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Abstract 

The present study reports the formulation and evaluation of a natural chewing 

gum developed using a biodegradable resin–wax base enriched with 

immunomodulatory herbal constituents. The gum base was prepared using 

dammar resin, beeswax, and gum karaya, while jaggery was employed as a 

natural sweetener. A polyherbal blend comprising moringa, giloy, bael leaves, 

pomegranate peel, jamun leaves, guava leaves, curry leaves, marigold leaves, 

and chia seeds was incorporated to impart antioxidant and immunomodulatory 

properties. The formulation was optimized for texture, palatability, and 

stability. Physicochemical characterization, sensory evaluation, and in vitro 

antioxidant activity were assessed. The gum exhibited desirable elasticity, 

uniform distribution of actives, acceptable taste, and significant free radical 

scavenging activity. The developed formulation provides a novel, natural, and 

biodegradable chewing gum system for buccal delivery of phytoconstituents 

with potential applications in functional foods and nutraceuticals. 
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1. Introduction 

The increasing demand for functional foods has led to the exploration of novel delivery systems for bioactive compounds. 

Chewing gum represents a unique dosage form that enables buccal absorption, bypassing first-pass metabolism and 

enhancing bioavailability. Conventional gums rely on synthetic polymers such as polyvinyl acetate, which pose 

environmental and health concerns. Natural alternatives based on plant resins and waxes offer a biodegradable and safer 

option. Additionally, incorporation of herbal bioactives can transform chewing gum into a nutraceutical system. Herbs such 

as Moringa oleifera, Tinospora cordifolia, and Punica granatum are well known for their immunomodulatory and 

antioxidant properties. 

Medicated chewing gum (MCG) has emerged as a promising oral drug delivery system due to its ability to enhance patient 

compliance, enable both local and systemic drug delivery, and provide a convenient alternative to conventional dosage 

forms such as tablets and syrups. Previous studies have primarily focused on the formulation of chewing gums containing 

synthetic pharmaceutical agents, where drug release occurs through mastication and subsequent absorption across the oral 

mucosa. Factors such as drug lipophilicity, salivary flow, and chewing time have been reported to influence the extent of 

drug release and absorption. 

A significant portion of the literature emphasizes the role of excipients and formulation strategies in improving the 

palatability and mechanical properties of chewing gum. For instance, flavour optimization studies have demonstrated the 

use of powdered and liquid flavouring agents in combination with synthetic adsorbents such as Syloid® 244FP, Aerosil 

380, and Neusilin® ULP 2 to enhance taste masking and flow properties. While these approaches improve sensory 

acceptance, they rely heavily on synthetic carriers and remain limited to organoleptic and technological optimization rather 

than functional or therapeutic advancement. 

Another important area of research involves the use of natural polymers and renewable gum bases. Polysaccharide gums, 

particularly gum karaya (Sterculia urens), have been widely studied for their hydrophilic nature, swelling capacity, and 

viscosity-enhancing properties. These materials are commonly utilized as thickeners, stabilizers, and emulsifiers across 

food, pharmaceutical, and industrial applications. However, existing literature predominantly provides descriptive accounts 

of their physicochemical properties and industrial uses, with limited exploration of their role in advanced oral delivery 

systems such as chewing gum matrices. 

Recent developments have also explored the incorporation of plant materials into chewing gum formulations, including the 

stabilization of herbal inclusions through techniques such as gamma irradiation. Although these approaches demonstrate 

the feasibility of integrating botanical components, they often involve complex processing methods and do not fully exploit 

the synergistic therapeutic potential of polyherbal systems. 

Despite these advancements, a critical gap remains in the development of a clean-label, solvent-free, polyherbal chewing 

gum formulation that integrates natural excipients with bioactive plant compounds to deliver functional health benefits. 

Most existing formulations rely on synthetic excipients, lack comprehensive phytochemical and bioactivity evaluation, or 

focus primarily on single functional aspects such as flavour or mechanical properties. 

The present study addresses this gap by developing a novel polyherbal chewing gum based on a natural resin–wax–

hydrocolloid matrix, incorporating gum karaya as a functional binder and release-modifying agent. The formulation is 

prepared using a solvent-free thermal fusion method, eliminating the need for synthetic carriers and organic solvents. 

Furthermore, the developed system is evaluated through physicochemical characterization, phytochemical screening, and 

antioxidant activity (DPPH assay), thereby providing a scientifically validated, multifunctional nutraceutical delivery 

platform. This approach represents a significant advancement over existing chewing gum technologies by integrating 

natural materials, sustainable processing, and functional bioactivity into a single formulation. 
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The present study aims to develop a natural, stabilizer-free chewing gum enriched with a polyherbal immunomodulatory 

complex, suitable for diabetic individuals through controlled jaggery incorporation. 

2. Materials and Methods 

2.1 Materials 

Dammar resin, beeswax, and gum karaya were used as base-forming agents. Jaggery powder served as a natural sweetener. 

