


Functional beverage development from fruit-herb blends: A systematic review of strawberry, guava, beetroot and medicinal plant formulation

Abstract
Functional beverages formulated from synergistic blends of fruit and medicinal herbs are gaining significant attention due to their enhanced nutraceutical potential and natural preservation capability. Strawberry contributes anthocyanins (pelargonidin-3-glucoside) and ellagic acid; guava provides exceptional vitamin C (299 mg/100 g), carotenoids, and pectin (1.15%); beetroot offers betalain pigments and cardioprotective nitrates (250 mg/100 g). Medicinal herbs—basil (rosmarinic acid), moringa (quercetin, kaempferol), ginger (gingerols, shogaols), and ashwagandha (withanolides) enhance bioactive profiles while exerting antimicrobial effects through membrane disruption, proton gradient impairment, and free radical quenching. Conventional pasteurization (85–95°C, 15–30 sec) ensures microbial safety but degrades heat-labile nutrients (10–30% ascorbic acid loss), driving interest in non-thermal technologies such as high-pressure processing (400–600 MPa), ultrasonication, and encapsulation techniques that achieve >90% bioactive retention. Storage studies reveal a progressive increase in TSS (6.0 to 7.6°Brix over 90 days), alongside ascorbic acid depletion (42.5 to 16.2 mg/100 g in controls), phenolic degradation, and browning intensification (OD₄₄₀ 0.12 to 0.63). Ginger-based formulations demonstrate the highest sensory acceptability (8.9/9). Critical research gaps include extract standardization, long-term stability trials (>90 days), clinical validation of health benefits, and the exploration of fermentation potential for GABA enrichment.
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Introduction 
The global beverage industry is experiencing a paradigm shift, driven by escalating consumer health consciousness, the aftermath of the COVID-19 pandemic, and growing apprehension regarding synthetic additives, catalysing a pronounced transition toward plant-based functional beverages that deliver health benefits beyond basic nutrition (Nazir et al., 2019; Rizwana et al., 2021; Giri et al., 2023). Market-analyses project the global functional beverage sector to reach approximately USD 512.25 billion by 2035, registering a CAGR of 7.00%, reflecting increasing preference for beverages supporting immunity, digestive health, and cardiovascular function (Kausar et al., 2012). “India's horticulture sector has registered significant growth, with fruit production reaching 118.76 million tonnes during 2024-25, registering a 5.12% increase, with guava identified among major contributors.” However, this production abundance is accompanied by substantial post-harvest losses, with guava suffering the highest losses among fruits at 15.05%, and aggregate annual fruit losses estimated at 7.36 million tonnes, representing an economic loss exceeding ₹1.52 lakh crore annually . These losses underscore urgent need for value addition through processing, with strategic combination of anthocyanin-rich strawberry, vitamin C-dense guava, and gingerol-containing ginger offering synergistic therapeutic potential while addressing perishability (Kaur & Kapoor, 2001; Bhuiyan et al., 2012). Concurrently, consumer distrust of synthetic preservatives—particularly benzoates and sorbates—has accelerated investigation into natural alternatives, with herbs including basil, moringa, ginger, and ashwagandha demonstrating dual antimicrobial and antioxidant functionality through membrane disruption, radical quenching, and enzyme stimulation (Carocho et al., 2014; Tajkarimi et al., 2010; Egbuna et al., 2023). This review systematically examines phytochemical foundations, preservation mechanisms, processing technologies including high-pressure processing and encapsulation, and storage stability considerations for strawberry-guava-beetroot-herb functional beverages, while identifying critical research gaps including blend standardization, extended shelf-life validation, and clinical substantiation of health benefits to provide a foundational framework for researchers and product developers.
Phytochemical And Nutritional Profiles of Key Ingredients 
Table 1: Nutritional value of pulp of strawberry, guava and apple (Hassanzai et al. 2024)
	S. no.
	Chemical attributes
	Mean values

	
	
