


MASTICATION MEETS MEDICINE: THE EVOLUTION OF BIODEGRADABLE GUM AS A THERAPEUTIC DELIVERY PLATFORM


ABSTACT
Over time, the unique characteristics of chewing gum have transformed it into an attractive novel therapeutic delivery system with slow-release mechanisms that serve effective local and systemic action. This review highlights the remarkable opportunity that medicinal chewing gums (MCGs) deposit in drug delivery of different bioactive agents indicated for a variety of therapeutic purposes such as treatment of motion sickness, management of pain, relief of smoking addiction, dental hygiene, gastrointestinal disorders, oral fungal infections, and inflammatory disorders. MCGs provide numerous benefits, including gastric acid and enzyme protection, reduced first-pass metabolism, and increased cognitive function, and are becoming increasingly appealing to consumers for therapeutic use. Currently, the chewing gum industry is under a lot of scrutiny for its contribution to plastic pollution due to its use of synthetic gum bases that are not biodegradable. Consequently, a greater need has emerged for more non-plastic options that provide functionality while still being biodegradable. Innovation possibility -development of natural gum bases to replace synthetic components these biodegradable formulations are eco-friendly and appeal to a growing sustainability-conscious market. This article encourages the implementation of zero-waste technologies and the development of biodegradable gums that remain intact in the mouth during mastication but can be degraded and assimilated by colonic microorganisms after being swallowed. In this way, chewing gum producers can meet the environmental standards of the modern world through advances in knowledge while also best utilizing the potential therapeutic effects of the MCGs.
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INTRODUCTION
Gum is not just a nice treat anymore; chewing gum could be a novel drug delivery system, especially in the recent past when science was talking. Chewing gum can be used to deliver both pharmaceuticals and nutrients Illustrated in Fig 1, which means that this novel methodology could be implemented on an industrial scale." Medicated chewing gum (MCG) is a controlled dose form that is intended to exert a sustained release of active ingredients[1]. This creative delivery system is particularly attractive as it turns a popular pastime into a tool for health management. By the modern age, chewing gum has taken on a completely different form than its primitive counterparts, which were primarily just tree resin and plant derivatives[2]. Today, it said the commercial gum industry has prospered, becoming the third largest category in the world confectionery market behind chocolates and candies. This data is reflected in recent figures showing a dramatic increase in chewing gum sales exceeding 0.5 million tons annually and a notable expansion of business in this multibillion-dollar sector[3]. Chewing gum has become popular in India among children, teens and adults. This wide reach is illustrated by the heightened levels of consumption, which resulted in chewing gum gaining traction with the Indian consumer. The Indian chewing gum market has witnessed tremendous growth over the past decade, owing to a significant shift in lifestyle, urbanization, and growing awareness regarding oral hygiene, as per industry reports. The chewing gum market in India has a sales value that has become impressive, and some estimates suggest it may be higher than several hundred million dollars per year. Specific numbers might vary little, but it definitely shows that the Indian gum market has been a significant part of the chewing gum industry worldwide. Like other geographies, there are a few reasons driving the popularity of chewing Gum in India. This includes an increase in disposable incomes, a growing middle class and heavy advertisement from leading brands. 
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Figure1. Mechanisms of Drug Release from Medicinal Chewing Gums: A Visual Exploration
Chewing gum is popular among young people, especially in cities, not merely for its taste but also as a way to enjoy fresh breath and concentration benefits. The Indian chewing gum segment is quite heterogeneous, with multiple flavor varieties available, from traditional mint and fruit flavors to local advent varieties that add regional flavor. Internationally, the market is competitive with brands like Wrigley’s, Mondelez, and Perfetti on one side, while our own brands, from the Indian perspective, have their own share. The Indian chewing gum market is set to continue its growth trajectory through rapid consumer evolution, strong snacking culture and continuous product innovations. The market will further expand since people will recognize the benefits of chewing gum more, including how it can give you good oral hygiene and how it can also serve as a stress reliever – these contribute to the ever-changing state of the global chewing gum industry[4]. The first patented chewing gum in the U.S. was developed by dentist John Semple from charcoal and chalk, serving as a precursor to more complex formulations. Decades passed before the evolution of flavored gums came into play by many different innovators. The first modern gum, made from chicle—a natural latex—and flavored with licorice, was created by Thomas Adams, though the licorice flavor wasn't long-lasting. Later improvements came to the product, including peppermint flavors introduced by William White, which made the product more palatable. Furthermore, chewing gums have been developed in recent years for modern uses as therapeutic drugs in order to reduce unpleasant dental odors, e.g., those produced by alcohol consumption, to replace smoking, and so on[5]. The first medicated chewing gum, "Aspergum," was available more than a century ago, with aspirin as an active ingredient with analgesic and anti-inflammatory benefits[6]. Sugar alternatives such as sorbitol and xylitol revolutionized the popularity of chewing gum, as the growing popularity reversed the focus of chewing gum towards more healthy options due to increasing awareness of dental health issues[6-7]. Medicated chewing gums are a delivery vehicle for one or more nutrients or a pharmaceutical dose form that improves function or alleviates certain conditions in the body. Moving away from high-sugar gums is no small achievement in terms of the industry, with research showing that using polyols instead of sugar can actually help to fulfill the dental issues of old-style gums. The advent of sugar-free and medicated types is experiencing high demand, which is concrete proof of the change in consumer behavior toward healthier alternatives[8,9].
Table 1. History of chewing gum [10]
	Year
	Inventor
	Specification