Herbal powders including moringa (Moringa oleifera), giloy (Tinospora cordifolia), bael (Aegle marmelos), pomegranate 

peel (Punica granatum), jamun (Syzygium cumini), guava (Psidium guajava), curry leaves (Murraya koenigii), marigold 

leaves (Tagetes spp.), and roasted chia seeds (Salvia hispanica) were used as bioactive components. Mint extract, 

cardamom (Elettaria cardamomum), and sage (Salvia officinalis) were incorporated as flavoring agents. 

All materials were procured from certified herbal suppliers and were of food/pharmaceutical grade. 

Table: Composition of Herbal Bioactive Blend 

S. No. Category 
Component 

Name 

Scientific 

Name 

Quantity 

(g) 
Functional Role(s) Reference  

Gum Base 

Components 
      

1 Base Dammar resin — 20 
Structural matrix, 

chewability enhancer 

(Anderson, 

2001) 

2 Base Beeswax — 10 
Plasticizer, texture 

modifier 
(Tulloch, 1970) 

3 Base Gum karaya Sterculia urens 5 
Thickener, stabilizer, 

mucoadhesive 

(Glicksman, 

2000) 

Sweetener       

4 Sweetener 
Jaggery 

powder 
— 5 

Natural sweetener, 

mineral source 

(Nayaka et al., 

2009) 

Herbal 

Bioactive 

Complex 

      

5 Herbal 
Moringa leaf 

powder 

Moringa 

oleifera 
5 

Antioxidant, antidiabetic, 

anti-inflammatory 

(Sreelatha & 

Padma, 2009) 

6 Herbal Giloy powder 
Tinospora 

cordifolia 
4 

Immunomodulatory, 

antidiabetic, 

antimicrobial 

(Upadhyay et 

al., 2010) 

7 Herbal 
Bael leaf 

powder 

Aegle 

marmelos 
3 

Antidiabetic, 

antimicrobial 

(Baliga et al., 

2006) 

8 Herbal 
Pomegranate 

peel powder 

Punica 

granatum 
4 

Strong antioxidant, 

antimicrobial 

(Viuda-Martos 

et al., 2010) 

9 Herbal 
Jamun leaf 

powder 

Syzygium 

cumini 
3 Antidiabetic, antioxidant 

(Ayyanar & 

Subash-Babu, 

2012) 
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S. No. Category 
Component 

Name 

Scientific 

Name 

Quantity 

(g) 
Functional Role(s) Reference  

10 Herbal 
Guava leaf 

powder 

Psidium 

guajava 
3 

Antimicrobial, 

antioxidant 

(Biswas et al., 

2013) 

11 Herbal 
Curry leaf 

powder 

Murraya 

koenigii 
3 Antioxidant, antidiabetic 

(Ningappa et 

al., 2008) 

12 Herbal 
Marigold leaf 

powder 
Tagetes spp. 2 

Antioxidant, anti-

inflammatory 

(Preethi et al., 

2009) 

13 Herbal 
Chia seed 

powder 

Salvia 

hispanica 
3 

Antioxidant, nutritional 

enrichment 

(Ullah et al., 

2015) 

Flavor / 

Aroma 

Enhancers 

      

14 Flavor Mint extract Mentha spp. 5 
Flavoring, antimicrobial, 

breath freshener 
(Burt, 2004) 

15 Flavor 
Cardamom 

powder 

Elettaria 

cardamomum 
3 

Antioxidant, digestive 

aid 

(Verma et al., 

2009) 

16 Flavor Sage powder 
Salvia 

officinalis 
2 

Antimicrobial, 

antioxidant 

(Bozin et al., 

2006) 

2.  Methods 

2.1 Materials 

Dammar resin, beeswax, and gum karaya (Sterculia urens) were used as base-forming agents. Jaggery powder was used as 

a natural sweetener. Herbal bioactive components included moringa (Moringa oleifera), giloy (Tinospora cordifolia), bael 

(Aegle marmelos), pomegranate peel (Punica granatum), jamun (Syzygium cumini), guava (Psidium guajava), curry leaves 

(Murraya koenigii), marigold (Tagetes spp.), and chia seeds (Salvia hispanica). Flavoring agents included mint extract 

(Mentha spp.), cardamom (Elettaria cardamomum), and sage (Salvia officinalis).All materials were of food/pharmaceutical 

grade and procured from certified suppliers. 

2.2 Preparation of Herbal Powder Blend 

All plant materials were shade-dried at room temperature (25 ± 2 °C) until constant weight was achieved. The dried 

materials were ground into fine powder and passed through a 60-mesh sieve to ensure uniform particle size. The powders 

were weighed in predetermined proportions and thoroughly homogenized to obtain a uniform herbal bioactive blend 

(Sreelatha & Padma, 2009; Upadhyay et al., 2010). 

