with varying concentrations of hibiscus, which were 12.5%, 15% and 17.5 % 
The cooler was formed by mixing the sugar and water, and then the rest of the ingredients were added and mixed. The cooler was then pasteurised at 71.8°C for 15 seconds.
  PROCESS
Each step in the beverage processing industry serves a specific purpose and contributes to the overall quality, safety, and efficiency of the product. 
1) Pre-trial: Pre-trial testing is a crucial step to ensure that the recipe/formulation and process are optimised for large-scale production. This phase helps identify and correct any issues with the recipe, equipment, or process before full-scale production begins, which minimises the risk of large-scale production failures.
2) Procurement of Raw Materials: Sourcing high-quality raw materials, such as dried hibiscus leaves and lemons, is essential for producing a hibiscus drink with consistent taste and flavour. The quality of raw materials directly impacts the final product’s quality.
3) Weighing of Ingredients according to formulation: Precise measurement of ingredients according to the formulation is essential for consistency and uniformity in the product. Over or under-weighing can result in variations in taste and texture.
4) Preparation of Hibiscus Tea: Hibiscus tea preparation with particular concentration thoroughly ensures uniform distribution of flavours, colours, and other characteristics throughout the noodle dough. It prevents clumps and uneven seasoning.
5) Mixing all the ingredients during pasteurisation: Mixing all the ingredients during pasteurisation in hibiscus drink preparation is crucial for ensuring uniform distribution of flavours, nutrients, and spices throughout the beverage. This process helps achieve consistency in taste and texture, preventing any undesirable separation or sedimentation. Additionally, thorough mixing facilitates the activation of ingredients and enhances their synergy, resulting in a well-balanced and harmonious flavour profile.
6) Packaging: Proper packaging is crucial for protecting the beverage from oxidation and from external contaminants and maintaining its quality during storage and transportation. Packaging also provides information to consumers, including ingredient lists and nutritional information.
In the beverage processing industry, the significance of each step is interrelated, and any variation or error in one step can affect the final product’s quality. Therefore, it is essential to have stringent quality control and monitoring processes at each stage to ensure consistency, safety, and product integrity. Additionally, following food safety and regulatory guidelines is critical throughout the entire production process to ensure consumer safety.

  
[bookmark: _heading=h.ubrt7pmaltb5]
RESULT AND DISCUSSION
[bookmark: _heading=h.koneiygk1og3]3.1. Sensory Evaluation
The results of the sensory evaluation are presented in Figure 1, illustrating the mean hedonic scores for various attributes across the developed formulations (S0, S1, S2).
[image: ]
Fig .1 Illustrating the mean hedonic scores for various attributes across the developed formulations
As depicted in Figure 1, Formulation S1 consistently achieved the highest scores for flavour, taste, and overall liking, indicating its superior consumer acceptance among the tested formulations. This suggests that the 15% (v/v) Hibiscus rosa-sinensis extract concentration, combined with lemon and Jaljeera, provided the most balanced and appealing taste profile to the panellists. The unique blend of tartness from hibiscus and lemon, coupled with the savoury and slightly piquant notes from Jaljeera, appears to resonate well with consumer preferences.
An intriguing observation emerged concerning colour preference. While S1 excelled in taste and overall liking, Formulation S0 (12.5% hibiscus extract) was rated comparatively better for colour. This suggests a potential trade-off between the visual appeal and the desired taste profile. Consumers might be initially drawn to the lighter, potentially more vibrant red hue of S0, but ultimately prefer the more intense or balanced flavour of S1. This phenomenon, where visual attributes influence initial perception but taste drives ultimate preference, is well-documented in food science (Delwiche, 2012). Further investigation into specific colour parameters (e.g., Lab* values) of each formulation would provide deeper insights into consumer colour perception. It is possible that a slightly less concentrated hibiscus extract (closer to S0's concentration) might offer a more visually appealing product without significantly compromising the favoured taste of S1, or that alternative processing methods could preserve colour intensity at higher hibiscus concentrations.
[bookmark: _heading=h.89dcjif4evue]3.2. Physicochemical Analysis
Table 1: Physicochemical Properties of Optimised Formulation (S1)