	Strawberry pulp
	Guava pulp
	Apple pulp

	1
	Total Soluble Solids (%)
	5.00
	7.00
	15.00

	2
	Acidity (%)
	0.20
	0.30
	0.10

	3
	Vitamin-C (mg/100g)
	56.76
	148.35
	10.30

	4
	Reducing Sugars (%)
	3.17
	4.45
	9.96

	5
	Non-reducing sugar (%)
	2.65
	3.10
	0.30

	6
	Total Sugars (%)
	5.82
	7.55
	10.26



· Strawberry (Fragaria × ananassa)
Strawberry (Fragaria × ananassa), an aggregate fruit of the Rosaceae family, is prized for its distinctive flavor, aroma, and vivid hue (Giampieri et al., 2012). Nutritionally, it delivers ~32 kcal, 7.7 g carbohydrates, 0.7 g protein, 0.3 g fat, 2.0 g fiber, and 58.8 mg/100 g vitamin-C nearly fulfilling daily needs (Giampieri et al., 2015; USDA, 2019). Its bioactive prowess stems from phenolics: ellagic acid modulates xenobiotic enzymes for chemoprevention (Larrosa et al., 2006); anthocyanins like pelargonidin-3-glucoside drive red pigmentation while scavenging radicals and chelating metals (Giampieri et al., 2012); and flavonols (quercetin, kaempferol) curb inflammation via cyclooxygenase/lipoxygenase inhibition (Gasparrini et al., 2017). Regular consumption correlates with cardiovascular protection through endothelial enhancement, LDL antioxidation, and nitric oxide boosts (Basu et al., 2014; Priyadarshi et al., 2024), alongside NF-κB suppression, cytokine downregulation, and neuroprotective effects against oxidative/microglial stress (Joseph et al., 2016; Miller et al., 2018).
· Guava (Psidium guajava)
Guava (Psidium guajava) derives its functional value from a rich phytochemical array of polyphenols, carotenoids, flavonoids, and triterpenoids (Naseer et al., 2018). Pink-fleshed varieties feature lycopene as the chief carotenoid, outpacing β-carotene in singlet oxygen scavenging (Di Mascio et al., 1989). Flavonoids like quercetin, guaijaverin, and avicularin exert antimicrobial action against pathogens, while tannins lend subtle astringency and protein affinity to boost beverage clarity and stability (Metwally et al., 2010; Morton, 1987). Pulp analysis reveals 9°Brix TSS, pH 4.1, 0.64% titratable acidity, 198.7 mg/100 mL ascorbic acid, 4.21% reducing sugars, 1.37% non-reducing sugars, and 5.58% total sugars, with 1.15% pectin conferring ideal viscosity for processing (Khandare et al., 2015; Bal et al., 2014). Its vitamin C potency-four times oranges-cements guava as a prime antioxidant "superfruit" (Kumar et al., 2021).
· Beetroot (Beta vulgaris) 
Beetroot (Beta vulgaris, Amaranthaceae), a root vegetable, features distinctive betalain pigments nitrogenous substitutes for anthocyanins split into red-violet betacyanins (chiefly betanin) and yellow betaxanthins (e.g., vulgaxanthin) with pH-stable coloration optimal at 4.0–5.0, suiting beverage formulations (Stintzing & Carle, 2004; Azeredo, 2009; Herbach et al., 2006). Nutritionally robust with vitamin C, B-complex, folate, potassium, iron, magnesium, and fiber, its hallmark is ~250 mg/100 g inorganic nitrate, which fuels enterosalivary conversion to nitrite via oral bacteria and gastric nitric oxide, yielding antihypertensive benefits, endothelial enhancement, reduced exercise oxygen costs, plus betalain-driven antioxidative and anti-inflammatory action (Clifford et al., 2015; Lidder & Webb, 2013; Lundberg et al., 2008; Jones, 2014).
· Medicinal Herbs as Functional Enhancers
Basil (Ocimum basilicum), a member of the Lamiaceae family, improves beverage formulations by imparting a pleasant aroma along with functional advantages through essential oil constituents such as linalool, methyl chavicol, and eugenol, which exhibit antimicrobial activity against common foodborne pathogens (Suppakul et al., 2003; Soković et al., 2010). Its प्रमुख phenolic compound, rosmarinic acid, demonstrates antioxidant potential comparable to certain synthetic antioxidants via effective radical-scavenging and metal-chelating mechanisms (Jayasinghe et al., 2003; Harsha & Aarti, 2015). Moringa oleifera, commonly known as the drumstick tree or sahjan, is valued for its exceptional nutritional profile, with leaves rich in protein, β-carotene, vitamin C, calcium, and potassium (Anwar et al., 2007; Moyo et al., 2011). Flavonoids such as quercetin and kaempferol contribute significant antioxidant and anti-inflammatory properties, and their incorporation into fruit-based beverages has been reported to enhance protein content, oxidative stability, and microbial safety (Vongsak et al., 2013; Aderinola, 2018; Boniface et al., 2020). Zingiber officinale, belonging to the Zingiberaceae family, imparts characteristic pungency through bioactive compounds including gingerols, shogaols, and zingerone, which exert antioxidant and anti-inflammatory effects by modulating cyclooxygenase, lipoxygenase, and NF-κB pathways (Grzanna et al., 2005; Semwal et al., 2015). Similarly, Withania somnifera, an important adaptogenic herb in Ayurveda, derives its therapeutic efficacy from withanolides that exhibit immunomodulatory, neuroprotective, and stress-relieving properties, making it a promising functional ingredient for beverage formulations despite limited data on formulation stability (Mishra et al., 2000; Chandrasekhar et al., 2012; Kuboyama et al., 2014).
