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Abstract: 

The increased preference for natural therapeutics and patient friendly dosage 

forms has speeded up the formulating design of novel herbal drug delivery 

systems. The present study, therefore, focused on the development and 

evaluation of herbal medicated chewing gum (MCG) incorporated with 

Tulsi (Ocimum sanctum), Liquorice (Glycyrrhiza glabra) and mastic for 

effective amelioration of sore throat and oral discomfort.  Many researchers 

have developed new formulations and technologies through oral drug 

delivery systems. Such researches exhibit importance of oral route amongst 

patients. The selected herbal ingredients have a strong antimicrobial, anti-

inflammatory, and soothing effect creating a synergized therapeutic action. 

To evaluate the effect of mastic gum, beeswax and glycerol on important 

quality attributes, a set of different concentration formulations (F1–F5) were 

prepared in this study. The formulations were analyzed for various 

physicochemical and organoleptic parameters such as appearance, weight 

variation, hardness, moisture content, chewability, friability and taste 

acceptability. Results demonstrated formulation parameters have a 

considerable effect on the product’s efficiency. F3 was identified as the aptly 

optimized formulation, exhibiting optimal hardness, outstanding 

chewability (with less than 1% friability), appropriate moisture content, and 

good palatability. Also, the formulation showed enhanced therapeutic effect 

due to synergestic action of tulsi, liquorice and mastic gum. This medicated 

chewing gum is identified as a patient-compliant oral drug delivery system 

with sustained and prolong therapeutic effect which can improve the 

acceptability for its use in the throat-related disorders֙ management. 

Keywords: Medicated chewing gum, Tulsi, Liquorice, Mastic gum, 

Synergestic effect, chewability, Sore Throat.  

This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under the 

terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 

(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 

original work is properly credited.  

Introduction: 

Historically, herbal products have been in use by 

humans for centuries and have been handed down 

through the generations with a proven record of being 

effective while having veritably many, if any, side 

effects when compared to conventional medicinal-

type specifics. More lately, pharmaceutical 

companies have concentrated their exploration 

efforts on the development of a new class of products 

known as herbal drug delivery systems. Conventional 

chewing gum is produced on a large scale and it, thus, 

contains a high percentage of rubbery substances. 

Conventional chewing gum primarily uses a gum base 

derived from petroleum-based products; therefore 

they are synthetic and non-biodegradable product 

that has been shown to have no positive 

environmental impact on the world and contributes 

heavily to environmental pollution In light of these 

data, numerous researchers have concentrated their 

resources on developing chewing gum products 

made with natural, biodegradable ingredients, 

thereby reducing negative environmental impact on 
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the earth [1]. Thus, many researchers have now 

produced medicated chewing gums made with either 

natural plant or animal based active ingredients for 

the treatment of various medical conditions, 

including sore throat, cough, and oral discomfort. 

 
Fig 1: Reasons for the increased demand of 

Herbal Medicated Chewing gum 

Medicated chewing gum is a novel drug delivery 

system which is a solid or semisolid oral dosage form 

containing masticatory gum base with one or more 

pharmacologically active ingredients providing 

either local or systemic delivery of drug and 

maintains constant level of drug in the oral cavity. [2] 

Medicated chewing gums are placed in the oral cavity 

and chewed for a predetermined time period for the 

slow release of medication to improve health. [3] The 

introduction and later success of nicotine chewing 

gum in the 1980s led to the broader acceptance of 

chewing gum as a method for drug delivery. [4-8] 

 
Fig 2: Definition of Medicated Chewing gum 

The duration it takes for chewing gum to break down 

varies depending on the person using it, as they 

influence the disintegration process by controlling 

how long they chew it in their mouth. Many medicated 

chewing gums are available over the counter, whereas 

certain medications are prescribed by doctors and 

need a prescription. MCG stands for the latest system 

with possible applications in pharmaceuticals, over-

the-counter medications, and nutraceuticals. [10] 

The use of medicated chewing in various therapies 

such as: 

• Smoking cessation 

• Dental care 

• Motion sickness 

• Pain relief 

 

Advantages of Medicated Chewing Gums 

1. Rapid onset of action. 

2. Risk of overdose is minimized in the event of the 

gum being ingested in whole pieces. 