	1848
	John Curtis
	Introduced the first commercial chewing gum.

	1860
	John Cogan
	Developed the first flavored chewing gum.

	1869
	William Finely
	Secured a patent for simple commercial chewing gum.

	1870
	Thomas Adams
	Created modern chewing gum using chicle.

	1871
	Thomas Adams
	Received the patent for the machinery used in manufacturing chewing gum.

	1880
	William White
	Developed the peppermint and other flavored chewing gums.

	1880
	Henry Fleer and Frank Fleer
	Produced Chiclets and Blibber-Blubber gum (the first bubble gum).

	1888
	Thomas Adams
	Introduced Tutti-Frutti flavored gum.

	1891–1893
	Wrigley
	Launched Lotta, Vassar, Juicy Fruit, and Spearmint gum.

	1914
	William Wrigley and Henry Fleer
	Created Wrigley’s Doublemint gum and clove chewing gum.

	1928
	Walter Diemer
	Invented Double Bubble, the first successful bubble gum.

	1928
	Frank M. Dillard and William C. Nalle
	Introduced medicated chewing gum.

	1960
	Petrulis
	Launched sugar-free chewing gum, revolutionizing the market.

	1980
	Ove Fernö
	Developed Nicorette, a chewing gum to aid in smoking cessation.

	2000–2015
	Various Innovators
	Progress in synthetic gum bases to replace natural ingredients.

	2015–2020
	Various Innovators
	Focus on creating biodegradable medicated sugar-free chewing gum.



Chewing gums are produced through the blending of a two-phase system: a) monophase or discontinuous phase, the gum base (water insoluble), and b) polyphase or continuous phase, sweeteners and other ingredients (water-soluble). Normally, these two phases are mixed with a ratio of 1:3. From the preparation of the chewing gum, the size and concentration of the granulated sugar applied have considerable effects on the texture of the final product. Retro nasal aromas essential to chewing gum are influenced primarily by the composition of the chewing gum itself, including carbohydrates, solvents, and the gum base[11,12]. Even the odor properties within the gum may be affected by this, a fact that serves as an important point of concern in the current manufacturing difficulties that follow  Flavoring agents typically have a concentration of approximately 1% in chewing gum[13]. An overview of compositions of chewing gums, which show the functions of ingredients, their amounts and natural and synthetic sources of specific ingredients are given in Table 2.

Natural and biodegradable gum bases
Natural and biodegradable gum bases that are plastic-free and biodegradable are healthier alternatives than traditional plastic gum bases. It is based on the ceremonial chewing of chicle (literally gum, as it is obtained from tree sap as a natural gum from the Chicozapote tree). In this method, shallow incisions are made along the tree bark to harvest resin, allowing the trees to produce 3–5kg of sap per harvest without damaging the tree every 6–7 years. This chicle has a great chewy texture, and it is a plastic-free, chemical-free, and biodegradable gum base. As the environmental concerns associated with non-biodegradable residues continue to rile the chewing gum industry, more researchers are working on plastic-free products, and more manufacturers are investing in plant-based biodegradable alternatives. Some recent work on biodegradable chewing gums using other materials with performative properties has been published. As a proof of concept, the water-insoluble molecule, zein, has been used to encapsulate an active ingredient, diphenhydramine hydrochloride, into chewing gum for anti-motion sickness application. Chicle, which resembles synthetic bases closely enough to make it into actual gum — but that's rare these days. This ability has made it very difficult to commercialize chewing gum using a natural gum base/protein as compared to the existing synthetic gum base, and therefore, more research is needed to be carried out to improve the properties of the developed plant-derived natural gum bases.
Water insoluble base
This gum base, which is non-biodegradable, is what the USFDA defines as "a non-nutritive, chewable substance consisting of as much as 48 allowable ingredients." This chewing gum base is insoluble, chemically inert, and is the basis of the palatable part of chewing gums containing sugars, flavorings, and bioactive compounds. Conventional chewing gums use synthetic polymers with ingredients including petrochemical derivatives, lanolin, glycerol, polyethylene (plastic), polyvinyl acetate (white glue), paraffin wax (a lubricating oil refinery byproduct), stearic acid, latex, aspartame, inflammatory titanium dioxide, and the carcinogen butylated hydroxyanisole (BHA). The exact formulation for gum base is a trade secret. A gum base composed of prior types of chewing gum has been a concern among consumers, manufacturers, and environmentalists. With gum being able to stick to various surfaces – including sidewalks and benches – just as non-biodegradable plastics that are used to make things such as car tires and plastic bottles do, these gum bases can also add to the global plastic pollution issue.
Table 2. An overview of compositions of chewing gums
	Ingredients
	Amount
	Natural Source
	Synthetic Source
	Functions

	Flavoring Agents
	0.01–1%
	Volatile essential oils (citrus oil, peppermint oil, spearmint oil, mint oil, clove oil, wintergreen oil, anise oil)
	N/A
	Improve flavor and provide taste masking effects

	Bulking Agent
	Up to requirement
	Guar gum hydrolysates, indigestible dextrin, polydextrose, inulin, oligo fructose, fructooligosaccharides
	N/A
	Used as a bulking agent