Preservation Strategies Using Natural Herbal Extracts 
· Limitations of Synthetic Preservatives 
The widespread use of synthetic chemical preservatives in the food industry particularly sodium and potassium salts of benzoic, sorbic, and lactic acids has generated growing consumer distrust and regulatory scrutiny (Carocho et al., 2014). These safety concerns, coupled with increasing demand for clean-label products, have accelerated the search for natural preservative systems capable of delivering comparable or superior antimicrobial and antioxidative efficacy (Tajkarimi et al., 2010). In this context, plant-derived and herbal extracts are emerging as promising alternatives due to their Generally Recognized as Safe (GRAS) status, broad-spectrum bioactivity, consumer acceptance, and multifunctional mechanisms of microbial inhibition and oxidative stabilization (Gyawali & Ibrahim, 2014).
· Mechanisms of Herbal Preservative Action 
Herbal extracts support food preservation via antibacterial and antioxidative properties. Their antibacterial activity derives from active compounds that engage bacterial cell membrane lipids, undermining membrane stability, elevating permeability, and spilling critical intracellular substances, ultimately leading to bacterial demise (Cox et al., 2000). Volatile oil phenolics such as thymol, carvacrol, and eugenol likewise impair proton gradient and ATP generation, disturbing energy processes and curbing bacterial expansion (Lambert et al., 2001; Ultee et al., 2002). As antioxidats, phenolics function as primary scavengers by donating hydrogen atoms or electrons to quench reactive radicals, with auxiliary roles like metal sequestration, singlet oxygen deactivation, and suppression of enzymes like lipoxygenase (Shahidi & Zhong, 2010). Moreover, these botanicals stimulate native antioxidant enzymes including glutathione peroxidase, catalase, and superoxide dismutase to heighten cellular tolerance to oxidative damage (Masella et al., 2005).
· Evidence for Herbal Preservation in Fruit Beverages 
Boniface et al. (2020) investigated the preservation of sugarcane juice using onion juice and Moringa oleifera leaf juice at 20% and 30% concentrations, respectively. The combination, when applied with pasteurization and refrigeration, effectively inhibited yeasts, molds, and Leuconostoc sp., substantially extending product shelf life. The study demonstrated that natural additives could achieve preservation equivalent to synthetic alternatives while eliminating chemical residues. 
Olaniran et al. (2019) reported that garlic-ginger filtrate at 1% (v/v) effectively preserved unpasteurized cashew apple juice for three weeks at ambient temperature without detectable deterioration. This finding is particularly significant given the high susceptibility of cashew juice to rapid microbial spoilage, suggesting that ginger-based formulations may offer broadspectrum protection across diverse fruit matrices. 
Amechi and Hurdison (2019) evaluated honey as a preservative in kunun zaki (a traditional Nigerian beverage), finding that 3 ml per 100 ml minimized changes in pH and titratable acidity compared to other preservative treatments. Honey's preservative action derives from multiple factors including low water activity, acidic pH, hydrogen peroxide generation, and the presence of antimicrobial peptides (defensin-1) and phenolic compounds (Mandal & Mandal, 2011). 
Harsha and Aarti (2015) developed herbal juice formulations combining citrus fruits with basil extract (0-25%), ginger, and sugar syrup. The 30:20:5:45 ratio (lime juice:basil extract:ginger:sugar syrup) emerged as optimal based on physicochemical and sensory evaluation. Notably, antioxidant potential ranged from 50.5% to 56.1% across formulations, with gradual decline during 20-day refrigerated storage. Sensory acceptability remained satisfactory up to 10 days, establishing a benchmark for product shelf life. 
Deen (2022) investigated RTS beverages from mango pulp, kagzi lime juice, aloe vera gel, and ginger juice, identifying the optimal combination as 55% mango, 25% kagzi lime, 10% aloe vera, and 10% ginger. The product maintained acceptable quality for 4 months at ambient storage, with increases in TSS, acidity, and reducing sugars alongside declines in vitamins A and C. 
· Synergistic Effects in Multi-Herb Combinations 
Recent studies indicate that blends of herbal extracts can display synergistic preservative activities, yielding superior effectiveness at reduced concentrations of each component (Bassolé & Juliani, 2012). The underlying mechanisms of this synergism encompass: (1) additive membrane destabilization coupled with metabolic blockade (Hyldgaard et al., 2012); (2) concurrent targeting of diverse cellular sites (Hemaiswarya et al., 2008); (3) amplified chelation for improved metal ion immobilization; and (4) cyclic antioxidant regeneration, wherein one molecule restores the oxidized state of another (Becker et al., 2004).
Table 2: Examples of Successful RTS Beverage Blends
	Blend Composition
	Finding
	References