3. Have high acceptability levels in the pediatric 

and teenage population.[11],[12] 

4. Have a low first-pass effect.[11] 

5. Reduce the risk of gastric mucosa 

intolerance.[12] 

6. Relieve xerostomia, or dry mouth, in 

patients.[13] 

7. Relieve difficulties in swallowing in patients 

after tonsillectomy.[14] 

8. May improve work performance and mental 

performance.[15] 

9. Reduce the risk of hypoglycemic attacks in 

patients using diabetes medications.[16] 

10. Increase alertness in patients by enhancing the 

amount of blood circulating in the brain.[17] 

 

Disadvantages of Medicated Chewing Gums 

1. Loss in the mouth cavity after the salivary 

dilution of the drug. 

2. Various release profiles due to differences in 

style of chewing. 

3. Transient administration temporary on account of 

eating, speaking, and drinking. [18] 

4. Constant stress on jaws that can lead to 

temporomandibular joint disorder. 

5. Rotting of teeth proceeds by coating it with 

sugar.[7], [19]. 

 

Medicated chewing gums are preferred over other dosage forms due to 

Table 1: Advantages of medicated chewing over other dosage forms 

Dosage Form Advantages of Medicated Chewing Gum over other dosage forms 
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Solid dosage forms (Tablets, Capsules) • Provides faster onset of action 

• Does not require water for administration 

• Improves patient compliance 

• Partially bypasses hepatic first-pass metabolism 

• Allows prolonged drug action in the oral cavity and throat. 

Semisolid dosage forms (Gels, Pastes) • More convenient and hygienic since it does not require direct 

application 

• Ensures prolonged residence time in the oral cavity through 

chewing 

• Stimulates saliva secretion which enhances drug distribution. 

Liquid dosage forms (Syrups, 

Suspensions) 

• Eliminates the need for measuring devices and reduces dosing 

errors 

• Provides controlled drug release during chewing 

• Enhances local therapeutic action in throat infections due 

to longer mucosal contact. 

Lozenges • Provides controlled drug release through 

chewing rather than simple dissolution 

• Stimulates higher saliva production which 

improves drug distribution 

• Reduces risk of choking compared to lozenges 

Tulsi: The Active Ingredient 

Botanical Description: [20], [21] 

• Synonyms: Holy basil & sacred basil in 

English, Divya & Vishnupriya in 

Sanskrit, Raihan in Urdu and Tulsi in 

Hindi 

• Biological source: consist of the fresh and 

dried leaves of the plant of Ocimum 

species like Ocimum sanctum L. & 

Ocimum basilicum 

• Family: Lamiaceae 

• Parts used: Fresh and dried leaves of plant 

• Major constituents: Eugenol, 

methyleugenol, ursolic acid, rosmarinic 

acid, flavonoids etc. 

• Pharmacological Activities of Tulsi: 

1. Anti-cancer activity 

2. Anti-diabetic activity 

3. Antilipidemic activity 

4. Anti-bacterial activity 

5. Anti-fertility activity 

 

Liquorice:  

Botanical Description:[22] [23] 

• Synonyms: Jashtimadhu (Bangla), Muleti 

(Punjabi), MithiKathi (Sindhi), Khosha 

Walgi (Pushto), Rub-us-soos (Arabic), 

Bikhemahaka (Persian), Moyo 

(Chitrali). Vernacular names: Liquorice 

(English), Bois doux (French), 

Regalizia (Spanish). [23] 

• Biological source: consisted of the dried 

roots of Glycyrrhiza glabra 

• Family: Leguminosae 

• Parts used: Rhizomes, rootlets and stolons. 

• Major constituents: glycyrrhizin, 

glycyrrhetinic acid and other saponins 

Glycyrrhizin
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Fig 4: Major chemical constituents of Liquorice 
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•  Pharmacological Activities of Liquorice: 

1. Anti-inflammatory activity 

2. Respiratory Support 

3. Anti-cancer activity 

4. Gastroprotective activity  

5. Anti-viral activity 

6. Hepatoprotective activity  

 

Mastic Gum: The Gum Base 

Botanical Description: [24] 

• Synonyms: Rumi Mastagi, Mastagi, Tears of 

Chios  

• Biological source: resin exudate from 

incisions on Pistacia lentiscus L.  

• Family: Anacardiaceae 

• Parts used: Resin  

• Major constituents: Triterpenic acids 

(masticadienonic acid / oelic acids), 

polymer, myrcene, limonene 

 

OH

O

O
H

H

H

H

Masticadienonic acid
 

HO

O H

H

Oleic acid
 

Myrcene
 

Limonene  

Fig 3: Major chemical constituents of Mastic Gum 

• Pharmacological Activities of Mastic Gum: [25] 

1. Anti-inflammatory activity 

2. Anti-cancer activity 

3. Anti-oxidant activity 

4. Gastroprotective activity  

5. Anti-bacterial activity 

6. Soothes Respiratory irritation  

 

Selection of Tulsi, Liquorice and Mastic gum primarily due to: 

Table no.2: Reasons for the selection of Tulsi, Liquorice & mastic gum in the formulation   

 

Sr.no. 