	Texturizing / Filling Agents
	50%
	Talc, magnesium and calcium carbonate, tricalcium phosphate, colloidal aluminum silicate (Bentonite), magnesium aluminum silicate
	N/A
	Provide texture and improve chewability

	Antioxidants
	0.02%
	Vitamin C, A, E; Plant extracts
	Propyl gallate, butylated hydroxyanisole (BHA), butylated hydroxy toluene (BHT), mono-tert-butyl hydroquinone, 2,4,5-trihydroxy butyrophenone, ascorbyl palmitate
	Protect gum base and flavors from oxidation

	Elastomers
	15–45%
	Chicle, matic tree bark, blubber, coca leaves, crown gum, ginseng plant roots, betel nuts, tobacco leaves, nispero, kenger gum, balsam tree, sugar pine, spruce sap
	Butadiene-styrene copolymers, isobutylene isoprene copolymers, polyethylene mixtures, polyisobutylene, vinyl polymer
	Provide elasticity, flexibility, and control gummy texture

	Active Compounds
	0.5–30%
	Plant extracts; Pharmaceutical drugs
	N/A
	Specific functions

	Softening Agents
	0.5–15%
	Glycerin, lecithin, fatty acids (stearic acid, palmitic acid, oleic acid, linoleic acid)
	N/A
	Soften the mixture for better mouth feel during chewing

	Solvents / Plasticizers
	45–70%
	Rosin esters: hydrogenated rosin, pentaerythritol esters of rosin, glycerol esters of partially hydrogenated wood or gum rosin, glycerol esters of partially dimerized rosin; Terpenes: d-limonene, α-pinene, β-pinene
	N/A
	Regulate cohesiveness of the product

	Sweetening Agents
	50% (Low intensity 2–15%, High intensity 0.05–1.00%)
	Sugars (sucrose, dextrose, maltose, maltodextrin, fructose, galactose); Low-intensity natural sweeteners (mannitol, sorbitol, xylitol); High-intensity artificial sweeteners (saccharin, aspartame, neotame, acesulfame potassium, sucralose)
	N/A
	Retain moisture, act as bulking/softening/binding agents, improve taste, maintain flexibility

	Coloring Agents
	0.10%
	Plant extracts (chlorophyll-green, annatto-yellow, curcumin-yellow, saffron-yellow) and animal extracts (cochineal red)
	Brilliant Blue (blue), Indigotine (dark blue), Fast Green (bluish green), Allura Red (red), Erythrosine (pink), Tartrazine (yellow), Sunset Yellow (orange)
	Provide specific color




Table 3. Advantages and Disadvantages of MCG
	Advantages of Medicated Chewing Gums
	Disadvantages of Medicated Chewing Gums

	1. Greater effectiveness compared to other oral delivery systems.
	1. Loss of drug in the oral cavity due to salivary dilution.

	2. Ability to remove gum at any time, allowing termination of drug delivery.
	2. Variability in drug release profiles caused by differences in chewing styles.

	3. Lower risk of overdose since the gum can be chewed whole and not swallowed.
	3. Limited duration of use due to interruptions from eating, speaking, or drinking.

	4. No need for water to aid consumption.
	4. Potential allergic reactions to artificial sweeteners.

	5. Protection of sensitive drugs from chemical or enzymatic degradation in the gastrointestinal (GI) tract.
	5. Continuous jaw stress which may lead to temporomandibular joint disorders.

	6. Facilitates both systemic and local drug delivery.
	6. Risk of tooth decay from sugar coating.

	7. High acceptance rates among children and teenagers.
	7. Possible masseter muscle issues.

	8. Reduced first-pass metabolism, necessitating lower doses compared to other oral medications.
	8. Stomach irritations, gastritis, or ulcers due to the continuous swallowing of saliva, and potential flatulence from sorbitol in some formulations.

