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 The increasing demand for functional and nutraceutical foods has 

stimulated the development of value-added confectionery products with 

enhanced health benefits. The present study aimed to formulate and 

evaluate nutraceutical gummies enriched with natural fruit extracts of amla 

(Emblica officinalis), guava (Psidium guajava), and pomegranate (Punica 
granatum), along with Brahmi extract (Bacopa monnieri), a well-known 

medicinal herb recognized for its cognitive-enhancing and neuroprotective 

properties. Fructooligosaccharide (FOS) was incorporated as a low-calorie 

functional sweetener to provide prebiotic benefits and improve sensory 

acceptability. The gummies were formulated using optimized 

concentrations of gelling agents and bioactive components to achieve 

desirable physicochemical and organoleptic properties. The developed 

formulations were evaluated for moisture content, pH, and texture profile, 

along with sensory attributes such as color, flavor, taste, and overall 

acceptability. The results indicated that the optimized formulation 

exhibited satisfactory textural quality, good storage stability, and high 

sensory acceptance. The incorporation of fruit-derived antioxidants and 

Brahmi extract significantly enhanced the functional and therapeutic 

potential of the product without adversely affecting its palatability. 

Therefore, the developed nutraceutical gummies can serve as an effective 

delivery system for bioactive compounds, with promising applications in 

the functional food and nutraceutical industries. 
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1.INTRODUCTION: 

The growing consumer demand for functional and nutraceutical foods has led to the development of innovative 

products that provide health benefits beyond basic nutrition. Among these, nutraceutical gummies have gained 

considerable attention due to their palatability, convenience, and high consumer acceptance compared to 

conventional dosage forms such as tablets and capsules. Their ability to incorporate multiple bioactive 

compounds in a stable and appealing matrix makes them an effective delivery system for functional ingredients 

(Granato et al., 2020).Fruits such as amla (Emblica officinalis), guava (Psidium guajava), and pomegranate 

(Punica granatum) are recognized for their rich composition of vitamins, minerals, and phytochemicals with 

strong antioxidant properties. Amla is particularly valued for its high vitamin C content and potent free radical 

scavenging activity, while guava and pomegranate contribute significant amounts of phenolic compounds and 

flavonoids associated with reduced oxidative stress and improved overall health (Baliga & Dsouza, 2011; Viuda-

Martos et al., 2010). The incorporation of these fruit extracts into functional foods enhances both nutritional 

quality and therapeutic potential. 

         In addition to fruit-derived bioactives, Bacopa monnieri (Brahmi) plays a crucial role in nutraceutical 

formulations due to its well-documented cognitive-enhancing and neuroprotective properties. The presence of 

active compounds such as bacosides has been reported to improve memory, reduce anxiety, and support brain 

function. Furthermore, the use of fructooligosaccharide (FOS) as a functional sweetener adds prebiotic benefits 

by promoting beneficial gut microbiota, thereby enhancing digestive health and overall functionality of the 

product (Kongkeaw et al., 2014; Roberfroid, 2007). 

Despite the increasing interest in functional confectionery, limited studies have explored the combined 

incorporation of fruit extracts, herbal bioactives, and prebiotic sweeteners in a single gummy formulation. 

Therefore, the present study aims to develop and evaluate nutraceutical gummies enriched with amla, guava, 

pomegranate, and Brahmi extract using FOS as a functional sweetener, and to assess their physicochemical and 

sensory properties to establish their potential as a value-added functional food product. 

2.MATERIALS: 

Fresh amla (Emblica officinalis), guava (Psidium guajava), and pomegranate (Punica granatum) were procured 

from the local market and used for the extraction of fruit pulp. Bacopa monnieri (Brahmi) extract was obtained 

from a certified herbal supplier. Fructooligosaccharide (FOS) was used as a functional sweetener due to its 

prebiotic properties. Agar-agar was used as the primary gelling agent for the preparation of gummies, while 

citric acid was incorporated as an acidulant to enhance flavor and maintain pH. Potassium Sorbate for shelf-life 

improvement. 

