


Quality Characteristics of Functional Gummy Candies Formulated from Selected Underutilized Fruits
Abstract
[bookmark: _GoBack]Fruit-based gummy candies can be an excellent source of nutrients, helping meet the recommended daily intake of vitamins and minerals. While traditional gummy candies are typically made with animal-derived gelatin, the industry is increasingly adopting plant-based substitutes in response to growing demand for vegan products. Enhancing gummy candies with healthier ingredients and reducing sugar content can significantly improve their health benefits. This study aimed to develop fruit-based gummy candies using natural components that are free of gelatin, added sugars, or other chemicals. Consequently, plant-based sources were used for micronutrient fortification. Three varieties of candies were prepared using watermelon, silverberry, and wood-apple fruits. The highest moisture content was observed in wood-apple candy at 32.87 ± 0.76%. The highest levels of crude protein, crude fat, and crude fiber were found in silverberry candy, with values of 1.29 ± 0.03, 1.18 ± 0.05, and 3.37 ± 0.32, respectively. The greatest total ash, total carbohydrate, and energy content were recorded in watermelon candy, with values of 2.03 ± 0.45, 71.80 ± 0.84, and 288.78 ± 3.56, respectively. The highest TSS was observed in wood-apple candy at 67.85 ± 0.91 °Bx. Silverberry exhibited the lowest pH at 3.34 ± 0.17, indicating the highest ascorbic acid content of 23.70 ± 1.55. Watermelon candy demonstrated the highest chroma value at 14.52 ± 0.18, while silverberry exhibited the highest hue angle at 48.64 ± 0.27. Sensory analysis indicated that silverberry candy was the most acceptable among the test samples.
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1. Introduction
The confectionery industry is acknowledged as one of the most significant sectors within the global food industry, with an anticipated market revenue of approximately US$586.30 billion in 2024. In India, this revenue is projected to attain US$6.21 billion in 2024, accompanied by an estimated annual growth rate of 5.48% through 2029 (IMARC Group). Recent trends suggest that middle-aged consumers have shifted their preferences towards healthy, fortified, sustainable, and vegan-based food products (Sharma et al., 2024; Mandura et al., 2020). Nevertheless, it is imperative to ensure that school-aged children receive nutritionally balanced diets rich in essential nutrients to support their growth and development. In response to the evolving nutritional requirements of both adults and children, the global confectionery industry has commenced the development of gummy candies formulated with sugar substitutes, natural flavours and colorants, and plant-based gelatin alternatives.
Confectionery items such as candies, gummies, and jellies are highly preferred by consumers, particularly children. Consequently, gelatinized gummies and candies represent one of the rapidly expanding segments within the confectionery industry (Gok et al., 2020). These products exhibit a diverse range of sensory attributes, including flavours, shapes, textures, colours, and visual appeal, thereby catering to a broad spectrum of consumers across various age groups (Kalsi et al., 2022; Pekdogan et al., 2024). Gummy candies typically consist of moisture, sweeteners, gelling agents, flavouring agents, and colouring agents (Kurt et al., 2022; Pekdogan et al., 2024). As the food industry continues to evolve, consumer preferences are likewise continuously changing, resulting in an increasing demand for gummy candies produced from natural ingredients, such as fruits and vegetables, which also confer health benefits (Székelyhidi et al., 2024). Gummy candies are well-known as popular confectionery products formulated using various gelling agents—including gelatin, pectin, gums, and starch—as well as sweetening agents such as sucrose, glucose, and corn syrup, complemented by food-grade organic acids and colorants (Tarahi et al., 2023). Among these, gelatin, an animal-derived protein obtained from collagen sources such as bovine hides and pigskin, has traditionally been the primary gelling agent.
However, the growing consumer preference for plant-based and vegan-friendly products has led to a gradual shift towards alternative gelling agents such as pectin, agar, and arabic gum (Seremet et al., 2020). This transition has been predominantly driven by increasing awareness of the health benefits associated with vegetarian diets, which have been correlated with reductions in body mass index (BMI), lower risks of certain cancers, decreased LDL cholesterol levels, and a reduced incidence of diabetes and cardiovascular diseases (Sebastiani et al., 2019). In recent years, the incorporation of high-fibre fruits into gummy candy formulations has also garnered recognition. Fruit-derived fibres are considered superior to cereal-based fibres due to their higher nutritional value, bioactive compounds, and fibre content, rendering them highly suitable for the development of nutritionally enriched, fruit-based gummy candies (Altinok et al., 2020). Furthermore, the increasing consumption of antioxidant-rich diets has displaced energy-dense snacks in favor of fruits and vegetables containing antioxidants. This trend has created a demand within the food industry for the production of nutritious foods, preferably derived from natural sources such as fruits and vegetables, to meet consumer needs (Maoto et al., 2019).