	9. Suitable for rapid drug delivery.
	9. Risk of choking if gum is swallowed by young children.

	10. Generally fewer side effects.
	

	11. Decreased risk of gastric mucosa intolerance.
	

	12. Good stability against light, oxygen, and moisture.
	

	13. Alleviates xerostomia and assists with tasting and swallowing for individuals with dry mouth.
	

	14. Eases pain and difficulty in swallowing post-tonsillectomy.
	

	15. Enhances work performance and cognitive function.
	

	16. Promotes faster bowel recovery after gastrointestinal surgery.
	

	17. Reduces hypoglycemic episodes in individuals using antidiabetic medications.
	

	18. Increases alertness by boosting blood flow to the brain.
	

	19. Aids in curbing food cravings.
	



Sugar-Free Chewing Gums
The major producers use high-intensity sweeteners in sugar-free chewing gum, but owing to the noncaloric and noncarcinogenic properties of the polyols, they are still used[14,15]. To maximize sweetness and slow flavor release in these gums, polyols provide low-calorie bulk combined with high-intensity sweeteners. Polyols are also GRAS (Generally Recognized as Safe) according to the FDA, and the acceptable ranges are regulated[16,17]. They are not metabolized by oral bacteria, and therefore, they do not give enough calories for the growth of bacteria, thus protecting oral health from many disorders [18]. Frequent consumption of sugarless chewing gum can help restore enamel after meals and snacks._Sorbitol (Hexitol) and xylitol (pentitol) are the most widely used polyols in chewing gums, and both decrease the prevalence of supragingival root-surface caries[19]. Xylitol reduces the number of micrococcus bacteria as well as the mass and adhesive properties of dental plaque more than does sorbitol and has greater potential benefit as a pentitol. Owing to its unique properties, gum with xylitol has been shown to help the remineralization process of carious lesions in several clinical trials when consumed regularly or frequently [20]. As a result, sugar-free chewing gums are commonly described as "mechanical salivary stimulants" that support the clearance of residual dietary components and microbes from the oral cavity and dentition following food intake and improve the buffering capacity in the oral cavity to neutralize plaque acids[21]. Promoting xylitol gums by themselves or in conjunction with other dental care agents as an anti-cariogenic method among at-risk populations has been a focus of U.S. national oral health initiatives[22]. The positive effect of xylitol can be further increased as the effect of xylitol enriched with some minerals such as calcium phosphate and calcium lactate can be more effective on enamel remineralization[18]. Moreover, a xylitol–chlorhexidine mixture decreases the number of micrococcus and lactobacilli.
Medicated Chewing Gum (MCG)
Medicated chewing gums (MCGs) have a wide range of applications and are more popular in the medical field as they are medically justified for drug delivery and nutraceuticals. Due to the high number of smokers with poor oral condition and bad breath, the global demand for MCG is growing year on year[23]. The presence of MCGs to prevent and treat nausea, motion sickness, dental caries, and smoking cessation increases their dominance in market growth. Chewing gums as drug delivery systems are gaining in popularity due to some advantages such as a non-invasive method of administration, ease of use, and rapid metabolism (which means that first go passes through the liver or gut wall)[24]. Mastication containing bioactive or pharmaceutical compounds was put into the gum base to form MCGs. They are described as hard chadsherads that do not swallow but possibly chew. These gums appeal to populations of all ages and have been effectively developed as controlled-release drug delivery systems for treating several oral health problems. While chewing, the active constituents are released from the gum base, combined with saliva, absorbed through the oral mucosa, and ultimately reach the stomach for gastrointestinal absorption[25]. Consequently, MCGs are regarded as a potent platform for drug targeting. Both insoluble and soluble bases can be used as carriers for bioactive compounds. These compounds are released slowly over time as the gum is chewed. MCGs can have between 0.5% and 30% of the total product weight as active components[26]. The released profiles of incorporated bioactive substances differ based on their hydrophilic or hydrophobic properties. For example, water-soluble components are released within a typical 10 to 15 min of chewing[27]. In contrast, water-insoluble components, such as lipids, are gradually diffused into the saliva and fully absorbed. Buyable MCG, natural and synthetic gum bases, have been used to relieve pain and dental, enhance alertness, quit smoking and motion sickness, treat otitis media, healing, prevent travel illness, and as an antioxidant, antiseptic, anti-nausea, topical antifungal, antiemetic purposes[28]. MCGs can bypass gastrointestinal (GI) and hepatic first-pass metabolism, providing rapid systemic effects when bioactive compounds are optimally absorbed through the oral mucosa. Thus, the European Council recognizes chewing gums as a "pharmaceutical dosage form”
Table no.4 Therapeutic Uses and Examples of Active Ingredients in Medicated Chewing Gums.
	Therapeutic Use/Indication
	Drug/Example

	Anti-nausea and anti-emetic (prevention of motion sickness); effective in gastrointestinal (GI) problems
	Ginger

	Pain relief
	Aspirin, Lobeline, Silver acetate

	Alertness and central nervous system (CNS) stimulant
	Caffeine

	Treatment of otitis media
	Xylitol

	Anti-plaque and gingivitis; prevention of dental caries and tooth decay
	Xylitol, Chlorhexidine, Salvadora persica L.

	Antioxidant
	Green tea

	Smoking cessation
	Nicotine

	Oral antifungal
	Miconazole

	Treatment of motion sickness
	Dimenhydrinate hydrochloride, Diphenhydramine hydrochloride, Ginger

	Antioxidant, anti-inflammatory, antiseptic, and healing
	Aloe vera



Table no 5. Commercial Medicated Chewing Gums: Active Compounds and Their Health Benefits

	Commercial MCGs
	Active Compounds
	Health Benefits

	Nicorette
	Nicotine
	Aids in smoking cessation and reduces withdrawal symptoms.

	Therafit
	Xylitol, Aloe Vera
	Helps prevent dental caries, supports oral health, and has anti-inflammatory properties.

	Pepto-Bismol
	Bismuth subsalicylate
	Provides relief from gastrointestinal upset and nausea.

	Ginger Chewing Gum
	Ginger
	Reduces nausea and helps prevent motion sickness; may aid in digestion.

	Orbit White
	Xylitol, Fluoride
	Helps reduce plaque formation, prevents dental caries, and promotes oral hygiene.

	Spry Gum
	Xylitol
	Aids in reducing cavities and improving overall dental health.

	Aloe Vera Chewing Gum
	Aloe Vera
	Offers anti-inflammatory, antiseptic, and healing properties.

	Eucalyptus Chewing Gum
	Eucalyptol
	Provides respiratory benefits, may relieve cough and congestion.

	Caffeine Gum
	Caffeine
	Enhances alertness, concentration, and physical performance.

	Miconazole Gum
	Miconazole
	Used to treat oral infections and conditions caused by fungi.