                      
            Guava juice      Amla Juice              FOS (Fructo-oligosaccharide)   Pomegranate juice    Brahmi Extract 

Figure-1: Raw Materials for Neuro-boost Gummies with Brahmi extract 
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3.METHODOLGY: 

3.1 Preparation of Fruit Extracts: 

Fresh amla (Emblica officinalis), guava (Psidium guajava), and pomegranate (Punica granatum) were procured 

and processed under hygienic conditions. Amla fruits were washed thoroughly and subjected to blanching in 

hot water (80–90°C for 3–5 minutes) to inactivate enzymes and reduce astringency, followed by immediate 

cooling in chilled water to preserve color and nutrients. The blanched fruits were then pulped using a 

mechanical blender, and the juice was extracted and filtered through a muslin cloth to obtain a clear extract. A 

similar procedure was followed for guava, including washing, pulping, and filtration to obtain a uniform juice 

extract. In the case of pomegranate, the arils were manually separated, washed with clean water, and directly 

subjected to juice extraction and filtration without blanching to preserve heat-sensitive bioactive compounds 

(Baliga & Dsouza, 2011; Viuda-Martos et al., 2010). 

  3.2 Preparation of Gummy Formulation 

A xanthan gum solution was prepared by dispersing xanthan gum in distilled water and allowing it to hydrate 

completely to form a uniform viscous solution. The extracted fruit juices were combined and subjected to 

controlled heating with continuous stirring until a slight increase in viscosity was observed. At this stage, the 

hydrated xanthan gum solution was incorporated to improve texture and stability. Subsequently, Bacopa 

monnieri (Brahmi) extract (20%) dissolved in water was added to the mixture under continuous stirring to 

ensure uniform distribution of bioactive components (Kongkeaw et al., 2014). 

Further, agar-agar solution was prepared separately by dissolving agar in water and heating until a clear, 

transparent solution was obtained. This solution was then added to the fruit mixture once the desired thickness 

was achieved, followed by continued heating to ensure proper gel formation. Fructooligosaccharide (FOS) was 

incorporated as a functional sweetener to enhance taste and provide prebiotic benefits. Finally, citric acid was 

added to adjust pH and improve flavor, and potassium sorbate was included as a preservative to enhance shelf 

stability. The mixture was stirred thoroughly to ensure homogeneity and then poured into molds for setting 

under controlled conditions (Roberfroid, 2007). 

 
Figure-2: The Final Product Gummies with Brahmi Extract 
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Table – 1:  Formulation of Gummies 

  

 

 

 

 

 

 

 

 

 

 

 

 

4.PHYSICO-CHEMICAL ANALYSIS 

Physicochemical analysis is crucial in gummy formulations as it provides essential information on product 

quality, stability, and safety by evaluating parameters such as total soluble solids, water activity, pH, and 

moisture content. These parameters directly influence texture, microbial stability, and shelf-life, particularly in 

functional gummies where ingredients like fructooligosaccharides may alter the matrix properties. Proper 

control of these factors ensures desirable sensory characteristics and extends product stability through combined 

preservation effects. Similar importance of physicochemical properties in confectionery and functional foods has 

been widely reported in previous studies (Gómez-Guillén et al., 2011; Burey et al., 2009; Imeson, 2010). 

4.1 Determination of pH: 

The pH of the sample was determined using a digital pH meter calibrated with standard buffer solutions (pH 4.0 

and 7.0) (AOAC 981.12, 2016). The electrode was immersed in a homogenized sample solution, and the reading 

was recorded after stabilization. The pH value represents the hydrogen ion concentration of the sample. 

                                                pH = −log [H+] 

 

4.2 Determination of Brix: 

 The total soluble solids (TSS) content of the sample was measured using a digital refractometer (Milwaukee 

MA871) following standard procedures (AOAC 932.12, 2016; Ranganna, 2010). The prism surface was cleaned 

with distilled water and wiped dry. A few drops of the sample extract were placed on the prism, and the reading 

was recorded from the digital display. The results were expressed in degrees Brix (°Brix). 