The current research was conducted with the objective of developing a functional and value-added snack alternative, nutritionally enriched through the utilization of seasonally available and underutilized fruits. The purpose of the study was to formulate fruit-based gummy candies derived from indigenous fruits, including watermelon (Citrullus lanatus), silverberry (Elaeagnus latifolia L.), and wood apple (Limonia acidissima). These fruits were chosen due to their nutritional composition, functional properties, and regional availability. Watermelon is widely recognized as a nutrient-dense fruit, providing vitamins B, C, E, and essential minerals such as calcium, iron, phosphorus, and magnesium (Rezagholizade-Shirvan et al., 2023; Vinhas et al., 2021; Nasir et al., 2020; Koocheki et al., 2007). Studies indicate that it is rich in antioxidants with anti-inflammatory and antihypertensive effects, owing to phytochemicals including polyphenols, β-carotene, ascorbic acid, and lycopene, which support cell growth, gene regulation, and bolster immunity (Maoto et al., 2019). Silverberry, an underutilized indigenous minor fruit from Northeast India, commonly known as Mirika Tenga in Assam, exhibits high antioxidative activity due to its richness in bioactive compounds such as ascorbic acid, lycopene, β-carotene, minerals, organic acids, and phenolic acids (Dasila et al., 2022; Bicer et al., 2020; Patel et al., 2012). Wood apple, commonly called Bael in India, is a seasonally available tropical fruit rich in fiber, ascorbic acid, polyphenols, and minerals, offering therapeutic benefits including antioxidant, antimicrobial, anti-diabetic, anti-cholesterolemic, and digestive health advantages (Sharma and Tenguria, 2021; Mali et al., 2020). Due to its nutritive and phytochemical qualities, the fruit holds potential for value addition, supported by its sensory profile (Sharma et al., 2025). The study aimed to evaluate the physico-chemical, nutritional, and sensory attributes of the developed gummy candies to assess their nutritional quality, product acceptability, and potential as a healthy snack alternative suitable for all age groups. The incorporation of these fruits seeks to utilize underutilized native fruits, thereby contributing to the reduction of post-harvest losses through value addition. Consequently, the present study was undertaken to achieve these objectives.
2. Materials and methods 
2.1. Procurement of raw materials
The fruits, including watermelon, wood apple, and silverberry, were procured from the local market in Jorhat, Assam, India. Selection criteria were based on their freshness, uniform size, and absence of impurities and microbial decay. Watermelon was chosen at the fully ripe stage, indicated by a yellow spot on the rind surface and a dry, coiled tendril. Wood apple was selected at its ripe stage, identifiable by its brownish coloration and a pleasant aroma. Silverberries were harvested at a mature and ripe stage, characterized by a red-orange hue and a citrusy fragrance. Firm and mature fruits were prioritized, with the exclusion of overripe specimens to prevent enzymatic browning. Refined white sugar of food-grade quality was obtained from the same local market.
2.2 Processing of fruit based gummy candies
The formulation of fruit-based gummy candies involved several standardized processing steps to ensure product uniformity and desirable organoleptic attributes (Fig. 1). The selected fruits were procured fresh from the local market and transported under hygienic conditions to the laboratory. The fruits were thoroughly washed with clean water to remove impurities and dust from the surface. The fruits were cut, and the rinds and seeds were discarded. For watermelon, 1000 g of raw fruit yielded 560 g of usable pulp, indicating a relatively high-moisture rind portion. Wood apple produced 719 g of pulp from 1000 g of raw fruit, reflecting its dense, pulp-rich structure. Silverberry, processed in a smaller batch of 500 g, yielded 293 g of pulp, showing a moderate pulp recovery ratio similar to the other fruits when scaled proportionally. The pulp was extracted using a mixer grinder (Bajaj GX16, 500 Watts). The pulp was homogenized and then passed through muslin cloth to obtain a fine puree. The puree was mixed with 60% sugar and 0.1% citric acid and left overnight. The following day, the puree was heated in an iron cauldron over a low flame, which evaporated moisture and increased viscosity. The gummy candies were allowed to cool, poured into silicone molds, and refrigerated for 24 hours to set. The next day, they were demolded and packed in HDPE pouches to prevent moisture absorption and microbial spoilage. The packaged candies were stored at ambient room temperature for further analysis.