	Guava + Papaya + Pineapple + Karonda
	25% karonda + 75% pineapple highest sensory
	Shaheel et al. (2015)

	Cashew apple + Mango + Pineapple + Sapota
	Superior quality
	Roy et al. (2016)

	60% Guava + 40% Pineapple
	Highest hedonic score
	Sarkar and Bulo (2017)

	Bottle gourd + Mint (150:30)
	High acceptability
	Agarwal and Kumar (2017)

	Papaya + Mango (50:50)
	High sensory
	Sindumatthi et al. (2017)

	Jamun + Mango (80:20)
	Acceptable for 6 months
	Sharma et al. (2017)

	Aloe vera + Carrot + Orange
	40% aloe vera optimal
	Hamid et al. (2014)



Processing Technologies for Functional Beverage Development 
· Juice Extraction and Blend Formulation 
Initial processing stages profoundly impact the quality of the end product (Bates et al., 2001). Fruit preconditioning entails meticulous sorting to discard blemished or deteriorated units, succeeded by rigorous rinsing to eliminate superficial impurities (Ashurst, 2005). Extraction protocols are tailored to fruit properties: guava and beetroot necessitate water supplementation (2:1 proportion) during pulverization to promote cellular lysis and liberate juice, whereas strawberry, orange, and mint undergo processing sans aqueous addition to preserve soluble solids levels (Sharma et al., 2017). Subsequent sieving via muslin fabric excises coarse lignocellulosic debris while conserving colloidal pectic fractions that impart viscosity and oral sensation (Bates et al., 2001). In ready-to-serve beverages, optimal pulp/juice levels span 10-20%, with sucrose and acidity modulation to attain 12-15°Brix total soluble solids and 0.2-0.3% titratable acidity (Jain & Khurdiya, 2004; Deen, 2022), thereby securing microbial stability alongside desirable organoleptic attributes (Ranganna, 1986).
· Thermal Processing and Pasteurization 
Traditional thermal treatment persists as the predominant preservation method for fruit-based beverages (Silva & Gibbs, 2012). High-temperature short-time pasteurization (85-95°C for 15-30 s) efficaciously eradicates vegetative pathogens and deteriorative microbes while denaturing intrinsic enzymes such as polyphenol oxidase, peroxidase, and pectin methylesterase that incite physicochemical degradation over storage (Tribst et al., 2009). Nevertheless, heat application inexorably impairs nutraceutical constituents: ascorbic acid experiences thermolytic breakdown via oxidative and non-oxidative routes, incurring 10-30% reductions post-pasteurization (Gregory, 1996); anthocyanins succumb to glycosidic hydrolysis and pyrilium ring fission (Patras et al., 2010); and betalains manifest heightened thermosensitivity, suffering marked depletion beyond 60°C (Herbach et al., 2006). Such drawbacks have propelled exploration of advanced non-thermal interventions (Chemat et al., 2011).
· Novel Non-Thermal Processing Technologies
High-pressure processing (HPP), a non-thermal method, exerts hydrostatic pressures of 400–600 MPa at ambient or chilled temperatures to inactivate microbes mainly via protein unfolding and membrane rupture, all while sparing heat-labile phytochemicals from degradation (Oey et al., 2008; Barba et al., 2012). Pulsed electric field (PEF) treatment, likewise, delivers brief high-intensity electric pulses that provoke microbial electroporation for effective pasteurization with minimal heat buildup (Soliva-Fortuny et al., 2009). Ultrasound (sonication) offers yet another promising avenue, where acoustic cavitation induces microbubble implosion, creating intense localized shear forces and pressure spikes that dismantle microbial structures and neutralize spoilage enzymes (Chen et al., 2011). Notably, combining ultrasound with gentle heat termed thermosonication boosts outcomes further; for instance, Qiu et al. (2018) found it markedly preserved blackcurrant juice's bioactives and antioxidant potential over standard pasteurization, matching microbial kill rates, while Kalsi et al. (2023) showed similar advantages in guava juice, with better retention of nutrients and enzyme suppression.
