


Formulation and Optimization of Low-Calorie Guava-Based Blended Beverages Using stevia as Natural Sweeteners

Abstract

Guava (Psidium guajava L.), renowned as highly perishable, leading to significant post-harvest losses. This study aimed to develop low-calorie Ready-to-Serve (RTS), nectar, and squash beverages by blending guava (cv. Allahabad Safeda) with other tropical fruits (mulberry, jamun, phalsa, pomegranate) and partially substituting sugar with stevia. The physicochemical profiles of all fruits were characterized, revealing guava's superiority in vitamin C content (131.5 mg/100g) and the anthocyanin-rich nature of the smaller fruits. Through a series of sensory evaluations, the optimal guava-to-other fruit blending ratio was determined to be 75:25. Furthermore, a 25-50% replacement of sugar with stevia 75:25 and 50:50 w.as found to be organoleptically superior to full sugar or full stevia formulations, effectively reducing calorie content without compromising acceptability. Recipe standardization identified the most preferred parameters: RTS (12% TSS, 0.25% acidity), nectar (14% TSS, 0.25% acidity), and squash (45% TSS, 1.10% acidity). Squash beverages consistently received the highest sensory scores, attributed to their concentrated pulp masking stevia's aftertaste. The study concludes that guava serves as an excellent base for functional, low-calorie beverages, with optimized blending and sweetening strategies providing a viable solution for value addition and post-harvest loss reduction.
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1.0 Introduction:
The global beverage market is witnessing a paradigm shift towards functional, low-calorie, and natural products, driven by rising health consciousness and the prevalence of lifestyle diseases like diabetes and obesity (Fagherazzi et al., 2013). Guava (Psidium guajava L.), a tropical fruit celebrated as a "super fruit," is an ideal candidate for such functional beverages due to its exceptional nutritional profile, including high vitamin C, dietary fiber, pectin, and a rich array of bioactive compounds like polyphenols and flavonoids (Gutiérrez et al., 2008; Jiménez-Escrig et al., 2001; Kumar et al., 2024). However, its high perishability leads to significant post-harvest losses (20-25%), necessitating value-added processing into stable products like Ready-to-Serve (RTS) beverages (Rashid et al., 2018; Yadav et al., 2017).
While traditional guava RTS beverages exist, they are often high in sugar, making them unsuitable for health-conscious consumers. The substitution of sucrose with natural, non-nutritive sweeteners like stevia (Stevia rebaudiana) presents a viable solution for developing low-calorie variants without compromising sweetness (Goyal et al., 2010; U.S. Food and Drug Administration, 2018). Furthermore, blending guava with other tropical fruits such as mulberry, jamun, and pomegranate can create a synergistic enhancement of the beverage's nutritional, functional, and sensory properties (Baliga et al., 2011; Kamiloglu et al., 2013; Legua et al., 2016).
Despite the individual understanding of these components, a significant research gap exists in the systematic formulation and multi-criteria optimization of blended guava beverages where sucrose is replaced with natural sweeteners. There is a lack of comprehensive studies that standardize fruit pulp blending ratios and sweetener levels to achieve an optimal balance between nutritional quality, sensory acceptability, and storage stability (Ahmad et al., 2019; Rathinasamy et al., 2022). This study, therefore, aims to fill this gap by formulating and optimizing low-calorie, guava-based blended beverages using natural sweeteners, providing a scientifically standardized product that aligns with contemporary market demands and reduces post-harvest losses.