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Fig 1. Processing of fruit based gummy candies
2.3 Sensory evaluation 
The sensory evaluation of the developed candies was conducted utilizing the 9-point Hedonic Scale as delineated by Peryam and Pilgrim (1957), to assess consumer acceptability and overall product quality. The sensory attributes appraised encompassed appearance, taste, flavour, texture, and overall acceptability, rated on a scale from 1 to 9, wherein a score of 9 denoted “like extremely” and 1 denoted “dislike extremely." The sensory panel consisted of 15 semi-trained panelists from the Department of Food Science and Nutrition, College of Community Science, Assam Agricultural University, Jorhat, Assam, India. Prior to the sensory evaluation, the candies were coded to prevent bias and were presented to the panelists in a controlled laboratory environment. The panelists were instructed to rinse their mouths with water between samples to mitigate carry-over effects. Subsequently, the data were subjected to statistical analysis to determine mean scores and significance of differences among the samples, thereby identifying the most acceptable sample based on sensory perception.
2.4 Nutritional Composition
The proximate composition of the formulated candies was analysed to determine the nutritional composition. The moisture content was determined by oven-drying the sample at 105 ± 1 °C until a constant weight was obtained (AOAC, 2000). The crude protein content was analysed using the Kjeldahl method in three phases, including digestion, distillation, and titration (AOAC, 2000). The sample is digested at about 350–400 °C to convert organic nitrogen into ammonium sulfate. The digested sample is then distilled with alkali to release ammonia and titrated with a standard acid solution. The total nitrogen content obtained is multiplied by a conversion factor of 6.25 to calculate the crude protein content (AOAC, 2000). The crude fat content was determined by the Soxhlet extraction method using petroleum ether in three phases (AOAC, 2000). In the initial extraction phase, the sample is placed in the thimble and washed with petroleum ether (boiling point 40–60 °C) at 60 °C for 1 hour to dissolve the fat present. Following separation, the fat-containing solvent is collected in the extraction flask, which is separated from the solid sample residue. 
In the final evaporation phase at 120 °C for 30 minutes, the solvent evaporates, and the remaining fat is weighed to assess the fat content. The crude fiber content was determined by sequential digestion with sulfuric acid followed by sodium hydroxide (AOAC, 2000). The insoluble residue was filtered, dried at 105 °C in a hot-air oven, and incinerated at 550 °C in a muffle furnace to obtain the fiber content. The total ash content was determined by incinerating 5 g of sample in a crucible and heating it in a muffle furnace at 550 ± 5 °C for 6 hours (AOAC, 2000). The sample is incinerated until it turns into a light grey ash, representing the complete combustion of organic matter present in the sample. The remaining ash represents the total mineral/ash content of the sample. The carbohydrate content was calculated by the differential method, i.e., subtracting the sum of moisture, protein, fat, fiber, and ash content from 100 (Gopalan et al., 1992). The energy content was calculated by multiplying the protein, fat, and carbohydrate contents by their respective Atwater factors—4, 9, and 4 kcal per gram and then summing these values to obtain the total energy value (AOAC, 2000).
2.5 Physico-chemical attributes
2.5.1 Total soluble solids
Total soluble solids (TSS) were analysed using a digital handheld refractometer (ATC model) and expressed as °Brix. The samples were ground with a mortar and pestle and filtered through muslin cloth to obtain clear juice. A few drops were placed on the prism surface for measurement at room temperature.
2.5.2 Ascorbic acid 
The ascorbic acid content of the developed candies was evaluated using the 2,6-dichlorophenolindophenol (DCPIP) titrimetric method, as delineated in AOAC (2000). The candies were pulverized, and approximately 5 grams of the homogenized sample were extracted with 3% metaphosphoric acid. The extract was filtered through Whatman no. 42 filter paper and subsequently titrated with a standardized DCPIP dye until a pale pink endpoint was observed. The ascorbic acid concentration was determined based on the dye factor and expressed as milligrams of ascorbic acid per 100 grams of fresh sample.
2.5.3 pH