 

Herb 

Therapeutic Role in 

Sore Throat 

Key Active 

Compounds 

Reason for Selection 

1.  Tulsi 

(Ocimum 

sanctum) 

• Antimicrobial 

activity 

• Antiviral 

• anti- inflammatory 

properties  

• Eugenol 

• Ursolic acid 

• Rosmarinic acid, 

• Flavonoids 

• Helps inhibit growth 

of bacteria responsible 

for throat infections 

• Reduces 

inflammation of throat 

tissues 

1.  Liquorice 

(Glycyrrhiza 

glabra) 

• Acts as a demulcent 

• Soothing agent 

• Glycyrrhizin 

• Glycyrrhetinic acid 

• Provides soothing 

effect 
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• Relieves throat 

irritation 

• saponins • Reduces   

• irritation  

• Protects mucosal 

lining 

2.  Mastic gum 

(Pistacia 

lentiscus L.)  

• Natural chewability  

• Mucoadhesive  

• Sustained release  

• Anti-microbial 

synergy 

• Triterpenic acids 

(masticadienonic 

acid / oelic acids) 

• Polymer 

• Myrcene 

• Limonene 

 

• Provides prolonged 

mastication   

• Enhances local anti- 

inflammatory action  

• Complements tulsi/ 

liquoricce 

Synergistic effects of Tulsi and Liquorice: 

1. Tulsi inhibits microbial growth while 

Liquorice enhances mucosal protection. 

2. Both herbs reduce inflammation and swelling 

in throat tissues. 

3. Liquorice coats the throat mucosa while Tulsi 

reduces irritation. 

4. Tulsi enhances immune response and 

Liquorice has immunomodulatory effects. 

5. Combination provides relief from pain, 

irritation, dryness, and cough. 

 

Combined Therapeutic effect of Tulsi, Liquorice and Mastic gum in Sore Throat 

Table 3: Synergestic effect of active ingredients and gum base in sore throat 

 

Materials and Methods: 

Materials 

Table no.4: Ingredients used in the formulation and their roles 

 

Methods 

1. Extraction method 

 

 

Individual Action Synergestic effect 

Antimicrobial activity of Tulsi and Mastic gum  Rapid reduction of microbial load 

Anti-inflammatory activity of Tulsi and Liquorice  ↓ in throat redness, swelling and pain  

Demulcent and mucosal protective effect of 

Liquorice  

Immediate soothing of irritated throat  

Anti-oxidant action of flavonoids  Protection of throat from oxidative stress & faster 

recovery  

Sustained release through chewing gum Prolonged action ensuring better therapeutic efficacy 

Saliva stimulation during chewing  Enhanced drug distribution  

Ingredients Role Additional function  

Mastic gum Gum base Provides chewability 

Beeswax Binder  Softening agent  

Glycerol Plasticizer Improves flexibility 

Tulsi extract  Active ingredient  Therapeutic agent  

Liquorice extract  Active ingredient  Therapeutic agent  

Sorbitol Sweetener Enhances taste  

Calcium carbonate Filler Texture modifier  

Peppermint oil  Flavor Masking agent  

Talc  Glidant Prevents stickiness 
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• Drying and Powdering 

 

 

• Maceration  

 
 

• Filtration: Filter the extract using muslin cloth or filter paper 

• Concentration: The filtrate is evaporated on water bath at 40-50◦ C & thick semi-solid extract is 

obtained & completely dried in hot air oven at 40◦C to get the solid mass 

• Storage: Store in air tight container for formulation use 

 

Hydroalcohlic extraction was selected because it efficiently extracts both polar and semi polar phytoconstituents 

from Tulsi and Liquorice.It preserves heat-sensitive compounds, provides better yield and produces a stable dry 

extract suitable for uniform incorporation into medicated chewing gum. 

2. Manufacturing method: [26], [27] 

 
 

This method is used because it is suitable for 

thermoplastic gum bases like mastic gum and 

beeswax, ensuring uniform mixing of drug and 

excipients, being cost-effective it also helps in 

achieving desired texture and chewability. 

 

Formulation trials: 

Different- different formulations were prepared by 

varying the concentration of mastic gum (gum base), 

beeswax & glycerol (plasticizer). The concentration 

was varied to study the effect on texture, hardness, 

chewability etc., helps in optimization of 

formulation. While tulsi & liquorice extracts, 

sorbitol, calcium carbonate, peppermint oil, talc were 
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kept constant to ensure consistent taste & texture.  