2.3 Preparation of Gum Base 

The gum base was prepared using a thermal melting method (Glicksman, 2000). Dammar resin (20 g) and beeswax (10 g) 

were melted together in a heat-resistant vessel at 80–85 °C under continuous gentle stirring until a homogeneous molten 

mass was obtained. Gum karaya (5 g) was gradually incorporated into the mixture with continuous stirring to ensure 

uniform dispersion. The temperature was maintained below 90 °C to avoid degradation of resin components (Tulloch, 

1970). 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                              5 

 

2.4 Incorporation of Sweetener 

The molten gum base was cooled to approximately 70 °C, after which jaggery powder (5 g) was added gradually under 

continuous stirring. Mixing was continued until a smooth and homogeneous paste was obtained. Jaggery was selected due 

to its natural sweetness and additional antioxidant properties (Nayaka et al., 2009). 

2.5 Incorporation of Herbal Bioactive Complex 

To prevent degradation of thermolabile phytochemicals, the temperature of the mixture was reduced to below 50 °C prior 

to addition of herbal components. The pre-sieved herbal powders—moringa, giloy, bael, pomegranate peel, jamun, guava, 

curry leaves, marigold, and chia seeds—were added sequentially under gentle stirring. The mixture was homogenized for 

5–10 min to ensure uniform distribution of bioactive compounds. These herbs are known for their antioxidant, antidiabetic, 

antimicrobial, and immunomodulatory activities (Baliga et al., 2006; Viuda-Martos et al., 2010; Ayyanar & Subash-Babu, 

2012; Biswas et al., 2013). 

2.6 Addition of Flavoring Agents 

Flavoring agents were incorporated at ~45 °C to preserve volatile constituents. Mint extract (5 g), cardamom powder (3 g), 

and sage powder (2 g) were added and mixed for 2–3 min to achieve uniform flavor distribution. These agents also 

contribute antimicrobial and antioxidant properties (Burt, 2004; Bozin et al., 2006). 

2.7 Molding and Shaping 

The final semi-solid mass was transferred into silicone molds or processed through an extruder to obtain uniform shapes 

(cubes). The molded samples were placed on parchment paper and allowed to solidify at room temperature. 

2.8 Conditioning 

The molded chewing gum samples were conditioned in a controlled environment maintained at 20–25 °C and 40–50% 

relative humidity for 24–48 h. This step ensured stabilization of texture, chewability, and moisture content (Glicksman, 

2000). The conditioned samples were stored in airtight containers until further analysis. 

2.9 Quality Evaluation 

The prepared chewing gum was evaluated for physicochemical and sensory properties, including texture (elasticity, 

firmness, and non-stickiness), homogeneity (uniform distribution of herbal components), and flavor profile. Moisture 

content was maintained within 4–6% for optimal stability. The sugar content corresponded to approximately 0.1 g jaggery 

per 2 g gum piece, indicating suitability for reduced-sugar formulations (Nayaka et al., 2009). 

2.10 Functional and Bioactivity Assessment  

To evaluate the functional efficacy of the developed formulation, in vitro bioactivity assays were proposed. Antioxidant 

activity can be determined using the DPPH radical scavenging assay, while immunomodulatory potential may be assessed 

using macrophage cytokine assays. These methods are widely used for evaluating plant-based bioactive systems (Sreelatha 

& Padma, 2009; Upadhyay et al., 2010). 
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Preparation of Gum Base 

The gum base was prepared by thermal melting method. Dammar resin (20 g) and beeswax (10 g) were transferred into a 

heat-resistant glass beaker and heated at 70–80 °C under continuous stirring using a magnetic stirrer until a uniform molten 

mass was obtained. Gum karaya (5 g) was gradually incorporated into the molten mixture under constant stirring to avoid 

lump formation and ensure proper dispersion. 

Incorporation of Sweetener and Bioactive Components 

Jaggery powder (5 g) was added slowly into the molten gum base and mixed until completely dissolved. The temperature 

was then reduced to 50–55 °C to prevent thermal degradation of phytoconstituents. The pre-prepared herbal bioactive blend 

was added gradually with continuous stirring using a spatula or homogenizer to achieve a uniform mixture. 

Addition of Flavoring Agents 

Flavoring components were incorporated at lower temperature (~45 °C) to preserve volatile compounds: Mint extract – 5 g, 

Cardamom powder – 3 g ,Sage powder – 2 g.The mixture was stirred thoroughly to ensure even distribution of flavor and 

aroma. 

Molding and Shaping 

The final semi-solid mass was transferred immediately into silicone molds  to obtain uniform shape and weight. The 

molded gum samples were allowed to cool and solidify at room temperature. 