The pH of the sample was determined using a digital pH meter calibrated with standard buffer solutions (AOAC, 2000). The sample was ground using a mortar and pestle, and 1 g of it was dissolved and homogenized in 10 mL of distilled water to prepare the sample solution. The electrode was immersed in the solution, and the reading was recorded.
2.5.4 Colour analysis
The colour attributes of the developed gummy candies were evaluated using the Hunter Lab Colorimeter (Hunter Lab Scan XE, Reston, VA, USA) (Hunter Associates Laboratory, 2012). The colour values were expressed within the CIE L*a*b* colour space, where L* denotes lightness, a* represents the red–green coordinate, and b* corresponds to the yellow–blue coordinate. The Chroma (C*), which indicates colour saturation, and the Hue angle (h°), representing the dominant colour tone, were calculated from the a* and b* coordinates using the following equations.
Chroma (C*)  								(1)
Hue (h°) = tan-1										(2)
2.6 Statistical analysis
All analyses were conducted in triplicate, and the results are expressed as the mean ± standard deviation of three replications. The data obtained were subjected to one-way Analysis of Variance (ANOVA) to determine significant differences among the developed samples. The Critical Difference (CD) test was performed to compare the means between samples at a 5% level of significance (p ≤ 0.05).
3. Results and discussion
3.1 Sensory evaluation of the developed fruit-based gummy candy
The present study's Fig. 1 illustrates the radar graph depicting the sensory evaluation of the developed fruit-based gummy candies, which include watermelon candy, silverberry candy, and wood apple candy. The comparison involved 15 panelists, with silverberry candy being selected as the best among all.
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Fig. 2 Sensory evaluation of the developed fruit-based gummy candies
3.2 Nutrient composition of developed fruit based gummy candies 
3.2.1 Moisture content 
Moisture content constitutes a vital parameter in the processing of confectionery products, exerting influence on texture, organoleptic properties, and shelf stability (Pekdogan et al., 2024). The moisture content among the developed candies exhibited significant variation (p ≤ 0.05) across different varieties. Watermelon candy demonstrated the lowest moisture level at 25.57 ± 0.40 g/100g, whereas silverberry candy presented a higher moisture content at 26.33 ± 0.54 g/100g, and wood apple candy showed the highest value at 32.87 ± 0.76 g/100 g. The elevated moisture in wood apple candy is retained due to the presence of hydrophilic substances such as pectin and mucilage, which contribute to a soft and chewy texture; however, this also renders the product susceptible to increased microbial growth. Final moisture concentration is a critical parameter for product stability, as higher residual moisture facilitates microbial proliferation and accelerates physicochemical spoilage (Prattay et al., 2024). Conversely, the lower moisture content observed in watermelon candy may be attributed to the efficient cooking time employed to thicken the pulp. The moisture levels reported for fruit-based gummies and candies in previous studies, including those by Teixeira-Lemos et al. (2021) and Tarahai et al. (2023), are in close agreement with the levels obtained in the present investigation.
3.2.2 Crude protein content
A notable difference (p ≤ 0.05) was also observed in crude protein content among the candies. Watermelon candy had a very low protein level of 0.11 g/100 g, which was significantly lower than that of the other two samples. In contrast, silverberry and wood apple candies contained 1.29 g/100 g and 1.21 g/100 g, respectively, with no significant difference between them. This indicates that silverberry and wood apple candies provide a relatively similar protein contribution, whereas watermelon candy is markedly lower in protein quality. These differences arise from the natural variation in protein levels of the raw fruits. Silverberry, being rich in seeds and plant tissues, contains high amounts of amino acids, contributing more protein to the developed candy. Similarly, wood apple also contains moderate amounts of protein due to the presence of fibrous and seed-rich pulp. However, watermelon is composed mostly of water and sugars, with a minimal amount of protein, leading to significantly lower protein content in the developed candy. Rathore et al., 2021, in their study, found the crude protein content of the wood apple pickle to be 3.20% to 3.43% for the 1st and 2nd years, respectively, which is similar to the present study.
3.2.3 Crude fat