2.0 Materials and Methods:
The experimental work commenced with the procurement of fully ripened, high-quality guava fruits of the popular cultivar Allahabad Safeda, alongside other selected tropical fruits—namely mulberry, jamun, phalsa, and pomegranate—from trusted local fruit markets to ensure freshness and consistency. Upon arrival at the laboratory, all fruits underwent a meticulous preparation procedure; they were thoroughly washed in running tap water to remove any surface dirt and contaminants, peeled or deseeded as required, and then processed into a uniform pulp using a mechanical stainless steel pulper. For the sweetening components, analytical-grade sucrose and high-purity (≥95% Rebaudioside-A) food-grade stevia were procured and used as the primary sweetening agents in the various beverage formulations.
The entire investigation was structured as a series of sequential experiments, each planned and executed according to a Completely Randomized Design (CRD) with an appropriate number of replications for each treatment to ensure the reliability and statistical validity of the results. All quantitative data generated from these experiments were systematically compiled and subjected to a rigorous Analysis of Variance (ANOVA) to determine the significance of the observed variations, and where significant differences were found, the means were compared using the Critical Difference (CD) test at a 5% probability level to identify which treatments were statistically distinct from one another.
The first and foundational phase of the experimental work involved a comprehensive physicochemical characterization of all the selected fruit pulps. This established a crucial baseline for their compositional profiles and included determinations of physical parameters such as individual fruit weight, pulp recovery percentage, juice yield, and pomace content. Following this, a suite of chemical analyses was performed on each pulp, measuring key attributes including Total Soluble Solids (TSS) using a digital refractometer, titratable acidity expressed as percent citric acid, ascorbic acid (vitamin C) content via titration, and the levels of reducing sugars, total sugars, and anthocyanins, all conducted in strict adherence to the standardized methodologies prescribed by the Association of Official Analytical Chemists (AOAC, 2019).
Building upon this foundational data, the subsequent phase focused on the formulation and optimization of the beverages themselves. This began with the development of five distinct blending ratios of guava pulp with each of the other fruit pulps, specifically 0:100, 25:75, 50:50, 75:25, and 100:0, which were prepared as prototypes for RTS, nectar, and squash beverage types. These initial blends were then presented to a trained sensory panel for preliminary evaluation, where they were scored on critical attributes like appearance, flavor, taste, mouthfeel, and overall acceptability to identify the most organoleptically balanced and promising fruit combination. Following the selection of the optimal fruit blend, the next step was to fine-tune the sweetener system. This involved creating five distinct treatments with varying proportions of sugar and stevia: a control with 100% sugar (S100), followed by combinations of 75% sugar and 25% stevia (75:25), 50% sugar and 50% stevia (50:50), 25% sugar and 75% stevia (25:75), and a final treatment with 100% stevia (0:100). Each of these sweetener formulations was then subjected to a detailed sensory analysis using a standardized 9-point hedonic scale to pinpoint the specific ratio that delivered the most favorable sweetness profile, high consumer acceptability, and no undesirable aftertastes. Finally, with the optimal fruit blend and sweetener ratio identified, the recipe standardization process was undertaken by preparing nine final formulations of RTS, nectar, and squash beverages, which featured subtle variations in final TSS and acidity levels to achieve the perfect equilibrium between sensory appeal, nutritional integrity, and preservation quality. The single most preferred formulation for each beverage type, selected on the basis of the highest composite sensory scores and supportive analytical data, was then advanced for further stability studies to assess its shelf life.


3.0 Results and Discussion
3.1. Physicochemical Characterization of Raw Materials

The foundational step in developing a blended beverage is a thorough understanding of the raw materials. The physicochemical properties of guava (cv. Allahabad Safeda), mulberry, jamun, phalsa, and pomegranate were analyzed and are presented in Table 1. Guava fruits recorded the highest average fruit weight (122.0 ± 1.3 g) among the primary fruits considered for blending, while pomegranate was the largest overall (225.3 ± 7.0 g). More critically for processing, juice content was highest in pomegranate (72.3 ± 1.5%) and guava (70.9 ± 0.35%), establishing them as efficient base fruits for high-yield beverage production. In contrast, phalsa's lower juice yield (57.0 ± 1.5%) and high pomace (32.0 ± 1.0%) suggest it is better utilized as a minor component for flavor and color enhancement rather than a primary ingredient.
The chemical composition revealed distinct complementary profiles. Guava was exceptional for its remarkably high ascorbic acid content (131.5 ± 0.9 mg/100 g), positioning it as a potent natural antioxidant source. Conversely, mulberry, jamun, and phalsa were rich in anthocyanins (135.0 ± 3.5, 85.0 ± 2.1, and 75.0 ± 2.0 mg/100 g, respectively), offering vibrant color and associated health benefits. The sugar-acid balance was also markedly different. Jamun and phalsa had high TSS (17.2 and 16.0 °Brix) and acidity (1.21% and 1.65%), contributing intense sweetness and tartness. Guava and pomegranate, with milder TSS (10.11 and 14.5 °Brix) and lower acidity (0.42% each), provided a neutral, palatable base. This diversity is advantageous; guava's mildness can temper the strong flavors of other fruits, while its high vitamin C and their high anthocyanin content create a synergistic functional beverage (Hemalatha et al., 2018; Pushpa Chethan Kumar et al., 2023).
Table 1 Physicochemical Characteristics of Allahabad Safeda Guava
	Parameter
	Guava (Psidium guajava L., cv. Allahabad Safeda)
	Mulberry (Morus spp.)
	Jamun (Syzygium cumini)
	Phalsa (Grewia asiatica)
	Pomegranate (Punica granatum L.)