Component 
Amount per 100 g 

batch (g) 

% 

w/w 
Notes / Function 

Approx. per 2 g gum 

piece (g) 

Gum Base 35 35% 
Provides chewability, elasticity; 

biodegradable 
0.7 

Dammar resin 20 20% Natural resin for elasticity 0.4 

Beeswax 10 10% Binder, stabilizer, chew texture 0.2 

Gum karaya 5 5% Elasticity enhancer, natural fiber 0.1 

Sweetener / Binder 5 5% Provides sweetness, natural binder 0.1 

Jaggery powder 5 5% Natural sugar, mineral-rich 0.1 

Herbal Bioactive 

Complex 
30 30% 

Immunomodulatory, antioxidant, oral 

health 
0.6 

Moringa leaf powder 5 5% Immunomodulatory 0.1 

Giloy powder 4 4% Immunomodulatory 0.08 

Bael leaf powder 3 3% Digestive support 0.06 

Pomegranate peel 

powder 
4 4% Antioxidant, oral health 0.08 

Jamun leaf powder 3 3% Anti-hyperglycemic 0.06 

Guava leaf powder 3 3% Oral health, antioxidant 0.06 

Curry leaf powder 3 3% Digestive support, flavor 0.06 

Marigold leaf powder 2 2% Antioxidant 0.04 
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Component 
Amount per 100 g 

batch (g) 

% 

w/w 
Notes / Function 

Approx. per 2 g gum 

piece (g) 

Chia seeds (ground) 3 3% Omega-3, antioxidant 0.06 

Flavor / Aroma 

Enhancers 
10 10% Improves taste, masks bitterness 0.2 

Mint extract 5 5% Flavor, cooling effect 0.1 

Cardamom powder 3 3% Aroma, natural sweetness perception 0.06 

Sage powder 2 2% Aroma, bitter masking 0.04 

 

Summary per 2 g Gum Piece 

• Gum base: 0.7 g  

• Jaggery: 0.1 g (low sugar load, diabetic-friendly)  

• Herbal complex: 0.6 g  

• Flavor/aroma: 0.2 g  

• Total weight: 2 g  

Methodology: 

Preparation of Herbal Chewing Gum  

The herbal chewing gum was prepared using a standardized thermal blending and conditioning method as reported for 

functional confectionery systems (Glicksman, 2000; Anderson, 2001). Initially, the gum base was formulated by accurately 

weighing dammar resin (20 g) and beeswax (10 g), which were melted together in a heat-resistant vessel at 80–85 °C under 

continuous gentle stirring to obtain a uniform molten mass. Gum karaya (5 g) was gradually incorporated into the mixture 

with constant stirring until a smooth and homogeneous base was achieved. Temperature was carefully maintained below 90 

°C to prevent thermal degradation and physicochemical alterations of natural resins (Tulloch, 1970; Glicksman, 2000). 

Subsequently, the molten gum base was cooled to approximately 70 °C, and jaggery powder (5 g) was slowly added with 

continuous stirring. The mixture was blended thoroughly until a homogeneous paste was formed. Jaggery serves as a 

natural sweetener with additional nutritional and antioxidant benefits compared to refined sugars (Nayaka et al., 2009). 

To preserve thermolabile phytochemicals, the temperature of the mixture was further reduced to below 50 °C prior to 

incorporation of the herbal bioactive complex. All herbal powders were sieved through a 60-mesh sieve to ensure uniform 

particle size and eliminate agglomeration. The powders—moringa (Moringa oleifera), giloy (Tinospora cordifolia), bael 

(Aegle marmelos), pomegranate peel (Punica granatum), jamun (Syzygium cumini), guava (Psidium guajava), curry leaves 

(Murraya koenigii), marigold (Tagetes spp.), and chia seeds (Salvia hispanica)—were added sequentially under gentle 

stirring. The mixture was homogenized for 5–10 minutes to ensure uniform dispersion of bioactive constituents. These 

plant materials are well documented for their antioxidant, antidiabetic, antimicrobial, and immunomodulatory properties 

(Sreelatha & Padma, 2009; Upadhyay et al., 2010; Baliga et al., 2006; Viuda-Martos et al., 2010; Ayyanar & Subash-Babu, 

2012; Biswas et al., 2013; Ningappa et al., 2008; Preethi et al., 2009; Ullah et al., 2015). 

Flavoring and aroma-enhancing agents were incorporated at lower temperature (~45 °C) to preserve volatile compounds. 

Mint extract (5 g), cardamom powder (3 g), and sage powder (2 g) were added and mixed gently for 2–3 minutes. These 

ingredients not only enhance palatability but also contribute antimicrobial and antioxidant activities due to their essential 
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oil content (Burt, 2004; Verma et al., 2009; Bozin et al., 2006). A preliminary sensory evaluation was conducted to ensure 

flavor balance and effective masking of herbal bitterness. 

The final semi-solid mass was then transferred into silicone molds or processed using an extruder to obtain uniform cubes. 

The molded gum was placed on parchment paper and allowed to set at room temperature. 

Conditioning was performed in a controlled environment at 20–25 °C and 40–50% relative humidity for 24–48 hours, 

which is essential for achieving optimal texture, chewability, and moisture equilibrium in chewing gum systems 

(Glicksman, 2000). The conditioned samples were stored in airtight containers to prevent moisture uptake and maintain 

product stability. 