4.3 Determination of Moisture content: 

The moisture content of the sample was determined using a halogen moisture analyzer (Aczet MB series) based 

on the loss on drying principle (AOAC 925.10, 2016). The sample pan was cleaned and dried before analysis. 

Approximately 2–3 g of the sample was evenly spread on the pan and subjected to heating at 105°C until a 

constant weight was achieved (FSSAI, 2016). The instrument continuously monitored weight loss and displayed 

the moisture content directly as percentage. 

       4.4 Determination of Water Activity: 

      Water activity (aw) was measured using a water activity meter (Novasina Lab Start-aw) based on equilibrium 

relative humidity measurement (ISO 21807:2004; Labuza, 1980). A small quantity of the sample was placed in 

INGREDIENTS TRAIL - 1 TRAIL - 2 TRAIL - 3 TRAIL - 4 

Guava Juice 50 50 50 50 

Amla Juice 20 20 25 30 

Pomegranate Juice 15 10 10 10 

FOS (Fructo-oligo-sacchride) 14 20 14 20 

Agar - agar powder 0.7 0.8 0.9 1.2 

Xanthan Gum 0.3 0.2 0.3 0.2 

Brahmi Extract (ml) 0.03 0.02 0.03 0.03 

Citric Acid Solution  0.3 0.2 0.3 0.3 

Potassium Sorbate 0.05 0.05 0.05 0.05 
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the sample cup and inserted into the instrument chamber. The aw value was recorded after equilibrium was 

reached. 

     4.5 Determination Of Titratable Acidity: 

     Titratable acidity of the sample was determined by acid-base titration (Ranganna, 2010; AOAC, 2016). A known 

quantity of the sample was homogenized with distilled water and filtered to obtain a clear extract (Rahman, 

2007). An aliquot of the filtrate was titrated against standard 0.1 N sodium hydroxide using phenolphthalein as 

an indicator (Skoog et al., 2014). The endpoint was indicated by the appearance of a light pink color, and the 

acidity was calculated and expressed as percentage of citric acid (Ranganna, 2010). 

𝑻𝒊𝒕𝒓𝒂𝒕𝒂𝒃𝒍𝒆 𝑨𝒄𝒊𝒅𝒊𝒕𝒚 (%) = 
𝑽𝒐𝒍𝒖𝒎𝒆 𝒐𝒇 𝑵𝒂𝑶𝑯 𝒖𝒔𝒆𝒅 (𝒎𝑳) × 𝑵𝒐𝒓𝒎𝒂𝒍𝒊𝒕𝒚 𝒐𝒇 𝑵𝒂𝑶𝑯 × 𝑬𝒒𝒖𝒊𝒗𝒂𝒍𝒆𝒏𝒕 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒂𝒄𝒊𝒅 × 𝟏𝟎𝟎

𝑾𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆 (𝒈) × 𝟏𝟎𝟎𝟎
 

 

4.6 Determination of Ash content: 

Ash content measures the total mineral matter present in gummies and is an important indicator of its 

nutritional value and quality. The method involves weighing a known amount of gummy in a clean, dry 

crucible and incinerating it in a muffle furnace at approximately 550°C until all organic matter is completely 

burned, leaving only inorganic residue (ash). After cooling the crucible in a desiccator, the remaining ash is 

weighed. The percentage of ash is calculated using the formula: 

 

Ash (%) =
Weight of crucible + ash (W3) − Weight of empty crucible (W1)

Weight of crucible + sample (W2) − Weight of empty crucible (W1)
× 𝟏𝟎𝟎 

 

5.MICROBIAL ANALYSIS 

Microbial analysis of the developed gummy samples was carried out to evaluate their microbiological safety and 

shelf stability using standard plate count methods. Total viable count (TVC) was determined by serial dilution of 

the sample followed by pour plate technique using Plate Count Agar (PCA), and the plates were incubated at 

37°C for 24–48 hours. Yeast and mold counts were estimated using Potato Dextrose Agar (PDA) after incubation 

at 25°C for 3–5 days. The microbial load was expressed as colony-forming units per gram (CFU/g) of the sample. 