 

Table no.5 Formulation table for different batches 

                         

  

Fig 4: Formulation 1 Fig 5: Formulation 2 

  

Fig 6: Formulation 3 Fig 7: Formulation 4 

 

Fig 8: Formulation 5 

Evaluation studies:  

• Appearance: Visually inspect the 

lozenges under good lighting. Observe 

and record the shape, color, surface 

texture etc. 

• Weight Variation: The weight 

variation test of MCGs was done using 

twenty randomly chosen chewing 

gums. Weight of each chewing gum 

was taken separately to get the average 

weight from total weight, and the 

Ingredients (g) F1 F2 F3 F4 F5 

Mastic gum 1.0 1.2 1.5 1.7 2.0 

Beeswax 0.5 0.6 0.7 0.8 0.9 

Tulsi extract  0.5 0.5 0.5 0.5 0.5 

Liquorice extract  0.5 0.5 0.5 0.5 0.5 

Sorbitol 4.9 4.9 4.9 4.9 4.9 

Glycerol 1.5 1.2 0.8 0.5 0.1 

Calcium carbonate 0.85 0.85 0.85 0.85 0.85 

Peppermint oil 0.1 0.1 0.1 0.1 0.1 

Talc  0.1 0.1 0.1 0.1 0.1 
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deviation percentage was obtained 

from the average above. not more than 

2 samples should differ the average 

weight. Maximum deviation from the 

average weight should be 5%. [28] 

• Hardness: MCGs hardness testing was 

done by diametrical compression 

technique using Monsanto hardness 

tester, and hardness was expressed in 

kg/cm2. [28] 

• Stickiness: Determined subjectively 

during kneading and after 24 hours. 

• Moisture Content: Moisture content 

was determined using a desiccator 

containing a suitable desiccant, such as 

silica gel or anhydrous calcium 

chloride, to absorb residual moisture 

from the chewing gum samples. The 

moisture content was calculated using 

the following formula [29] 

• Chewability: A panel of volunteers 

chewed the gum and rated its ease of 

mastication on a scale of 1-5 (1= very 

poor, 5=very good) 

• Friability: Ten MCGs were randomly 

chosen and dusted off; then their weight 

was determined. The tablets were 

placed into the Roche friabilator (EF-2, 

Electrolab®) which was set to rotate the 

tablets at 25 rpm for 100 rotations. 

They were again dusted off and their 

weights were determined. Percentage 

weight loss from one or mean of three 

experiments was determined. 

According to established criteria, the 

formulation passes the friability test if 

the percentage weight loss is less than 

1%. [30] [31] 

• Taste evaluation: A panel of 10 

volunteers rated taste on a scale of 1-5 

(1=poor, 5=excellent). [27] 

 

Table no.6: Evaluation parameters of different formulations 

 

Results and Discussion: 

The prepared medicated chewing gum formulations 

(F1–F5) showed significant differences in 

physicochemical and organoleptic properties as a 

function of the concentration levels of mastic gum, 

beeswax and glycerol. The characteristic of the 

formulation slightly improved, F1 to F3, and once 

again started performance degradation in compounds 

(F4) and (F5), due to excessive rigidity. 

• Appearance: F3 showed the ideal 

smooth and glossy like surface, while 

F1 was too hard, and F5 showed 

structural defects such as micro cracks. 

• Weight Uniformity: The percentage 

change in weight was greatly reduced 

from 9.8% (F1) to 3.2% (F5), pointing 

towards better content uniformity at 

optimized formulation composition. 

• Mechanical Strength (Hardness): 

Hardness proportionally increased as 

gum base concentration increased, 

from 0.7 to 4.2 kg/cm², indicating 

higher gum base formulations exhibited 

better structural integrity. 

• Moisture Content: It had observed a 

steady decrease (from 5.2% to 2.4%), 

enhanced stability but affecting 

chewability at lower concentrations. 

• Chewability: F3 had better mastication 

properties (score 5), which implied the 

mouth feel needed for patient 

compliance. 