The lipid profile of the fruit matrix delineates the crude fat content of the developed confectionery, demonstrating significant variations across all samples. Wood apple confectionery recorded a notably low-fat content (0.02 g/100 g), followed by watermelon confectionery (0.12 g/100 g), whereas silverberry confectionery exhibited a markedly higher fat level at 1.18 g/100 g, indicative of a lipid-rich profile. Statistical analysis revealed significant differences (p ≤ 0.05) among the samples, suggesting that each fruit matrix contributes uniquely to the overall fat composition. The elevated fat content in silverberry confectionery may be attributed to the oil present in its seeds and pulp during extraction. Conversely, the low-fat content in wood apple confectionery likely results from the loss of lipids during pulp extraction, while watermelon, predominantly composed of water, exhibits a lower fat content. Kaur (2004) also reported lower crude fat content in woodapple products, corroborating the findings of the present study.
3.2.4 Crude fiber
The crude fiber indicates the fibrous composition of the fruits. The present study demonstrated that the crude fibre content was highest in silverberry candy (3.37 g/100 g), followed by wood apple candy (3.03 g/100 g), with no statistically significant difference observed between them. Conversely, watermelon candy contained only 0.36 g/100 g, which was significantly lower compared to the other samples (p ≤ 0.05). Both silverberry and wood apple possess thick and fibrous pulps that may be partially retained during the extraction process; however, watermelon pulp is soft, watery, and contains less structural fiber, resulting in a lower crude fiber content in the candy produced. This suggests that silverberry and wood apple candies may provide superior digestive benefits due to their higher fiber content, whereas watermelon candy is comparatively deficient in fiber. Rathore et al., 2021, also observed that the crude fiber content of wood apple pickle was between 1.43% and 1.53% for the first and second years, respectively, which aligns with the findings of the present study.
3.2.5 Total Ash
The mineral composition of the candies is ascertained by their total ash content. The current study indicates that watermelon candy contains 2.03 g/100 g, demonstrating a relatively high mineral content, followed by wood apple candy with a similar ash content of 1.83 g/100 g, showing no significant difference between the two. Conversely, silverberry candy exhibited a considerably lower ash level of 0.33 g/100 g and was significantly different from the other samples at (p ≤ 0.05). The diminished total ash content observed in wood apple and silverberry candies may be attributable to the effects of processing techniques such as pulp extraction and juicing. During these processes, a substantial amount of minerals may remain in the discarded pulp, skin, or seeds, which are abundant in fiber and bound minerals. The total mineral content of the wood apple pickle, as reported by Rathore et al. (2021), was between 1.90% and 1.97% for the first and second years, respectively, aligning with the findings of the present study.
3.2.6 Total carbohydrate
The present study showed that all three candies differed significantly in carbohydrate content. Watermelon candy had the highest carbohydrate level (71.80 g/100 g), followed by silverberry candy (67.50 g/100 g) and wood apple candy, which contained the lowest amount (61.04 g/100 g). This indicates that watermelon candy was the most energy-dense in terms of carbohydrate load, while wood apple candy provided comparatively fewer sugars and starches. Carbohydrate levels are inversely proportional to moisture and fiber content. Watermelon candy had the lowest fiber and moisture content, so its sugars were more concentrated. By contrast, silverberry and wood apple had higher fiber and moisture values, reducing the relative carbohydrate percentage. Additionally, natural sugars and starches vary among fruits, affecting the final carbohydrate content in the candy. Similarly, the total carbohydrate content in the study by Rathore et al., 2021, was found to be 20.33% to 19.00% for the 1st and 2nd years, respectively, which is at par with the present study.
3.2.7 Energy content
Energy content is a vital parameter that quantifies the total calorific value of a food product, indicating the amount of energy released during the metabolism of macronutrients such as carbohydrates, proteins, and fats within the human body. Watermelon and silverberry candies exhibited comparable energy values (288.78 Kcal/100 g and 285.81 Kcal/100 g, respectively), with no statistically significant difference observed between them; however, a notably lower caloric value was recorded in the wood apple candy (249.18 Kcal/100 g). Generally, energy is primarily derived from carbohydrates, followed by fats, and then proteins. Both watermelon and silverberry candies demonstrated high carbohydrate and fat contents, along with reduced moisture levels, which contributed to their higher caloric values in comparison to wood apple candies.
Table 1 Nutrient composition of developed fruit-based gummy candies
	Parameters
	Watermelon candy
	Silverberry candy
	Wood apple candy
	CD