· Encapsulation Technologies for Bioactive Stabilization
Encapsulation represents a robust strategy for protecting fragile bioactives during processing and storage, with maltodextrin—a starch hydrolysate possessing dextrose equivalent ≤20—serving as an ideal wall material due to its cost-effectiveness, excellent aqueous solubility, low viscosity, neutral flavor, material due to its cost-effectiveness, excellent aqueous solubility, low viscosity, neutral flavor, and effective preservation of aromas, colors, and phytochemicals under adverse conditions (Fang & Bhandari, 2010; Gharsallaoui et al., 2007; Saikia et al., 2015).While spray drying dominates commercially for its practicality, freeze drying (lyophilization) excels in preserving thermosensitive payloads despite elevated expenses (Fang & Bhandari, 2010); for example, Prabhakar et al. (2025) crafted lyophilized powders from guava-beetroot-orange-mint juice mixes, yielding >90% efficiency, 88-90% solubility, and strong bioactive holdover total phenolics at 102-160 mg GAE/100 g and DPPH radical quenching of 47-59%. On the lipid front, nano-emulsions, solid lipid nanoparticles, and Pickering emulsions elevate lipophilic compound delivery by boosting dissolution, fending off gut breakdown, and amplifying mucosal uptake (McClements & Rao, 2011; Acosta, 2009), a trend underscored by Liu et al. (2025) who noted sharp patent spikes for these in functional foods around 2004, 2011, and 2019, signaling robust industry momentum.
· Fermentation for Bioactive Enrichment
Fermentation unlocks distinctive avenues for elevating functional beverage attributes (Marsh et al., 2014). Lactic acid bacteria-driven processes markedly boost gamma-aminobutyric acid (GABA) levels via glutamate decarboxylase catalysis (Diana et al., 2014), while yielding organic acids that bolster microbial stability and enrich organoleptic depth (Leroy & De Vuyst, 2004). Beyond that, polyphenol metabolism shifts during fermentation as microbial glycosidases liberate aglycone phenolics from conjugates, often amplifying bioaccessibility (Rodríguez et al., 2009). A prime example comes from cassava fermentation for beverages, where Adu-Kwarteng et al. (2025) highlight how time-honored practices can be fine-tuned to heighten bioactivity alongside slashing cyanogenic glycosides for safer outcomes.
Stability Considerations During Storage 
· Physicochemical Changes 
Storage tenure and environmental factors exert a profound impact on beverage integrity (Polydera et al., 2003). Hassanzai et al. (2024) observed progressive elevations in total soluble solids (TSS), titratable acidity, and reducing sugars coupled with ascorbic acid depletion and non-reducing sugar drops over four months in strawberry-guava-apple nectar blends, linking these shifts to oxidative assault and saccharide inversion. Deen (2022) echoed this in mango-kagzi lime-aloe vera-ginger RTS drinks, noting parallel vitamin A/C losses alongside TSS and acidity upticks. Deterioration accelerates markedly under ambient warmth (25-35°C) versus chilled storage (4-8°C) (Burdurlu et al., 2006), with light further fuelling photo-oxidation of riboflavin and vitamin C (Gregory, 1996), while residual oxygen drives catabolic cascades making low-headspace, O₂-impermeable packaging a smart safeguard (Ayhan et al., 2001).