	Fruit weight (g)
	122.0 ± 1.3
	2.68 ± 0.10
	7.2 ± 0.3
	4.5 ± 0.2
	225.3 ± 0.3

	Fruit length (cm)
	5.59 ± 0.02
	2.4 ± 0.1
	2.9 ± 0.1
	1.1 ± 0.1
	6.8 ± 0.2

	Fruit width (cm)
	6.49 ± 0.03
	1.7 ± 0.1
	2.1 ± 0.1
	1.0 ± 0.0
	6.2 ± 0.2

	Juice content (%)
	70.9 ± 0.35
	68.5 ± 1.2
	71.0 ± 0.8
	57.0 ± 0.5
	72.3 ± 0.5

	Pomace content (%)
	25.0 ± 0.25
	23.0 ± 0.5
	20.5 ± 0.6
	32.0 ± 0.7
	22.0 ± 0.7

	Seed percentage (%)
	4.1 ± 0.1
	7.2 ± 0.2
	11.0 ± 0.4
	12.5 ± 0.5
	17.5 ± 0.6

	TSS (°Brix)
	10.11 ± 0.01
	14.2 ± 0.3
	17.2 ± 0.4
	16.0 ± 0.2
	16.5 ± 0.3

	Acidity (%)
	0.42 ± 0.05
	0.90 ± 0.02
	0.82 ± 0.02
	1.65 ± 0.05
	0.42 ± 0.02

	Ascorbic acid (mg/100 g)
	131.5 ± 0.9
	18.5 ± 0.6
	21.2 ± 0.8
	8.96 ± 0.3
	52.8 ± 0.3

	Anthocyanin (mg/100 g)
	0.59 ± 0.01
	135.0 ± 3.5
	85.0 ± 2.1
	75.0 ± 2.0
	28.0 ± 1.2

	Reducing sugar (%)
	3.26 ± 0.01
	7.8 ± 0.2
	9.5 ± 0.3
	12.0 ± 0.4
	12.8 ± 0.5

	Nonreducing sugar (%)
	3.00 ± 0.02
	2.4 ± 0.1
	1.8 ± 0.1
	1.0 ± 0.0
	1.7 ± 0.1

	Total sugar (%)
	6.26 ± 0.01
	10.5 ± 0.3
	11.3 ± 0.4
	13.0 ± 0.4
	14.5 ± 0.3



3.2. Optimization of Fruit Blending Ratios

Sensory evaluation of beverages prepared with different guava-to-other fruit ratios was crucial for identifying the most palatable blend. The results demonstrated a clear preference for formulations with a higher proportion of guava. Across RTS, nectar, and squash categories, the 75:25 (guava:other fruit) blending ratio consistently achieved the highest scores for appearance, taste, aroma, mouthfeel, and overall acceptability.
The superior performance of the 75:25 blend can be attributed to several factors. Guava possesses a mild, pleasant, and universally appealing aroma and flavor profile, primarily from volatile compounds like esters and aldehydes. When used as the dominant base (75%), it provides a smooth, fruity backdrop that complements rather than is overpowered by the stronger, often tangier or more astringent, notes of fruits like jamun and phalsa. Furthermore, guava's higher pulp content contributes to a desirable mouthfeel and body, giving the beverage a richer, smoother texture compared to blends with lower guava content. In 50:50 or 25:75 blends, the sensory characteristics of the secondary fruit became more dominant, which, while potentially interesting, often led to a less balanced and sometimes overly sharp or bitter profile, reducing overall acceptability. This finding aligns with studies by Rashid et al. (2018), who emphasized that a well-chosen base fruit is critical for achieving a harmonious flavor in blended beverages.
Table 2. Sensory evaluation of (RTS beverages prepared with different guava–fruit blending ratios and sugar–stevia combinations.
	Blend (Guava:Other)
	Sweetener
	Appearance
	Color
	Taste
	Aroma
	Mouthfeel
	Overall Acceptability

	25:75
	S100
	6.1 ± 0.9
	6.2 ± 0.8
	6.4 ± 0.9
	6.3 ± 0.8
	6.0 ± 0.9
	6.2 ± 0.8ᵈ

	25:75
	S75St25
	6.5 ± 0.8
	6.6 ± 0.8
	6.8 ± 0.7
	6.7 ± 0.7
	6.3 ± 0.8
	6.6 ± 0.8ᶜᵈ

	25:75
	S50St50
	6.8 ± 0.7
	6.9 ± 0.7
	7.0 ± 0.6
	6.9 ± 0.7
	6.5 ± 0.7
	6.8 ± 0.7ᶜ

	25:75
	S25St75
	6.4 ± 0.9
	6.5 ± 0.9
	6.6 ± 0.8
	6.5 ± 0.8
	6.2 ± 0.8
	6.4 ± 0.8ᵈ