Parameter F1 F2 F3  F4 F5 

Appearance  Hard  Smooth  Glossy  Slightly dull Micro-

cracks 

Weight Variation (%) 9.8 7.2 4.1 3.7 3.2 

Hardness (kg/cm²) 0.7 1.7 2.6 3.4 4.2 

Stickiness High  Moderate  None  Slight  Slight  

Moisture content (%) 5.2 4.3 3.1 2.8 2.4 

Chewability (1-5 scale)  1(very poor) 3(passable) 5(very good) 

 

4(good) 2(poor) 

Friability (%) 2.1 0.9 0.12 0.08 0.03 

Taste acceptability (1-5 

scale)  

2(slightly 

bitter)  

4(less 

pleasant) 

5(pleasant, 

acceptable) 

3(pleasant) 1(bitter) 
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• Friability: A substantial decrease in 

friability (2.1% to 0.03%) confirmed 

enhanced mechanical resistance; 

batches F3–F5 met the pharmacopeial 

limit (<1%). 

• Taste Acceptability: Among these 

formulations, the highest acceptability 

was reported for F3 (score 5), 

suggesting its efficient taste masking 

and palatability. 

 

Impact of Formulation Variables on Evaluation 

Parameters 

• Effect of Mastic Gum (1.0 → 2.0 g): 

The hardness (0.7 → 4.2 kg/cm²) and friability (2.1% 

→ 0.03%) increased and decreased, respectively, 

with an increase in concentration of mastic gum 

which indicates improved mechanical strength. On 

the other side, the F4−F5 levels exhibited less 

chewability and micro-cracks that suggested 

excessive rigidity. 

• Effect of Beeswax (0.5 → 0.9 g) 

Higher additive levels of beeswax improved binding 

and structural integrity which led to lower friability 

and stickiness. However, at higher concentrations it 

caused hardening of the gum matrix, leading to 

undesirable textural and chewability characteristics. 

• Effect of glycerol (1.5 → 0.1 g): 

Reduction of glycerol markedly decreased gum 

flexibility and chewability. Greater concentrations of 

glycerol (F1eF3) enhanced chewability and softness 

of the samples, whereas lower levels (F4eF5) showed 

hardness, poor mastication and brittleness. 

The combination of these excipients thereby 

demonstrates that chewability is a function of 

balanced mechanical & elastic properties instead of 

single component-based effects. This optimal 

balance was demonstrated with F3 which displayed 

sufficient hardness without brittleness, low stickiness 

and high mastication ability. 

Moisture content was also supportive, serving 

moderate levels to maintain flexibility and lower 

levels to improve mouthfeel while compromising 

chewability. Alongside the physical and chemical 

attributes of the formulation, its sensory qualities, 

mainly those related to taste, have been improved. 

Improving the sensory aspect of a medication is very 

important for ensuring compliance from many 

patients.  

This was particularly evident with the optimized 

batch, in terms of its ability to mask the bitterness of 

herbal extracts, which was most likely accomplished 

through the uniform distribution of components and 

controlled release characteristics during mastication. 

From a therapeutic point of view, the formulation 

also takes advantage of the interaction between Tulsi, 

Liquorice, and Mastic Gum. While Tulsi provides its 

antimicrobial and anti-inflammatory characteristics, 

Liquorice offers its demulcent and soothing effects, 

and Mastic Gum serves as an agent to enhance the 

duration of residence in the oral cavity as well as the 

duration of time it takes for the formulation to be 

released from the delivery system. Together, these 

components contribute to increased local 

effectiveness in the management of sore throat and 

discomfort in the oral cavity. 

Table no.7: Final optimized batch 

 

Conclusion:  

The present work successfully formulated and 

optimized a herbal medicated chewing gum 

containing Tulsi, Liquorice, and mastic gum. The 

study clearly established that variation in mastic gum, 

beeswax, and glycerol significantly influences key 

quality attributes such as hardness, chewability, 

friability, moisture content, and taste acceptability.  

Among all formulations, Formulation F3 was 

identified as the optimal formulation as it 

demonstrated:  

• Optimal balance between hardness and 

flexibility  

Ingredient  Quantity (g) 

Mastic gum 1.5 

Beeswax 0.7 

Tulsi extract  0.5 

Liquorice extract  0.5 

Sorbitol 4.9 

Glycerol 0.8 

Calcium carbonate 0.85 

Peppermint oil 0.1 

Talc  0.1 
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• Excellent chewability and patient 

compliance  

• Acceptable friability and moisture 

content  

• Superior taste masking and palatability 

The formulation also exhibited promising therapeutic 

potential due to the synergistic action of herbal 

ingredients, providing antimicrobial, anti-

inflammatory, and soothing effects for effective 

management of sore throat. medicated chewing gum 

emerges as a promising, patient-friendly, and 

efficient herbal drug delivery system, offering 

advantages such as improved compliance, sustained 

drug release, and enhanced local therapeutic action. 
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