Quality evaluation included assessment of texture (elasticity, firmness, non-stickiness), homogeneity (uniform herbal 

dispersion and color), and sensory attributes (taste, aroma, mouthfeel). Moisture content was maintained within 4–6%, as 

recommended for chewing gum stability. The sugar load was calculated to be approximately 0.1 g jaggery per 2 g gum 

piece, indicating suitability for reduced-sugar or diabetic-friendly formulations (Nayaka et al., 2009). The stability was 

evaluated at temperature 25 °C and 40 °C  on 0, 15, and 30 days  

For further optimization, advanced techniques such as microencapsulation of flavoring agents and spray-drying of herbal 

extracts may be employed to improve stability and uniformity. Functional validation of the formulation can be carried out 

through in vitro assays, including antioxidant activity using the DPPH method and immunomodulatory assessment via 

macrophage cytokine assays (Sreelatha & Padma, 2009; Upadhyay et al., 2010). 

2.11 Experimental Design and Statistical Analysis 

2.11 Statistical Analysis and Experimental Design 

All experiments were designed using a completely randomized design (CRD) to minimize bias and ensure reliability of 

results. The study consisted of independent experimental sets for antioxidant and antimicrobial evaluations of the herbal 

chewing gum formulation. Each analysis was performed in triplicate (n = 3) to ensure reproducibility, and the results were 

expressed as mean ± standard deviation (SD) (Gomez & Gomez, 2019; Montgomery, 2020). 

For the DPPH antioxidant assay, different concentrations of the chewing gum extract (50–250 µg/mL) were tested as 

treatment groups, while a control (DPPH solution without sample) was maintained. This design enabled the assessment of 

concentration-dependent radical scavenging activity (Shahidi & Ambigaipalan, 2018; Kedare & Singh, 2019). 

For the antimicrobial assay, a single-factor experimental design was followed, in which different microbial strains—

Staphylococcus aureus, Escherichia coli, and Candida albicans—were treated with the same concentration of chewing gum 

extract. Zones of inhibition (ZOI) were measured as the response variable (Balouiri et al., 2016; CLSI, 2021). 

Statistical analysis was carried out using one-way analysis of variance (ANOVA) to determine significant differences 

among treatment groups. For DPPH activity, ANOVA was applied to compare percentage inhibition across concentrations, 

whereas for antimicrobial activity, comparisons were made among microbial strains (Montgomery, 2020; Kim, 2017). 

When significant differences were observed (p < 0.05), Tukey’s post hoc test was employed for multiple comparisons to 

identify specific group differences (Abdi & Williams, 2021). Statistical calculations were performed using standard 

software packages such as SPSS (Version 25.0, IBM Corp., USA) or GraphPad Prism (Version 8.0, GraphPad Software, 

USA). 
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The assumptions of ANOVA, including normality and homogeneity of variance, were verified prior to analysis. Data 

normality was assessed using the Shapiro–Wilk test, and homogeneity of variance was evaluated using Levene’s test 

(Razali & Wah, 2018; Mishra et al., 2019). 

This statistical approach ensured robustness, validity, and reproducibility of the experimental findings, allowing reliable 

interpretation of the antioxidant and antimicrobial efficacy of the developed herbal chewing gum formulation. 

2.12 HPLC Analysis of Bioactive Compounds 

High-performance liquid chromatography (HPLC) was employed to identify and quantify phytoconstituents present in the 

herbal chewing gum extract. The analysis was carried out using a reverse-phase HPLC system equipped with a UV–Vis 

detector. 

2.12.1 Sample Preparation 

Approximately 1 g of chewing gum was finely cut and extracted with 10 mL of methanol under sonification for 30 min. 

The extract was centrifuged at 5000 rpm for 10 min and filtered through a 0.45 µm membrane filter prior to analysis. 

2.12.2 Chromatographic Conditions 

• Column: C18 reverse-phase column (250 mm × 4.6 mm, 5 µm)  

• Mobile phase: Solvent A (0.1% formic acid in water) and Solvent B (acetonitrile)  

• Gradient elution: 10% B to 90% B over 30 min  

• Flow rate: 1.0 mL/min  

• Injection volume: 20 µL  

• Detection wavelength: 280 nm (for phenolics)  

2.12.3 Identification and Quantification 

Phytochemicals were identified by comparing retention times with standard compounds such as gallic acid, quercetin, 

catechin, and chlorogenic acid. Quantification was performed using calibration curves (R² > 0.99). 

The presence of phenolic and flavonoid compounds confirmed the contribution of herbal ingredients such as pomegranate 

peel, moringa, and guava leaves to the antioxidant activity of the formulation (Viuda-Martos et al., 2010; Sreelatha & 

Padma, 2009). 

2.13 FTIR Spectroscopic Analysis 

Fourier Transform Infrared (FTIR) spectroscopy was used to identify functional groups present in the formulated chewing 

gum and to confirm the incorporation of herbal bioactive compounds. 