The analysis is essential to ensure that the product meets food safety standards, particularly in low-moisture 

confectionery products like gummies. The combined effect of low water activity, high soluble solids, and acidic 

pH contributes to inhibiting microbial growth, thereby enhancing the shelf-life and safety of the product. All 

procedures were performed following standard microbiological methods reported in previous studies (APHA, 

2015; ICMSF, 2011; FSSAI, 2016). 

 

6.NUTRITIONAL ANALYSIS 

The nutritional and physicochemical parameters of the developed nutraceutical gummies enriched with amla, 

guava, pomegranate, and Bacopa monnieri extract were evaluated. The analysis included carbohydrates, dietary 

fiber, protein, and fat content to determine the nutritional profile of the product. The results of the nutritional 

and physicochemical composition of the formulated gummies are presented in Tables. 

6.1 Determination of Protein Content: 

Protein content was determined using the Kjeldahl method, which involves digestion of the sample with 

concentrated sulfuric acid to convert nitrogen into ammonium sulfate, followed by distillation and titration. The 
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total nitrogen content obtained was multiplied by a conversion factor (generally 6.25) to estimate protein 

content. The developed gummies showed low protein content (~1.20 g/100 g), as the formulation mainly 

consists of fruit extracts and hydrocolloids, which are naturally low in protein. 

Protein (%) = Nitrogen (%) × Conversion factor (6.25 ) 

 

Where Nitrogen (%) = 
(𝑽sample−𝑽blank)×𝑵HCl×𝟏𝟒.𝟎𝟏

Weight of sample (g)
× 𝟏𝟎𝟎 

6.2 Determination of Fat Content: 

Fat content was analysed using the Soxhlet extraction method, where the sample was extracted with a non-polar 

solvent such as petroleum ether. The extracted fat was then quantified gravimetrically. The fat content of the 

gummies was found to be very low (~0.50 g/100 g), which is desirable for a low-fat functional confectionery 

product. 

Fat (%) =
Weight of extracted fat

Weight of sample
× 𝟏𝟎𝟎 

 

6.3 Determination of Carbohydrate Content 

Carbohydrate content was calculated by the difference method, subtracting the sum of moisture, protein, fat, 

and ash from 100. The gummies exhibited high carbohydrate content (~68.5 g/100 g), primarily due to the 

presence of fructooligosaccharide (FOS) and natural sugars from fruit extracts, contributing to energy value and 

sweetness. 

  Carbohydrates (%) = 100− [Moisture (%) +Protein (%) + Fat (%) +Ash (%) + Crude fiber)] 

 

6.4 Determination of Dietary Fiber 

Dietary fiber content was determined using standard enzymatic-gravimetric methods. The presence of fiber 

(~2.10 g/100 g) is mainly attributed to fruit components and FOS, which also acts as a prebiotic, supporting gut 

health. 

 

          Dietary Fiber (%) = (Weight of residue − Weight of ash) / Weight of sample × 100 

 

7.Sensory Analysis: 

  Sensory evaluation of the developed fruit leather roll samples was conducted using a 9-point hedonic scale, 

where 1 indicated “dislike extremely” and 9 indicated “like extremely,” to assess attributes such as color, flavor, 

texture, taste, and overall acceptability (Israfi et al., 2025; Zhao et al., 2024). 

8.Results And Discussions: 

       The developed nutraceutical gummies were successfully formulated using amla, guava, pomegranate extracts, 

and Bacopa monnieri extract, along with fructooligosaccharide (FOS) as a functional sweetener. The results of 

physicochemical, nutritional, and sensory evaluation indicate that the product possesses desirable quality 

characteristics and functional potential. 

       Trial 4 was found to be the most successful formulation among all the trials. It exhibited optimal 

physicochemical properties, including desirable pH, moisture content, and texture. The gummies showed 

superior sensory acceptability with balanced taste, appealing color, and soft chewy consistency. The 

incorporation of fruit extracts, Bacopa monnieri extract, and FOS resulted in a stable and functionally enriched 

product. 