Table 3: Effect of ambient temperature (27.1–41.9°C) on the Total Soluble Solids (%) during storage of RTS beverages (Hassanzai et al. 2024)
	Storage period (Months)
	TSS (%)
	Acidity (%)
	Vitamin-C (mg/100ml)
	Reducing sugars (%)
	Non-reducing sugar (%)
	Total Sugars (%)
	Organoleptic

	
	
	
	
	
	
	
	Score
	Rating

	0
	13.00
	0.20
	21.52
	1.80
	0.65
	2.45
	8.55
	LVM

	1
	13.10
	0.25
	21.44
	1.88
	0.58
	2.46
	8.41
	L1VM

	2
	13.37
	0.29
	21.33
	2.01
	0.50
	2.51
	7.65
	LM

	3
	13.76
	0.34
	21.20
	2.24
	0.39
	2.63
	7.10
	LM

	4
	14.25
	0.42
	21.09
	2.53
	0.25
	2.78
	6.45
	LS

	SEm±
	0.19
	0.003
	0.01
	0.02
	0.007
	0.04
	0.13
	

	CD at 5 %
	0.61
	0.011
	0.03
	0.07
	0.023
	0.14
	0.41
	


LVM: Like very much, LM: Like moderately, LS: Like slightly.      
· Bioactive Compound Degradation
Ascorbic acid breakdown unfolds via intricate kinetics encompassing aerobic and anaerobic routes (Gregory, 1996). Oxygen-fuelled oxidation kicks off the aerobic phase, converting it to dehydroascorbic acid before irreversible hydrolysis yields 2,3-diketogulonic acid (Bradshaw et al., 2011); post-depletion, slower anaerobic sugar-mediated reactions persist (Kurata & Sakurai, 1967). Anthocyanin resilience hinges on pH, heat, O₂, copigments, and metals (Castañeda-Ovando et al., 2009) the vibrant flavylium ion rules at acidic pH (1-3), but neutral shifts favor pale carbinol pseudobases or chalcones, accounting for that telltale color fade (Brouillard, 1982), with copigmentation from flavonoids or phenolics bolstering stability through protective π-π stacking against nucleophiles (Mazza & Brouillard, 1990). Betalains obey first-order decay with elevated activation energies signaling higher thermosensitivity than anthocyanins, yet they shine in pH 4-6 beverage windows (Herbach et al., 2006), while overall antioxidant prowess tracks phenolic-though breakdown fragments can hold steady or surprisingly outperform precursors (Nicoli et al., 1999).
· Sensory Changes 
Storage-induced sensory decline in beverages manifests through chromatic shifts (browning or bleaching), olfactory evolution (fresh note dissipation paired with off-flavor emergence), and rheological alterations (sediment formation or unwanted clearing) (Polydera et al., 2003). Browning stems from enzymatic polyphenol oxidase action or non-enzymatic routes like Maillard cascades and ascorbic acid catabolism, reliably tracked via 420 nm absorbance as a standard index (Roig et al., 1999). Olfactory drift traces to volatile aroma depletion via volatilization or reactive turnover, while stale or toasty overtones arise from heat-forged furans, pyrazines, and sulfur heterocycles (Apriyantono & Ames, 1993)-all compounded by pectin colloid destabilization or particulate coalescence that triggers settling, a real headache in pulp-rich formulations (Beveridge, 2002).
· Comparative shelf life of RTS beverages
Table 4: Shelf life of RTS beverages under different storage conditions
	S. No.
	RTS Beverage
	Shelf life
	Storage conditions
	Reference