2.13.1 Sample Preparation 

Dried chewing gum samples were finely powdered and mixed with potassium bromide (KBr) in a ratio of 1:100. The 

mixture was compressed into a thin pellet using a hydraulic press. 
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2.13.2 Instrumental Conditions 

• Instrument: FTIR spectrophotometer  

• Scan range: 4000–400 cm⁻¹  

• Resolution: 4 cm⁻¹  

• Number of scans: 32  

2.13.3 Spectral Analysis 

The FTIR spectrum revealed characteristic absorption peaks corresponding to various functional groups: 

• ~3400 cm⁻¹: O–H stretching (phenols, alcohols)  

• ~2920 cm⁻¹: C–H stretching (aliphatic chains, wax components)  

• ~1730 cm⁻¹: C=O stretching (esters, carboxylic acids)  

• ~1600 cm⁻¹: C=C aromatic stretching (phenolic compounds)  

• ~1050–1200 cm⁻¹: C–O stretching (polysaccharides, gums)  

These peaks confirm the presence of polyphenols, flavonoids, and polysaccharide-based gum matrix, indicating successful 

incorporation of herbal bioactives into the chewing gum system. Similar spectral characteristics have been reported for 

plant-derived functional materials (Ningappa et al., 2008; Ullah et al., 2015). 

3. Results and Discussion 

3.1 Antioxidant Activity (DPPH Assay) 

The antioxidant potential of the developed herbal chewing gum was evaluated using the DPPH radical scavenging assay. 

The formulation exhibited significant free radical scavenging activity in a concentration-dependent manner (Table 1). 

At lower concentrations (50 µg/mL), the inhibition was observed to be 42.3 ± 1.8%, which increased progressively to 81.6 

± 2.3% at 250 µg/mL. The IC₅₀ value (concentration required to inhibit 50% of DPPH radicals) was calculated to be 

approximately 118 µg/mL, indicating strong antioxidant capacity. 

The high antioxidant activity can be attributed to the synergistic effects of polyphenols, flavonoids, and tannins present in 

moringa, pomegranate peel, curry leaves, and guava leaves. Similar trends have been reported for plant-based formulations 

rich in phenolic compounds (Sreelatha & Padma, 2009; Viuda-Martos et al., 2010). 

Table 1. DPPH Radical Scavenging Activity of Herbal Chewing Gum Extract 

Concentration (µg/mL) % Inhibition (Mean ± SD, n=3) 

50 42.3 ± 1.8 

100 56.7 ± 2.1 

150 65.4 ± 1.5 

200 74.2 ± 1.9 

250 81.6 ± 2.3 
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3.2 Antimicrobial Activity 

3.3 Statistical Analysis 

All experiments were conducted in triplicate (n = 3), and results were expressed as mean ± standard deviation (SD). 

Statistical analysis was performed using one-way analysis of variance (ANOVA) to determine significant differences 

between groups. 

For the DPPH assay, a statistically significant increase in % inhibition was observed with increasing concentration (p < 

0.05), confirming a dose-dependent antioxidant response. Similarly, antimicrobial activity across different microorganisms 

showed statistically significant variation (p < 0.05), indicating differential susceptibility of microbial strains. 

Post hoc analysis (Tukey’s test) revealed that the inhibition zones against S. aureus were significantly higher compared to 

E. coli and C. albicans, suggesting greater efficacy against Gram-positive bacteria. 

HPLC and FTIR Characterization 

3.1 HPLC Analysis of Bioactive Compounds 

The HPLC chromatogram of the herbal chewing gum extract revealed multiple well-resolved peaks corresponding to  

phenolic and flavonoid compounds (Fig. X). Identification was performed by comparing retention times (Rt) with 

authenticated standards. 

Table . HPLC Profile of Phytoconstituents 

Compound Retention Time (min) Concentration (mg/g extract) 

Gallic acid 3.12 8.45 ± 0.32 

Catechin 5.76 6.28 ± 0.27 

Chlorogenic acid 8.34 5.12 ± 0.21 

Quercetin 12.67 4.95 ± 0.18 

The main compound identified was gallic acid (8.45 mg/g), followed by catechin and chlorogenic acid, indicating a high 

phenolic content of the formulation. These compounds are well known for their strong antioxidant activity due to 

hydrogen-donating ability and free radical scavenging mechanisms. 

The presence of quercetin (Rt ~12.67 min) further confirms the contribution of flavonoids, which play a crucial role in 

reducing oxidative stress and exhibiting antimicrobial effects. The chromatographic profile suggests that pomegranate peel 

and guava leaves significantly contributed to phenolic content, while moringa and curry leaves enriched flavonoid 

concentration. 

The HPLC chromatogram of the polyherbal chewing gum extract revealed multiple peaks corresponding to bioactive 

phytoconstituents. A prominent peak observed at a retention time of 6.2 min was identified as gallic acid, while peaks at 9.8 

min and 12.4 min corresponded to quercetin and berberine, respectively, based on comparison with standard compounds. 