	Nicorette Lozenge
	Nicotine
	Provides an alternative method for smoking cessation with flexible dosage.

	Sleep Complex Gum
	Melatonin
	Helps regulate sleep patterns and improves sleep quality.

	Green Tea Gum
	Green Tea Extract (EGCG)
	Antioxidant properties, support for weight management, and overall oral health.

	Vitamin C Gum
	Ascorbic Acid
	Boosts immunity, aids in collagen formation, and acts as an antioxidant.

	L-Theanine Gum
	L-Theanine
	Promotes relaxation without drowsiness, reduces anxiety, and enhances mood.

	Omega-3 Chewing Gum
	Omega-3 Fatty Acids (e.g., EPA, DHA)
	Supports cardiovascular health and brain function.

	Zinc Gum
	Zinc Gluconate
	Supports immune function and skin health, and may help with oral health.

	Fluoride Chewing Gum
	Sodium Fluoride
	Helps in the prevention of dental cavities and strengthens enamel.

	Calcium Gum
	Calcium Carbonate
	Supports bone health and may help in preventing osteoporosis.




Table No.6 Commercial Medicated Chewing Gums: Active Compounds and Their Health Benefits
	Application
	Active Compounds
	Processing Methods
	Release Percentage (%)
	Chewing Time (min)
	References

	Dental Caries
	Casein Hydrolysate
	Tableting Method
	10
	5
	29

	Remineralization and Biofilm Formation
	Propolis
	Conventional Method
	Reduction in Ca/P
	30
	30

	Breath Freshening and Oral Malodor Relief
	Flavors (Compressed Mint) and Magnolia Bark Extract (Mangnolol and Honokiol)
	Compression Method
	Flavor + MBE (61.6)
	30
	31

	
	
	
	Flavorless Mint (33.6)
	
	

	
	
	
	Flavor + MBE (33.8)
	60
	

	
	
	
	Flavorless Mint (47.9)
	
	

	Antioxidant
	Phloridzin from Defatted Apple Seeds
	Conventional Method
	88.43–96
	5
	32

	Vitamin Sport Gum
	Thiamine, Riboflavin, Retinyl Palmitate, Cholecalciferol, α-tocopherol Acetate
	Compression Method
	Thiamine (88.8)
	30
	33

	
	
	
	Riboflavin (47.1)
	
	

	
	
	
	Retinyl Palmitate (65)
	
	

	
	
	
	Cholecalciferol (44)
	
	

	
	
	
	α-Tocopherol Acetate (55)
	
	

	Phenolics
	Punicalagin and Ellagic Acid from Pomegranate Peel Extract
	Microencapsulation
	Sugar Gum - Punicalagin (38.3), Ellagic Acid (82.5)
	5
	34

	
	
	
	Sugar-Free Gum - Punicalagin (94.8), Ellagic Acid (75.6)
	
	

	Tea Polyphenols
	Catechin
	Conventional Method
	80
	30
	35

	Colorants
	Saffron and Beetroot Extracts
	Microencapsulation by Freeze Drying
	–
	–
	–

	Anti-emetic (Nausea and Vomiting)
	Domperidone Maleate
	Direct Compression
	In Vivo (97)
	15
	36

	
	
	
	In Vitro (11.27)
	
	

	Smoking Cessation
	Nicotine Bitartrate
	Direct Compression
	90
	30
	37

	Antifungal Drug
	Nystatin
	Solid Dispersion by Solvent Evaporation Method
	97
	30
	38



Methods of manufacturing 
Synthesis of Degradable Medicinal Chewing Gum (MCG)
The chicle is then boiled over a high flame until it is sticky and molded into rectangular bricks. Later, this chicle is kneaded and melted with natural wax to obtain a natural gum base. The gum is used to formulate biodegradable MCG strips by adding components like organic sweeteners, flavors, and bioactive ingredients. By comparison, most mass-market conventional chewing gums use synthetic, petroleum-based polymers instead of a natural gum base. This production methodology emphasizes the feasibility of producing a natural substitute using natural functional ingredients, providing the therapeutic effects attributed to medicated chewing gums[39].

Production of Conventional Medicinal Chewing Gum (MCG)
Commercially available chewing gums are produced using three main methods: the conventional method, the freezing and grinding method, and the direct compression method.
Table no.7 Marketed Medicated Chewing Gums for Pharmaceuticals and Nutraceuticals
	Brand Name
	Active Ingredient(s)
	Indication
	Manufacturer

	Aspergum®
	Acetylsalicylic acid (Aspirin)
	Pain relief (Headache, Minor aches)
	Insight Pharmaceuticals

	Nicorette®
	Nicotine
	Smoking cessation
	Johnson & Johnson

	Nicotinell®
	Nicotine
	Smoking cessation
	Novartis

	Vigel®
	Caffeine
	Alertness, Fatigue reduction
	Fertin Pharma

	Stay Alert®
	Caffeine
	Military and emergency use for cognitive alertness
	Wrigley Company

	Medichew®
	Calcium & Vitamin D
	Bone health (Osteoporosis prevention)
	Fertin Pharma

	Recaldent®
	Casein phosphopeptide-amorphous calcium phosphate (CPP-ACP)
	Dental remineralization
	GC Corporation