	1
	Aloe vera + Bael fruit
	90 days
	-
	Sashikumar (2015)

	2
	Palmyrah fruit
	6 months
	30 ± 2 °C
	Nilugin and Mahendran (2011)

	3
	Aloe vera + Ginger juice + Aonla
	4 months
	Normal room temperature
	Sasi Kumar et al. (2013)

	4
	Coconut water + Lemon juice
	6 months
	Low (5 °C), Ambient (25 ± 2 °C) and High (37 °C)
	Chauhan et al. (2014)

	5
	Aloevera + Pear
	60 days
	Chilled temperature
	Talib et al. (2016)

	6
	Cashew + Mango + Pineapple + Sapota
	60 days
	Normal Room temperature
	Roy et al. (2016)

	7
	Beetroot + Orange blend
	30 days
	Refrigeration temperature
	Dambalkaret al. (2015)

	8
	Kinnow juice + Basil Extract + Ginger Juice
	10 days
	Ambient temperature
	Hirdyani (2015)

	9
	Cashew apple beverage
	4 months
	Refrigeration temperature (4 °C) and room temperature (30 ± 1 °C)
	Tamuno and Onyedikachi (2015)

	10
	Prebiotic beverage
	4–6 months
	Both ambient and refrigeration temperature
	Renuka et al. (2009)

	11
	Kadamba fruit beverage
	150 days
	Ambient temperature
	Pandey et al. (2018)

	12
	Ceylon olive
	2 months
	Ambient temperature
	Priyanthi et al. (2008)

	13
	Soursop + Grape
	6 months
	Ambient temperature
	Balaswamy et al. (2011)

	14
	Fruit and vegetable
	3 months
	Ambient temperature
	Dhaliwal and Hira (2004)



Research Gaps and Future Directions
Despite exciting advances in herbal-fortified fruit-vegetable beverages from antimicrobial synergies and non-thermal processing to encapsulation and fermentation key hurdles persist that demand targeted research to unlock commercial potential and validate health claims.
· Standardizing Herbal Extract Use
Extract preparation varies considerably across studies, encompassing differences in solvent selection, particle size reduction, extraction duration, and timing relative to thermal treatments, complicating cross-study comparisons and industrial scale-up (Granato et al., 2020)."We need uniform protocols for solvent extraction parameters, marker assays for potency checks, consistent concentration metrics (e.g., dry weight or bioactive equivalents), and precise integration points echoing the processing tweaks needed for juice blends like guava-beetroot.
· Decoding Synergy in Blends
While single-herb studies predominate, combination effects including synergistic enhancement of membrane disruption or antioxidant regeneration remain inadequately characterized. Rigorous factorial designs and response surface methodology are required to identify optimal herb combinations within realistic formulation constraints (Bassolé & Juliani, 2012; Granato et al., 2010). This builds directly on those phenolic-terpene interactions we covered earlier.
· Long-Term Stability Testing
Most shelf-life data caps at 3-4 months, falling short of industry-standard 9-12-month claims amid real-world heat, light, and O₂ stresses (Polydera et al., 2003). Extended trials across ambient/refrigerated/accelerated conditions, plus packaging variants, would map degradation kinetics like the ascorbic acid or betalain losses during storage far better.
· Proving Bioavailability and Health Impacts
These drinks promise more than calories, yet clinical proof of outcomes (e.g., better lipid profiles or inflammation markers) is scarce (Granato et al., 2020). ADME studies on beverage-specific bioactives, followed by biomarker trials, would validate benefits and tie back to fermentation-driven GABA spikes or polyphenol release.
· Future perspective-Probiotic potential
The incorporation of probiotic microorganisms into strawberry-guava-beetroot-herb blends represents an emerging frontier for enhancing functional properties. Probiotics confer health benefits through multiple mechanisms: stimulating mucus production, strengthening epithelial tight junctions, competitively excluding pathogens, releasing antimicrobial bioactive molecules and enhancing macrophage phagocytosis as shown in Fig. 1 (Manoj et al., 2023). Fruit juices serve as excellent probiotic carriers due to their inherent nutrients supporting microbial viability. Key research directions include selecting acid-tolerant strains, optimizing fermentation conditions to achieve therapeutic levels (10⁶-10⁷ CFU/mL), and evaluating synergistic interactions between probiotics and fruit-herb phytochemicals. Studies on similar substrates report 41.8-57.9% increases in phenolic content post-fermentation, suggesting substantial potential for developing probiotic enriched versions of these functional beverages.
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Fig 1: Mechanism of probiotic action in the human digestive system. Probiotics enhance mucus production by goblet cells, strengthen epithelial tight junctions, competitively exclude pathogens, release antimicrobial bioactive molecules, and stimulate macrophage phagocytosis and immunoglobulin A production (Manoj et al., 2023)
Table 5: Fruit probiotics available in market
	Sr. No.
	Commodity
	Microorganism
	Product
	References