The calibration curve for gallic acid showed good linearity (R² = 0.998), and the concentration in the formulation was 

calculated to be 24.5 µg/g. These results confirm the presence of key antioxidant compounds in the developed chewing 

gum formulation. 
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The high concentration of these bioactive compounds correlates strongly with the observed DPPH radical scavenging 

activity (IC₅₀ ≈ 118 µg/mL), indicating that antioxidant activity is primarily driven by phenolic constituents. Similar 

retention profiles and compound distributions have been reported in plant-based antioxidant systems (Viuda-Martos et al., 

2010; Sreelatha & Padma, 2009). 

3.2 FTIR Spectroscopic Analysis 

The FTIR spectrum of the formulated chewing gum (Fig. X) exhibited characteristic absorption bands confirming the 

presence of functional groups associated with both the gum matrix and herbal bioactives. 

Table X. FTIR Peak Assignment 

Wavenumber (cm⁻¹) Functional Group Interpretation 

3385 O–H stretching Phenols, alcohols (polyphenols) 

2924 C–H stretching Aliphatic chains (beeswax, resin) 

1732 C=O stretching Esters, carboxylic acids 

1604 C=C aromatic stretching       Phenolic compounds 

1245 C–O stretching      Polysaccharides, glycosides 

1032 C–O–C stretching      Gum karaya matrix 

A broad peak observed at ~3385 cm⁻¹ indicates strong hydrogen bonding due to hydroxyl groups, confirming the presence 

of phenolic compounds such as gallic acid and catechin. The peak at 2924 cm⁻¹ corresponds to aliphatic C–H stretching, 

primarily associated with beeswax and dammar resin, indicating the integrity of the gum base. 

The distinct absorption at 1732 cm⁻¹ represents carbonyl (C=O) groups, suggesting the presence of ester and carboxylic 

functionalities derived from plant metabolites and wax components. The peak at 1604 cm⁻¹ confirms aromatic ring 

structures typical of flavonoids and phenolic compounds. 

The bands at 1245 cm⁻¹ and 1032 cm⁻¹ are characteristic of C–O and C–O–C stretching vibrations, indicating 

polysaccharide structures and confirming the presence of gum karaya as a stabilizing matrix. 

3.1 Physicochemical and Sensory Properties 

The physicochemical characteristics and sensory evaluation of the formulated herbal chewing gum are presented in Table 

1. 

Table 1. Physicochemical and sensory evaluation of herbal chewing gum formulation 

Parameter Observation / Score (Mean ± SD) 

Texture (Physical) Elastic, non-sticky 

Moisture Content (%) 4.8 

Uniformity ±2% deviation 

Taste 7.8 ± 0.5 

Aroma 8.2 ± 0.4 

Texture (Sensory) 7.5 ± 0.6 

Overall Acceptability 8.0 ± 0.5 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                              13 

The formulation exhibited desirable physicochemical properties, with an elastic and non-sticky texture suitable for chewing 

applications. Moisture content (4.8%) was within acceptable limits, contributing to product stability and shelf-life. 

Uniformity showed minimal variation (±2%), indicating consistency in formulation. 

Sensory evaluation scores ranged from 7.5 to 8.2, suggesting good consumer acceptability. Aroma received the highest 

score, likely due to the presence of volatile phytoconstituents from floral ingredients. Overall acceptability (8.0 ± 0.5) 

confirms that the formulation is organoleptically acceptable. 

All experiments were conducted in triplicate (n = 3), and results are expressed as mean ± standard deviation. Statistical 

analysis was performed using one-way analysis of variance (ANOVA) followed by post hoc comparison (Tukey’s test) to 

determine significant differences among parameters. 

The ANOVA results indicated that there were no statistically significant differences (p > 0.05) among the sensory 

attributes (taste, aroma, texture, and overall acceptability), suggesting uniform acceptability of the product. However, minor 

variations in sensory scores may be attributed to individual panelist perception. 

For antioxidant activity, the variation in DPPH inhibition (72–85%) across concentrations was found to be statistically 

significant (p < 0.05), indicating a concentration-dependent increase in radical scavenging activity. 

3.3 Antioxidant Activity 

The antioxidant potential of the herbal chewing gum was evaluated using the DPPH radical scavenging assay. 

• DPPH inhibition: 72–85%  

The results demonstrate strong free radical scavenging activity, which can be attributed to the presence of polyphenols, 

flavonoids, and other bioactive compounds present in the herbal ingredients. The increase in inhibition percentage with 

concentration confirms dose-dependent antioxidant activity. 

These findings are consistent with previous studies reporting high antioxidant activity in plant-based formulations rich in 

phenolic compounds. 

3.4 Stability Studies 

Stability studies were conducted over a period of 30 days under ambient conditions to evaluate the physical and sensory 

stability of the formulation. 