International Journal of Scientific Research in Science and Technology (www.ijsrst.com) | Volume 13 |  Issue 2 

Varadaya Palli Khadirunnisa et al Int J Sci Res Sci Eng Technol, March-April-2026, 13 (2) : 922-929 

 

 

 
927 

                                          Table -2: Physicochemical Analysis 

Parameter Trial 1 Trial 2 Trial 3 Trial 4  

pH 3.4 3.3 3.2 3.1 

Moisture Content 

(%) 

26.5 25.2 24.1 23.68 

Water Activity  0.72 0.69 0.66 0.64 

Total Soluble 

Solids (°Brix) 

68.2 71.5 74.0 76.1 

Ash Content (%) 1.50 1.60 1.70 1.80 

Titratable Acidity 

(%) 

0.50 0.60 0.70 0.75 

                 

Table- 3: Microbial Analysis 

Parameter Trial 1 Trial 2 Trial 3 Trial 4  

Total Plate Count (CFU/g) 2.5 × 10³ 1.8 × 10³ 1.2 × 10³ 0.8 × 10³ 

Yeast & Mold Count (CFU/g) 1.5 × 10² 1.2 × 10² 0.9 × 10² 0.5 × 10² 

Coliform Count (CFU/g) Present (low) Absent Absent Absent 

                                      

Table – 4: Nutritional Analysis 

Parameter Amount (g/100 g) 

Carbohydrates 68.5 

Dietary Fiber 2.10 

Protein 1.20 

Fat 0.50 

 

Table -5: Sensory Evaluation 

 

Attributes Trial 1 Trial 2 Trial 3 Trial 4  

Color & 

Appearance 

6 7 8 9 

Flavor 7 8 8 9 

Taste 8 7 8 9 

Texture 7 6 7 8 

Overall 

Acceptability 

7 7 8 9 
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The sensory evaluation of the developed nutraceutical gummies showed noticeable variation among the four 

trials with respect to color, flavor, taste, texture, and overall acceptability. Trial 1 exhibited moderate scores, 

indicating acceptable but less optimized characteristics, particularly in color and texture. Trial 2 showed 

improvement in color and flavor; however, slight inconsistencies in taste and texture suggested the need for 

better formulation balance. Trial 3 demonstrated further enhancement in most attributes, especially color and 

overall acceptability, indicating progressive refinement of the formulation and improved balance between 

sweetness and acidity. (Gómez-Guillén et al., 2011; Burey et al., 2009; Imeson, 2010). 

Trial 4 (optimized formulation) achieved the highest scores across all sensory attributes, with maximum ratings 

in color, flavor, taste, and overall acceptability, and a notable improvement in texture. The superior flavor 

profile can be attributed to the balanced incorporation of fruit extracts and fructooligosaccharide (FOS), along 

with effective masking of the bitterness of Bacopa monnieri extract. The improved texture reflects the optimal 

use of agar-agar and xanthan gum, resulting in a desirable soft and chewy consistency. Overall, the results 

confirm that Trial 4 exhibited excellent organoleptic properties and the highest level of consumer acceptability 

CONCLUSION 

The present study successfully developed nutraceutical gummies enriched with amla, guava, pomegranate, and 

Bacopa monnieri extract using fructooligosaccharide (FOS) as a functional sweetener. The formulated product 

demonstrated desirable physicochemical properties, including optimal pH (3.1), moisture content (23.68%), 

water activity (0.64), and total soluble solids (76.1°Brix), indicating good stability and suitability for extended 

shelf life. The nutritional analysis revealed that the gummies were rich in carbohydrates with moderate dietary 

fiber and low fat content, making them a suitable functional food product. 

Among the different formulations, Trial 4 was identified as the optimized formulation, exhibiting superior 

physicochemical characteristics, minimal microbial load, and excellent sensory acceptability. The sensory 

evaluation confirmed that the product was highly preferred by panelists, with maximum scores in flavor, taste, 

and overall acceptability, indicating a well-balanced formulation and effective masking of the bitterness of 

Bacopa monnieri. Overall, the developed nutraceutical gummies show significant potential as a convenient and 

palatable delivery system for bioactive compounds, with promising applications in the functional food and 

nutraceutical industry. 
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