	25:75
	St100
	5.8 ± 1.0
	5.9 ± 0.9
	6.0 ± 0.9
	5.9 ± 0.9
	5.7 ± 1.0
	5.9 ± 0.9ᵉ

	50:50
	S100
	6.6 ± 0.7
	6.7 ± 0.6
	7.0 ± 0.6
	6.9 ± 0.7
	6.5 ± 0.7
	6.7 ± 0.6ᶜ

	50:50
	S50St50
	7.4 ± 0.5
	7.3 ± 0.5
	7.5 ± 0.5
	7.4 ± 0.5
	7.1 ± 0.5
	7.4 ± 0.5ᵇ

	75:25
	S50St50
	8.2 ± 0.4
	8.1 ± 0.4
	8.3 ± 0.3
	8.1 ± 0.4
	8.0 ± 0.4
	8.2 ± 0.4ᵃ

	75:25
	S75St25
	7.6 ± 0.5
	7.7 ± 0.4
	7.8 ± 0.5
	7.7 ± 0.5
	7.5 ± 0.4
	7.6 ± 0.5ᵃᵇ

	100:0
	S100
	7.4 ± 0.5
	7.2 ± 0.6
	7.1 ± 0.6
	6.9 ± 0.6
	6.6 ± 0.7
	7.0 ± 0.6ᵇᶜ



Note: Means followed by the same letter in a column are not significantly different at p ≤ 0.05.

3.3. Impact of Sugar and Stevia Substitution on Sensory Quality

The drive to reduce sugar content led to the evaluation of stevia as a partial or full substitute. The sensory data revealed a definitive trend: complete sugar replacement (St100) was organoleptically unsuccessful. Beverages sweetened solely with stevia consistently received the lowest scores across all attributes, particularly for taste and aftertaste. Panelists noted a characteristic bitter and metallic lingering aftertaste, a well-documented drawback of steviol glycosides at high concentrations (Rathinasamy et al., 2022).
However, partial substitution proved highly effective. Treatments where 25% (75:25) or 50% (50:50) of the sugar was replaced with stevia achieved sensory scores that were comparable to, and in some cases superior to, the full-sugar control (0:100). The 75:25 treatment, in particular, was a standout, often recording the highest overall acceptability. This suggests that a small amount of stevia can synergistically enhance the sweetness perception provided by sugar, allowing for a significant reduction in total sugar and calories without triggering the negative aftertaste associated with higher stevia levels. The natural fruit flavors and pulp in the 75:25 blend, especially in the more concentrated squash, were effective in masking the slight off-flavors of stevia. This demonstrates that the success of non-nutritive sweeteners is not only dependent on the sweetener itself but also on the matrix in which it is used (Fagherazzi et al., 2013).
Table 3: Organoleptic evaluation of RTS, nectar, and squash beverages prepared with different sugar and stevia ratios (mean ± SE, n = 5).
	Treatment
	Sugar (%)
	Stevia (%)
	Beverage
	Acidity (%)
	TSS (%)
	Colour
	Taste
	Flavor
	Aftertaste
	Mouthfeel
	Overall Acceptability

	T1
	100
	0
	RTS
	0.3
	12
	7.8 ± 0.1
	7.6 ± 0.1
	7.7 ± 0.1
	7.5 ± 0.1
	7.6 ± 0.1
	7.74 ± 0.10 b

	T2
	75
	25
	RTS
	0.3
	12
	8.4 ± 0.1
	8.3 ± 0.1
	8.2 ± 0.1
	8.3 ± 0.1
	8.2 ± 0.1
	8.33 ± 0.11 a

	T3
	50
	50
	RTS
	0.3
	12
	7.7 ± 0.1
	7.5 ± 0.1
	7.6 ± 0.1
	7.4 ± 0.1
	7.5 ± 0.1
	7.54 ± 0.12 b

	T4
	25
	75
	RTS
	0.3
	12
	6.2 ± 0.1
	6.0 ± 0.1
	6.1 ± 0.1
	5.9 ± 0.1
	6.0 ± 0.1
	5.99 ± 0.09 c

	T5
	0
	100
	RTS
	0.3
	12
	5.6 ± 0.1
	5.4 ± 0.1
	5.5 ± 0.1
	5.3 ± 0.1
	5.5 ± 0.1
	5.46 ± 0.14 d

	T1
	100
	0
	Nectar
	1.0
	14
	7.7 ± 0.1
	7.5 ± 0.1
	7.6 ± 0.1
	7.4 ± 0.1
	7.5 ± 0.1
	7.51 ± 0.08 b