• No significant changes observed in texture or flavor  

• Moisture variation was minimal (<1%)  

• Product remained stable for 30 days  

The results indicate that the formulation maintains its structural integrity and organoleptic properties during storage. The 

low moisture variation further supports the stability of the product, as excessive moisture can lead to microbial growth and 

texture degradation. 
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3.3 Discussion 

The developed herbal chewing gum demonstrated multifunctional bioactivity, combining antioxidant and antimicrobial 

properties. The strong DPPH scavenging activity highlights its potential in reducing oxidative stress in the oral cavity, 

which is associated with periodontal diseases and inflammation. 

The antimicrobial results further support its application as a functional oral health product, capable of inhibiting pathogenic 

microorganisms responsible for dental caries and oral infections. The higher susceptibility of Gram-positive bacteria 

compared to Gram-negative bacteria may be attributed to differences in cell wall structure. 

The synergistic interaction among multiple herbal components enhances the overall efficacy of the formulation, making it 

superior to single-component systems. Additionally, incorporation into a chewing gum matrix provides sustained release of 

bioactive compounds during mastication, improving bioavailability. The combined HPLC and FTIR analyses provide 

strong evidence for the successful incorporation of bioactive phytochemicals into the chewing gum formulation. HPLC 

confirms the presence and quantity of specific antioxidant compounds, while FTIR validates the functional groups and 

molecular interactions within the matrix. 

The coexistence of phenolic compounds (gallic acid, catechin, quercetin) and polysaccharide-based gum matrix suggests a 

stable encapsulation system, where bioactives are uniformly distributed and protected. This structural integrity enhances the 

controlled release of active compounds during mastication. 

Furthermore, the presence of hydroxyl and aromatic functional groups supports the observed antioxidant and antimicrobial 

activities, as these groups are directly involved in radical scavenging and microbial inhibition mechanisms. 

Overall, the spectral data validate that the developed herbal chewing gum is a functional delivery system rich in bioactive 

compounds, with potential applications in oral health and nutraceutical formulations. 

The formulation demonstrated that a natural resin–wax gum base can effectively replace synthetic polymers. The 

incorporation of herbal powders provided significant antioxidant activity, confirming functional benefits. The use of 

jaggery at controlled levels ensured suitability for diabetic individuals while maintaining palatability. 

The synergistic effect of multiple herbs enhanced overall efficacy compared to single-herb systems reported in literature. 

4. Conclusion 

A novel, natural chewing gum enriched with immunomodulatory herbs was successfully developed. The formulation 

exhibited desirable physicochemical, sensory, and antioxidant properties. The study highlights the potential of chewing 

gum as a buccal delivery system for herbal nutraceuticals, offering a biodegradable and health-promoting alternative to 

conventional gums. 

The present study successfully developed a novel herbal chewing gum formulation incorporating a diverse range of 

plant-derived bioactive compounds within a natural gum base, solvent-free matrix system. The integration of gum karaya 

with resin and wax provided desirable mechanical and release properties, while the incorporated herbal components 

imparted significant antioxidant activity. The formulation process was optimized to ensure stability of thermolabile 

phytochemicals while maintaining desirable physicochemical and sensory properties. 

The HPLC analysis confirmed the presence of mainly phenolic and flavonoid compounds, including gallic acid, catechin, 

chlorogenic acid, and quercetin, in appreciable concentrations. These compounds are well known for their potent 
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antioxidant and antimicrobial activities. The chromatographic profile validated the effective incorporation and retention of 

bioactive constituents within the gum matrix. 

The FTIR spectral analysis further corroborated these findings by identifying characteristic functional groups such as 

hydroxyl (O–H), carbonyl (C=O), and aromatic (C=C) groups, confirming the presence of polyphenols, flavonoids, and 

polysaccharide-based gum structures. The results indicate strong molecular interactions between the gum base and herbal 

constituents, suggesting structural stability and compatibility of the formulation. 

The developed chewing gum demonstrated significant antioxidant activity (IC₅₀ ≈ 118 µg/mL) and notable 

antimicrobial efficacy (ZOI up to ~18 mm) against oral pathogens. These functional properties are attributed to the 

synergistic effects of multiple phytochemicals present in the formulation. 

Overall, the study highlights the potential of the formulated product as a functional nutraceutical chewing gum with 

applications in oral health management, antioxidant delivery, and preventive healthcare. The integration of natural 

sweeteners and plant-based bioactives further enhances its suitability for diabetic-friendly and health-conscious 

consumers. 

Future studies may focus on clinical validation, shelf-life analysis, controlled release kinetics, and scale-up production, 

along with advanced characterization techniques such as LC-MS and in vivo efficacy studies to further substantiate its 

therapeutic potential. 

This formulation addresses key limitations of existing medicated chewing gums by eliminating synthetic excipients and 

organic solvents, thereby offering a safe, sustainable, and functional nutraceutical delivery platform. Future studies may 

focus on clinical validation and large-scale production.Clinical evaluation for immunomodulatory effects, Pharmacokinetic 

studies Scale-up and commercialization 
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