	Moisture content (g/100g)
	25.57 ± 0.40NS
	26.33 ± 0.54NS
	32.87 ± 0.76*
	
1.15

	Crude protein (g/100g)
	0.11 ± 0.02*
	1.29 ± 0.03NS
	1.21 ± 0.12NS
	
0.12

	Crude fat (g/100g)
	0.12 ± 0.02*
	1.18 ± 0.05*
	0.02 ± 0.02*
	
0.04

	Crude fiber (g/100g)
	0.36 ± 0.07*
	3.37 ± 0.32NS
	3.03 ± 0.25NS
	
0.46

	Total ash (g/100g)
	2.03 ± 0.45NS
	0.33 ± 0.03*
	1.83 ± 0.25NS
	
0.58

	Total carbohydrate (g/100g)
	71.80 ± 0.84*
	67.50 ± 0.60*
	61.04 ± 0.40*
	

1.27

	Energy content (Kcal/100g)
	288.78 ± 3.56NS
	285.81 ± 1.90NS
	249.18 ± 1.19*
	
4.84


Values are mean ± SD of 3 replications 
* Significant at p ≤ 0.05 
NS - Non significant
3.3 Physico-chemical attributes of the developed fruit-based gummy candies 
3.3.1 Total soluble solid
Total soluble solids (TSS) are primarily composed of sugars and organic acids present in the fruits. The total soluble solids (TSS) values in the three candy samples, i.e., watermelon, silverberry, and wood apple, are very high (65.06 ± 1.18, 66.73 ± 1.30, and 67.85 ± 0.91 °Brix, respectively), reflecting a dense sugar matrix typical of concentrated confectionery products. This variation may result from the presence of natural sugars and soluble solids in the fruit pulps, as well as from the addition of sugar during gummy preparation. Moreover, cooking the pulp to thicken it during candy preparation also concentrates sugars differently. Heating during preparation causes water to evaporate, thickens the pulp, converts polysaccharides into simple sugars, and degrades pectic substances in the soluble solids. Thus, more concentrated solids are retained after drying and refrigerating the gummies in the molds (Moazzem et al., 2019). However, studies also indicate that high °Brix values are essential for product stability and for a low-water-activity system that resists microbial growth. Similar research shows that higher sugar concentrations in candies help lower water activity and thereby improve shelf life and texture stability (Patel et al., 2021). Armando et al. (2020) reported a TSS value of 71.50 °Brix for candy, which is similar to the present study. Another study by Nasir et al. (2020) also observed a similar TSS value in watermelon candy, with a range of 76.14−68.05, which is evident in the present study.
3.3.2 Ascorbic acid content
Ascorbic acid is highly sensitive to heat, light, and oxygen; consequently, processing of confectionery products may significantly diminish its content. The current study concerning ascorbic acid levels indicates that silverberry candy contains the highest concentration (23.70 ± 1.55), followed by wood apple (16.30 ± 1.25), and watermelon (12.87 ± 1.20). This variation is presumably attributable to the inherent vitamin C levels present in the source fruits and their differential stability during processing. The retention of ascorbic acid in silverberry candy suggests a substantially higher concentration and milder degradation during heating compared to the other samples. A study conducted by Tarahi et al., 2023, observed that the ascorbic acid content of jaban watermelon powder was 55.19 ± 0.41 mg/100 g. Additionally, research by Moazzem et al., 2019, reported that the ascorbic acid content of wood apple beverages ranged from 4.23 ± 0.02 to 4.65 ± 0.02 mg/100 g in samples A to D.
3.3.3 pH
pH indicates the acidity or alkalinity of a product. The present study demonstrates that the pH value of silverberry candy is the most acidic at 3.34 ± 0.17, whereas watermelon candy is the least acidic at 5.40 ± 0.20, with wood apple falling intermediate at 4.75 ± 0.16. Variations in pH primarily result from the organic acid composition of the fruits, such as citric, malic, and tartaric acids. A lower pH value signifies a higher content of ascorbic acid and a more acidic medium. The acidity of candies significantly influences their flavour profile and physicochemical stability. A lower pH imparts a sour taste, promotes gelation particularly in pectin-based products and enhances microbial resistance, functioning as a natural preservative. Microorganisms cannot proliferate in highly acidic environments because such conditions interfere with their cellular processes and enzymatic functions. Consequently, this extends the shelf life and ensures the safety of the candies without reliance on synthetic additives. Most gummy candies typically exhibit pH values around 3 to 4, deliberately maintained to guarantee product safety and optimal texture (Mohd Isa et al., 2023). A similar investigation by Armando et al. (2020) reported a pH value of 3.35, aligning with the present findings. Additionally, Nasir et al. (2020) observed pH values in watermelon candies ranging from 5.74 to 5.25, which is consistent with the current study.
Table 2 Physico-chemical attributes of developed fruit-based gummy candies
	Parameters
	Watermelon candy
	Silverberry candy
	Wood Apple candy
	CD