	T2
	75
	25
	Nectar
	1.0
	14
	8.3 ± 0.1
	8.2 ± 0.1
	8.2 ± 0.1
	8.3 ± 0.1
	8.2 ± 0.1
	8.26 ± 0.16 a

	T3
	50
	50
	Nectar
	1.0
	14
	7.6 ± 0.1
	7.5 ± 0.1
	7.6 ± 0.1
	7.5 ± 0.1
	7.6 ± 0.1
	7.55 ± 0.13 b

	T4
	25
	75
	Nectar
	1.0
	14
	6.3 ± 0.1
	6.2 ± 0.1
	6.1 ± 0.1
	6.0 ± 0.1
	6.0 ± 0.1
	6.14 ± 0.11 c

	T5
	0
	100
	Nectar
	1.0
	14
	5.5 ± 0.1
	5.4 ± 0.1
	5.5 ± 0.1
	5.3 ± 0.1
	5.4 ± 0.1
	5.41 ± 0.14 d

	T1
	100
	0
	Squash
	1.0
	45
	7.8 ± 0.1
	7.6 ± 0.1
	7.7 ± 0.1
	7.5 ± 0.1
	7.6 ± 0.1
	7.65 ± 0.09 b

	T2
	75
	25
	Squash
	1.0
	45
	8.4 ± 0.1
	8.3 ± 0.1
	8.2 ± 0.1
	8.3 ± 0.1
	8.3 ± 0.1
	8.27 ± 0.11 a

	T3
	50
	50
	Squash
	1.0
	45
	7.7 ± 0.1
	7.6 ± 0.1
	7.7 ± 0.1
	7.5 ± 0.1
	7.6 ± 0.1
	7.67 ± 0.11 b

	T4
	25
	75
	Squash
	1.0
	45
	6.4 ± 0.1
	6.3 ± 0.1
	6.2 ± 0.1
	6.1 ± 0.1
	6.2 ± 0.1
	6.32 ± 0.11 c

	T5
	0
	100
	Squash
	1.0
	45
	5.6 ± 0.1
	5.5 ± 0.1
	5.4 ± 0.1
	5.3 ± 0.1
	5.4 ± 0.1
	5.55  0.23 d


Notes: Values are mean ± SE of 15 panelist scores. Different letters (a, b, c) in a column indicate significant differences at p ≤ 0.05 (Tukey’s HSD).

3.4. Standardization of Final Beverage Recipes

With the optimal blending ratio (75:25) and sweetener ratio (75:25) identified, the final stage of optimization involved fine-tuning the Total Soluble Solids (TSS) and acidity. Nine recipes for each beverage type (RTS, nectar, squash) with varying TSS and acidity levels were evaluated.
A clear pattern emerged: recipes with intermediate values consistently outperformed those at the extremes. For RTS beverages, recipe R5 (12% TSS, 0.25% acidity) received the highest overall acceptability score (8.2 ± 0.1). Similarly, for nectar, R5 (14% TSS, 0.25% acidity) was most preferred, and for squash, R5 (45% TSS, 1.10% acidity) was the winner. This "Goldilocks zone" of TSS and acidity represents a perfect balance where the sweetness is perceived as pleasant and natural, and the acidity provides a refreshing tartness without being sharp or sour. Lower TSS made beverages taste flat and watery, while higher TSS were perceived as cloying. Lower acidity resulted in a bland flavor, whereas higher acidity was unpleasantly sharp. The consistent identification of a single optimal recipe (R5) for each beverage type underscores the robustness of this optimization process and provides a clear, standardized formula for commercial production.

4. Conclusion
[bookmark: _Hlk212616399]This study successfully demonstrates the scientific development of low-calorie, guava-based blended beverages. The physicochemical profiling of fruits provided a rational basis for selection and blending. Sensory optimization revealed that a 75:25 guava-to-other fruit ratio provides the most balanced and acceptable flavor profile. Critically, the research establishes that a 25% replacement of sugar with stevia (75:25) is the optimal sweetening strategy, effectively reducing caloric content while maintaining, and even enhancing, sensory acceptability compared to full-sugar or full-stevia formulations. Finally, the standardization of recipes pinpointed the ideal TSS and acidity levels for RTS (12%, 0.25%), nectar (14%, 0.25%), and squash (45%, 1.10%) beverages. These findings provide a comprehensive scientific framework for the food industry to develop commercially viable, health-oriented guava beverages that cater to the growing demand for functional, low-sugar products, simultaneously addressing the issue of post-harvest losses for guava and other tropical fruits.
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