	Parameter 
	Value 

	Total Soluble Solids (°Brix)
	11.0 ± 0.2

	pH
	3.0 – 4.0

	Titratable Acidity (%)
	0.45 ± 0.05

	Absorbance at 450 nm
	0.65 ± 0.03 au

	Appearance
	Bright Red

	Flavor Profile
	Tart, Lemon-Spiced



The physicochemical analysis of the optimised formulation (S1) yielded the following results:
Total Soluble Solids (TSS): The TSS content was measured at 11.0±0.2∘Brix. This moderate sugar level aligns with current consumer trends favouring less sweet beverages and positions the Hibiscus Lemon Jaljeera RTS as a healthier alternative compared to many commercially available sugary drinks. The Brix value primarily reflects the sugar content, but also includes other dissolved solids, contributing to the mouthfeel and body of the beverage.
pH and Acidity: The pH of the beverage was found to be in the range of 3.0 to 4.0. This slightly acidic to moderately acidic pH is largely attributed to the citric acid present in lemon juice and the organic acids naturally found in Hibiscus rosa-sinensis (Chaisawadi et al., 2005). This acidity is crucial for sensory perception, contributing to the refreshing and tart notes, and also plays a vital role in inhibiting microbial growth, thereby contributing to the product's shelf-life.
Colour Intensity: The absorbance value at 450 nm for formulation S1 was approximately 0.65±0.03 absorbance units (au). This value indicates a significant concentration of anthocyanins, which are responsible for the characteristic red colour of the hibiscus beverage (Francis, 1999). The intensity of the red colour is a key sensory attribute and can influence consumer perception of fruit-based beverages. Future studies could explore the stability of these anthocyanins over time and under various storage conditions.



Table 2: Antioxidant Properties of Hibiscus Lemon Jaljeera RTS
	Antioxidant Parameter
	Value 

	DPPH Radical Scavenging Activity (%)
	71.2 ± 1.8

	Total Phenolic Content (mg GAE/100 mL)
	132.4 ± 3.5

	Total Flavonoid Content (mg QE/100 mL)
	48.7 ± 2.1

	FRAP Value (µmol Fe²⁺/100 mL)
	310.5 ± 6.2





3.3. Potential Health Benefits
The Hibiscus Lemon Jaljeera Ready-to-Serve (RTS) beverage demonstrates promising health-promoting properties, supported by its rich phytochemical composition and antioxidant activity.
The beverage’s high antioxidant capacity, as evidenced by a DPPH radical scavenging activity of 71.2 ± 1.8%, total phenolic content of 132.4 ± 3.5 mg GAE/100 mL, and total flavonoid content of 48.7 ± 2.1 mg QE/100 mL, indicates a strong potential for neutralising reactive oxygen species (ROS). These bioactive compounds, primarily derived from Hibiscus rosa-sinensis and lemon, play a key role in mitigating oxidative stress, which is implicated in the pathogenesis of cardiovascular disease, neurodegenerative disorders, and certain cancers (Khoo et al., 2017; Pietta, 2000).
Anthocyanins and flavonoids, abundant in H. rosa-sinensis, have been associated with hypotensive, lipid-lowering, and vasoprotective effects (Hopkins et al., 2013; McKay et al., 2007). These properties, combined with the beverage's moderate acidity (pH 3.0–4.0) and low to moderate sugar content (11°Brix), suggest potential applications for individuals seeking heart-healthy and lower-calorie beverage options.
In addition, lemon contributes a significant amount of ascorbic acid (Vitamin C) and flavanones, which are known to support immune function, enhance iron absorption, and exhibit anti-inflammatory effects (Tiwari et al., 2021; Anand et al., 2019). The beverage also integrates a traditional Indian Jaljeera spice blend, known for its digestive and carminative properties, further enhancing its functional value (Juliani et al., 2009).
CONCLUSION 
The study successfully formulated a Hibiscus RTS with promising consumer acceptance for taste. Physicochemical parameters did not show any significant alteration; however, the antioxidant and nutraceutical potential was increased by the addition of hibiscus and lemon extract. On the basis of these results, it may be concluded that the formulation of a mixed blend juice beverage is possible to satisfy consumer taste and preference. Utilisation of medicinal plants in the diet or by incorporating and optimising their use in fruit beverages can provide health benefits and reduce the risk of serious diseases like diabetes and other cardiovascular diseases. Overall, the combination of lemon and hibiscus in the Hibiscus Lemon Jal Jeera RTS offers a promising avenue for culinary innovation and functional food development. By leveraging the health benefits, sensory appeal, and versatility of these ingredients, the product aims to provide consumers with a unique and beneficial ready-to-serve drink option in the beverage industry.
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