	Total soluble solid
	65.06 ± 1.18NS
	66.73 ± 1.30NS
	67.85 ± 0.91*
	2.27

	Ascorbic acid
	12.87 ± 1.20*
	23.70 ± 1.55*
	16.30 ± 1.25*
	2.66

	pH
	5.40 ± 0.20*
	3.34 ± 0.17*
	4.75 ± 0.16*
	0.34


Values are mean ± SD of 3 replications 
* Significant at p ≤ 0.05 
NS - Non significant
3.3.4 Colour attributes 
The colour attributes of fruit-based confectionery products are considered a vital quality attribute due to their influence on consumer acceptability (Kalsi et al., 2022; Pekdogan et al., 2024). According to regulatory standards, the use of natural source colorants in confectionery items is essential from a health perspective. Recently, researchers have concentrated on utilizing fruit and fruit-derived pigments to develop natural colorants for confectionery products, aiming to mitigate the potential risks associated with synthetic colorants (Pekdogan et al., 2024). The present study illustrates the colour profile of three developed candy samples. The L* value, which was highest in silverberry candy (49.51 ± 0.15), was followed by woodapple candy (42.55 ± 0.27), and then by watermelon candy (39.30 ± 0.39). The lightness is affected by the concentration of natural pigments and the Maillard reaction during heating. Silverberry and woodapple may possess higher amino acid concentrations, and the presence of sugar contributes to browning reactions.
Nonetheless, at lower pH levels, the Maillard reaction is markedly diminished because amino groups become protonated (NH₃⁺), thereby decreasing their reactivity with sugars. Consequently, pigment development is restrained, resulting in lighter coloration in acidic environments. Accordingly, silverberry candy exhibited the highest L* value, whereas watermelon candy demonstrated a reduced L* value attributable to its higher pH and intensified Maillard reaction. Similarly, the a* value was greatest for watermelon candy (14.47 ± 0.27), followed by woodapple candy (8.39 ± 0.17) and silverberry (5.44 ± 0.21). The coloration of watermelon candy suggests a prominent red hue, attributable to the presence of lycopene, a carotenoid pigment naturally occurring in watermelon. Silverberry, with its lower a* value, may possess more yellow-to-greenish tints due to a lesser concentration of lycopene pigments. Furthermore, the b* value was highest in silverberry candy (7.53 ± 0.23), followed by woodapple candy (6.42 ± 0.21), with watermelon candy exhibiting the lowest value (3.57 ± 0.23). The increased yellow component in silverberry candy is likely due to flavonoid pigments called anthocyanins present in the fruits. Conversely, watermelon candy predominantly displays red pigmentation owing to lycopene. A study conducted by Altınoka et al. (2019) indicated that the developed candy's L* values ranged from 33.7 ± 0.58 to 57.5 ± 1.34, a* values from 6.42 ± 0.04 to 14.8 ± 0.24, and b* values from 7.46 ± 0.13 to 16.3 ± 0.04, corresponding with the findings of the present study.
Furthermore, the current research demonstrated that the highest chroma was observed in watermelon candy (14.52 ± 0.18), followed by woodapple candy (10.42 ± 0.25), and subsequently by silverberry candy (9.47 ± 0.18). Chroma serves as a measure of colour saturation. The elevated chroma in watermelon candy indicates a more vivid and intense coloration, potentially attributable to pigment retention and reduced pigment degradation during heating. Fruits with lower pigment content or those experiencing more extensive pigment breakdown during heat processing tend to exhibit lower chroma values. Additionally, chroma values tend to increase with the progression of the Maillard reaction, which results in pronounced browning and colour development. The higher fiber content in silverberry and woodapple candies may further hinder browning reactions, thereby decreasing colour saturation. Similarly, the silverberry candy displayed a higher hue angle (48.64°), followed by woodapple candy (39.62°), and then watermelon candy (13.38°). The hue angle reflects the tone of colour, with lower values indicating reddish hues and higher values corresponding to yellow-green hues. The reddish profile of watermelon candy, rich in lycopene, accounts for its low hue angle, whereas the higher hue angle of silverberry, indicative of yellow or yellowish-green hues, relates to its pigment composition. The hue angle values are influenced by the interaction between natural fruit pigments and pH, which imparts each candy’s distinctive appearance. Furthermore, the Maillard reaction leads to browning, which correlates with a decrease in hue angle. The study by Altınoka et al. (2019) reported that the chroma (C*) of the developed candies ranged from 9.84 ± 0.08 to 21.9 ± 0.16, and the hue angle (h°) ranged from 41.0 ± 0.78 to 58.0 ± 1.35, findings that are consistent with the present study.
Table 3 Colour attributes of developed fruit-based gummy candies
	Parameters
	Watermelon candy
	Silverberry candy
	Wood Apple candy
	CD