	Fluogum®
	Fluoride
	Prevention of dental caries
	Pierre Fabre Oral Care

	Chlorhexidine Chewing Gum
	Chlorhexidine
	Gingivitis, Periodontitis, Oral infections
	Various manufacturers

	Xerodent®
	Pilocarpine
	Xerostomia (Dry mouth)
	Meda Pharmaceuticals

	Gum PerioBalance®
	Lactobacillus reuteri
	Oral probiotic for gum health
	BioGaia

	Travel Gum®
	Dimenhydrinate
	Motion sickness, Nausea
	Meda Pharmaceuticals

	Antacid Chewing Gum
	Calcium carbonate, Magnesium hydroxide
	Acidity, GERD
	Various manufacturers

	Vitamingum®
	Multivitamins (A, B, C, D, E)
	General health supplement
	Vitabio

	Chromium Chewing Gum
	Chromium picolinate
	Obesity, Blood sugar control
	Various manufacturers

	Diabetigum®
	Herbal extracts (Bitter melon, Gymnema, Fenugreek)
	Diabetes management
	Herbal Companies



Conventional or fusion Method
The conventional or fusion method uses a common procedure for forcing flavors into the chewing gum; a fixed amount of chewing gum base is placed in a cleaned, dried kettle and heated to 120 °C until the gum base softens. In the second phase, syrup and sweeteners are mixed for 4 mins[40]. Third-phase ingredients that remain are combined and mixed in the kettle with mixing blades for 8 to 10 minutes (shorter with a higher potency of emulsifier), and the media is dispersed. The mixed gum is then fed into a series of rollers, turning the large mass into a smooth, flat, and thin band of ribbon. During rolling, we use fine sugar or sugar substitutes to increase taste and to avoid sticking the gum to the machinery. Next, the gum is placed in a controlled environment in order to allow it to cool for 48 hours. Finally, it is cut into the required size and form, and spraying planes may be applied at this point for coated gums[41].
Method of Freezing, crushing and tableting
This third method, involving freezing, grinding, and tableting, aims to resolve the problems faced with the previous method but also minimizes the water content in the end product. The process is divided into three steps. For this first step, the mixture is cooled to −15 °C or below using different coolants (liquid nitrogen, hydrocarbon slush, solid CO₂). These coolants do not interact with or get incorporated into the chewing gum compositions nor leave residuals in the chewing gum product. On the other hand, when the grinding apparatus is cooled, it is put in a coolant or a cooling jacket with liquid nitrogen or some other cold liquid. To improve the gum base's cooling, ingredients are pre-cooled before grinding[42].
In the second stage, precipitated silica (as an anti-caking agent) and solid CO₂ (as a grinding agent) are added into the first grinding process at a portion to increase the grinding efficiency. In the second grinding stage , all the other ingredients are blended into the gum base at an extremely low temperature. Once cooled, the gum composition is ground or pulverized through a grinding apparatus or a cutter into finely ground particles[43]. The gum compositions contain additives called grinding agents (2–8%) (e.g., alkaline metal phosphate, alkaline earth metal phosphate, or maltodextrin), which are mixed into the gum to prevent sticking to the grinding equipment during preparation; however, such additives are highly alkaline and therefore generally incompatible with acidic ionizable therapeutic agents. Next, the gum particles in powder form are heated to evaporate the coolant and let the powder mass come to ambient temperature from a refrigerated state. This also cross-links or shelf-attaches the gum base to itself, giving it an integrated body of tiny air bubbles to create a light and soft chew when eaten. After that, the coolant is removed, and the powder can be mixed with other materials, for example, binders, lubricants, coating agents, and sweeteners. Blenders such as high-shear mixers, sigma mills, or fluidized bed reactors combine these components. If there are any problems with adhesion, low pressure may be used. In the third stage, the coated particles are compressed by punch and packed in appropriate materials, known as tableting[44].
Direct Compression Method
In the direct compression technique,344 the gum base blends with a granulating agent, for example, xylitol or sorbitol at low temperatures (under the combination point). The next process involves adding lubricants, sweeteners, and active ingredients at low temperatures . The lubricants commonly used are stearic acid, magnesium stearate, talc, sodium stearate fumarate, and hydrogenated vegetable oils. After that, the mixture is compressed into tablets and packaged in appropriate materials. In general, chewing gums are produced at heating and melting temperatures around 70 °C and 120 °C, respectively, to guarantee precision and homogeneity of the active principles [13]. Keeping the moisture content of the product above or below the optimal range of 2% and 8% could result in machine blocking. The other parameters of importance include mixing time (2–8 minutes) and kneading time (1–4 minutes) and even these are critical in production, ensuring the active ingredients are homogeneously mixed together[45]. Methods for manufacture — The various manufacturing methods have differing pros and cons, summarised in Table 7, depending on process parameters.
Table No. 8 Factors affecting the release of active substances from chewing gum:
	Factor Type
	Specific Factors
	Description

	Membrane Factors
	- Membrane thickness and permeability
	Affects the rate and extent of drug absorption.

	
	- Keratinization
	

	
	- Blood supply and drainage
	

	
	- Enzyme content
	

	
	- Cell renewal rate
	

	Environmental Factors
	- Saliva and salivary glands
	Important for the passive diffusion of unionized substances.

	
	- Saliva composition (99% water, pH 6.5 to 7.5)
	Influences diffusion based on environmental conditions and flow rate.