	1
	Beverage (Mango)
	Lactobacillus plantarum 299V
	Juice drink
	https://goodbelly.com/probiotic-drinks/

	2
	Beverage (purified water, lemon, cayenne, maqui berry, vegan probiotics and stevia)
	Bacillus coagulans GBI-30 6086
	Juice drink
	https://www.sujaorganic.com/products/juice/refreshing/wild-probiotic/

	3
	Beverage (orange guava)
	Bacillus coagulans GBI-30 6086
	Juice drink
	https://sogoodsoy.com/products/happy

	4
	Beverage
	Lactobacillus acidophilus, Lactobacillus delbrueckii
	Cocobiotic
	https://shop.bodyepinecology.com/collections/all

	5
	Gummies
	Lactobacillus
	Probiotic amla gummies
	https://www.paivia.in/

	6
	Beverage (blueberry)
	Bifidobacterium
	Juice smoothie
	https://www.nakedjuice.com/our-products

	7
	Beverage (strawberry, passion fruit, lemon, rose water)
	Bacillus coagulans GBI-30 6086
	Juice drink
	https://www.kroger.com/p/simple-truth-organic-roseberry-mist-probiotic-juice-drink/00011111005861

	8
	Beverage (pomegranate)
	Lactobacillus casie
	Juice drink
	https://hijress.in/probiotic-pomegranate-juice

	9
	Beverage (mango mangue)
	Bacillus coagulans
	Juice smoothie drink
	https://www.foodbev.com/news/agropur-makes-probiotic-juices-the-latest-addition-to-iogo-brand/

	10
	Beverage (Pineapple, mango)
	Bifidobacterium lactis HN019
	Juice drink
	https://www.tropicana.com/products/tropicana-essentials/pineapple-mango-tep

	11
	Beverage (raspberry, lemon, ginger)
	Bacillus coagulans GBI-30 6086
	Kombucha
	https://www.walmart.com/ip/GT-s-Synergy-Trilogy-Kombucha-Drink-Organic-Raw/51259247

	12
	Beverage (Peach, mint)
	-
	Juice drink
	https://www.foodbusinessnews.net/articles/16470-chobani-unveils-two-new-product-platforms

	13
	Beverage (orange pineapple, ginger)
	Bacillus coagulans
	Juice drink
	https://www.unclematts.com/products/organic-orange-turmeric-with-living-probiotics/

	14
	Beverage (blackberry hops)
	Bacillus coagulans MTCC 5856
	Master brew combucha drink
	https://www.kevita.com/blackberry-hops/

	15
	Beverage (mixed fruit)
	Lactobacillus sporogens
	Probiotic health drink
	https://www.zotezo.com/in/reviews/health-potion-organic-probiotic-



Conclusion
Strawberry-guava-beetroot-herb blends offer synergistic phytochemical combinations exceeding individual components: anthocyanins, vitamin C, betalains, and polyphenols create redundant antioxidant networks supporting cardiovascular, immune, and anti-inflammatory functions. Herbal extracts (ginger 1.5%, moringa 1.5%, basil 1.5%) demonstrate effective natural preservation through bacterial membrane disruption and radical quenching, with ginger filtrate (1% v/v) preserving unpasteurized juice for three weeks. Non-thermal processing technologies (high-pressure processing, ultrasonication, encapsulation with maltodextrin) better preserve heat-labile bio-actives than conventional pasteurization, achieving >90% efficiency in powder formulations. Storage stability follows predictable patterns: TSS increases (6.0 to 7.6°Brix) through moisture loss and polysaccharide hydrolysis; titratable acidity rises (0.45 to 0.65%) from organic acid formation; ascorbic acid declines via first-order kinetics (42.5 to 16.2 mg/100g in controls); browning intensifies (OD₄₄₀ 0.12 to 0.63) through Maillard progression all trends decelerated by refrigeration (4-8°C). Ginger-enriched formulations achieve superior sensory acceptance (8.9/9), while beetroot (10%) enhances visual appeal. Critical gaps demand standardized extraction protocols, extended shelf-life studies (9-12 months), clinical validation of health outcomes, and fermentation exploration for GABA enrichment. Addressing these will enable commercially viable, clean-label functional beverages meeting consumer wellness demands.
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