	L*
	39.30 ± 0.39*
	49.51 ± 0.15*
	42.55 ± 0.27*
	0.56

	a*
	14.47 ± 0.27*
	5.44 ± 0.21*
	8.39 ± 0.17*
	0.44

	b*
	3.57 ± 0.23*
	7.53 ± 0.23*
	6.42 ± 0.21*
	0.44

	Chroma (C*)
	14.52 ± 0.18*
	9.47 ± 0.18*
	10.42 ± 0.25*
	0.39

	Hue (h°)
	13.38 ± 0.18*
	48.64 ± 0.27*
	39.62 ± 0.35*
	0.53


Values are mean ± SD of 3 replications 
* Significant at p ≤ 0.05 
NS - Non significant
Conclusion
The developed fruit-based gummy candies represent a trending alternative in the confectionery market. The incorporation of watermelon, silverberry, and woodapple fruits offers a promising strategy for creating confectionery that is both nutritious and enticing, with distinct flavors. Watermelon, recognized for its high-water content and refreshing taste, imparts hydrating and mildly sweet notes to the gummies. Silverberry, abundant in antioxidants and vitamins, enhances nutritional value and provides a tart flavour profile. Woodapple contributes a unique tangy flavor and aromatic complexity, while its high fiber content improves the texture, rendering the gummies chewier and more satisfying. Physico-chemical analysis indicated that the candies retained desirable attributes such as optimal moisture levels, firmness, and cohesiveness. The use of natural fruit purees ensures that the gummies not only possess excellent taste but are also rich in essential nutrients, offering a healthier alternative to traditional gummy candies. In sum, the incorporation of watermelon, silverberry, and woodapple into gummy formulations is both feasible and advantageous.
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Sensory evaluation of the developed fruit-based gummy candy

Watermelon candy	Appearance	Taste	Flavour	Texture	Overall acceptability	7.87	7.47	7.4	7.4	7.53	Silverberry candy	Appearance	Taste	Flavour	Texture	Overall acceptability	7.93	7.6	7.6	7.53	7.67	Woodapple candy	Appearance	Taste	Flavour	Texture	Overall acceptability	7.73	7.47	7.33	7.4	7.6	
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