	
	- Placement of chewing gum
	Should be adjacent to salivary glands for optimal release.

	Texture and Sensory Properties
	- Water content
	Determines texture and sensory experience.

	
	- Type of ingredients
	

	
	- Method and processing conditions
	

	Chewing Dynamics
	- Chewing time and rate
	Affects the release rate of active substances.

	
	- Optimal chewing time (20–30 min)
	Based on clinical studies.

	
	- Optimal chewing rate (60 chews/min)
	

	Solubility Factors
	- Solubility in saliva
	Affects the release rate.

	
	- Hydrophilic vs. lipophilic compounds
	Hydrophilic dissolve quickly; lipophilic release slowly.

	
	- Use of buffering agents
	Increases release rate of lipophilic compounds.

	
	- Coating with water-soluble materials
	Enhances release of partially soluble or insoluble compounds.

	
	- Example: Nystatin coated with gum Arabic
	Increased release rate from 4% to 24%.

	
	- Use of solubilizing agents
	Enhances release rates within five minutes of mastication.

	Individual Variability
	- Inter-individual variability
	Affects releasing efficiency among different individuals.

	
	- Recommended release cycles (60 cycles/min)
	For effective release rates (as per European Pharmacopoeia).

	Formulation Factors
	- Amount of gum base and composition
	Influences release rate of active substances.

	
	- Molecular weight of active compounds
	Should be less than 100 Da for rapid delivery.



Evaluation of MCG chewing gum 
In-vitro test & In-vivo studies 
Reviewing Evaluation Techniques of Chewing Gum
The following are two types of apparatus that are EU Pharmacopoeia-approved for chewing gum assessments. These apparatuses are washed out with dissolution medium or saliva at different time intervals, and the percentages of drug released from the gum mass are determined by spectrophotometric analysis. Absorbance is directly related to the released drug concentration[46].
Type 1 Apparatus: Chewing Gum Apparatus for Compendial Use
This device aims to determine the chewing rate at maximal drug release. The chewing chamber works through two horizontal pistons and a vertical piston or tongue mechanism that acts in reverse directions. This configuration keeps the gum from sliding out of the chamber when you chew. When chewing, the two horizontal pistons will rotate in opposite directions relative to their axes at the end of the chew to extract up to 90% of the moisture and maximize chewing performance[47].
Type 2 Apparatus – Non-Compendial Chewing Gum 
In liquid form, the system works by horizontal reciprocation of upper and lower jaws; the system can be commercially obtained and was developed in 1928. The apparatus creates shear forces when chewing occurs. The flat top surface of the upper jaw is aligned with the center plane of the lower jaw, which has a slight brim with a 45° angle on the lower surface to create a small bowl shape to hold the gum in place during chewing. Once the surfaces of the splitter come into contact with each other, the pressing and twisting actions immediately release the active ingredients from the gummy mass into the dissolution medium or artificial saliva[48].
In-Vivo Studies
Trained panelists conduct the in-vivo drug release studies, and they are based on time-intensity levels to determine the amount of active ingredient released into saliva and its absorption from saliva via the oral mucosa and possible absorption in the GI tract[49].
Salivation Test
At least four volunteers are needed for this test, and the participants should  rinse their mouths thoroughly with distilled water before the test. Saliva samples are taken before and then at intervals after 15 min of chewing gum and diluted with a suitable solvent before being analyzed by HPLC or spectrophotometry[50].
Dissolution Test
Participants chew the gum for a certain amount of time. The residual gum is subsequently collected, diced, frozen, and powdered. The weight of the active substances released is determined by the difference between the total weight and the residual weight after chewing[51].
Urinary Excretion Test
Urine is for this test only active compounds. At least four of these volunteers are chosen and then instructed not to take any medication for two days and fast overnight. For each participant, urine samples are acquired at different intervals, at zero h, and after every 30 minutes of water consumed. After collection, the urine samples are analyzed by using an appropriate analytical method[52].
Buccal Absorption Test
Goat buccal mucosa is used to test the permeability of active substances in this important in-vivo test. The mucosa was sandwiched between a donor compartment containing phosphate buffer (pH 6.8) and a receiver compartment containing blood buffer (pH 7.4), simulating the oral milieu. The compounds released while chewing the gum for 15 minutes are collected from the donor compartment, and permeation through the buccal mucosa is done for 30 minutes. Sampling the receiver compartment indicates the total amount of active substance that penetrates the buccal mucosa, which is measured using UV-spectrophotometry at 284 nm at 5-minute intervals[53].
Texture Analysis
Texture analysis is employed to assess the quality of chewing gum through both subjective and objective methods. The subjective tests are conducted by sensory panels using appropriate sensory evaluation techniques. Key textural properties, including hardness, gumminess, adhesiveness, chewiness, and cohesiveness, are evaluated using the deformation curve obtained from a texture profile analyzer. A compression probe is utilized to analyze these textural properties of the chewing gum[54].

Potential Uses of Medicinal Chewing Gum (MCG) for Active Compound Delivery
Cost-effectiveness, a combination of palatability and convenience with desirable controlled release properties make medicinal chewing gums (MCGs) an appealing novel vehicle for active compound delivery[55]. We then discuss some of the applications in more detail below:

Smoking Cessation:
Mechanism: MCGs for smoking cessations mostly have nicotine as an active ingredient. Nicotine is released when the gum is chewed and is absorbed through the oral mucosa — giving almost instant relief from craving[56].
Pros: This way, you can take action quickly against any withdrawal symptoms that arise and help them to taper off the use of tobacco products. Another appeal of MCGs is that they are more discrete and easier to transport than other cessation methods, such as patches or inhalers.

Pain Management:
Types of Compounds — Analgesics — MCGs can be combined with analgesics such as ibuprofen or acetaminophen.
Pros: As opposed to standard formulation forms, like tablets or capsules, the oral mucosal delivery route may allow for more rapid relief, as active constituents may be able to enter circulation faster and circumvent the gut. This is especially valuable for patients with acute pain, whom we would like to remedy quickly[57].

Oral Health:
Active Components: MCGs can contain fluoride, xylitol, or antiseptic agents like chlorhexidine or cetylpyridinium chloride to lower mouth bacteria.
Functional Benefits: These ingredients support the fight against tooth decay, the reduction of plaque buildup, and improved oral health. The chewing of such gums causes saliva production, which in turn helps to neutralize acids produced by microorganisms and help remineralization of the tooth enamel[58].
Nutritional Supplementation:
Enrichment: MCGs can be fortified with some of the most critical nutrients, such as vitamin C, vitamin D, calcium, or magnesium;
Convenience: This form of delivery is helpful for people who have trouble swallowing capsules or need more nutritional support. Which is a future means of supplementation that is much more palatable and pleasant to consume, especially for kids and the elderly[59].

Anti-Nausea Agents:
Application Areas– Antiemetic drugs present in MCGs, such as ondansetron, are used to control nausea and vomiting linked with chemotherapy or motion sickness.
Pros: Absorbs through the oral mucosa, so acts quickly; may be especially useful in treating breakthrough symptoms before they progress[60].

Mood Enhancement:
Active Ingredients — You will find compounds that improve mood in addition to herbal extracts like ginseng, L-theanine and GABA (gamma-aminobutyric acid) in MCGs.
How it works: Taking these ingredients can have a relaxation or cognitive support effect, providing a calming effect or focus when chewed. This application would be useful for people who want a more natural alternative to drugs for anxiety and stress relief[61,62].

Gastroesophageal reflux disease (GERD) and its management:
Dissociates in the stomach–pH dependent: MCGs can be made with buffer agents (sodium bicarbonate or alginates), which neutralize stomach acidity[62].
Gum: Chewing gum triggers salivation, which naturally neutralizes gastric acid, reducing GERD symptoms and providing a non-pharmacological remedy for related discomfort.

Cognitive Enhancement: Components: MCGs may contain stimulants like caffeine or herbal adaptogens, which are intended to increase alertness and cognitive ability.
For students or professionals who need more focus, these chewing gums are a perfect solution to stimulate alertness and concentration in a short time compared to caffeinated beverages[63].
Flavors and freshening breaths:
MCGs can be mixed with taste-and-functional components, such as flavoring agents possessing a breath-freshening effect, such as essential oils or herbal extracts.
User Experience – The fact that it can serve two purposes can make the user experience better, so chewing gum is not only a delivery vehicle for active compounds but also a pleasant treat that supports oral freshness[64].
Controlled Release Formulation
Benefits of delivery: MCGs will give rise to altered-release profiles in which bioactive compounds can be designed for slow release in order to maintain therapeutic levels in the blood plasma [4].
Advantageous for Patients: This controlled release is desirable in the treatment of chronic diseases when the drug needs to be released over an extended period of time, and it may provide alternatives to conventional dosage forms, which require frequent administration of multiple dosages throughout the day[65].



Future Scope
One major environmental issue associated with chewing gum residues is that they do not degrade; therefore, the chewing gum industry must aim to produce chewing gum that is capable of degradation. The move away from synthetic gum bases makes a wide-open space for the confectionery market, especially when adding new pharmaceutical compounds, flavors and healthier innovations into the equation. This review is the first step in the introduction of a zero-waste technology for chewing gum producers. Thus, the main challenge of terrestrial-based gum bases is that they survive chewing in the mouth and are digestible in the intestine by colonic microorganisms after consumption with the gum.

Conclusion
Chewing gums are generally known to produce a slow-release effect, making them valuable vehicles for drug delivery with a local or systemic effect. Their release mechanisms must be further characterized to target specific diseases effectively. One of the most significant problems associated with the production of commercial chewing gum is environmental pollution caused by the non- biodegradability of synthetic gum bases. With biodegradable gum bases instead of synthetic gum bases, manufacturers can open up their products to a more environment-loving demographic and contribute to safeguarding the environment. This review highlights the reported development of biodegradable gums as a sustainable approach to mitigate these problems, in addition to various functionalities of chewing gums to administer bioactive compounds. As a unique drug delivery medium, chewing gum has many benefits: it allows for simultaneous local and systemic delivery, protects the drug from acids and enzymes, reduces first-pass metabolism, increases alertness and cognitive function, stability, etc.; therefore, we believe chewing gum will be more accepted among patients and over the market in the years to come. This is also reinforced by a wide variety of the already available and pipeline indications (e.g., motion sickness, analgesia, smoking cessation, dental caries, tooth decay, otitis media, digestive diseases, oral candidiasis, inflammatory disorders promotion on the market), which show the potential of efficiently formulated chewing gums comprising one active drug agent or its combination.
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